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Abstract

Background: Timely recognition of futile recanalization might enable a prompter

response and thus improve outcomes in patients receiving successful thrombectomy.

This study aims to evaluate whether postoperative fibrinogen-to-albumin ratio (FAR)

could act as an indicator of futile recanalization.

Methods: This is a single-center, retrospective analysis of patients with acute anterior

circulation large-vessel occlusion and successful thrombectomy between May 2019

and June 2022. FARwas defined as postoperative blood levels of fibrinogen divided by

those of albumin, anddichotomized into high and low levels basedon theYouden index.

Futile recanalizationwas defined as patients achieving a successful recanalizationwith

a modified Rankin Scale score of 3–6 at 90 days. Multivariable logistic regression was

used to assess the association of FARwith futile recanalization.

Results:A total of 255 patients were enrolled, amongst which 87 patients (34.1%) had

high postoperative FAR. Futile recanalizationwasmore prevalent among patients with

high FAR compared to those with low FAR (74.7% vs. 53.0%, p = .001). After adjust-

ing for potential confounders, high postoperative FAR was found to independently

correspond with the occurrence of futile recanalization (adjusted OR 2.40, 95%CI

1.18–4.87, p = .015). This association was consistently observed regardless of prior
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antithrombotic therapy, treatment of intravenous thrombolysis, occlusion site, time

from symptom onset to groin puncture, and reperfusion status.

Conclusion: Our findings support high postoperative FAR serving as an indicator of

futile recanalization in patients with anterior circulation large-vessel occlusion and

successful thrombectomy.
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1 INTRODUCTION

Stroke poses a major health and social economic burden worldwide

(Collaborators, 2021). In China, it is the leading cause of death and

acquired adult disability, and its prevalence continues to increase (Tu

& Wang, 2023; Tu et al., 2023). Mechanical thrombectomy has now

emerged as the standard treatment for acute ischemic stroke with

proximal intracranial large-vessel occlusion (Goyal et al., 2016). How-

ever, approximately half of treated patients do not achieve functional

independence despite receiving a successful recanalization (Kim et al.,

2021). This paradoxical phenomenon has been termed futile recanal-

ization (Deng et al., 2022). Timely recognition of futile reperfusionmay

enable the use of alternative and/or adjuvant treatments such as glyco-

protein IIb/IIIa receptor inhibitor infusion for intracranial atheroscle-

rotic disease (Sang et al., 2023) and early anticoagulation for patients

with atrial fibrillation (Xu et al., 2023), and thus improve patient out-

comes. Therefore, identifying indicators of futile recanalization has

gained attention in recent years (Feng et al., 2022).

Having an older age, a history of hypertension, a higher admis-

sion systolic blood pressure, a higher National Institutes of Health

Stroke Scale (NIHSS) score, or a delayed intervention is associatedwith

futile recanalization (Nie et al., 2023; Wang & Xiong, 2023). In addi-

tion, blood biomarkers may also serve as a practical tool to indicate

the pathophysiological status of the patient and identify therapeutic

targets of futile recanalization (Zang et al., 2020). The fibrinogen-to-

albumin ratio (FAR) has been suggested as a novel marker of disease

severity in prothrombotic conditions (Roth et al., 2021). Fibrinogen

is the most abundant clotting factor in the body that is associated

with fibrin formation and platelet aggregation. It is also an acute-

phase reactant, reflecting a state of systemic inflammation (Acharya

et al., 2020). Albumin is a plasma protein that has both antiplatelet

and anti-inflammatory properties (Acharya et al., 2020; Ruan et al.,

2021). Taken together, FAR has been described as a valuable serolog-

ical marker that may reflect information on blood hemorheology and

inflammation (Xiao et al., 2019). A previous study found that high FAR

could predict the occurrence of no-reflow phenomenon in patients

with myocardial infarction undergoing primary percutaneous coro-

nary intervention (Zhao et al., 2019). As no-reflow phenomenon and

inflammatory response are proposed underlying mechanisms of futile

recanalization (Deng et al., 2022;Wang &Xiong, 2023), FARmight also

be a potential indicator of futile recanalization in acute ischemic stroke

patients. This study aims to evaluate whether postoperative FAR could

act as an indicator of futile recanalization in patients with successful

thrombectomy.

2 METHODS

2.1 Study design and subjects

Between May 2019 and June 2022, patients undergoing mechanical

thrombectomy for acute ischemic strokewithin 24 h of symptomonset

at Central Hospital of Dalian University of Technology were recruited

in this retrospective study. Patients were managed according to cur-

rent guidelines (Powers et al., 2019). Patients were included if they

(1) had a proximal anterior circulation occlusion (intracranial internal

carotid artery, middle cerebral artery (M1 segment),or both); (2) were

older than 18 years; (3) had a pre-stroke modified Rankin Scale (mRS)

score ≤2; (4) had a successful recanalization, defined by a final modi-

fied Thrombolysis in Cerebral Infarction (mTICI) score of 2b or 3; (5)

had both blood fibrinogen and albumin levels tested within 24 h after

thrombectomy; and (6) had a functional outcome assessment using

mRS at 90 days.

The Central Hospital of Dalian University of Technology Ethics

Committeeapproved this study (2019-004-11). Eachpatient gavewrit-

ten, informed consent on admission for all diagnostic and therapeutic

procedures and was informed that nonpersonal information may be

used for clinical investigations. All relevant information was obtained

from the clinical database of the Central Hospital of Dalian University

of Technology retrospectively without reinforming the patients. Only

anonymized data were used. As the patients’ privacy was not violated,

the waiver of post hoc written informed consent for using the data for

scientific purposes was approved by the Ethics Committee. The study

was conductedaccording to theprinciples expressed in theDeclaration

of Helsinki.

2.2 Data collection

The following data were collected: age, sex, pre-stroke mRS score,

medical history includingmain vascular risk factors (hypertension, dia-

betes mellitus, previous ischemic stroke or transient ischemic attack,
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atrial fibrillation, prior antithrombotic therapy, and current smoking),

systolic and diastolic blood pressure at admission, baseline NIHSS

score, baseline Alberta Stroke Program Early CT Score, blood glucose

at admission, treatment with intravenous thrombolysis, occlusion site

determined by digital subtraction angiography, collateral status, anes-

thesia type, time from symptom onset to groin puncture, time from

onset to reperfusion, device-pass number, reperfusion status, stroke

subtype according to the Trial of Org 10172 in Acute Stroke Treat-

ment classification (Adams et al., 1993), and blood fibrinogen and

albumin levels of fasting venous blood samples collected at the first

postoperative morning.

FAR was defined as the postoperative fibrinogen level (mg/dL)

divided by the albumin level (g/L). Collateral status was evaluated at

the timeof the pre-thrombectomyangiogram,whichwas dichotomized

into good (grade 3–4) and poor (grade 0–2) collaterals according to

the American Society of Interventional and Therapeutic Neuroradiol-

ogy/Society of Interventional Radiology collateral flow grading system

(Anadani et al., 2022). Reperfusion status was evaluated using the

mTICI score (Zaidat et al., 2013). Imaging variables were analyzed

by two experienced neurointerventionalists (>10 years of experience)

blinded to patients’ information.

2.3 Outcome

Futile recanalization was defined as patients achieving a successful

recanalization with an mRS of 3–6 90 days after thrombectomy (Yang

et al., 2023), whichwas assessed by stroke neurologists during the clin-

ical follow-up visits or via standardized telephone interviews with the

patient or their caregivers.

2.4 Statistical analysis

Shapiro–Wilk test was used to test data distribution. Categorical vari-

ables were expressed as frequencies and percentages. Continuous

variables were expressed as mean ± standard deviation, or median

(interquartile range) when non-normally distributed. Baseline charac-

teristics were compared using Student t test/Mann–Whitney U test,

or χ2 test/Fisher’s exact test, as appropriate, according to the type of

variables and their distribution.

Postoperative FARwas dichotomized into high and low levels based

on the Youden index. The association between high postoperative

FAR and futile recanalization was then evaluated by a multivariable

logistic regression model. To select other potential confounders and

maximize sensitivity, we first added variables with p < .10 in the uni-

variate analysis to the model. Then, we excluded variables one-by-one

from themodel by backward elimination. The elimination criterionwas

p ≥ .10. Multiplicative interaction analyses were performed to evalu-

ate theheterogeneity of the associationof highpostoperativeFARwith

futile recanalization between the subgroups of each category, which

included a prior history of receiving antithrombotic therapy (yes vs.

no), treatment of intravenous thrombolysis (with vs. without), occlu-

sion site (internal carotid artery vs. middle cerebral artery), time from

symptom onset to groin puncture (≤360 vs. >360 min), and reper-

fusion status (mTICI 2b vs. mTICI 3). To minimize the bias resulting

from variables with missing data, multiple imputation was performed

using other variables listed in Table 1 with a predictive mean match-

ing method (chained equations with 20 iterations) under the missing

at random assumption. Estimates obtained in imputed datasets were

combined using Rubin’s rules (Austin et al., 2021). Finally, we con-

ducted a sensitivity analysis to examine the potential impact ofmissing

data. We reported the adjusted odds ratios (aOR) for multivariable

analyses with a 95% confidence interval (CI). All tests were 2-tailed

with a significance level of 0.05. All analyses were performed with

STATA software (StataCorp LLC).

3 RESULTS

3.1 Baseline characteristics

The patient selection process is illustrated in Figure 1. A total of 255

patients were included in this study. The median age was 70 (62–76)

years and 87 patients (34.1%) were female. The patients had a median

NIHSS score of 18 (14−22). Postoperative FAR was dichotomized into

high (≥8.94) and low (<8.94) levels based on the Youden index. Table 1

summarizes the baseline characteristics of all patients and according to

postoperative FAR levels. Amongst the included variables, only blood

glucose at admission had missing data (31, 12.2%). In total, 87 patients

(34.1%) had high postoperative FAR. Compared to patients with low

FAR, thosewith high FAR hadmore diabetesmellitus (35.6% vs. 20.2%,

p= .007), less treatment of intravenous thrombolysis (25.3%vs. 54.2%,

p = .001), and longer onset to reperfusion time (350 vs. 315 min,

p= .042).

3.2 Outcome

Futile recanalizationwasmoreprevalent amongpatientswithhighFAR

compared to those with low FAR (74.7% vs. 53.0%, p = .001), and the

postoperative FAR was higher in patients with futile recanalization

than those without (7.96 vs. 6.93, p = .002; Figure 2). Multivari-

able logistic regression analysis revealed that high postoperative FAR

independently increased the occurrence of futile recanalization after

adjusting for age, baseline NIHSS score, blood glucose at admission,

occlusion site, and collateral status (aOR 2.40, 95%CI 1.18–4.87,

p = .015; Figure 3). Heterogeneity in the association of high postop-

erative FAR with futile recanalization based on prior antithrombotic

therapy, treatment of intravenous thrombolysis, occlusion site, time

from symptom onset to groin puncture, and reperfusion status was

insignificant (Figure 3). Sensitivity analysis using only patients with

complete data obtained consistent results, with higher postoperative

FAR levels being associatedwith futile recanalization (aOR2.44, 95%CI

1.13–5.29, p= .023).
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TABLE 1 Baseline characteristics of all patients and according to fibrinogen-to-albumin ratio (FAR) levels.

Variables

All patients

(N= 255) High FAR (N= 87)

Low FAR

(N= 168) pValue

Age (years) 70 (62–76) 70 (65–78) 69 (62–76) .143

Sex, female, n (%) 87 (34.1) 30 (34.5) 57 (33.9) .929

Pre-strokemRS≥ 1, n (%) 13 (5.1) 6 (6.9) 7 (4.2) .347

Medical history, n (%)

Hypertension 141 (55.3) 51 (58.6) 90 (53.6) .442

Diabetes mellitus 65 (25.5) 31 (35.6) 34 (20.2) .007

Ischemic stroke/TIA 30 (11.8) 13 (14.9) 17 (10.1) .257

Atrial fibrillation 105 (41.2) 38 (43.7) 67 (39.9) .559

Antithrombotic therapy 35 (13.7) 14 (16.1) 21 (12.5) .429

Current smoking 97 (38.0) 31 (35.6) 66 (39.3) .569

Current stroke event

Systolic blood pressure

(mmHg)

144.5± 27.9 145.9± 30.1 143.7± 26.7 .551

Diastolic blood pressure

(mmHg)

79.8± 15.4 80.4± 16.2 79.5± 15.1 .671

Baseline NIHSS score 18 (14–22) 18 (14–23) 17 (14–21) .191

ASPECTS 8 (7–10) 8 (7–10) 9 (7–10) .319

Admission glucose

(mmol/L)a
7.33 (6.42–9.25) 7.38 (6.61–9.85) 7.33 (6.40–9.00) .405

Intravenous thrombolysis,

n (%)
113 (44.3) 22 (25.3) 91 (54.2) <.001

Occlusion site, n (%) .734

Intracranial ICA 121 (47.5) 40 (46.0) 81 (48.2)

M1 134 (52.5) 47 (54.0) 87 (51.8)

Poor collaterals, n (%) 191 (74.9) 70 (80.5) 121 (72.0) .141

Anesthesia, n (%) .279

General anesthesia 14 (5.5) 4 (4.6) 10 (6.0)

Local anesthesia 123 (48.2) 48 (55.2) 75 (44.6)

Conscious sedation 118 (46.3) 35 (40.2) 83 (49.4)

Onset to groin puncture

time (min)

270 (185–365) 280 (215–415) 260 (175–347) .050

Onset to reperfusion time

(min)

326 (253–420) 350 (269–475) 315 (240–402) .042

Device-pass number 2 (1–3) 1 (1–3) 2 (1–3) .264

Reperfusion status, n (%) .382

mTICI 2b 131 (51.4) 48 (55.2) 83 (49.4)

mTICI 3 124 (48.6) 39 (44.8) 85 (50.6)

Stroke subtype, n (%) .651

Cardioembolism 132 (51.8) 45 (51.7) 87 (51.8)

Large-artery

atherosclerosis

117 (45.9) 41 (47.1) 76 (45.2)

Others 6 (2.3) 1 (1.2) 5 (3.0)

Postoperative FAR 7.55

(5.98–10.20)

11.89

(10.03–14.17)

6.39 (5.37–7.53) <.001

Note: Data are expressed asmedian (interquartile range), mean± standard deviation, or n (%). pValues of<.05 are shown in bold.
Abbreviations: ASPECTS, Alberta Stroke ProgramEarly CT Score; ICA, internal carotid artery;M1, the first segment ofmiddle cerebral artery;mRS,modified

Rankin Scale; mTICI, modified Thrombolysis in Cerebral Infarction.; NIHSS, National Institutes of Health Stroke Scale; TIA, transient ischemic attack.
a31missing data.
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F IGURE 1 Flowchart illustrating the study inclusion/exclusion and grouping process. MT, mechanical thrombectomy; ICA, internal carotid
artery; M1, the first segment of middle cerebral artery; mRS, modified Rankin Scale; mTICI, modified Thrombolysis in Cerebral Infarction; FAR,
fibrinogen-to-albumin ratio.

F IGURE 2 The relationship between postoperative fibrinogen-to-albumin ratio (FAR) and the incidence of futile recanalization. (a) Futile
recanalization wasmore prevalent among patients with high FAR compared to those with low FAR (74.7% vs. 53.0%, p= .001). (b) The
postoperative FARwas higher in patients with futile recanalization than those without (7.96 [6.25–10.81] vs. 6.93 [5.48–8.80], p= .002). **p< .01.

4 DISCUSSION

This study demonstrated an association between high postopera-

tive FAR and futile recanalization in patients with acute anterior

circulation large-vessel occlusion and successful thrombectomy. The

associationwas consistently observed regardless of treatment of intra-

venous thrombolysis, occlusion site, time from symptom onset to groin

puncture, and reperfusion status.

Futile recanalization has been described as the failure to derive clin-

ical benefit from a successful macrovascular recanalization (Ng et al.,

2022). To date, the mechanisms of futile recanalization are poorly

understood (Deng et al., 2022). No-reflow phenomenon and inflam-

matory responses are thought to be important mechanisms (Deng

et al., 2022; Wang & Xiong, 2023). The no-reflow phenomenon is cur-

rently believed to reflect a compromise of the microvascular system,

secondary to the dysfunction of endothelia and luminal clogging by
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F IGURE 3 Influence of high postoperative fibrinogen-to-albumin ratio (FAR) on futile recanalization in all patients and based on prior
antithrombotic therapy, treatment of intravenous thrombolysis, occlusion site, time from symptom onset to groin puncture, and reperfusion
status.Note: Adjusted odds ratios (aOR) was adjusted for age, baseline National Institutes of Health Stroke Scale (NIHSS) score, blood glucose
levels at admission, occlusion site, and collateral status. CI, confidence interval; ICA, internal carotid artery; MCA, middle cerebral artery; mTICI,
modified Thrombolysis in Cerebral Infarction.

leukocytes andmicrothrombi (Dalkara&Arsava, 2012;Ng et al., 2022).

This combination could impair theperfusionof capillary beds and cause

tissue damage despite an otherwise abundant blood supply from larger

arteries (Ng et al., 2022). These processes could also accelerate the

inflammatory cascade of both penumbral and infarcted tissue (Aly

et al., 2021), which might eventually change blood hemorheology and

cause inflammation. Supporting this theory, recent studies have found

that futile recanalization can be predicted by postoperative hemostatic

or inflammatory biomarkers, such as ADAMTS13 (a disintegrin and

metalloproteinase with a thrombospondin type 1 motif, member 13)

and high sensitivity C-reactive protein (Feng et al., 2022; Zang et al.,

2020).

Our results showed that a significantly higher postoperative FAR,

potentially informing on both blood hemorheology and inflammation

(Xiao et al., 2019), was observed in patients with futile recanalization

comparedwith thosewithout. Furthermore, amultivariable regression

showed high postoperative FAR was associated with futile recanaliza-

tion. The association maintained in subgroup analyses. However, the

causative relationship between postoperative FAR and futile recanal-

ization has yet to be proven. On the one hand, fibrinogen and albumin

are acute-phase reactants synthesized by the liverwhose levels change

positively and negatively, respectively (Beamer et al., 1993). It is pos-

sible that inflammatory responses in futile recanalization could shift

protein synthesis to induce a higher FAR (Beamer et al., 1993). On

the other hand, higher FAR can indicate a prothrombotic state result-

ing from alterations in hemostasis and blood viscosity due to higher

levels of fibrinogen and/or lower levels of serum albumin (Acharya

et al., 2020). This state could promote platelet aggregation and inhibit

the physiological fibrinolytic system (Acharya et al., 2020; Zhao et al.,

2019), whichmight inducemicrothrombi downstreamand increase the

likelihood of futile recanalization.

As the current rate of successful recanalization has reached approx-

imately 90% due to tremendous advancements in thrombectomy

technology, it is less likely that further improvement in devices will

translate to a dramatic improvement in functional outcome (Desai

et al., 2021). Cerebroprotection might be the next strategy to break

through this ceiling (Desai et al., 2021). Our study supports the

potential role that coagulation and inflammatory responses might

play in the pathophysiology of futile recanalization. Neuroprotective

agents with both anti-inflammatory and anticoagulant effects, such

as protease-activated receptor-1 agonist (3K3A-activated protein C),

may be targets of interest in future clinical trials (Ghozy et al., 2022;

Lyden, 2021).

In addition, we observed that patients with low postoperative FAR

more likely received treatment of intravenous thrombolysis. As throm-

bolytic agents have incomplete specificity to fibrin in thrombi, they

could also cleave the circulating fibrinogen into fibrinogen degradation

products (Matosevic et al., 2013). This process might decrease plasma
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fibrinogen levels and lower postoperative FAR after bridging therapy.

Nevertheless, in subgroup and multiplicative interaction analyses, the

association between high postoperative FAR with futile recanalization

was maintained regardless of treatment with intravenous thrombol-

ysis. History of receiving antithrombotic therapy, another potentially

impactful factor of FAR, also did not influence this association, sug-

gesting postoperative FAR can serve as a common indicator for futile

recanalization.

This study has several limitations. First, it is a single-center, retro-

spective study, which could inevitably cause selection bias. However,

the results obtained seemboth pathophysiologically plausible and clin-

ically relevant. A prospective study is warranted to confirm the results

obtained from this study. Second, fibrinogen and albumin could be

affected by multiple factors, such as concurrent infections and malnu-

trition, which might influence its reliability as a prognostic marker for

futile recanalization. However, the relative ease of obtaining this prog-

nostic marker in a real-world clinical setting might compensate for the

above shortcoming. Third, preoperative FARwas not broadly obtained

in our institution, which limited our analysis of the dynamic association

between FAR and futile recanalization.

5 CONCLUSION

In conclusion, our findings support high postoperative FAR serving as

an indicator of futile recanalization in patientswith anterior circulation

large-vessel occlusion and successful thrombectomy.
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