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Aims: We aim to explore the predictive value of admission blood glucose to
serum albumin ratio (AAR) for futile recanalization after successful interventional
recanalization of acute cerebral infarction.

Methods: We retrospectively collected the data of patients suffered from acute
cerebralinfarction due to anterior circulation large vessel occlusion and received
successful interventional recanalization from January 2019 to November 2023.
Statistical analysis of clinical data was conducted using SPSS 26.0.

Results: A total of 452 patients were included in the study. There were statistically
significant differences in mRS score and futile recanalization rates among the
three groups of patients at 3 months after surgery according to AAR tertile.
In the multiple logistic regression analysis, there were statistically significant
differences in Diabetes, grade of NIHSS score at admission, AAR tertiles, good
collateral circulation and Pathogenesis. The Receiver Operating Characteristic
curve (ROC) curve of AAR predicting futile recanalization was drawn with an
AUC of 0.582 and a 95% confidence interval of 0.529-0.634. After combining
grade of NIHSS score at admission, AAR tertiles and good collateral circulation, a
ROC curve was drawn to predict futile recanalization, with an AUC of 0.907 and
a 95% confidence interval of 0.879-0.936.

Conclusion: AAR is a new composite indicator for predicting futile recanalization
in patients with acute cerebral infarction with anterior circulation large vessel
occlusion. The combination of grade of NIHSS score at admission, AAR tertiles and
good collateral circulation has a high predictive power for futile recanalization.

KEYWORDS

admission blood glucose to serum albumin ratio, large vessel occlusion, acute
cerebral infarction, interventional recanalization, futile recanalization

01 frontiersin.org


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fneur.2024.1442979&domain=pdf&date_stamp=2024-12-30
https://www.frontiersin.org/articles/10.3389/fneur.2024.1442979/full
https://www.frontiersin.org/articles/10.3389/fneur.2024.1442979/full
https://www.frontiersin.org/articles/10.3389/fneur.2024.1442979/full
https://www.frontiersin.org/articles/10.3389/fneur.2024.1442979/full
https://www.frontiersin.org/articles/10.3389/fneur.2024.1442979/full
https://www.frontiersin.org/articles/10.3389/fneur.2024.1442979/full
https://www.frontiersin.org/articles/10.3389/fneur.2024.1442979/full
mailto:linglirabbit@163.com
mailto:docliu18@qq.com
mailto:drxjhe@163.com
https://doi.org/10.3389/fneur.2024.1442979
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://doi.org/10.3389/fneur.2024.1442979

Zhang et al.

1 Introduction

Acute cerebral infarction with large vessel occlusion has a high
incidence rate, mortality rate and disability rate (1). Interventional
recanalization is one of the most important treatment methods for
acute cerebral infarction with large vessel occlusion. Although the
success rate of recanalizating the occluded blood vessels can reach up
to 90%, the proportion of futile recanalization after 3 months of
surgery can be as high as 50-60% (2-9). It was defined as futile
recanalization when patients cannot achieve independent neurological
function with a mRS score of 3-6 points at 3 months after surgery
(10). The existence of futile recanalization seriously weakens the
efficacy of interventional recanalization. It is very necessary to
establish a simple and accurate prediction model for futile
recanalization, so as to early predict high-risk populations for futile
recanalization and do early intervention to improve patients’
prognosis. Previous studies had shown that elevated blood glucose
level at admission was associated with futile recanalization in patients
(11, 12). Some studies had also found that lower serum albumin was
associated with adverse outcomes at 3 months (13, 14). In addition to
being a nutritional indicator, serum albumin is also a multifunctional
protein related to diabetes, inflammation and thrombosis (15-17).
Admission blood glucose reflects the need for blood glucose control,
and serum albumin levels can guide the treatment of malnutrition,
inflammation and thrombosis. The correlation between the Admission
blood glucose to serum albumin ratio (AAR) and futile recanalization
after successful interventional recanalization in acute cerebral
infarction with large vessel occlusion is still unclear. The aim of this
study is to evaluate the predictive value of AAR for futile recanalization
after successful interventional recanalization in acute cerebral
infarction with anterior circulation large blood vessel occlusion.

2 Materials and methods
2.1 Study population

We retrospectively analyzed 452 patients with acute cerebral
infarction caused by anterior circulation large vessel occlusion who
received successful interventional recanalization treatment at Shenzhen
Hospital of Southern Medical University and Heyuan People’s Hospital
from January 2019 to November 2023. The Ethics Committee of
Shenzhen Hospital of Southern Medical University and Heyuan People’s
Hospital approved the acquisition of retrospective study patient data
from the hospital’s clinical database for this study and exempted written
informed consent. Inclusion criteria: (1) Baseline National Institutes of
Health Stroke Scale (NIHSS) score at admission >6 points; (2)
Preoperative Alberta Stroke Early CT (ASPECT) score > 6 points; (3)
The time from onset to femoral artery puncture was <24 h; (4) Cerebral

Abbreviations: AAR, Admission blood glucose to serum albumin ratio; ROC,
Receiver Operating Characteristic curve; mRS, Modified Rankin Scale; ASPECT,
Alberta Stroke Program Early CT Score; NIHSS, National Institute of Health stroke
scale; €TICI, Extended thrombolysis in cerebral infarction; ASITN/SIR, American
Society of Interventional and Therapeutic Neuroradiology/Society of Interventional
Radiology; DSA, Digital subtraction angiography; AUC, Area under curve; Cl,
Confidence interval; HbAlc, Glycated hemoglobin Alc.
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angiography confirmed occlusion of large blood vessel in the anterior
circulation; (5) The patient or family members signed and agreeded to
undergo interventional recanalization treatment; (6) Interventional
recanalization was successful, and the extended thrombolysis in cerebral
infarction (eTICI) grading of forward blood flow was 2b-3. Exclusion
criteria: (1) Previous modified Rankin scale (mRS) score > 3 points; (2)
Had a history of cancer, tumors or nephrotic syndrome in the past; (3)
Interventional recanalization failure, eTICI grading of forward blood
flow was 0-2a; (4) Cerebral angiography indicated occlusion of large
blood vessel in the posterior circulation; (5) The patient or family
members refused to undergo interventional recanalization treatment;
(6) No blood glucose or serum albumin test was conducted at
admission. The research flowchart is shown in Figure 1.

2.2 Treatment methods

All patients were treated according to the guidelines of the
American College of Cardiology and the Stroke Association.
We choosed local anesthesia or general anesthesia based on the patient’s
condition and level of cooperation. After confirming the occlusion of
large blood vessel in the anterior circulation during cerebral
angiography, the interventional physicians selected one or more of the
following methods for mechanical thrombectomy during surgery based
on the patient’s lesion location, the most likely pathogenesis and the
vascular pathway condition: stent thrombectomy, thrombus aspiration,
balloon dilation, stent implantation and arterial use of tirofiban. The
thrombectomy stents we used included Solitaire AB, RECO and
TREVO. The suction catheters we used included Sofia, ACE Penumbra,
and Tianxun distal access catheter. The balloon we used was Gateway
balloon dilation catheter. The carotid stent we used was Protege stent.
The intracranial stent we used was Apollo intracranial stent. Patients
were managed according to existing guidelines after surgery.

2.3 Patient data collection

Trained researchers extracted demographic data and other
relevant clinical data information of enrolled patients from hospital
electronic databases. Follow up data was collected by trained
physicians through telephone tracking or outpatient follow-up.

2.4 Definition and classification of variables
in data

The main endpoint of this study was the incidence of futile
recanalization 3 months after surgery. The secondary study endpoints
were postoperative mRS score at 3 months, symptomatic cerebral
hemorrhage and death within 3 months after surgery. The site of
vascular occlusion can be divided into 5 categories: M1 segment of the
middle cerebral artery, M2 segment of the middle cerebral artery,
internal carotid artery, anterior cerebral artery and anterior circulation
tandem lesion. The American Society of Interventional and
Therapeutic Neuroradiology/Society of Interventional Radiology
(ASITN/SIR) scoring system using Digital subtraction angiography
(DSA) imaging was used to evaluate collateral circulation, with a score
of 0-2 indicating poor collateral circulation and 3-4 indicating good

frontiersin.org


https://doi.org/10.3389/fneur.2024.1442979
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Zhang et al.

10.3389/fneur.2024.1442979

January 2019 to November 2023

567 patients with acute cerebral infarction due to anterior circulation large
vessel occlusion received interventional recanalization treatment at Shenzhen
Hospital of Southern Medical University and HeyuanPeople's Hospital from

6 patients with mRS score before onset 2 3

2 patients with a history of nephrotic syndrome

10 patients with a history of tumors or cancer

32 patients with eTICI of 0-2a

62 patients without records of admission blood glucose or
serum albumin

3 patients lacked of follow-up information

452 patients ultimately included in this study

T T2
(AAR<3.18, n=150)

(3.19SAAR<4.10, n=155)

T3
(AAR24.11, n=147)

FIGURE 1

Research flowchart. eTICl, extended thrombolysis in cerebral infarction; AAR, Admission blood glucose to serum albumin ratio.

collateral circulation. The degree of vascular recanalization was
evaluated using the eTICI vascular recanalization grade. The eTICI
grade of 2b-3 was defined as successful recanalization, while the eTICI
grade of 0-2a was defined as failed recanalization. The pathogenesis
can be divided into three types: atherosclerosis, cardiogenic embolism
and other causes.

2.5 Calculation and grouping of AAR

The AAR calculation formula was [admission blood glucose
(mmol/L) X 18 / serum albumin (g/L)] or [admission blood glucose
(mg/dl) / serum albumin (g/L)], using the same blood sample
obtained at admission. Patients were divided into three groups
according to AAR tertile: T1 (n=150; AAR < 3.18), T2 (n = 155;
3.19 < AAR < 4.10), and T3 (1 = 147; AAR > 4.11).

2.6 Statistical processing

This study used SPSS 26.0 statistical software to conduct statistical
analysis on the data. If the quantitative data conformed to a normal
distribution, it was expressed as mean * standard deviation (x * s),
and independent sample t-test was used for inter group comparison.
Data that did not follow a normal distribution was described with
median and interquartile intervals, and non parametric test was used
for inter group comparison. Count data was expressed in percentage,
and intergroup comparisons were conducted using chi square or
Fisher’s exact test. For the inter group comparison of the three groups
in the AAR three tertiles, the statistical analysis method of analysis
of variance was used. A p-value less than 0.05 was considered
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statistically significant. Multiple logistic regression analysis were
performed upon the indicators related to futile recanalization at
3 months after surgery. The statistical indicators related to futile
recanalization at 3 months after surgery were included into a multiple
logistic regression analysis, and stepwise backward regression analysis
method was used to obtain independent factors related to futile
recanalization. Receiver Operating Characteristic (ROC) curves were
drawn for predicting futile recanalization at 3 months after
interventional recanalization using some of independent related
factors and combination of multiple independent related factors,
respectively.

3 Results

3.1 Baseline clinical data of patients
classified according to the AAR tertile

A total of 452 patients were included and divided into three
groups based on the AAR tertile. The average AAR of all patients was
4.20 £2.07, and the average age was 66.40 + 12.16 years old. The
baseline clinical data of the three groups of patients are shown in
Table 1. Compared with T1 and T2 groups, T3 group had a higher
proportion of hypertension and diabetes in the past, higher admission
blood glucose, lower admission serum albumin, lower proportion of
middle cerebral artery M1 segment and internal carotid artery at the
occluded vessel position, higher mRS score and higher proportion of
futile recanalization 3 months after surgery. As the AAR value
increased, the incidence of futile recanalization tended to increase.
The distribution of mRS score for 3 groups of patients at 3 months
after surgery is shown in Figure 2.
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TABLE 1 Clinical baseline data of T1-T3 patients categorized by AAR.

Variables

All patients

(n = 452)

T1 (n = 150)

T2 (n = 155)

10.3389/fneur.2024.1442979

T3 (n = 147)

General situation

Age, years, (mean + standard deviation) 66.40 + 12.16 64.68 + 12.76 67.06 + 12.25 67.46 +11.32 0.108

Gender, Male, (%) 310 (68.58) 105 (70.00) 106 (68.39) 99 (67.35) 0.884

Medical history

Hypertension, n (%) 248 (54.87) 70 (46.67) 85 (54.84) 93 (63.27) 0.016

Diabetes, 1 (%) 85 (18.81) 10 (6.67) 14 (9.03) 61 (41.50) <0.001

Cerebral infarction, n (%) 77 (17.04) 25 (16.67) 20 (12.90) 32(21.77) 0.121

Coronary heart disease, 1 (%) 56 (12.39) 12 (8.00) 20 (12.90) 24 (16.33) 0.091

Atrial fibrillation, 1 (%) 81 (17.92) 24 (16.00) 34 (21.94) 23 (15.65) 0.274

Smoking, 1 (%) 177 (39.16) 58 (38.67) 59 (38.06) 60 (40.82) 0.877

Drinking, n (%) 101 (22.35) 30 (20.00) 35(22.58) 36 (24.49) 0.647

Pre onset mRS >1, n (%) 34(7.52) 15(10.00) 12(7.74) 7(4.76) 0.242

The situation at the onset of stroke

Grade of NIHSS score at admission, 7 (%) 0.969

Moderate, 6 < NIHSS<15 349 (77.21) 115 (76.67) 120 (77.42) 114 (77.55)

Moderate to severe, 16 < NIHSS<20 82 (18.14) 28 (18.67) 29 (18.71) 25(17.01)

Severe, NIHSS>21 21 (4.65) 7 (4.67) 6(3.87) 8(5.44)

Preoperative ASPECT score < 7, n (%) 227 (50.22) 74 (49.33) 73 (47.10) 80 (54.42) 0.384

Laboratory test results

Blood glucose at admission, mmol/L, median (IQR) 7.22 (6.15-8.95) 5.87 (5.39-6.30) 7.22 (6.78-7.80) 10.20 (8.79-13.64) <0.001

Serum albumin at admission, g/dL, median (IQR) 36.00 (34.00-39.00) 38.00 (36.00-40.00) 36.00 (34.00-38.00) 35.00 (33.00-37.00) <0.001

Received intravenous thrombolysis treatment, 7 (%) 164 (36.28) 57 (38.00) 64 (41.29) 43 (29.25) 0.081

Location of occluded blood vessels, n (%) 0.021

M1 segment of middle cerebral artery 230 (50.88) 76 (50.67) 87 (56.13) 67 (45.58)

Middle cerebral artery M2 segment 24 (5.31) 14 (9.33) 3(1.94) 7 (4.76)

Internal carotid artery 61 (13.50) 18 (12.00) 18 (11.61) 25(17.01)

Anterior cerebral artery 3 (0.66) 0(0) 0(0) 3(2.04)

Anterior circulation tandem lesion 134 (29.65) 42 (28.00) 47 (30.32) 45 (30.61)

Good collateral circulation, n (%) 242 (53.54) 88 (58.67) 77 (49.68) 77 (52.38) 0.312

eTICI grade, n (%) 0.635

2b 98 (21.68) 36 (24.00) 34 (21.94) 28 (19.05)

2¢ 23 (5.09) 10 (6.67) 7 (4.52) 6 (4.08)

3 331 (73.23) 104 (69.33) 114 (73.55) 113 (76.87)

Time nodes

Time from onset to recanalization of occluded 543.50 (407.75-771.00) | 558.50 (393.75-740.75) = 521.00 (391.00-737.00) | 550.00 (445.00-841.00) 0.257

blood vessel, min, median (IQR)

Time from puncture to recanalization of occluded 93 (68-127) 96 (68-127.25) 91 (64-128) 93 (74-126) 0.653

blood vessel, min, median (IQR)

Pathogenesis 0.158

Atherosclerotic type 226 (50.00) 66 (44.00) 75 (48.39) 85 (57.82)

Cardiogenic embolism 120 (26.55) 42 (28.00) 45 (29.03) 33 (22.45)

Other causes 106 (23.45) 42 (28.00) 35 (22.58) 29 (19.73)

(Continued)
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TABLE 1 (Continued)

Variables

All patients

T1 (n = 150)

T2 (n = 155)

10.3389/fneur.2024.1442979

T3 (n = 147)

(n = 452)

Safety outcomes and prognosis

Symptomatic cerebral hemorrhage, 1 (%) 27 (5.97) 5(3.33) 9 (5.81) 13 (8.84) 0.134
Death within 3 months after surgery, n (%) 27 (5.97) 7 (4.67) 10 (6.45) 10 (6.80) 0.705
mRS score 3 months after surgery, (mean + standard 2.57 +1.84 226+ 1.77 2.54+1.84 2.93 +1.87 0.007
deviation)

Futile recanalization, n (%) 227 (50.22) 63 (42.00) 75 (48.39) 89 (60.54) 0.005

AAR, Admission blood glucose to serum albumin ratio; mRS, modified Rankin Scale; NTHSS, National Institute of Health stroke scale; ASPECT, Alberta Stroke Program Early CT Score;

eTICI, extended thrombolysis in cerebral infarction. Bold values in the table indicate that p-values less than 0.05 with a statistical difference.

Distribution of modified Rankin Scale score
0 1 W2 W3 N4 E5 N6
13 15.65% 13.61% 11.56% 6.80%
'
1
1
1
1
1
1
1
1
T2 16.77% 20.00%
1
\
1
\
\
A}
A}
1
A}
1
T1 18.67% 4.67% 4.67%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
FIGURE 2
Distribution of mRS score at 3 months after successful interventional recanalization in three groups of patients according to AAR tertile. mRS, modified
Rankin Scale; AAR, Admission blood glucose to serum albumin ratio.

3.2 Comparison of clinical baseline data
between futile recanalization and effective
recanalization groups of patients

According to the postoperative mRS score at 3 months, all patients
were divided into a futile recanalization group (mRS score 3-6 points)
and an effective recanalization group (mRS score 0-2 points). There
were statistically significant differences between the two groups in
terms of age, history of diabetes, history of coronary heart disease,
history of atrial fibrillation, pre onset mRS > 1, grade of NIHSS score
at the time of onset, AAR tertiles, good collateral circulation, time
from puncture to recanalization of occluded vessel and pathogenesis
(p < 0.05). There was no statistically significant difference between the
two groups of patients in terms of gender, history of hypertension,
history of cerebral infarction, smoking history, drinking history,
preoperative ASPECT score < 7, admission serum albumin, receiving
intravenous thrombolysis treatment, location of occluded blood

vessels, eTICI grading of recanalization blood flow and the time from

Frontiers in Neurology 05

onset to recanalization of occluded blood vessels (p > 0.05). The
clinical baseline data of two groups of patients are shown in Table 2.

3.3 Multiple logistic regression analysis of
futile recanalization related factors

The indicators with statistical differences in chi square test, t-test,
and non parametric test were included in the multiple logistic
regression analysis. These indicators included age, diabetes, coronary
heart disease, atrial fibrillation, pre onset mRS > 1, grade of NIHSS
score at admission, AAR tertiles, good collateral circulation, time from
puncture to recanalization of occluded blood vessel, and pathogenesis.
Using stepwise backward regression analysis, it was found that
diabetes, grade of NIHSS score at admission, AAR tertiles, good
collateral circulation score and pathogenesis were independently
related to futile recanalization 3 months after surgery (p < 0.05).
Multiple logistic regression analysis is shown in Table 3.
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TABLE 2 Clinical baseline data of patients with acute cerebral infarction due to large vessel occlusion of anterior circulation received successful

interventional recanalization.

Variables

Effective

recanalization
(n = 225)

Futile

recanalization

(n =227)

General situation

Age, years, (mean + standard deviation) 65 (58-74) 68 (59-77) 0.014
Gender, Male, 1 (%) 161 (71.56) 149 (65.64) 0.175

Medical history

Hypertension, n (%) 116 (51.56) 132 (58.15) 0.159

Diabetes, 1 (%) 28 (12.44) 57 (25.11) 0.001

Cerebral infarction, 1 (%) 36 (16) 41 (18.06) 0.560

Coronary heart disease, 1 (%) 20 (8.89) 36 (15.86) 0.025

Atrial fibrillation, #n (%) 27(12) 54 (23.79) 0.001

Smoking, 7 (%) 86 (38.22) 91 (40.09) 0.684

Drinking, n (%) 46 (20.44) 55 (24.23) 0.334

Pre onset mRS > 1, n (%) 24 (10.67) 10 (4.41) 0.012

The situation at the onset of stroke

Grade of NIHSS score at admission, 7 (%) <0.001
Moderate, 6 < NIHSS<15 200 (88.89) 149 (65.64)

Moderate to severe, 16 < NIHSS<20 21(9.33) 61 (26.87)

Severe, NTHSS>21 4(1.78) 17 (74.89)

Preoperative ASPECT score < 7, 1 (%) 110 (48.89) 117 (51.54) 0.573

AAR tertiles, n (%) 0.004
T1,AAR<3.18 87 (38.67) 64 (28.19)

T2,3.19 < AAR <4.10 81 (36.00) 74 (32.60)

T3, AAR >4.11 57 (25.33) 89(39.21)

Received intravenous thrombolysis treatment, 1 (%) 77 (34.22) 87 (38.33) 0.364

Location of occluded blood vessels, n (%) 0.228

M1 segment of middle cerebral artery 121 (53.78) 109 (48.02)

Middle cerebral artery M2 segment 14 (6.22) 10 (4.41)

Internal carotid artery 33 (14.67) 28 (12.33)

Anterior cerebral artery 1(0.44) 2(0.88)

Anterior circulation tandem lesion 56 (24.89) 78 (34.36)

Good collateral circulation, n (%) 202 (89.78) 40 (17.62) <0.001
eTICI grade, n (%) 0.055

2b 39(17.33) 59(25.99)

2¢ 10(4.44) 13(5.73)

3 176 (78.22) 155 (68.28)

Time nodes

Time from onset to recanalization of occluded blood vessel, min, median (IQR) 550 (383.5-789.5) 537 (418-748) 0.986

Time from puncture to recanalization of occluded blood vessel, min, median (IQR) 88 (64-115.5) 103 (74-135) <0.001
Pathogenesis <0.001
Atherosclerotic type 117 (52) 109 (48.02)

Cardiogenic embolism 44 (19.56) 76 (33.48)

Other causes 64 (28.44) 42 (18.5)

mRS, modified Rankin Scale; NIHSS, National Institute of Health stroke scale; ASPECT, Alberta Stroke Program Early CT Score; AAR, Admission blood glucose to serum albumin ratio;
eTICI, extended thrombolysis in cerebral infarction. Bold values in the table indicate that p-values less than 0.05 with a statistical difference.
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3.4 Drawing ROC curves for predicting
futile recanalization

We plotted the ROC curves of grade of NTHSS score at admission,
AAR tertiles and good collateral circulation for predicting futile
recanalization after interventional recanalization. The areas under the
curves (AUC) were 0.617 (95% confidence intervals (CI) 0.566, 0.669),
0.582 (95%CI 0.529, 0.634) and 0.861 (95%CI 0.824, 0.898), with
sensitivity of 0.344, 0.392 and 0.824, and specificity of 0.889, 0.747 and
0.898. The ROC curve for predicting futile recanalization after
interventional recanalization using a combination of grade of NTHSS
score at admission, AAR tertiles and good collateral circulation was
drawn. The area under the curve (AUC) was 0.907 (95% CI 0.879,
0.936) with sensitivity of 0.855 and specificity 0.880. The ROC curves
of each indicator are shown in Figure 3, and the specific information
of the ROC curves of each indicator is shown in Table 4.

3.5 ROC curves for predicting futile
recanalization in two groups of patients
with different levels of glycated
hemoglobin Alc (HbAlc)

According to the different levels of HbA ¢, patients were divided
into two groups: HbAlc <6.5 IU and HbAlc > 6.5 IU. ROC curves of
AAR predicting futile recanalization were plotted for both groups,
with AUC values of 0.562 (95%CI 0.497, 0.627) and 0.535 (95% CI
0.429, 0.642), sensitivity values of 0.222 and 0.160, specificity values
0f 0.859 and 0.930. The low HbAlc group had lower sensitivity but
high specificity. ROC curves predicting futile recanalization using the
combination of grade of NIHSS score at admission, AAR tertiles and
good collateral circulation for two groups of patients with different
levels of glycated hemoglobin were drawn. The AUC was 0.920 (95%
CI 0.887, 0.953) and 0.837 (95% CI 0.763, 0.912), the sensitivity was
0.881 and 0.800, the specificity was 0.888 and 0.814. The ROC curves

10.3389/fneur.2024.1442979

predicting futile recanalization using the combination of grade of
NIHSS score at admission, AAR tertiles and good collateral circulation
in two groups of patients are shown in Figures 4A,B.

3.6 ROC curves for predicting futile
recanalization in two groups of patients of
different ages

According to different ages, patients were divided into two groups:
age < 60 years old and age > 60 years old. ROC curves of AAR predicting
futile recanalization were plotted for both groups, with AUC values of
0.611 (95%CI 0.513, 0.708) and 0.569 (95%CI 0.506, 0.631), sensitivity
values of 0.717 and 0.401, specificity values of 0.464 and 0.731. The group
aged >60 had lower sensitivity but higher specificity. ROC curves
predicting futile recanalization using the combination of grade of NTHSS
score at admission, AAR tertiles and good collateral circulation for two
different age groups of patients were drawn, with AUC of 0.871 (95% CI
0.804 and 0.939) and 0.921 (95% CI 0.891 and 0.952), sensitivity of 0.833
and 0.862, specificity of 0.899, 0.872. The ROC curves predicting futile
recanalization using the combination of AAR, preoperative ASPECT
score and collateral circulation score are shown in Figures 4C,D.

4 Discussion

Our study found that the ratio of admission blood glucose to serum
albumin was a new composite indicator for predicting futile recanalization
after successful interventional recanalization in acute cerebral infarction
with anterior circulation large vessel occlusion. When patients were
divided into two groups based on the level of HbAlc <6.5 IU and > 6.5 IU,
or into two groups based on age < 60 years old and > 60 years old, AAR
can still predict futile recanalization.

Emergency interventional recanalization is one of the most important
and effective treatment methods for acute cerebral infarction with anterior

TABLE 3 Multiple logistic regression analysis of futile recanalization after successful interventional recanalization in acute cerebral infarction with large
blood vessel occlusion of anterior circulation.

Variables Standard error 95%Cl

Diabetes 0.387 4.901 0.425 0.199-0.906 0.027
Grade of NIHSS score at admission, n (%)

Moderate, 6 < NIHSS<15 Reference 11.652 Reference Reference 0.003
Moderate to severe, 16 < NIHSS<20 0.392 10.61 0.279 0.130-0.602 0.001
Severe, NIHSS>21 0.794 1.969 0.328 0.069-1.556 0.161
AAR tertiles

T1, AAR<3.18 Reference 9.954 Reference Reference 0.007
T2,3.19 < AAR <4.10 0.364 0.13 1.141 0.559-2.329 0.718
T3, AAR >4.11 0.389 6.702 0.366 0.171-0.783 0.010
Good collateral circulation 0.329 146.399 53.748 28.188-102.484 <0.001
Pathogenesis

Atherosclerotic type Reference 4.837 Reference Reference 0.089
Cardiogenic embolism 0.356 0.007 1.030 0.512-2.069 0.935
Other causes 0.388 4.364 2.247 1.051-4.803 0.037

NIHSS, National Institute of Health stroke scale; AAR, Admission blood glucose to serum albumin ratio; OR, Odds ratio; CI, Confidence interval. Bold values in the table indicate that
p-values less than 0.05 with a statistical difference.
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FIGURE 3
ROC curves of futile recanalization predicted by grade of NIHSS score at admission, AAR tertiles, good collateral circulation and the combination of the
3 indicators above. (A) ROC curve of grade of NIHSS score at admission for predicting futile recanalization after interventional recanalization. (B) ROC curve
of AAR tertiles for predicting futile recanalization after interventional recanalization. (C) ROC curve of good collateral circulation for predicting futile
recanalization after interventional recanalization. (D) ROC curve of combination of 3 indicators above for predicting futile recanalization after interventional
recanalization. NIHSS, National Institute of Health stroke scale; AAR, Admission blood glucose to serum albumin ratio; AUC, Area under curve.

TABLE 4 Specific information of the ROC curves of each indicator predicting futile recanalization.

Indicators Yoden index = Truncation value @ Sensitivity Specificity PRYAS

Grade of NIHSS score at admission, n (%) 0.617 0.233 1.5 0.344 0.889 0.566-0.669
AAR tertiles 0.582 0.139 25 0.392 0.747 0.529-0.634
Good collateral circulation 0.861 0.722 0.5 0.824 0.898 0.824-0.898
Combination of 3 indicators above 0.907 0.735 0.597 0.855 0.880 0.879-0.936

ROC, Receiver Operating Characteristic curve; NTHSS, National Institute of Health stroke scale; AAR, Admission blood glucose to serum albumin ratio; AUC, Area under curve; CI,
Confidence interval.
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FIGURE 4

(A-D) ROC curves predicting futile recanalization using AAR and the combination of grade of NIHSS score at admission, AAR tertiles, good collateral
circulation, respectively, according to different HbAlc of <6.5 and > 6.5 IU and different ages of <60 and > 60 years old. ROC, Receiver Operating
Characteristic curve; AAR, Admission blood glucose to serum albumin ratio; HbAlc, glycated hemoglobin Alc; AUC, Area under curve.
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circulation large vessel occlusion. However, major clinical studies had
found that the proportion of futile recanalization after 3 months of
interventional recanalization surgery for acute cerebral infarction with
anterior circulation large blood vessel occlusion can reach as high as
50-60% (2-9). The existence of futile recanalization seriously affects the
efficacy of interventional recanalization. It is very necessary to identify
factors closely related to futile recanalization, establish a model that can
be easily executed and accurately predict futile recanalization at early stage,
and provide more rigorous postoperative management for high-risk
patients with futile recanalization to reduce the occurrence of
futile recanalization.

Blood glucose is one of the important factors affecting the prognosis
of patients with acute cerebral infarction. Previous studies had shown that
stress hyperglycemia after interventional recanalization was closely related
to futile recanalization. By calculating the ratio of fasting blood glucose to

Frontiers in Neurology

HbAIc, it is possible to predict futile recanalization at 3 months after
surgery (18-21). Besides being an indicator of nutritional status, serum
albumin is also a multifunctional protein associated with inflammation
and thrombosis (15-17). Previous studies had shown that serum albumin
was an independent prognostic factor for ischemic stroke. The study by
Wang et al. (22) suggested that higher serum albumin levels can improve
the prognosis of ischemic stroke patients. Gao et al. (23) found that a
decrease in serum albumin levels was independently associated with poor
prognosis in patients with acute cerebral infarction of anterior circulation
large blood vessel occlusion and received interventional recanalization.
The experimental study by Reinhart W et al. (24) found that albumin can
not only reduce the level of hematocrit of red blood cells, but also mediate
red blood cell aggregation by increasing low shear viscosity and reducing
red blood cell sedimentation under no flow conditions, which can help
increase cerebral blood flow, rescue more neurons in the ischemic
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penumbra and prevent further enlargement of infarct area. At present,
there is no researches using AAR to predict futile recanalization after
successful interventional recanalization in acute cerebral infarction with
anterior circulation large blood vessel occlusion. Admission blood glucose
and serum albumin are easily obtainable indicators. Our study combined
admission blood glucose levels that can reflect blood glucose stress status
with serum albumin that can reflect patient nutrition, inflammation and
thrombosis status, reducing potential biases when predicting using single
factor. We found through statistical analysis that AAR can effectively
predict futile recanalization. To our knowledge, this is the first study to
apply AAR to predict futile recanalization.

The study by Yuan L et al. (25) explored the correlation between
fasting blood glucose levels and clinical outcomes after endovascular
treatment for ischemic stroke with anterior circulation large blood
vessel occlusion in different age groups. It was found that higher
fasting blood glucose levels was an independent risk factor for adverse
outcomes after 3 months in patients age > 60 years, but no similar
effect was observed in patients age < 60 years. Our study found that
patients both aged <60 years and > 60 years can use AAR to predict
futile recanalization. This suggested that AAR may be better at
predicting futile recanalization than fasting blood glucose.

On the basis of AAR prediction of futile recanalization,
we attempted to further establish a predictive model that can be easily
executed and had higher sensitivity and specificity for futile
recanalization. Combining the independent related indicators in
multiple logistic regression analysis including grade of NTHSS score at
admission, AAR tertiles and good collateral circulation, we drawn the
ROC curve for predicting futile recanalization. We found that the AUC
was 0.907, with sensitivity and specificity of 0.855 and 0.880, respectively,
indicating high sensitivity and specificity. This prediction model can
accurately identify patients with high risk of futile recanalization in the
early stage. Based on the differences in glycated hemoglobin and age,
we drawn ROC curves for predicting futile recanalization separately,
and still found that the combined prediction of the above three
indicators had a high efficiency for futile recanalization.

Because there are many factors related to futile recanalization, the
statistical analysis methods we used included chi square test, t-test,
non parametric test and analysis of variance. The impact of collinearity
needs to be addressed in order to ultimately determine the factors
independently related to futile recanalization. The multiple logistic
regression analysis method we used was stepwise backward regression
analysis, which can significantly reduce the impact of collinearity.
However, it must be acknowledged that regardless of the use of
statistical methods, there may be some errors in the final results.
Therefore, it is necessary to include retrospective studies with larger
sample sizes and conduct prospective clinical studies to validate the
predictive efficacy of AAR in predicting futile recanalization.

This study had some limitations. Firstly, this study was a two center,
retrospective study with a limited sample size. Secondly, due to the lack
of clinical data for some patients, it was difficult to avoid selection bias.
Thirdly, the study only included patients who received successful
interventional recanalization and did not include patients who received
failed interventional recanalization. Fourthly, this study only included
blood glucose and serum albumin levels at admission and did not
dynamically monitor blood glucose and serum albumin levels, which
may not fully reflect changes in perioperative dynamic blood glucose
and serum albumin levels. Fifth, the issue of multiplicity or
multicollinearity in data may to some extent affect the accuracy of the
results. In the future, prospective clinical studies with larger sample sizes
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are needed to further validate the predictive efficacy of AAR in predicting
futile recanalization after successful interventional recanalization in
acute cerebral infarction with anterior circulation large vessel occlusion.

5 Conclusion

AAR is a new composite indicator for predicting futile recanalization
in patients with acute cerebral infarction with anterior circulation large
vessel occlusion. The combination of grade of NIHSS score at admission,
AAR tertiles and good collateral circulation has a high predictive power
for futile recanalization.
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