Clinical Interventions in Aging Dove

ORIGINAL RESEARCH

Eosinophil: A New Circulating Biomarker for Risk
of Poor Outcome in Stroke Patients Undergoing
Mechanical Thrombectomy

Shuai Yu (¥, Zhi-Chao Huang*, Huai-Shun Wang*, Shan-Wen Liu, Shou-Jiang You, Jie Hou, Zhi-Liang Guo,
Guo-Dong Xiao

Department of Neurology and Suzhou Clinical Research Center of Neurological Disease, The Second Affiliated Hospital of Soochow University,
Suzhou, 215004, People’s Republic of China

*These authors contributed equally to this work
Correspondence: Guo-Dong Xiao; Zhi-Liang Guo, Department of Neurology and Suzhou Clinical Research Center of Neurological Disease,

The Second Affiliated Hospital of Soochow University, No. 1055, Sanxiang Road, Suzhou, Jiangsu Province, 215004, People’s Republic of China,
Email yarrowshaw@hotmail.com; guozhiliang3@163.com

Objective: Acute ischemic stroke (AIS), caused by occlusion of large vessel, is a serious life-threatening disease. This study aimed to
comprehensively investigate the association of 14 common and readily available circulating biomarkers with the 90-day modified
Rankin Scale (mRS) score in patients undergoing mechanical thrombectomy (MT).

Methods: This study included patients with anterior circulation large vessel occlusive stroke treated with MT from 05/2017 to 12/
2021. Baseline comparisons of poor outcome were performed among enrolled patients. Factors that may be associated with the mRS
score were assessed using correlation analysis. Univariate and multivariate logistic regression analyses were used to evaluate the
predictive value of circulating biomarkers and poor outcome.

Results: The mRS score has a strong correlation with neutrophil to lymphocyte ratio (NLR) and eosinophil levels (all rg>0.4 in
absolute value and all P<0.001) in addition to a high correlation with National Institute of Health Stroke Scale (NIHSS) score (r;=0.40,
P<0.001). There was also a high correlation between NLR and eosinophil (r=—0.58, P<0.001). In the multivariate regression analysis,
only neutrophil (adjusted OR=1.301, 95% CI: 1.155-1.465, P<0.001), eosinophil (adjusted OR<0.001, 95% CI: <0.001-0.016,
P<0.001), and NLR (adjusted OR=1.158, 95% CI: 1.082—1.241, P<0.001) were independently associated with poor outcome.
Conclusion: This study evaluated a series of circulating biomarkers and found that neutrophil, eosinophil, and NLR independently
predicted poor outcome after MT in AIS patients. There was a significant negative correlation between eosinophil and NLR levels.
Keywords: acute ischemic stroke, mechanical thrombectomy, biomarker, eosinophil, poor outcome

Background

Acute ischemic stroke (AIS) is a serious life-threatening disease and a major cause of disability and death, particularly in
patients with AIS caused by large vessel occlusion. Although early mechanical thrombectomy (MT) is significantly
associated with lower rates of disability, there are still some patients failing to achieve good neurological improvement.'
A meta-analysis reported that poor outcome (defined as a 90-day modified Rankin Scale, ie, mRS score >3) can still be as
high as 54% in patients treated with MT."* Therefore, it is of great clinical value to effectively predict the adverse
neurological outcome after MT in patients with AIS.

However, the neurological outcome of thrombectomy patients is difficult to explain and judge by a single factor. In
recent years, as the pathophysiological mechanisms of stroke have become better understood, circulating biomarkers in
patients have received increasing attention, especially when other predictors were not available easily. These circulating
biomarkers are readily available and may provide objective and reliable information on the patient’s neurological
outcome and even risk of death.” However, few biomarker studies are focusing on AIS patients undergoing MT. Even
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though there is growing evidence that the neutrophil to lymphocyte ratio (NLR) is associated with outcome in stroke
patients, these previous reports have rarely assessed the relationship between other circulating biomarkers and clinical
outcomes in AIS patients with MT.* ® Also, the predictive role of circulating biomarkers must be reviewed in the era of
mechanical thrombectomy, as some previously reported serum biomarkers may no longer be predictive of outcomes
associated with patients undergoing MT.” We comprehensively evaluated 14 common and readily available circulating
biomarkers, including lymphocyte, neutrophil, albumin, globulin, creatinine, glycated hemoglobin, eosinophil, platelet,
prothrombin time (PT), activated partial thromboplastin time (APTT), D-dimer, fibrinogen, NLR and APTT/PT.

Methods
Study Population

This study was a retrospective study, retrospectively analyzing patients with anterior circulation large vessel occlusive
stroke treated with mechanical thrombectomy at the neurology department of the author’s unit from 05/2017 to 12/2021.

All stroke patients who underwent MT received stroke management based on the recommendations of the latest
guidelines. In this study, we excluded patients who 1) received only arterial thrombolysis, 2) had severe hepatic or renal
insufficiency, heart failure, or other life-threatening complications, 3) had end-stage malignancy, 4) were confirmed by
digital subtraction angiography not to have large vessel occlusion in the anterior circulation, and 5) were missing relevant
imaging data, biomarkers, and 3-month prognosis. The 90-day prognostic follow-up was performed via telephone or in
an outpatient setting.

This is a retrospective clinical study that has been approved by the Institutional Ethics Review Board of the Second
Hospital of Soochow University (ethical review decision number: JD-HG-2022-11) and the informed consent was
exempt due to the retrospective nature of this study. We followed the World Medical Association Declaration of
Helsinki in conducting our research and kept patient data strictly confidential.

Data Collection
Data were obtained from medical records including age, female, hypertension, diabetes mellitus, dyslipidemia, atrial
fibrillation, cardiovascular diseases, previous stroke, smoking, drinking, intravenous thrombolysis, preoperative blood
glucose level, preoperative National Institute of Health Stroke Scale (NIHSS) score, preoperative Alberta Stroke Program
Early CT Score (ASPECTS), vascular occlusion site, Stroke etiology, successful reperfusion, and poor collateral
circulation. Circulating biomarkers were determined simultaneously within 24 h after MT. Lymphocyte, neutrophil and
eosinophil were detected by flow cytometry + fluorescence staining. Platelet was detected by resistance method. The total
protein was detected by biuret method. Albumin was detected by potassium bromide phenol green. Creatinine was tested
by the creatinine oxidase method. PT and APTT were measured by coagulation method. The D-dimer was detected by
immunoturbidimetry. Fibrinogen was detected by thrombin assay. Glycated hemoglobin was detected by ion exchange
high performance liquid chromatography. NLR and APTT/PT were calculated by the formula. Patient follow-up was
conducted objectively and independently, and the investigator had been unaware of any relevant clinical information
about the patients.

Successful reperfusion is defined as modified thrombolysis in cerebral infarction (mTICI) of 2b to 3 grade.® Poor
collateral circulation is defined as grade 0 to 1 according to the American Society of Interventional and Therapeutic
Neuro-radiology/Society of Interventional Radiology collateral circulation assessment criteria.®’

Statistical Analyses

Continuous variables were expressed as mean (standard deviation, SD) or median [interquartile range, IQR], using
Student’s #-test or Mann—Whitney U-test; categorical variables were expressed as several cases (composition ratio), ie,
n (%), using the chi-square test or Fisher's exact test. First, patients were included for description and comparison of
baseline information on poor outcome. Secondly, the association between patients’ mRS score and circulating biomar-
kers, blood glucose, NIHSS score and ASPECTS was assessed using Spearman correlation analysis. Finally, the
predictive value of laboratory tests about poor outcome was assessed using univariate and multivariate logistic regression
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analyses. In the multivariate logistic regression analysis, potential confounders with P < 0.1 in the intergroup comparison
of baseline data were adjusted. The regression results were further subjected to sensitivity analysis and ROC curves were
plotted. Two-tailed p<0.05 was considered statistically significant. The data were analyzed with IBM SPSS Statistics 26.0
and R 4.1.0.

Results
The Baseline of Characteristics of Patients in Good Outcome Group and Poor

Outcome Group

A total of 292 patients with anterior circulation large vessel occlusive stroke treated with MT were included in this study.
The flow chart was shown in Figure 1. The median [IQR] of the overall patient mRS score was 3.00 [1.00, 4.00]. 189 of
these patients failed to achieve good neurological improvement within 90 days. A comparison of the baseline character-
istics of the included patients can be seen in Table 1. Patients with a poor outcome tended to be older, more likely to be
female, and to have hypertension, atrial fibrillation, a history of stroke, and a lesser history of smoking and drinking.
They also had higher preoperative glucose, NIHSS score, lower ASPECTS, and were more likely to have poor collateral

circulation.

Comparison of Circulating Biomarkers Between Patients with Good Outcome and

Poor Outcome

The levels of circulating biomarkers are shown in Figure 2. Compared to patients with a good outcome, patients with
a poor outcome had lower lymphocyte counts, higher neutrophil counts, higher globulins, higher glycated hemoglobin,
lower eosinophil counts, higher D-dimers, and shorter APTT. Also, the NLR was greater and the APTT/PT was smaller.

Association Between mRS Score and Circulating Biomarkers, Blood Glucose, NIHSS
Score and ASPECTS

A correlation analysis (Figure 3) showed a positive correlation between mRS score and PT (r;=0.13, P=0.029), glycated
hemoglobin (r,=0.19, P=0.001), blood glucose (r,=0.21, P<0.001), globulin (r,=0.20, P=0.001), NIHSS score (r,=0.40,
P<0.001), D-dimer (rg=0.32, P<0.001), age (rs=0.34, P<0.001), neutrophil (r;=0.29, P<0.001), and NLR (r;=0.44,
P<0.001); and a negative correlation with ASPECTS (r,=—0.28, P<0.001), lymphocyte (r,=—0.34, P<0.001), eosinophil
(r=—0.46, P<0.001), APTT (rs=—0.12, P=0.042), APTT/PT (r;=—0.20, P<0.001), and platelet (r;=—0.12, P=0.035).

Patients with acute ischemic stroke undergoing endovascular
therapy (n=513)

Patients with only arterial thrombolysis or severe complications

were excluded (n=79)

v
[ Patients with acute ischemic stroke undergoing mechanical ]

thrombectomy (n=434)

Patients without anterior circulation large vessel occlusion were

excluded (n=58)

Patients with anterior circulation large vessel occlusive ischemic
stroke undergoing mechanical thrombectomy (n=376)

Patients with missing data of relevant imaging, laboratory

"| inspection and 3-month outcome follow-up were excluded (n=84)

Patients with anterior circulation large vessel occlusive ischemic
stroke undergoing mechanical thrombectomy (n=292)

Figure | Flow chart.
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Table | Baseline Characteristics in Good Outcome Group and Poor Outcome Group

Baseline Characteristics Good Outcome (n=103) | Poor Outcome (n=189) | P value
Demographic characteristics
Age (years), median [IQR] 64.00 [49.00, 72.00] 69.00 [60.00, 77.50] <0.001
Female, n (%) 34 (33.0) 92 (48.7) 0.010
Past medical history, n (%)
Hypertension 60 (58.3) 137 (72.5) 0.013
Diabetes mellitus 15 (14.6) 44 (23.3) 0.076
Dyslipidemia 40 (38.8) 63 (33.3) 0.347
Atrial fibrillation 37 (35.9) 100 (52.9) 0.005
Cardiovascular diseases 13 (12.6) 38 (20.1) 0.107
Previous stroke 9 (8.74) 33 (17.5) 0.042
Smoking 44 (42.7) 53 (28.0) 0.011
Drinking 35 (34.0) 33 (17.5) 0.001
Clinical characteristics
Intravenous thrombolysis, n (%) 37 (35.9) 51 (27.0) 0.112
Blood glucose (mmol/L), median [IQR] | 6.90 [6.10, 8.30] 7.80 [6.55, 9.60] 0.001
NIHSS score, median [IQR] 14.00 [12.00, 17.00] 17.00 [14.00, 20.00] <0.001
ASPECTS, median [IQR] 7.00 [7.00, 8.00] 7.00 [6.00, 8.00] <0.001
Vascular occlusion site, n (%) 0.049
ICA 15 (14.6) 48 (25.4)
MCA 77 (74.8) 130 (68.8)
Other 11 (10.7) Il (5.82)
Stroke etiology, n (%) 0.481
Large-artery atherosclerosis 50 (48.5) 103 (54.5)
Cardioembolism 47 (45.6) 79 (41.8)
Other 6 (5.83) 7 (3.70)
Successful reperfusion, n (%) 98 (95.1) 167 (88.4) 0.056
Poor collateral circulation, n (%) 54 (52.4) 140 (74.1) <0.001

Abbreviations: IQR, interquartile range; NIHSS, National Institute of Health Stroke Scale; ASPECTS, Alberta Stroke Program Early CT Score;
ICA, internal carotid artery; MCA, middle cerebral artery.

From Figure 3, we can find that the patients” mRS score have strong correlations with NLR and eosinophil levels
(Spearman correlation coefficients were all greater than 0.4 in absolute value, and the p-values were all less than 0.001)
in addition to a high correlation with NIHSS score. Furthermore, there was also a high correlation between NLR and
eosinophil (rg=—0.58, P<0.001).

Circulating Biomarkers and Poor Outcome
The results of the univariate and multivariate logistic regression can be viewed in Table 2. In the univariate
analysis, we found that neutrophil, globulin, eosinophil, D-dimer, and NLR were significantly associated with
poor outcome (all P<0.05). After adjusting for potential confounders (age, female, hypertension, diabetes mellitus,
atrial fibrillation, previous stroke, smoking, drinking, blood glucose, NIHSS score, ASPECTS, vascular occlusion
site, successful reperfusion and poor collateral circulation) and performing a multivariate regression analysis of
these variables, we identified that only neutrophil (adjusted OR=1.301, 95% CI: 1.155-1.465, P<0.001), eosino-
phil (adjusted OR<0.001, 95% CI: <0.001-0.016, P<0.001), and NLR (adjusted OR=1.158, 95% CI: 1.082—-1.241,
P<0.001) were independently associated with poor outcome.

To further evaluate the sensitivity, specificity, and predictive values of these variables for poor outcome, the
receiver operator characteristic (ROC) curve was plotted (Figure 4). The AUC for neutrophil, eosinophil and NLR
were 0.662 (95% CI: 0.598-0.726, P<0.001), 0.731 (95% CI: 0.671-0.791, P<0.001) and 0.738 (95% CI: 0.679—
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Figure 2 Comparison of circulating biomarkers according to the patient’s 90-day prognosis.
Note: Lymphocyte (1.20 [0.90, 1.50] vs. 0.90 [0.60, 1.20], A), neutrophil (7.00 [5.10, 9.05] vs. 8.30 [6.60, 10.80], B), globulin (24.40 [22.30, 26.60] vs. 26.00 [23.55, 28.70],
D), glycated hemoglobin (5.60 [5.30, 6.00] vs. 5.90 [5.50, 6.70], F), eosinophil (0.02 [0.01, 0.06] vs. 0.00 [0.00, 0.02], G), D-dimer (0.87 [0.45, 2.32] vs. 1.92 [1.07, 3.50], J),
APTT (35.70 [32.60, 38.80] vs. 33.40 [29.95, 37.00], L), NLR (5.67 [4.00, 8.17] vs. 9.29 [6.36, 14.64], M), APTT/PT (2.57 [2.34, 2.80] vs. 2.40 [2.19, 2.58], N) were
significantly different between the good outcome group and the poor outcome group. Albumin (39.20 [36.60, 40.30] vs. 38.70 [36.05, 41.85], C), creatinine (65.00 [53.00,
77.50] vs. 66.00 [55.00, 77.00], E), platelet (203.00 [158.00, 248.00] vs. 189.00 [152.00, 231.00], H), PT (13.80 [13.00, 14.50] vs. 13.90 [13.20, 14.60], I), fibrinogen (2.89
[2.52, 3.42] vs.3.08 [2.57, 3.58], K) were no significant difference between the good outcome group and the poor outcome group. PT, prothrombin time; APTT, activated
partial thromboplastin time; NLR, neutrophil to lymphocyte ratio.
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Figure 3 Correlation heat map.

Abbreviations: NIHSS, National Institute of Health Stroke Scale; ASPECTS, Alberta Stroke Program Early CT Score; mRS, modified Rankin Scale; PT, prothrombin time;
APTT, activated partial thromboplastin time; NLR, neutrophil to lymphocyte ratio.
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Table 2 Binary Logistic Regression Between Circulating Biomarkers

and Poor Outcome

Variables Unadjusted OR [95% CI] | P value Adjusted OR (95% CI)T | P value
Lymphocyte (*10%/L) 0.700 [0.450—1.089] 0.113

Neutrophil (*10°/L) 1.256 [1.141, 1.382] <0.001 1.301 [1.155, 1.465] <0.001
Albumin (g/L) 1.037 [0.982, 1.094] 0.192

Globulin (g/L) 1.087 [1.026, 1.152] 0.005 1.065 [0.993, 1.142] 0.077
Creatinine (umol/mL) 1.009 [0.996, 1.023] 0.163

Glycated hemoglobin (%) 1.127 [0.932, 1.364] 0.217

Eosinophil (¥10%/L) <0.001 [<0.001, 0.001] <0.001 <0.001 [<0.001, 0.016] <0.001
Platelet (*¥10%/L) 0.998 [0.994, 1.002] 0.287

PT (s) 0.946 [0.841, 1.063] 0.350

APTT (s) 0.993 [0.973, 1.015] 0.540

D-dimer (ug/mL) 1.137 [1.035, 1.248] 0.007 1.070 [0.982, 1.165] 0.124
Fibrinogen (g/L) 1.160 [0.891, 1.510] 0.271

NLR 1.184 [1.110, 1.263] <0.001 1.158 [1.082, 1.241] <0.001
APTT/PT 0.808 [0.523, 1.249] 0.338

Notes: TAdjusted for Age, Female, Hypertension, Diabetes mellitus, Atrial fibrillation, Previous stroke, Smoking, Drinking, Blood glucose,
NIHSS score, ASPECTS, Vascular occlusion site, Successful reperfusion, Poor collateral circulation.

0.798, P<0.001) respectively. Their corresponding optimal cutoff values were 7.35%10%/L (neutrophil, sensitivity
66.7% and specificity 56.3%), 0.005*10°/L (eosinophil, sensitivity 55.0% and specificity 82.5%) and 7.455 (NLR,

sensitivity 66.7% and specificity 70.9%), respectively.
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Discussion

In the present study, our main findings were that 1) neutrophil, eosinophil, and NLR were independent predictors of poor
outcome in patients with acute anterior circulation large vessel occlusive stroke after MT, and 2) eosinophils were highly
negatively correlated with NLR. Consistent with previous studies, several generic indicators, such as age, hypertension,
diabetes, atrial fibrillation, baseline NIHSS score, ASPECTS, and poor collateral circulation, were associated with poor
outcome after MT in AIS patients.'®'? Regarding circulating biomarkers, also similar to other studies, neutrophil and
NLR levels were independently associated with clinical outcome in patients undergoing MT." In addition, this study
found that higher eosinophil level can predict a good outcome for patients. Eosinophils may have a neuroprotective role
in the stroke process and regulate the inflammatory response of stroke patients in the same way as neutrophils and
lymphocytes.

A growing number of studies indicate the importance of the inflammatory response in the pathogenesis of stroke.'* !¢
Inflammation in ischemic stroke involves the release of cytokines, chemokines, and injury-related molecular patterns that
exacerbate the destruction of brain tissue during the acute and repair phases of ischemic stroke.'” Proinflammatory
signals from immune mediators rapidly activate resident cells and influence various inflammatory cells (neutrophil,
monocyte/macrophage, different subtypes of T cell, and other inflammatory cells) to infiltrate the ischemic zone,
exacerbating brain injury.'® Neutrophil has been reported to promote disruption of the blood—brain barrier exacerbating
brain edema and brain injury, and neutrophil counts are dynamic parameters associated with hemorrhagic complications
and long-term outcome.'*'® Compared to neutrophils, increased levels of their derivative index NLR can independently
predict good clinical outcome in patients after MT."?

Usually, think before, eosinophil plays a major role in host defense against worms, plays an intermediary role in allergic
disease transmission, in systemic eosinophils and eosinophil infiltration characteristics of target organs plays a role of
pathology in clinical disease, is a destructive effect of inflammatory medium of granular tissue injury and disease.’*!
However, this view has shifted in recent years to suggest that the eosinophil is an important regulator of local immunity and
damaged tissue repair in both health and disease, has receptors for a range of inflammatory mediators, and is capable of
producing large amounts of pro-inflammatory and homeostatic mediators.?*** The presence of eosinophil has been reported
to be associated with prolonged survival rather than the death of the parasite in animal models.?® In addition, instead of
increasing the severity of allergic and hypersensitivity reactions, eosinophils seem to play a role in regulating local
inflammation, rather than increasing it.>* Based on the “LIAR hypothesis” proposed by Lee et al, the eosinophil is now
recognized as an important component of a complex regulatory network that regulates the local and systemic immune and
inflammatory responses together with other elements of the immune system, including polymorphonuclear leukocytes
(PMNLs), lymphocytes and macrophages.>’** Eosinophil could be able to secrete more than 35 cytokines, growth factors,
and chemokines, including IL-4 and IL-13, which induce the activation of M2-phenotype microglia.*> > M2-phenotype
microglia promotes the regression of inflammation and has neuroprotective properties.?>**® Eosinophil plays a complex role
in the progression of ischemic injury in stroke patients, and its role with pro-inflammatory and anti-inflammatory properties
and neuroprotective effects plays a delicate balance in the progression of stroke.

Previous studies though have shown that inflammatory markers in the blood can predict early and long-term
functional outcomes in patients with AIS treated with MT. However, these studies were mainly limited to a single
neutrophil and its derived indicator NLR and may not have focused on other circulating biomarkers. In this study,
a comprehensive evaluation of 14 commonly available circulating biomarkers found that eosinophil was as highly
valuable as NLR in predicting functional outcome after MT of patients, even after adjustment for confounding factors.
The addition of eosinophil levels to conventional predictive models may help to improve the ability to predict poor
outcome. In addition, eosinophil levels combined with NLR appear to provide an integrated and comprehensive
assessment of the systemic inflammatory status of stroke patients.

This study still has several limitations. First, this was a single-center retrospective study with small sample size. In
addition, studies of these biomarkers, whether in NLR or eosinophil, are not yet reliable enough to guide clinical practice.

Therefore, validation in additional large clinical trials would still be needed. Second, it is not clear whether eosinophil is
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a static variable. In the future, we expect to further investigate whether eosinophil is dynamic after MT in AIS patients as
in NLR and whether its possible indicators of dynamic change could provide greater predictive value for poor outcome.

Conclusion

In summary, our study evaluated a series of circulating biomarkers and found that neutrophil, eosinophil, and NLR
independently predicted poor outcome after MT in AIS patients. There was a significant negative correlation between
eosinophil and NLR levels. Higher eosinophil level may be a new inflammatory marker to predict a good outcome after
MT in AIS patients, playing a delicate balance in the progression of stroke.
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