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Purpose: Galectin-3 is a key regulator of microglial proliferation and activation and may have dual and time-dependent effects on 
ischemic stroke. This study aimed to prospectively investigate the dynamic changes in Galectin-3 levels in patients with acute 
ischemic stroke receiving endovascular therapy and its clinical significance.
Patients and Methods: A total of 105 patients with acute ischemic stroke who underwent endovascular therapy were prospectively 
enrolled. Plasma Galectin-3 was quantitatively detected by an enzyme-linked immunosorbent assay before the operation and at 1 day, 
3 days and 7 days after the operation. A linear mixed-effect model, Pearson correlation analysis and receiver operating characteristic 
(ROC) curve analysis were used to evaluate the dynamic changes in the plasma Galectin-3 concentration and its relationship with 
clinical outcomes.
Results: Increases in plasma Galectin-3 levels at 1 day and 3 days after surgery were associated with early neurological deterioration 
and death (both P <0.05). Increased Galectin-3 levels before surgery and at 1 day and 3 days after surgery were associated with poor 
prognosis (P <0.05). Pearson correlation analysis revealed that Galectin-3 levels before surgery (r =0.318, P =0.002), at 1 day 
(r =0.318, P =0.001), 3 days (r =0.429, P < 0.001) and 7 days after surgery (r =0.340, P =0.001) were positively correlated with 
NIHSS scores. The ROC curve results showed that Galectin-3 concentration had a certain predictive value for death at 1 day 
(AUC=0.707, P=0.013), 3 days (AUC=0.708, P=0.016) and 7 days after the operation (AUC=0.708, P=0.016), but this predictive 
value was lower than that of the NIHSS score.
Conclusion: In acute ischemic stroke patients receiving endovascular therapy, an increase in the plasma Galectin-3 levels were 
associated with death, poor prognosis, and early neurological deterioration. Galectin-3 levels were significantly correlated with the 
NIHSS score and had a certain predictive value for death.

Plain Language Summary: Galectin-3 is a key regulator of microglial proliferation and activation and may have dual and time- 
dependent effects on ischemic stroke. However, relevant clinical studies are less at present. In this study, we found that an increase in 
the plasma Galectin-3 levels had significant values in death, poor prognosis, and early neurological deterioration in acute ischemic 
stroke patients receiving endovascular therapy at various times. 
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Introduction
Since 2015, stroke has become the leading cause of death and disability in China, placing an enormous burden on the 
country’s health care system and economic development.1 Tissue damage after cerebral ischemia is caused by complex 
pathophysiological processes such as excitotoxicity, peri-infarction depolarization, inflammation, and apoptosis.2 The 
number of microglia in the core area of infarction immediately decreases after ischemic stroke, while the number of 
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microglia in the ischemic penumbra increases within a few hours after stroke and peaks at 48–72 hours.3 Galectin-3 is 
a conserved carbohydrate recognition domain (CRD) that contains approximately 130 amino acids and a variety of 
bioactivity-binding proteins.4 Galectin-3 is a key regulator of microglial activation and proliferation.5 Both probiotics and 
adaptive immune responses6 are pleiotropic and contribute to the occurrence and progression of ischemic stroke by 
influencing inflammatory signaling pathways,7–9 angiogenesis,10–12 neurogenesis,13 and the regulation of apoptotic 
pathways.10

Galectin-3 tends to cause neurotoxic effects in the acute inflammatory phase of acute ischemic stroke, while it 
plays a neuroprotective role in the subchronic phase by promoting the polarization of classical proinflammatory M1 
microglia into the anti-inflammatory M2 type with healing activity.5,9,14–16 The dual effects of Galectin-3 on the 
AIS appear to be significantly time dependent. Clinical studies have shown that Galectin-3 at baseline has potential 
value in the diagnosis and prediction of clinical outcomes in patients with AIS17–20 and is expected to have 
therapeutic potential as a poststroke immunomodulatory molecule.21 A study involving 3082 patients with AIS 
showed that high baseline Galectin-3 levels are associated with poor prognosis, poststroke death, and severe 
disability.17 However, it is unclear whether high Galectin-3 expression in patients with AIS at different time points 
has different predictive value for clinical outcomes. The objective of this study was to investigate the dynamic 
changes in plasma Galectin-3 levels in patients with AIS and its relationship with death, poor prognosis and early 
neurological deterioration.

Materials and Methods
Study Design
This was a prospective observational study. Blood samples from patients with AIS receiving endovascular therapy 
were collected before the operation and at 1 day, 3 days and 7 days after the operation. Plasma Galectin-3 levels 
were detected by enzyme-linked immunosorbent assay (ELISA), and clinical data were collected. The dynamic 
changes in the plasma Galectin-3 concentration and its correlation and predictive value for death, poor prognosis 
and early neurological deterioration were investigated by using a linear mixed effects model,22,23 Pearson correla
tion analysis and receiver operating characteristic (ROC) curve analysis. The primary outcome of this study was 
death within 90 days after endovascular therapy. The causes of death included hemorrhage transformation, 
malignant brain edema, infarction progression, hernia of brain, neurological function deterioration and so on. 
The secondary outcomes were poor prognosis at 90 days (mRS score > 2) and early neurological deterioration. 
This study was approved by the Ethics Committee of the First Affiliated Hospital of Jinan University. All the 
subjects or authorized subjects signed informed consent, and the study complied with the principles of the Helsinki 
Declaration.

Patient Selection
A total of 138 inpatients with AIS who underwent endovascular therapy at the Department of Neurology of the First 
Affiliated Hospital of Jinan University from September 2022 to July 2023 were retrospectively included in this study. 
Thirty-three patients were excluded; 13 patients had an onset time > 24 h, 8 patients had a preonset mRS score > 2, 3 
patients had malignant tumors and other diseases with a low expected survival rate, 2 patients had missing clinical data, 4 
patients refused to provide venous blood samples, and 3 patients were lost to follow-up. After strictly following the 
inclusion and exclusion criteria of this study, a total of 105 patients were ultimately enrolled. The inclusion criteria were 
as follows: (1) ≥18 years of age, (2) had AIS with intracranial large vessel occlusion confirmed by clinical symptoms and 
brain imaging, (3) had an onset time < 24 hours, and (4) provided informed consent. The exclusion criteria for patients 
were as follows: (1) mRS score > 2 points before the onset of the disease; (2) severe immunodeficiency disease, severe 
hepatic and renal insufficiency, cardiogenic shock, malignant tumor and other expected survival rates < 90 days; (3) 
recent history of severe active massive bleeding; (4) inability to provide venous blood samples with incomplete clinical 
data; and (5) refusal of a 90-day postoperative follow-up.
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Collection of Baseline Data
The general baseline data included age, sex, previous medical history, time from onset to vascular revascularization, 
baseline National Institutes of Health Stroke Scale (NIHSS) score, intravenous thrombolysis (yes or no), admission blood 
glucose, low-density lipoprotein, etc. The etiology of stroke was classified as large-artery atherosclerosis (LAA), 
cardioembolism (CE), or stroke of undetermined etiology (SUE) according to the Trial of Org 10,172 in Acute Stroke 
Treatment (TOAST) standard.24 The posterior circulation vessel was recorded as the vertebral basilar artery, and the 
anterior circulation vessel was recorded as the middle cerebral artery. The above evaluation was performed by 
a professional neurologist. All patients enrolled in this study underwent successful reperfusion therapy, which was 
defined as a modified cerebral infarction thrombolysis (mTICI) score of grade 2b/3.25

Detection of Plasma Galectin-3
Peripheral venous blood samples of 2 mL were collected in EDTA tubes before the operation and at 1 day, 3 days and 
7 days after the operation. Immediately after collection, the samples were sent to the laboratory for centrifugation 
(1000 × g, 15 min, 4 °C); 500 μL of the supernatant was placed in an Eppendorf (EP) tube; and the supernatant was 
stored at −80 °C until the experimental analysis. A human soluble galactoside-binding lectin 3 (Lgals3) ELISA kit 
(CSB-E11807h, Wuhan Huamei Bioengineering Co., Ltd., China) was used for the quantitative detection of plasma 
Galectin-3 levels by laboratory technicians who were blinded to the baseline clinical characteristics of the patients. The 
experimental procedure was carried out in strict accordance with the kit instructions.

Clinical Score
1. Neurological function score: The degree of neurological impairment was assessed by a professional neurologist 

immediately after blood samples were collected before the operation and at 1 day, 3 days and 7 days after the 
operation. The degree of neurological impairment was assessed using the National Institutes of Health Stroke Scale 
(NIHSS). Early neurological deterioration (END) was defined as deterioration within 7 days of onset, an increase in 
the NIHSS score of ≥4 points from baseline, an increase in the Ia-Ic awareness score of ≥1 point, or an unknown 
cause.26–28

2. For the 90-day prognosis score, the modified Rankin scale (mRS) standard was used to evaluate the prognosis of 
patients 90 days after surgery. The mRS score ranged from 0 to 6 points, and the higher the score was, the greater 
the level of functional disability. mRS ≤2 points represented a good prognosis, mRS > 2 points represented a poor 
prognosis, and mRS of 6 points represented death. The neurologist who followed up by telephone or outpatient 
follow-up was not aware of the patient’s morbidity.

Statistical Analysis
All the statistical analyses and plots were generated with SPSS 22.0 software and GraphPad Prism 9.5 software. 
Continuous variables are expressed as (x±s) or median interquartile (IQR), and categorical variables are expressed as 
percentages. Fisher’s exact test or χ²-test was used for qualitative variables. Kolmogorov–Smirnov tests were used to test 
the normality of the data. Normally distributed quantitative variables were compared between two groups by t tests; 
otherwise, the Mann–Whitney U-test was used. A linear mixed effects model was used to evaluate the intergroup 
differences in the plasma Galectin-3 levels among the different subgroups. All patients were selected as subjects, and 
four time points were used as replicate indicators. The replication covariance type was AR (1), and Galectin-3 was used 
as the dependent variable. The number of repetitions and group were used as fixed effect factors, and the main effects 
were compared. Bonferroni correction was used for confidence interval adjustment. Pearson correlation analysis was 
used to evaluate the correlation between plasma Galectin-3 levels and NIHSS scores at different time points. A receiver 
operating characteristic (ROC) curve was plotted to analyze the predictive value of the plasma Galectin-3 concentration 
for death. α =0.05 was used as the test level, and P < 0.05 was considered to indicate statistical significance.
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Results
Baseline Characteristics of the Participants in the Primary Outcome Group
In this study, 14 patients died, and 91 survived. Comparison and analysis of the baseline data between the two groups 
suggested that the age of patients in the nonsurviving group (P =0.006), preoperative NIHSS score (P =0.009), and 
preoperative thrombolytic therapy (P =0.031) were significantly greater than those in the surviving group (Table 1).

Plasma Galectin-3 Concentration and NIHSS Scores in All Patients
The NIHSS score of patients showed a continuous downward trend within 7 days after the operation (Figure 1A), 
suggesting that the neurological recovery of patients after the operation was significantly improved. The plasma 
Galectin-3 concentration continued to decrease within 3 days after the operation and then increased slightly to 7 days 
after the operation (Figure 1B). Through Pearson correlation analysis, we further found that Galectin-3 levels were 
positively correlated with NIHSS scores before the operation (Figure 1C) and 1 day (Figure 1D), 3 days (Figure 1E) 
and 7 days (Figure 1F) after the operation (P <0.05).

Plasma Galectin-3 Concentration and NIHSS Score at Death
In this study, 14 patients died, and 91 survived. The plasma Galectin-3 concentration in the death group first increased 
until the first day after the operation, then decreased at 3 days after the operation, and finally increased slightly until 7 

Table 1 Baseline Data of the Survivor Group and Nonsurvivor Group

Variable Survivor (N=91) Nonsurvivor (N=14) P value

Age (years) 64.29±14.87 76.00±13.20 0.006
Sex (male, %) 61 (67.0) 7 (50.0) 0.214

Medical history, n (%)

Hypertension 71 (78.0) 11 (78.6) 0.963
Diabetes 29 (31.9) 8 (57.1) 0.065

Heart disease 15 (16.5) 5 (35.7) 0.088

Atrial fibrillation 22 (24.2) 4 (28.6) 0.723
Clinical features

Admission systolic pressure (mmHg) 139.65±21.75 138.57±17.39 0.860

Admission diastolic pressure (mmHg) 77.02±16.78 74.57±21.11 0.625
Admission heart rate (times per minute) 79.18±14.36 86.07±10.34 0.087

The time between the onset and the revascularization, (hours) 9.40 (4.35, 14.73) 11.20 (5.00, 16.30) 0.621

Baseline NIHSS score 16 (12, 22) 23 (18, 30) 0.009
Preoperative thrombolytic therapy, n (%) 16 (17.6) 6 (42.9) 0.031
TOAST subtypes, n (%) 0.902

LAA 75 (82.4) 12 (85.7)
CE 15 (16.5) 2 (14.3)

SUE 1 (1.1) 0 (0.0)

Occlusive blood vessel 0.389
Anterior circulation vessel 74 (81.3) 10 (71.4)

Posterior circulation vessel 17 (18.7) 4 (28.6)
Laboratory examination

White blood cell count (10^9/L) 9.74 (7.46, 13.03) 11.25 (7.73, 13.29) 0.600

FBG (mmol/L) 8.29±3.08 9.90±3.64 0.077
Glycosylated Hemoglobin (%) 5.95 (5.50, 6.60) 5.80 (5.40, 6.50) 0.607

Creatinine (μmol/L) 80.80 (69.05, 98.63) 69.00 (56.50, 128.00) 0.465

LDL-c (mmol/L) 2.94±0.92 2.81±1.17 0.634

Notes: Data are expressed as the mean (SD), median (interquartile range), or number (%). Categorical variables were compared using the chi-square test, and 
continuous variables were compared using the t-test or Mann‒Whitney U-test, as appropriate. The value in bold indicates P <0.05. 
Abbreviations: Baseline NIHSS score, Baseline National Institutes of Health Stroke Scale; TOAST subtypes, Trial of Org10172in Acute Stroke Treatment; 
LAA, large-artery atherosclerosis; CE, cardioembolism; SUE, stroke of undetermined etiology; WBC, white blood cell; FBG, fasting blood glucose; LDL-c, low- 
density lipoprotein cholesterol.
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days after the operation, which differed from that in the survival group (Figure 2A). The linear mixed-effect model 
identified the significant influence of group (P =0.007) on the Galectin-3 levels but did not reveal the time (P =0.570) or 
the interaction effect between the two (P =0.888), as shown in Table 2. The Galectin-3 levels (Figure 2A) and NIHSS 
scores (Figure 2B) were greater in the nonsurviving group than in the surviving group before the operation and at 1 day, 3 
days and 7 days after the operation. An increase in the Galectin-3 levels at 1 day (P =0.036) and 3 days after the 
operation (P =0.032) was associated with death.

ROC curve analysis revealed that the Galectin-3 levels at 1 day (AUC=0.707, P=0.013), 3 days (AUC=0.708, 
P=0.016) and 7 days after surgery (AUC=0.707, P=0.041) were significant predictors of death (Figure 2E and 
Table 3). The sensitivity and specificity were 0.857 and 0.560, 0.538 and 0.841, and 0.667 and 0.744, respectively. 
However, the predictive value of the Galectin-3 levels for death was lower than that of the NIHSS scores (Figure 2F).

Plasma Galectin-3 Concentration and 90-Day Prognosis
In this study, there were 51 patients in the poor prognosis group and 54 in the favorable prognosis group. The plasma 
Galectin-3 levels in the poor prognosis group continued to decrease until 3 days after the operation and then increased 
slightly to 7 days after the operation, which was similar to that in the poor prognosis group (Figure 2C). The linear mixed- 
effect model identified the significant effects of group (P =0.001) and time (P < 0.001) on Galectin-3 levels but did not 
reveal an interaction between the two (p =0.668), as shown in Table 2. An increase in Galectin-3 levels before the operation 
(P =0.010) and at 1 day (P =0.020) and 3 days after the operation (P =0.008) was associated with poor prognosis.

Plasma Galectin-3 Concentration and END
In this study, there were 28 patients in the END group and 77 in the Non-END group. The plasma Galectin-3 
concentration in the END group first increased until the first day after the operation, then decreased until 3 days after 

Figure 1 The dynamic changes in Galectin-3 and NIHSS scores and the correlation between them. 
Notes: The dynamic changes in Galectin-3 levels (A) and NIHSS scores (B) in all patients. The relationship between Galectin-3 levels and NIHSS scores before (C), 1 day 
(D), 3 days (E), and 7 days (F) was determined by Pearson correlation analysis (all P < 0.05). #Indicates P < 0.05 vs preoperation, *Indicates P < 0.05 vs 1 day from (A and B). 
Abbreviations: Pre, preoperation; 1d, 1 day after the operation; 3d, 3 days after the operation; 7d, 7 days after the operation; NIHSS, National Institute of Health Stroke Scale.
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the operation, and finally increased slightly until 7 days after the operation, which differed from that in the Non-END 
group (Figure 2D). The linear mixed-effects model revealed significant effects of group (P =0.040), time (P =0.003) and 
the interaction of group (P =0.035) on Galectin-3 levels (Table 2). An increase in Glalectin-3 levels at 1 day (P =0.010) 
and 3 days after the operation (P =0.042) was correlated with END.

Discussion
This study investigated the effects of dynamic changes in plasma Galectin-3 levels on the clinical outcome and END of 
patients with AIS receiving EVT. The results showed that increases in the plasma Galectin-3 levels in patients with AIS 
receiving EVT was associated with death, poor prognosis, and early neurological deterioration. There was a significant 

Figure 2 Dynamic changes in Galectin-3 levels and NIHSS score and their predictive value for death. 
Notes: The dynamic changes in the Galectin-3 levels (A) and NIHSS scores (B) between the nonsurvivor group and survivor group. The dynamic changes in the Galectin-3 
levels between the poor prognosis group and favorable prognosis group (C) and between the END group and non-END group (D). The predictive value of Galectin-3 (E) 
and the NIHSS score (F) for death events at 1 day, 3 days, and 7 days was determined using an ROC curve. A linear mixed effects model was used to compare the two 
groups and compare the different time periods within the groups. #Indicates P < 0.05 vs the survivor group, the favorable group and the non-END group from (A–D); 
*Indicates P < 0.05 vs pre; ※Indicates P < 0.05 vs 1 day from (A–D). § indicates P < 0.05 vs pre in poor prognosis group (C). 
Abbreviations: Pre, preoperation; 1d, 1 day after the operation; 3d, 3 days after the operation; 7d, 7 days after the operation; NIHSS, National Institute of Health Stroke 
Scale; END, early neurological deterioration; Non-END, Nonearly neurological deterioration.

Table 2 Subgroup Analysis of the Dynamic Changes in Galectin-3 Levels

Variables N Subgroup Time Interaction

F value P value F value P value F value P value

Death 14 (13.3) 7.490 0.007 2.540 0.570 0.212 0.888

Poor prognosis 51 (48.6) 11.784 0.001 7.477 <0.001 0.521 0.668

END 28 (26.7) 4.290 0.040 4.654 0.003 2.913 0.035

Notes: A linear mixed-effects model was used to evaluate the intergroup differences in the galectin-3 levels in different 
subgroups, time differences (pre, 1 day, 3 days, and 7 days), and interaction effects. The value in bold indicates P <0.05. 
Abbreviation: END, early neurological deterioration.
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correlation between Galectin-3 levels and NIHSS scores. The Galectin-3 levels had a certain predictive value for death, 
but the predictive value was lower than that of the NIHSS score. While limiting the expansion of ischemic brain tissue 
and reducing infarct size, early reperfusion therapy is also associated with the possibility of “reperfusion injury”,29 such 
as hemorrhage transformation, brain edema, infarction progression and neurological function deterioration.30 Currently, 
clinicians’ assessments of patients with AIS are limited by the use of neurological function scales and imaging 
examinations. In recent years, exploring potential biomarkers of disease has become a research hotspot. However, 
many biomarkers are often time dependent. Even if biomarkers related to AIS, such as Galectin-3, MMP-9,31 NSE,32 

GFAP,33 IncRNA H19,34 and FSAP,35 are identified, larger and more diverse samples are needed for repeated measure
ments at multiple time points to assess their clinical value.

Previous studies have shown that patients with AIS with a degree of neurological impairment36 and older age37 are at 
greater risk of poor prognosis, and our findings suggest that these two factors are associated with death in patients with 
AIS. Although there is no clear conclusion as to whether pre-EVT thrombolytic therapy increases the risk of death in 
patients with AIS,38–40 our results suggest that a higher risk of death in patients was correlated with receiving 
thrombolytic therapy, which may be associated with an increased risk of hemorrhagic transformation.41 Zhuang et al20 

reported that the Galectin-3 levels were even better than the NIHSS score for predicting ischemic stroke severity. 
However, our study revealed a significant association between Galectin-3 levels and the NIHSS score, and the predictive 
value of Galectin-3 for death was lower than that of the NIHSS score. It’s worth noting that the patients with AIS we 
included all received successful reperfusion therapy. Given that this study did not include a conservative drug therapy 
group as a control group, further analysis of the impact of reperfusion therapy on the outcome was not possible. Early 
neurologic deterioration (END) is a common complication in patients with AIS who have undergone reperfusion therapy 
and is closely associated with adverse clinical outcomes. The potential underlying mechanisms may include symptomatic 
intracranial hemorrhage (sICH),42 postoperative reocclusion, enlarged infarcts, thromboembolic events, and unknown 
causation.43 Microglia are the cells that are first activated after stroke and play an important role in the inflammatory 
microenvironment of stroke; these cells can promote inflammatory effects, neurogenesis and neuronal apoptosis and thus 
affect the prognosis of stroke.44 In recent years, Galectin-3 has attracted widespread attention as a necessary medium for 
the proliferation and activation of microglia after cerebral ischemia.

Although inflammation is necessary for neurogenesis during stroke, it can aggravate blood–brain barrier (BBB) 
injuries in the acute phase, leading to malignant complications such as bleeding transformation and severe cerebral 
edema29 and the aggravation of brain tissue injuries, ultimately leading to deterioration and adverse clinical outcomes.45 

In this study, the changes in the plasma Galectin-3 levels in the END group and the nonsurviving group were almost 
simultaneous. The Galectin-3 levels first increased until 1 day after the operation, then gradually decreased until 3 days 
after the operation, and finally increased until 7 days after the operation. However, in a model of cerebral ischemia‒ 
reperfusion injury, Galectin-3 is consistently highly expressed in mice up to 72 h after the injury.5,14 Burguillos et al9 

reported that Galectin-3-dependent TLR4 activation may contribute to sustained microglial activation and cause harmful 
proinflammatory effects. The survival rate of hippocampal neurons in Galectin-3 KO mice increased 24 h after the initial 
injury compared with that in wild-type mice, which was associated with a decreased inflammatory response. Clinical 

Table 3 ROC Curve Analysis of the Ability of Galectin-3 Levels and NIHSS Score to Predict Death

Variable Time Sensitivity Specificity Cut off value Youden index AUC P value

Galectin-3 1d 0.857 0.560 2.720 0.417 0.707 0.013
3d 0.538 0.841 3.773 0.379 0.708 0.016
7d 0.667 0.744 3.633 1.411 0.707 0.041

NIHSS score 1d 0.786 0.835 17.5 0.621 0.842 <0.001
3d 0.615 0.933 20.0 0.548 0.824 <0.001
7d 0.818 0.830 12.5 0.648 0.875 <0.001

Notes: The value in bold indicates P <0.05. 
Abbreviations: 1 d, 1 day after the operation; 3 d, 3 days after the operation; 7 d, 7 days after the operation; ROC, receiver operating 
characteristic curve. NIHSS, National Institute of Health Stroke Scale; AUC, area under the curve.
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studies have also shown that high baseline Galectin-3 levels are associated with disease severity, poor prognosis, and 
death events in patients with AIS,17,20 which is similar to our findings. Galectin-3 levels are low in patients with good 
neurological recovery and favorable clinical outcomes. We speculate that deterioration of ischemic brain tissue may 
further activate microglia through high expression of Galectin-3 at an early stage, thereby amplifying adverse proin
flammatory effects, neuronal death and the reperfusion injury. To some extent, this may lead to destruction of the BBB, 
increased permeability, cytotoxic edema, etc., resulting in the risk of adverse events such as malignant cerebral edema,46 

bleeding transformation, and early neurological deterioration. Notably, the lack of Galectin-3 in the subchronic phase can 
affect the level of inflammatory mediators and weaken the activation of microglia, thus aggravating brain injection.15 In 
this study, the Galectin-3 levels began to rise gradually starting from 3 days until 7 days after the operation. Moreover, 
Galectin-3 may mediate microglial polarization from the toxic M1 proinflammatory phenotype in the acute phase to the 
M2 anti-inflammatory phenotype, with healing activity in the subchronic phase.16,47 Maintaining a certain concentration 
of Galectin-3 from the 3rd to the 7th day after the operation may be conducive to the recovery of neurological function 
after the operation.

Interestingly, Galectin-3 also promotes angiogenesis and neurogenesis.10,13 Moderate angiogenesis can promote brain 
tissue remodeling and neural function recovery. Increased angiogenesis is associated with increased survival and BBB 
stability in stroke patients. However, its benefits are also time dependent. Premature promotion of angiogenesis after 
stroke (such as via VEGF administration) can lead to increased vascular permeability and an increased risk of 
hemorrhagic transformation.47 We hypothesized that high Galectin-3 expression in patients with AIS in the acute 
phase may lead to overactivation and proliferation of microglia and promote the expression of the proinflammatory 
M1 phenotype. Vascular permeability may also increase during the early excessive angiogenesis process, which is more 
likely to cause postoperative adverse events such as bleeding transformation and malignant cerebral edema and lead to 
poor clinical outcomes. However, as an observational study, we did not conduct synchronous monitoring of inflammatory 
factors or proangiogenic factors. The pathophysiological mechanism of the effect of reperfusion therapy on Galectin-3 
levels at different time points could not be further elucidated.

Hansen et al’s48 study showed that Galectin-3 levels at admission were independent predictors of 90-day adverse 
outcomes, while Galectin-3 levels at 48 h only predicted mortality. Our study revealed that for patients with AIS 
receiving EVT, higher plasma Galectin-3 levels before and after surgery were associated with poor prognosis. A higher 
plasma Galectin-3 concentration at multiple points after the operation was associated with death events and had certain 
predictive value. In this study, dynamic monitoring of plasma Galectin-3 levels was used to identify detection time points 
with increased sensitivity and specificity. An increase in Galectin-3 levels at 1 day after surgery had a significant warning 
effect on the risk of END and death and was significantly greater than the effect on preoperative (baseline) Galectin-3 
levels. To some extent, these findings improve the clinical value of Galectin-3 in patients with AIS, but larger 
randomized trials are still needed to confirm these findings.

Finally, we believe that stroke therapy should not be limited to a single anti-inflammatory direction. However, 
promoting microglia from the classic neurotoxic proinflammatory M1 phenotype to the anti-inflammatory M2 
phenotype with neuroprotective effects is still worth exploring, and Galectin-3 may be a worthy target. Modified 
citrus pectin (MCP), a Galectin-3 inhibitor, activates the NLRP3 inflammasome by inhibiting the TLR4/NF-κB 
signaling pathway in microglia and plays a neuroprotective role in cerebral ischemia/reperfusion injury.49 However, 
studies on the use of Galectin-3 inhibitors in patients with AIS are rare. Our study involved dynamic monitoring of 
Galectin-3 levels in patients with AIS at multiple time points, and this monitoring was combined with an analysis of 
the patient’s disease changes and clinical outcomes. This study provides a reference for future researchers to explore 
whether reducing Galectin-3 levels can reduce neurological impairment and ameliorate the adverse clinical outcomes 
of AIS.

Limitations
First, the sample size of this study was small. Although we adopted the linear mixed effects model to minimize the 
resulting error, there was still a certain selection bias. Second, all the patients included in this study were successfully 
treated with reperfusion, and the correlation between plasma Galectin-3 levels and vascular revascularization levels is 
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unclear. Third, this was an observational study. Patients treated with conservative drugs were not included in the control 
group, and additional simultaneous monitoring of inflammatory factors and proangiogenic factors was not conducted. 
Ultimately, the pathophysiological mechanism by which reperfusion therapy affects changes in Galectin-3 levels at 
different time points was not elucidated.

Conclusions
In acute ischemic stroke patients receiving endovascular therapy, an increase in the plasma Galectin-3 levels were 
associated with death, poor prognosis, and early neurological deterioration. Galectin-3 levels were significantly corre
lated with the NIHSS score and had a certain predictive value for death. In the future, the sample size could be increased 
to conduct clinical studies on the simultaneous monitoring of Galectin-3, other inflammatory factors and angiogenic 
factors, so as to provide more ideas on whether Galectin-3 inhibitors could be an important potential therapeutic target.
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