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Background and Purpose: This study aimed to explore several peripheral blood-based 
markers related to the inflammatory response in a total of 210 patients with acute ischemic 
stroke (AIS) caused by large artery occlusion in the anterior circulation who received 
endovascular therapy (EVT) from an observational study of clinical significance of circulat-
ing non-coding RNA in acute ischemic stroke (AISRNA).
Methods: We collected baseline characteristics of 210 AIS patients participating in an 
observational acute stroke cohort: the AISRNA study. The following inflammatory factors 
were measured in these participants: interleukin-2 [IL-2], IL-4, IL-6, IL-10, tumor necrosis 
factor-α [TNF-α], and interferon-γ [IFN-γ]. The National Institute of Health Stroke Scale score 
increase of ≥4 within 24 hours after EVT defined as early neurological deterioration (END).
Results: Compared with patients without END, patients with END had a higher incidence of 
atrial fibrillation (P=0.012), and also had higher levels of IL-6 and IL-10 (P<0.01). 
Furthermore, we found that the area under the curves (AUCs) of IL-6 and IL-10 for 
predicting END were 0.768 (0.697–0.829), and 0.647 (0.570–0.719), respectively. 
Adjusting for age, sex, and atrial fibrillation, the odds ratios (ORs; 95% confidence interval) 
for incident END for IL-6 and IL-10 were 1.98 (1.05–6.69) and 1.18 (1.04–1.33), respec-
tively. Additionally, we found significant changes over time in the expression levels of IL-4, 
IL-6, and IL-10 in patients with END compared with patients without END (P<0.05).
Conclusion: IL-6 and IL-10 levels at admission may be potential markers of END after 
EVT, and the time course of IL-4, IL-6, and IL-10 is correlated with stroke progression. 
Further larger studies are needed to confirm the current findings.
Trial Registration: ClinicalTrials.gov NCT04175691. Registered November 21, 2019, 
https://www.clinicaltrials.gov/ct2/show/NCT04175691
Keywords: acute ischemic stroke, early neurological deterioration, endovascular therapy, 
inflammatory factors, IL-6

Introduction
Stroke is commonly considered to be a major cause of disability and mortality in adults. 
Although the early advent of endovascular therapy (EVT) has improved the clinical 
outcomes of acute ischemic stroke (AIS), over 50% of patients still suffer from 
disabilities and deficits, which may be the result of neurological and medical 
complications.1 The precise prediction of clinical outcomes during the acute phase of 
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ischemic stroke after EVT remains challenging. While our 
previous studies have found that demographics and several 
clinical characteristics are associated with prognosis after 
acute ischemic stroke,2–4 the accuracy of prediction remains 
limited, especially during the acute phase of IS.5 Therefore, 
the development of precise scores to predict the prognosis in 
the acute stage may benefit from the identification of indivi-
dual biomarkers.

A correlation between stroke and the acute inflammatory 
response can be found in various stages of acute infection. 
Accumulating evidence has indicated that stroke induces 
a rapid immunodepression through the autonomic nervous 
system.6,7 Immune factors, including cytokines, are indica-
tive of stroke-associated infection and are associated with 
clinical outcome after AIS,8,9 which may be attributed to 
dynamic changes in the secretion of inflammatory cytokines 
in the central and peripheral immune responses affecting the 
progression of AIS.10 These inflammatory cytokines are 
mostly produced by activated peripheral immune cells and 
resident microglial cells.11 Mounting evidence showed that 
Th2 type cytokines including interleukin-10 (IL-10) and IL-4 
are involved in the repair of brain injury and the inhibition of 
stroke-associated inflammation.12,13 Unexpectedly, IL-6, 
well known for a Th1 type cytokine presenting the pro- 
inflammatory effect, also represents neurotrophic and regen-
erative capabilities after cerebral infarction.14 Therefore, 
these inflammatory cytokines may be associated with stroke 
pathogenesis and outcome. Previous studies have revealed 
the functions of inflammatory cytokines in an acute phase of 
ischemic stroke.9,15 However, the link between inflammatory 
cytokines and stroke progression remains unclear in AIS 
patients receiving EVT.

In the present study, we enrolled a total of 210 patients 
who received EVT from the Clinical Significance of 
Circulating Non-coding RNA in Acute Ischemic Stroke 
(AISRNA) study to investigate a range of inflammatory 
factors (interleukin-2 [IL-2], IL-4, IL-6, IL-10, tumor necro-
sis factor-α [TNF-α], and interferon-γ [IFN-γ]) and early 
neurological deterioration (END) after stroke caused by 
large artery occlusion in the anterior circulation. 
Additionally, the influence of END after EVT on time course 
of inflammation-related biomarkers was further explored.

Materials and Methods
Study Population
All subjects provided informed consent. In the present 
study, we enrolled consecutive patients with AIS patients 

caused by large artery occlusion in the anterior circulation 
who received EVT. Data from a total of 210 AIS patients 
who received EVT were prospectively collected from an 
observational study of the AISRNA study (www.clinical 
trials.gov, NCT04175691) to investigate the association of 
inflammatory factors at admission and their dynamic 
changes with END for 7 days. The clinical characteristics 
of the patients are summarized in Table 1. All the patients 
were from Nanjing First Hospital, Nanjing Medical 
University which is a stroke center affiliated with China 
Stroke Association. Eligible patients were enrolled in the 
present study if they met the following inclusion criteria: 
(1) AIS patients who received EVT and (2) patients with 
anterior circulation occlusion. Patients were excluded from 
the study if they met the following exclusion criteria: (1) 
patients with intracranial hemorrhage; (2) patients with 
infection on admission; (3) patients treated with antibiotics 
or immunodepression medical therapy within the past 4 
weeks; (4) patients under 18 years of age; (5) patients with 
a history of a malignant tumor; and (6) patients who died 
within 7 days. Clinical outcomes (modified Rankin Scale 
[mRS]) were further investigated after 3 months. Eligible 
participants were followed up after 3 months via telephone 
and contact in an outpatient clinic. Our study protocol was 
approved by the Nanjing Medical University Ethics 
Committee and complied with the Declaration of Helsinki.

Clinical Data
The data collected included demographics, medical history, 
stroke severity at admission and 24 h later, stroke etiology, 
laboratory parameters, modified Thrombolysis in Cerebral 
Infarction (mTICI) Score, and time of onset to door, groin 
puncture, and reperfusion. Several data definitions were used 
in the present study: the National Institute of Health Stroke 
Scale (NIHSS) was used to assess stroke severity; the delta 
NIHSS scale (delta NIHSS 0–24h) = NIHSS on admission – 
NIHSS after 24 h; early neurological deterioration (END) 
was defined as ΔNIHSS ≥4 points;16 and stroke etiology was 
determined according to the Trial of Org 10172 in acute 
stroke treatment (TOAST) criteria.17

Inflammation-Related Biomarkers
Blood samples were collected within 24 h after EVT (day 1) 
and repeated on days 2, 3 and 7. Plasma samples were 
centrifuged (2000rpm, 4°C, 20 min) and stored at −80°C. 
The plasma concentrations of IL-2, IL-4, IL-6, IL-10, TNF-α, 
and IFN-γ were determined with the Navios flow cytometer 
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Table 1 Baseline Characteristics of the Eligible Patients Stratified by END

Variable Total Non-END END p-value

n (%) n=210 n=187 n=23

Demographics

Sex (female) 79 (37.6) 72 (38.5) 7 (30.4) 0.451
Age (years) 67.98±12.1 67.34±12.7 70.61±9.6 0.528

BMI 24.71±3.3 24.28±3.6 25.60±3.8 0.132

Medical history

Hypertension 142 (67.6) 129 (69.0) 13 (56.5) 0.228
DM 45 (21.4) 39 (20.9) 6 (26.1) 0.564

CAD 29 (13.8) 26 (13.9) 3 (13.0) 0.910

AF 41 (19.5) 32 (17.1) 9 (39.1) 0.012
IS or TIA 28 (13.3) 22 (11.8) 6 (26.1) 0.057

Stroke etiologya

LAA 72 (34.3) 63 (33.7) 9 (39.1) 0.407

Cardioembolism 98 (46.7) 86 (46.0) 12 (52.2)

Others 40 (191.0) 38 (20.3) 2 (8.7)
NIHSS on admission 14 (5–22) 13 (11–21.5) 17 (6.5–29) 0.074

NIHSS after 24h 11 (4–20) 10 (3.5–19) 30 (18–34) <0.001

90-day mRS 2 (0–4) 1 (0–3) 4 (2–5) <0.001
IVT 88 (41.9) 78 (41.7) 10 (43.5) 0.871

Interval time, min, median (IQR)
Onset to groin puncture 106 (81.5–144) 104 (82–136) 111 (73–160.5) 0.540

Onset to reperfusion 206.5 (131–272) 195 (136–218) 227 (128.5–302.5) 0.585

EVT to first blood samplingb 815 (564–1045) 772 (564–1000) 847.5 (550.5–1087) 0.425
mTICI (2b-3) 184 (87.6) 165 (88.2) 19 (82.6) 0.439

Passes of retriever (<3) 142 (67.6) 128 (68.4) 14 (60.9) 0.464

Inflammatory factors on admission

IL-2 (pg/mL) 2.52±1.2 2.55±1.1 2.64±1.4 0.526

IL-4 (pg/mL) 3.12±1.7 2.89±1.7 3.39±1.6 0.681
IL-6 (pg/mL) 13.54 (6.81–30.60) 10.08 (6.62–25.68) 28.04 (15.72–107.06) 0.002

IL-10 (pg/mL) 5.16 (4.02–7.26) 5.05 (4.11–7.50) 6.02 (3.96–26.45) <0.001

TNF-α (pg/mL) 2.18 (1.24–3.11) 2.12 (1.31–2.85) 2.30 (1.20–3.96) 0.206
INF-γ (pg/mL) 2.42 (1.61–3.24) 2.35 (1.75–3.18) 2.23 (0.92–3.30) 0.227

Laboratory characteristics
hs-CRP (μg/mL) 4.93 (4.32–10.76) 4.86 (4.20–9.08) 5.12 (4.43–11.99) 0.197

HbA1c 5.82 (5.46–6.50) 5.81 (5.44–5.82) 6.01 (5.51–6.66) 0.442

Fasting glucose (mmol/L) 6.83 (5.51–8.59) 6.70 (5.46–8.52) 6.95 (6.04–8.68) 0.567
Creatinine (μmol/L) 67.5 (56.4–90.8) 66.9 (56.0–90.5) 69.3 (56.8–95.4) 0.386

LDL-C (mmol/L) 2.82±1.1 2.80±1.0 2.35±0.8 0.259

Notes: ΔNIHSS 0–24h was defined as the delta NIHSS scale (delta NIHSS 0–24h) = NIHSS on admission – NIHSS after 24 hours. Continuous variables of abnormal 
distribution are expressed as medians (interquartile range), and normally distributed variables as mean ± standard deviation (SD). Categorical variables are expressed as 
frequency and percentage. aAccording to the modified TOAST classification. bDefined as time between endovascular treatment and first blood sampling to be measured 
levels of inflammatory factors. 
Abbreviations: END, early neurological deterioration; EVT, endovascular treatment; mRS, modified Rankin scale; IL, interleukin; TNF, tumor necrosis factor; INF, 
interferon; BMI, body mass index; DM, diabetes mellitus; CAD, coronary artery disease; AF, atrial fibrillation; IS, ischemic stroke; TIA, transient ischemic attack; IQR, 
interquartile range; mTICI, modified Thrombolysis in Cerebral Infarction Score; NIHSS, National Institute of Health Stroke Scale; LAA, large artery atherosclerosis; LDL-C, 
low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; IVT, intravenous thrombolysis.
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(Beckman Coulter, California, USA). The upper limit of 
detection for these factors was 2500 pg/mL.

Statistical Analysis
Categorical variables are expressed as frequency and per-
centage. Continuous variables of an abnormal distribution 
are expressed as medians (interquartile range [IQR]), and 
normally distributed variables are expressed as the mean ± 
standard deviation (SD). The t-test, one-way ANOVA and 
Mann–Whitney U-tests were used to analyze continuous 
variables if necessary. Bivariate correlation between delta 
NIHSS score, 90-day mRS and inflammatory factors was 
analyzed by the Spearman correlation. Variables from sig-
nificant factors of the univariable logistic regression ana-
lysis were considered in the multivariate logistic 
regression model to obtain independent factors. 
Discriminatory capacities of inflammatory factors were 
assessed by receiver operating characteristic (ROC) curve 
analyses and area under the curve (AUC). The significance 
threshold was set at less than 0.05.

Results
Of the 1236 patients screened from the AISRNA study 
between November 2019 and February 2021, a total of 210 
participants (79 female; mean age, 67.98±12.1 years) met 
the inclusion criteria (Figure 1). A total of 1026 patients 
were excluded according to the following criteria: lack of 

EVT (n=960), posterior circulation occlusion (n=15), died 
within 7 days (n=8), preexisting dysphagia (n=7), intracra-
nial hemorrhage (n=8), infection on admission (n=10), 
antibiotic or immunodepression therapy within the past 4 
weeks (n=6), and no blood samples (n=12). The baseline 
characteristics of the eligible patients are summarized in 
Table 1. Of the 210 patients included, 88 (41.9%) received 
intravenous thrombolysis.

A total of 23 (11.0%) patients suffered END after EVT. 
The association between inflammatory factors at admis-
sion and incidence of END is shown in Table 1. The 
NIHSS on admission was not significantly different 
between the groups (P=0.074). However, compared with 
non-END, NIHSS after 24 h and 90-day mRS were sig-
nificantly higher in patients with END (P<0.001). We 
found that END was associated with increased IL-6 and 
IL-10 levels having a higher proportion of atrial fibrillation 
(P=0.012). As the delta NIHSS was considered END, we 
performed a correlation analysis to investigate the correla-
tion between inflammatory factors and delta NIHSS 0–24 
h. The results showed that the delta NIHSS was correlated 
with the expression of IL-6 (r=0.260, P=0.016) and IL-10 
(r=−0.238, P=0.028) (Figure S1B and S1C), but 
a correlation was not observed with the expression of IL- 
2, IL-4, INF-γ, and TNF-α (P>0.05, Figure S1A, and 
S1D–F). Furthermore, we also performed a correlation 
analysis to explore the association between inflammatory 

Figure 1 Flowchart of the study patients to illustrate study screening, recruitment, and follow-up. 
Abbreviation: END, early neurological deterioration.
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factors and 90-day mRS. The findings suggested that 
serum concentration of IL-6 was significantly associated 
with 90-day mRS after EVT (r=0.171, P=0.025, Figure 
S2B), but not IL-2, IL-4, IL-10, INF-γ, and TNF-α 
(P>0.05, Figure S2A, and S2C–F). Additionally, we per-
formed an ROC curve analysis to explore the predictive 
powers of these factors. We observed that the AUCs of IL- 
6 and IL-10 for predicting END were 0.768 (0.697–0.829), 
and 0.647 (0.570–0.719), respectively (Figure 2), reveal-
ing that IL-6 outperformed IL-10 in predicting END 
(P<0.05).

Given that association of inflammatory factors with 
END, we conducted a binary logistic regression to analyze 
the impact of inflammatory factors on END. The results of 
the univariate analyses showed that the IL-6 and IL-10 
levels were prognostic factors for END, and the findings 
remained stable after adjustment (Table 2).

To further study the clinical utility of inflammatory 
factors after EVT, we analyzed the time courses of the 
inflammatory factors within 7 days for patients with and 
without END (Figure 3). A total of 97 blood samples were 
collected for day 1, day 2, day 3 and 7 among these 

patients. We found significant changes over time in the 
expression levels of IL-4, IL-6, and IL-10 in patients with 
END compared without END (Figure 3A–C, P<0.05), and 
the IL-6 levels were obviously increased from days 1 to 7 
after EVT (Figure 3B, P<0.05). Furthermore, we observed 
IL-4 and IL-10 peak levels at day 2, and then rapidly 
decreased at day 3 (Figure 3A and C). However, No 
significant change over time was found in the expression 
levels of IL-2 (Figure 3D), TNF-α (Figure 3E), and INF-γ 
(Figure 3F) between patients with END and patients with-
out END (P>0.05).

Discussion
This study of EVT participants from the AISRNA study 
showed a strong association of IL-6 and IL-10 levels at 
admission with risk of END. Our study suggests that 
patients with increased IL-6 and IL-10 levels had 
a higher risk of developing post-EVT END. By contrast, 
there was no correlation of baseline levels of IL-2, Il-4, 
INF-γ, and TNF-α with END. The predictive power of IL- 
6 for END was superior to that of other inflammatory 

Figure 2 Discriminatory capacities of IL-6 and IL-10 for END after EVT. The area under the curves of IL-6 and IL-10 for predicting END were 0.791 (0.689–0.871), and 
0.564 (0.452–0.671), respectively (P<0.001). 
Abbreviations: END, early neurological deterioration; EVT, endovascular therapy.
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factors. Additionally, the IL-4, IL-6, and IL-10 levels pre-
sented a marked rising trend in patients with END.

Inflammation is a hallmark of stroke etiology and pro-
gression. Poststroke inflammation is considered a requisite 
pathological process involved in ischemic brain injury.18 

A series of detrimental complications occur and the blood- 
brain barrier (BBB), damaged after the initial brain injury, is 
crossed by activated peripheral immune cells including 
monocytes and T cells.19 Furthermore, poststroke inflam-
matory response is associated with stroke severity at admis-
sion as determined by NIHSS.20 Additionally, patients who 
suffered END were more susceptible to a poor functional 
outcome after 90 days.21 However, the association between 
poststroke inflammatory response and END remains uncer-
tain. Therefore, we performed a prospective study from the 
AISRNA study to further investigate the influence of 
inflammatory factors on END after stroke.

The biological function of IL-6 in AIS remains 
controversial.22 IL-6 is considered as multipotent functions 
involving in brain damage and nerve regeneration.23 Firstly, 
IL-6 would enhance the brain injury and weaken the pro-
liferation of neural stem cells in the acute phase of ischemic 
stroke. Secondly, IL-6 could inhibit collagen deposition to 

protect glial cells and repair brain injury in the subacute 
phage of cerebral ischemia.24 A previous study has demon-
strated that the IL-6 levels are increased in peripheral blood 
samples during the first 7 days after stroke onset.25 For 
example, increased IL-6 is associated with the infarct size 
and stroke severity at admission12,26 as well as risk of 
incident stroke,27 but another study reported the opposite, 
that early levels of IL-6, as a neuroprotective factor, are 
inversely correlated with lesion size and functional 
outcome.28 Our findings also suggest that increased IL-6 
was associated with risk of END after EVT. Thus, this 
controversial phenomenon needs to be further investigated. 
However, there is less agreement on the time point of the 
peak of IL-6 levels. Some studies reported IL-6 peak levels 
at day 3,29,30 which is similar to our findings. Others 
describe high levels of IL-6 that ranged from a few hours 
until one day or a week after stroke.28,31,32

IL-10 is a major anti-inflammatory cytokine that is 
secreted from monocytes and T cells, suggesting its parti-
cipation in a plethora of immunomodulatory functions. 
High expression of IL-10 promotes glial and neuronal 
cell survival and weakens inflammatory responses in the 
brain.33 In a permanent middle cerebral artery occlusion 
model, IL-10 suppresses proinflammatory molecules and 
reduces infarct volume.34 Several investigators also 
reported that IL-10 may serve a neuroprotective role and 
predict clinical outcome after stroke.12,35,36 However, 
other studies have suggested that IL-10 is a marker of 
incident stroke.37,38 Our previous studies from experimen-
tal rats and human stroke patients observed that IL-10 is 
positively associated with stroke risk.39,40 In the present 
study, we also reported a positive correlation between IL- 
10 and END after EVT, suggesting that increased IL-10 
levels at admission were associated with END after EVT. 
We observed IL-10 peak levels at day 2, and patients with 
END had decreased IL-10 levels compared with those with 
non-END at 7 days. This phenomenon may be due to 
a stress response of IL-10 regarding END, which leads to 
high levels of IL-10, but its levels were subsequently 
decreased after day 2. Therefore, IL-10 may be involved 
in the process of END, and its molecular mechanisms 
remain to be explored in further studies.

IL-4, an anti-inflammatory cytokine, can drive the differ-
entiation of Th2 cell, which play beneficial roles in inhibiting 
poststroke inflammation, repairing damaged brain tissues 
and inducing neurotrophic factors in astrocytes.41,42 

A previous study has demonstrated that IL-4 is significantly 
correlated with stroke severity and functional outcome in 

Table 2 Logistic Regression Analyses for Inflammatory Factors 
Associated with END

Variable Modela OR (95% Confidence Interval) p-value

IL-2 1 1.14 (0.62–2.14) 0.512

2 … …

3 … …

IL-4 1 1.03 (1.00–1.04) 0.052

2 … …

3 … …

IL-6 1 1.68 (1.03–2.64) 0.012

2 2.04 (1.10–6.62) 0.016

3 1.98 (1.05–6.69) 0.035

IL-10 1 1.10 (1.05–1.30) 0.023

2 1.15 (1.05–1.32) 0.018

3 1.18 (1.04–1.33) 0.022

TNF 1 1.33 (0.74–1.89) 0.658

2 … …

3 … …

INF 1 0.94 (0.56–1.87) 0.789

2 … …

3 … …

Note: a Model 1: unadjusted; model 2: adjusted for age and sex; model 3 adjusted 
for model 2 with atrial fibrillation. 
Abbreviations: END, early neurological deterioration; IL, interleukin; TNF, tumor 
necrosis factor; INF, interferon; OR, odds ratio.
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AIS patients.12 However, our results showed no association 
of IL-4 with END after EVT, but IL-4 levels were increased 
in patients with END at day 2 and then rapidly decreased 
at day 3. At present, we are also investigating the molecular 
mechanisms of IL-4 and IL-10 regarding dynamic change in 
stroke progression.

Several limitations should be acknowledged in the 
study. First, this study included a small number of patients 
from a single center. We are seeking for subcenters to 
complete the AISRNA study. Second, we did not analyze 
the association between the initial infarct burden and END 
after EVT. Third, although the incidence of atrial fibrilla-
tion in END patients was higher than those in non-END 
patients, the effect of inflammatory factors on END 
remained stable after adjustment for atrial fibrillation. 
Therefore, a randomized controlled study is urgent to 
confirm this finding. Finally, molecular mechanisms 
regarding dynamic changes of these inflammatory factors 
should be further explored in patients undergoing EVT.

In summary, this study illustrates the correlation of 
inflammatory factors on END and their time course after 
EVT among AIS patients caused by large artery occlusion 
in the anterior circulation. We found that the serum con-
centration of IL-6 and IL-10 at admission may be 

a potential marker of END after EVT, and the time course 
of these factors is correlated with END. Additional, further 
larger studies are needed to confirm the current findings.

Abbreviations
END, early neurological deterioration; IL, interleukin; 
TNF, tumor necrosis factor; INF, interferon; BMI, body 
mass index; DM, diabetes mellitus; CAD, coronary artery 
disease; AF, atrial fibrillation; IS, ischemic stroke; TIA, 
transient ischemic attack; IQR, interquartile range; mTICI, 
modified Thrombolysis in Cerebral Infarction Score; 
NIHSS, National Institute of Health Stroke Scale; LAA, 
large artery atherosclerosis; TC, total cholesterol; TG, 
triglyceride; LDL-C, low-density lipoprotein cholesterol; 
HDL-C, high-density lipoprotein cholesterol; hs-CRP, 
high-sensitivity C-reactive protein.
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