
Page 1/16

In�ammatory factors are associated with early
neurological deterioration in acute ischemic stroke
patients receiving endovascular therapy-The
AISRNA study
Qi-Wen Deng 

Nanjing First Hospital https://orcid.org/0000-0003-4324-8009
Shi Huang 

Nanjing First Hospital
Shuo Li 

Southeast University
Qian Zhai 

Nanjing First Hospital
Qing Zhang 

Nanjing First Hospital
Zhen-Jie Wang 

Nanjing First Hospital
Wen-Xia Chen 

Nanjing First Hospital
Hong-Chao Shi 

Nanjing First Hospital
Feng Zhou 

Nanjing First Hospital
Hui-Ling Sun  (  sunhuiling1988@yeah.net )

Nanjing First Hospital
Min Lu  (  luminnfhsjk@126.com )

Nanjing First Hospital
Jun-Shan Zhou  (  zhjsh333@126.com )

Nanjing First Hospital

Research

Keywords: acute ischemic stroke; early neurological deterioration; endovascular therapy; in�ammatory
factors; IL-6; IL-4

https://doi.org/10.21203/rs.3.rs-27300/v1
https://orcid.org/0000-0003-4324-8009
mailto:sunhuiling1988@yeah.net
mailto:luminnfhsjk@126.com
mailto:zhjsh333@126.com


Page 2/16

Posted Date: May 11th, 2020

DOI: https://doi.org/10.21203/rs.3.rs-27300/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-27300/v1
https://creativecommons.org/licenses/by/4.0/


Page 3/16

Abstract
Background: This study aimed to explore several peripheral blood-based markers related to in�ammatory
response in a total of 85 patients with acute ischemic stroke (AIS) caused by large artery occlusion in the
anterior circulation receiving endovascular therapy (EVT) from the AISRNA study regarding the
association between in�ammatory factors and early neurological deterioration (END), and investigated
whether their time course correlated with END after EVT.

Methods: We collected baseline characteristics of 85 AIS patients participating in an observational acute
stroke cohort: the AISRNA study. The following in�ammatory 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 de�ned as
END.

Results: IL-6 and IL-10 were higher in patients with END compared to those with non-END (P<0.01), and
they were also associated with risk factors of END after EVT. Furthermore, we found that the area under
curves (AUCs) of IL-6 and IL-10 for predicting END were 0.791 (0.689-0.871), and 0.564 (0.452-0.671),
respectively. Adjusting for age, sex, and atrial �brillation, the odds ratios (ORs; 95% con�dence interval)
for incident END for IL-6 and IL-10 were 1.83 (1.08-6.36) and 1.15 (1.02-1.30), respectively. Additionally,
we found signi�cant changes over time in the expression levels of IL-4, IL-6, and IL-10 in patients
undergoing END compared with non-END (P<0.05).

Conclusions: IL-6 and IL-10 levels on admission are signi�cantly associated with END after EVT, and time
course of IL-4, IL-6, and IL-10 is correlated with stroke progression. Further study of molecular
mechanisms on peripheral immunomodulation in AIS would be helpful.

Trial registration: ClinicalTrials.gov NCT04175691. Registered November 21, 2019.

Introduction
Stroke is commonly considered as a major cause for adult disability and mortality. Although the early
advent of endovascular therapy (EVT) has obviously improved clinical outcome of acute ischemic stroke
(AIS), over 50 percent of patients still suffer from disabilities and de�cits, which may be the result of
neurological and medical complications (1). Precise prediction of clinical outcome remains challenging
during the acute phase of ischemic stroke (IS) after EVT. While our previous studies have found that
demographic 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, development of precise scores to predict prognosis in the acute stage may bene�t from the
individual biomarkers.

The correlation between stroke and acute in�ammatory response can be found in various stages of acute
infection. Accumulating evidence has indicated that stroke induces a rapid immunodepression through
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the autonomic nervous system (6, 7). Immune factors including cytokines are indicative to the stroke-
associated infection and associated with clinical outcome after AIS (8, 9). However, the link between
in�ammatory factors and stroke progression remains unclear in patients receiving EVT.

In the present study, we aimed to explore the association between a range of in�ammation-related
biomarkers (interleukin-2 [IL-2], IL-4, IL-6, IL-10, tumor necrosis 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. We enrolled of a total of 85 patients receiving EVT from the AISRNA study to investigate the
link between in�ammatory factors and END, and observed that high levels of IL-6 and IL-10 were
associated with END. Additionally, time course of IL-4, IL-6, and IL-10 is correlated with stroke progression
after EVT.

Materials And Methods
Study population

Our study protocol was approved by the Nanjing Medical University Ethics Committee and followed the
Declaration of Helsinki. We enrolled 85 AIS patients caused by large artery occlusion in the anterior
circulation receiving EVT in the present study. Firstly, a total of 85 AIS patients receiving EVT were
prospectively collected from the AISRNA study (www.clinicaltrials.gov, NCT04175691) to investigate the
association of in�ammatory factors on admission and their dynamic changes with END for 7 days. Their
clinical characteristics are summarized in Table 1. All patients were from Nanjing First Hospital, Nanjing
Medical University which is a stroke center a�liated to China Stroke Association. Eligible patients were
collected in the present study if they followed these inclusion criteria: (1) AIS patients receiving EVT; (2)
the anterior circulation occlusion; (3) followed standard in-house procedures (4); and exclusion criteria:
(1) preexisting dysphagia; (2) intracranial hemorrhage; (3) infection on admission; (4) antibiotic or
immunodepression medical therapy within 4 weeks; (5) age less than 18 years; (6) history of a malignant
tumor; (7) died within 7 days.

Clinical data

Demographics, medical history, stroke severity on admission and 24 hours, stroke etiology, laboratory
parameters, modi�ed Thrombolysis in Cerebral Infarction Score [mTICI], and time of onset to door, groin
puncture, and reperfusion. Several data de�nitions 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 hours; early neurological deterioration (END) was de�ned
as ΔNIHSS ≥4 points (10); stroke etiology was determined according to the Trial of Org 10 172 in acute
stroke treatment (TOAST) criteria (11).

In�ammation-related biomarkers

http://www.clinicaltrials.gov/
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Blood samples were collected within 24 hours after admission (day 1) and repeated on days 2, 3 and 7.
Plasma samples were centrifuged (2000rpm, 4℃, 20min) and stored at -80℃. Plasma concentrations of
IL-2, IL-4, IL-6, IL-10, TNF-α, and IFN-γ were determined with the Navios �ow cytometer (Beckman Coulter,
California, USA). The upper limit of detection is 2500pg/mL for these factors.

Statistical analysis

Categorical variables are expressed as frequency and percentage. Continuous variables of an abnormal
distribution are expressed as medians (interquartile range [IQR]), and normally distributed variables as
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 and
in�ammatory factors was analyzed by the Spearman correlation. Variables from signi�cant factors of the
univariable logistic regression analysis were considered in the multivariate logistic regression model to
obtain independent factors. Discriminatory capacities of in�ammatory factors was assessed by receiver
operating characteristic (ROC) curve analyses and area under the curve (AUC). The signi�cance threshold
was set at less than 0.05.

Results
Of 553 patients screened from the AISRNA study between November 2019 and April 2020, a total of 85
participants (34 female; mean age, 66.95 ± 12.5 years) met the inclusion criteria (Fig. 1). Four hundred
and sixty-eight patients were excluded according to the following criteria: lack of EVT (n = 437), the
posterior circulation (n = 9), died within 7 days (n = 3), preexisting dysphagia (n = 2), intracranial
hemorrhage (n = 3), infection on admission (n = 4), antibiotic or immunodepression therapy within 4
weeks (n = 3), and no blood samples (n = 5). Baseline characteristics of the eligible patients are
summarized in Table 1. Of the 85 patients included, 37 (43.5%) received intravenous thrombolysis.

A total of 10 (11.8%) patients underwent END after EVT. The association between in�ammatory factors
on admission and incidence of END is shown in Table 1. The NIHSS on admission was no signi�cant
difference in both groups (P = 0.378). However, compared with non-END, NIHSS was signi�cantly higher
in patients with END after 24 hours (P < 0.001). We found that END was associated with increased IL-6
and IL-10 levels as well as higher proportion of atrial �brillation (P < 0.05). As the delta NIHSS was
considered as END, we performed a correlation analysis to investigate the correlation between
in�ammatory 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) (Fig. 2B and 2C).
Additionally, we performed a ROC curve analysis to explore their predictive powers. We observed that the
AUCs of IL-6 and IL-10 for predicting END were 0.791 (0.689–0.871), and 0.564 (0.452–0.671),
respectively (Fig. 3), revealing that IL-6 outperformed IL-10 in predicting END (P < 0.001).

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

To further study the clinical utility of in�ammatory factors after EVT, we analyzed time courses for
in�ammatory factors within 7 days for END and non-END (Fig. 4). Among these patients, there were 85
samples for day 1 (on admission), 58 for day 2, and 28 for day 3 and 7. We found signi�cant changes
over time in the expression levels of IL-4, IL-6, and IL-10 in patients undergoing END compared with non-
END (P < 0.05), and IL-6 levels were obviously increased from days 1 to 7 after EVT (Fig. 4B, P < 0.001).
Furthermore, we observed IL-4 and IL-10 peak levels at 2 days, and then rapidly decreased at 3 days.
Additionally, patients with END had decreased IL-10 levels compared with those with non-END at 7 days
(Fig. 4C, P < 0.01).

 

Discussion
This study of EVT participants from the AISRNA study showed a strong association of IL-6 and IL-10
levels on admission with risk of END. Our study suggested that patients with increased IL-6 and IL-10
levels had higher risks 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 in�ammatory factors. Additionally, IL-4, IL-6, and IL-10 levels presented a marked rising trend in
patients with END.

In�ammation is a hallmark of stroke etiology and progression. Post-stroke in�ammation is accounted as
a requisite pathological process involved in ischemic brain injury (12). A series of detrimental
complications occur and the blood-brain barrier (BBB), damaged after the initial brain injury, crossed by
activated peripheral immune cells including monocytes and T-cells (13). Furthermore, post-stroke
in�ammatory response is associated with stroke severity on admission as determined by NIHSS (14).
Additionally, patients who underwent END were more susceptible to have a poor functional outcome after
90 days (15). However, the association between post-stroke in�ammatory response and END remains
uncertain. Therefore, we performed a prospective study from the AISRNA study to further investigate the
in�uence of in�ammatory factors on END after stroke.

The biological function of IL-6 in AIS remains unclear. Mounting evidence have demonstrated that IL-6
levels are increased in peripheral blood samples during the �rst 7 days after stroke onset. For example,
increased IL-6 was associated with the infarct size and stroke severity on admission (16) as well as risk
of incident stroke (17), although a study reported the opposite that early IL-6 levels, as a neuroprotective
factor, was inversely correlated with lesion size and functional outcome (18). Our �ndings also suggested
that increased IL-6 was associated with risk of END after EVT. However, there is a less agreement on the
time point of peak IL-6 levels. Some studies reported IL-6 peak levels at 3 day (19, 20), which are similar
to our �ndings. Other describe high levels of IL-6 with ranged from a few hours till one day or �rst week
after stroke (18, 21, 22).
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We also reported positive correlation between IL-10 and END after EVT. Previous studies have suggested
IL-10 as a marker for incident stroke (23, 24). IL-10 is a major anti-in�ammatory cytokine to regulate the
immune response by suppressing pro-in�ammatory cytokine expression. The in�uence of IL-10 on
functional outcome and its time course after EVT remains uncertain. Several investigators reported that
IL-10 may serve a neuroprotective role and predict clinical outcome after stroke (25, 26). However, our
previous studies from the experimental rats and human stroke patients observed that IL-10 was positively
associated with stroke risk (27, 28). In the current study, increased IL-10 levels on admission were
associated with END after EVT. Whereas we observed IL-10 peak levels at 2 days, 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 lead high levels of IL-10, but its levels were
subsequently decreased after 2 days. Therefore, IL-10 may be involved in the process of END, and its
molecular mechanisms remain to be explored in the further study.

IL-4, an anti-in�ammatory cytokine, can drive Th2 cell differentiation which plays bene�cial roles in
inhibiting post-stroke in�ammation, repairing damaged brain tissues and inducing neurotrophic factors in
astrocytes (29, 30). A previous study has demonstrated that IL-4 was signi�cantly correlated with stroke
severity and functional outcome in AIS patients (31). However, our results showed no association of IL-4
with END after EVT, but IL-4 levels were increased in patients with END at 2 days and then rapidly
decreased at 3 days. At present, we are also investigating its molecular mechanisms regarding dynamic
change of IL-10 in stroke progression.

Several limitations should be acknowledged in the study. First, this is a small number of patients in a
single center, but we are seeking for sub-centers to complete the AISRNA study. Second, we did not
analyze the association between initial infarct burden and END after EVT. Finally, molecular mechanisms
regarding dynamic changes of these in�ammatory factors should be further explored in patients
undergoing EVT.

Conclusions
In summary, this study illustrates the in�uence of in�ammatory factors on END and their time course
after EVT among AIS patients caused by large artery occlusion in the anterior circulation. We found that
serum concentration of IL-6 and IL-10 on admission is obviously associated with END after EVT, and time
course of these factors is correlated with stroke progression. Thus, peripheral immunomodulation in AIS
remains to be further studied to provide a new pharmacological approach with stroke therapy.

 

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 �brillation; IS, ischemic stroke;
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TIA, transient ischemic attack; IQR, interquartile range; mTICI, modi�ed 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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Tables
Table 1. Baseline characteristics of the eligible patients stratified by END

total Non-END END p-value
n=85 n=75 n=10  

       
e) 34 (40.0) 29 (38.7) 5 (50.0) 0.492

66.95±12.5 66.52±13.0 70.20±8.0 0.387
24.96±3.8 24.71±3.76 26.81±3.5 0.098

y        
on 57 (67.1) 48 (64.0) 9 (90.0) 0.199

17 (20.0) 15 (20.0) 2 (20.0) 0.674
12 (14.1) 11 (14.7) 1 (10.0) 0.932
20 (23.5) 15 (20.0) 5 (50.0) 0.036
14 (16.5) 10 (13.3) 4 (40.0) 0.093

y a        
41 (48.2) 36 (48.0) 5 (50.0) 0.315

sm 31 (36.5) 26 (34.7) 5 (50.0)  
13 (15.3) 13 (17.3) 0 (0.0)  

mission 12 (6-17.5) 14 (12-19) 18 (7.75-28.5) 0.378
4h 15 (12-20) 11 (5-15) 31 (19.5-36) <0.001

37 (43.5) 32 (42.7) 5 (50.0) 0.660
min, median (IQR)        
oin puncture 103.5 (81.5-130) 101.5 (85-130) 109 (62.5-178.5) 0.697
perfusion 229.49±194.6 180 (149-219) 239 (118.8-302.5) 0.585

67 (78.8) 60 (80.0) 7 (70.0) 0.753
ever        

56 (65.9) 52 (69.3) 4 (40.0) 0.138
29 (34.1) 23 (30.7) 6 (60.0)  

factors on admission        
L) 2.47±1.1 2.45±1.1 2.61±1.3 0.653
L) 3.29±1.4 2.83±1.8 3.05±1.5 0.718
L) 12.13 (7.18-25.82) 10.00 (6.67-22.52) 26.94 (17.88-117.69) 0.005
mL) 4.65 (3.07-6.62) 4.65 (3.15-6.65) 5.02 (2.69-23.3) 0.001
/mL) 2.16 (1.44-3.05) 2.13 (1.44-2.92) 2.29 (1.23-4.35) 0.360
mL) 2.18 (1.53-3.08) 2.15 (1.57-3.09) 2.24 (0.88-3.18) 0.554
aracteristics        
g/mL) 5.05 (4.46-11.62) 5.05 (4.44-11.80) 5.21 (4.24-12.09) 0.579

5.80 (5.48-6.53) 5.75 (5.40-5.60) 6.05 (5.60-6.43) 0.667
ucose (mmol/L) 6.46 (5.10-8.08) 6.41 (5.09-8.09) 7.03 (6.14-8.19) 0.521

μmol/L) 67.0 (58.0-88.6) 67.0 (58.0-80.1) 64.5 (55.8-96.0) 0.599
1.18 (0.83-1.81) 1.28 (0.87-1.84) 0.83 (0.67-1.52) 0.368

/L) 4.30±1.3 4.37±1.4 3.76±0.7 0.168
l/L) 0.96 (0.82-1.16) 0.91 (0.80-1.16) 1.05 (0.89-1.24) 0.534
l/L) 2.64±1.0 2.69±1.0 2.23±0.7 0.175

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; IVT, intravenous thrombolysis.

ΔNIHSS 0-24h was defined as the delta NIHSS scale (delta NIHSS 0-24h) = NIHSS on admission – NIHSS after 24 hours.
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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.
a According to the modified TOAST classification.

 

 

 

Table 2. Logistic regression analyses for inflammatory factors associated with END

Variable Model a OR (95% confidence interval) p-value
IL-2 1 1.14 (0.64-2.04) 0.649
  2 … …
  3 … …
IL-4 1 1.02 (1.00-1.03) 0.054
  2 … …
  3 … …
IL-6 1 1.63 (1.03-2.44) 0.017
  2 1.96 (1.14-6.60) 0.020
  3 1.83 (1.08-6.36) 0.043
IL-10 1 1.15 (1.03-1.28) 0.011
  2 1.17 (1.04-1.31) 0.009
  3 1.15 (1.02-1.30) 0.019
TNF 1 1.21 (0.80-1.83) 0.359
  2 … …
  3 … …
INF 1 0.86 (0.52-1.41) 0.548
  2 … …
  3 … …

END, early neurological deterioration; IL, interleukin; TNF, tumor necrosis factor; INF, interferon; OR, odds ratio.
a Model 1: unadjusted; model 2: adjusted for age and sex; model 3 adjusted for model 2 with atrial fibrillation.

Figures
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Figure 1

Flowchart of the study patients to illustrate study screening, recruitment, and follow-up. END, early
neurological deterioration.
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Figure 2

A correlation analysis to investigate the correlation between IL-2 (A), IL-6 (B), IL-10 (C), IL-4 (D), INF-γ (E),
and TNF-α (F) and delta NIHSS 0-24h.
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Figure 3

Discriminatory capacities of IL-6 and IL-10 for END after EVT. The area under 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). END, early
neurological deterioration; EVT, endovascular therapy.
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Figure 4

Time course of in�ammatory factors after stroke onset (days 1 to 7). Signi�cant changes over time were
observed in the expression levels of IL-4, IL-6, and IL-10 in patients undergoing END compared with non-
END (P<0.05). IL-6 levels were obviously increased from days 1 to 7 after EVT (B). IL-4 (A) and IL-10 (C)
peak levels were at 2 days, and then rapidly decreased at 3 days. END, early neurological deterioration.
*P<0.05, **P<0.01, ***P<0.001.


