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Abstract

Background: Interleukin-6 (IL-6) is one of the
inflammatory mediators characterized by elevated levels
in ischemic stroke (IS) patients. The present study set out
to assess the role of IL-6, as a marker for inflammation, in
the severity and prognosis of acute IS.

Methods: In a cross-sectional descriptive study, 45 patients
with acute IS were selected. Patients with their first day of
stroke were included in the study. National Institutes of
Health Stroke Scale (NIHSS) and the modified Rankin Scale
(mRS) for stroke severity were evaluated on Days 1, 5, 90,
and 365. Serum IL-6 level was measured by enzyme-linked
immunosorbent assay (ELISA) on days 1 and 5.

Results: In the present study, 45 patients with a mean age
of 776 + 4.9 including 32 (71%) men and 13 (28.9%)
women were studied. Death occurred in 2 (4.4%) patients
before discharge from the hospital; the others, be that as it
may, followed the study until Day 365 with a mortality rate
of 6 (13.3%). A positive significant correlation was found
between IL-6, and NIHSS and mRS of the patients from the
time of admission to the end of the follow-up period
(P < 0.001, r = 0.6). Moreover, there was a significant
correlation between IL-6 and infarction size in brain
magnetic resonance imaging (MRI) scan (P < 0.001, r=0.7).

Conclusion: The evidence from the present study
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suggests that IL-6 contributes to determination of severity
of ischemic stroke. In addition, IL-6 concentrations affect
clinical outcomes in ischemic stroke.

Introduction

Stroke is one of the main public health concerns and
the main cause of long term disability.>? It has been
known as the second most common cause of mortality
throughout the world.3* Scientific evidences
suggested inflammation as a key factor in the
pathological response of stroke.>” The majority of
inflammatory reactions to acute cerebral ischemia are
mediated by cytokines which increase in the central
nervous system (CNS) and the systemic circulation in
patients with acute ischemic stroke (IS).>810
Interleukin-6 (IL-6) is a crucial inflammatory factor in
that its significant increase was observed in stroke
patients shortly following the ischemic event and
serves a vital role as a messenger molecule between
leucocytes, the vascular endothelium, and
parenchyma resident cells. IL-6 is likely to bring about
an array of diverse and competing effects
encompassing  anti-apoptotic, pro-proliferative,
growth-inhibitory, and differentiation-inducing effects
depending on the cellular context. There was little
agreement on the source of the early surge in
circulating IL-6 levels in stroke for some time.11-14

The prediction of death or disability (poor
outcome) subsequent to ischemic stroke has been an
area of interest for neuroscientists. It was shown that
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statistical models, predicated based on clinical
variables, namely age or neurological impairment,
created similar predictions of poor outcome to that
of experienced stroke physicians. Additionally,
according to bedside clinical examination, it was
demonstrated that biomarkers of the processes that
are active in ischemic stroke might add predictive
power to these simple statistical models.’>1¢ Although
numerous preceding published studies suggested an
association between inflammatory mediators, such as
IL-6, and brain damage, and stroke progression and
severity, the associations found in group data, unless
very strong, do not constantly fulfill better predictions
of outcome in IS patients.%13151718 The present study
was designed to investigate the relationship between
serum level of IL-6, and the stroke outcome and
disability as assessed by National Institutes of Health
Stroke Scale (NIHSS) and modified Rankin Scale
(mRS) scoring at the time of admission, Day 5, month
3, and Year 1 following the acute ischemic stroke.

Materials and Methods

A descriptive-analytical prospective study design was
used for the present study. In the present study,
45 patients with acute ischemic stroke visiting Razi
Hospital, Tabriz University of Medical Sciences, Iran,
were assessed from August 2010 until May 2012.

In order to reduce the effect of confounding factors,
inclusion criteria were laid out in the following order: 1.
acute ischemic stroke in anterior large cerebral vessels
territory [internal carotid artery (ICA), middle cerebral
artery (MCA), and anterior cerebral artery (ACA)];
2. the onset of symptom observed in less than 24 hours
from serum assessment; 3. age of between 18 to
85 years; and 4. signing the informed consent for the
study. On the other hand, patients with a history of
intra-arterial thrombolytic, Intra-venous thrombolytic,
neurointerventional, anti-inflammatory, and antibiotic
therapies were excluded from the present study.
Moreover, those with a history of ischemic and
hemorrhagic strokes due to having new cases, brain
trauma, and inflammatory and infectious diseases (e.g.
cancers, collagen vascular diseases, and infections), lack
of sustained symptoms before 24 hours, undiagnosed
acute ischemic stroke in anterior large cerebral vessels
using neuroimaging and NIHSS of more than 20, and
those who were not inclined to pursue the investigation
were excluded from the present study. Considering the
small sample size, having a one-year functional and
disability status, and limitation of NIHSS in assessment
of posterior circulation stroke, subjects with similar
conditions (subjects with stroke in anterior large
vessels) were selected.

A single referral lab tested the samples. From each
participant, 10 milliliters of non-fasting blood sample
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were obtained 6 to 24 hours after the onset of
symptoms and kept in citrate tubes. Blood samples
were thereafter centrifuged within 1 hour at 3000 x g
for 15 minutes at 4°C and resultant plasma was kept
in -80°C. By means of ELISA and U/CyTech Kkits
(U-CyTech BV, Utrecht, Netherlands), IL-6 was
evaluated in plasmas. IL-6 level assessment was also
undertaken on Day 5.

An informed consent was obtained from each
participant. All the methods of the present study were
approved by the ethical committee of Tabriz University
of Medical Sciences and were in line with the
declaration of Helsinki. Standard diagnostic and
therapeutic protocols including anti-platelet treatment,
control of risk factors, and daily physiotherapy by
experienced neurologists were provided at the stroke
unit of the hospital. Subsequent to brain computed
tomography (CT) scan on the first day, diffusion-
weighted brain MRI was performed after 72 hours and
infarct volume was evaluated using statistical
volumetric software (MRIcro, Chris Rorden, Columbia,
SC) on the scale of cm? for each subject.

Follow-up

Having assessed the patients” NIHSS score on the first
day, the neurologist evaluated NIHSS and mRS after 5
Days, 3 months, and 1 year. Over the 1-year follow-up
period, standard treatment protocol was considered
and precise risk control was implemented for all the
patients. The mortality rate was also recorded. All the
subjects, except those who passed away, completed
the follow-up period. The main outcome was the
association of the serum level of IL-6 with disability in
patients according to NIHSS and mRS on days 90 and
365. Additionally, the association of IL-6 with other
possible contributory stroke outcome factors such as
age, primary NIHSS, and infarct volume, and the
association of the serum level of IL-6 with mortality
were also examined.

Results

Demographic findings

The mean age of stroke patients was 77.68 £ 4.91 years;
ranging from 65 to 85 years. In addition, 35 (77.7%)
patients had stroke in MCA territory, 8 (17.7%) in
ICA territory, and 2 (4.4%) in ACA territory. The
mean IL-6 plasma concentration was found to be
4292 £ 72.2 pg/ml (ranging from 0 to 367.80) and
56.91 + 82.63 pg/ml (ranging from 0 to 444.6) on Day
1 and Day 5, respectively. The mean NIHSS on
hospitalization day and on Day 5 was 10.8 + 5.65
(ranging from 2 to 20) and 10.1 £ 5.60 (ranging from 2
to 22), respectively. The mean NIHSS on the 3 month
and 1st year was 7.02 + 5.32 (ranging from 0 to 18) and
3.86 £ 3.02 (ranging from 0 to 12), respectively. There
were 41 and 37 participants on the 3 month and
1st year, respectively. MRI showed a mean infarct of
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19.26 £ 10.07 cm?® (ranging from 6.5 to 45). The mean
mRS on Day 5, Day 90, and Year 1 was 3.93 + 1.19
(ranging from 0 to 18), 3.17 £ 1.65 (ranging from 0 to 6),
and 2.31 £ 2.10 (ranging from O to 6), respectively. The
mortality rate was found to be 17.7%, which occurred
in 2 (4.4%) patients before discharge from the hospital,
2 (4.4%) patients from time of discharge until Day 90,
and 4 (8.9%) other patients from months 3 to 12.
Association of IL-6 level, NIHSS, mRS, and other
variables
As can be noted in table 1, NIHSS on Days 1, 5, and 90,
and year 1 was significantly associated with the level of
IL-6 (all with P < 0.001). There was also a significant
association between mRS on Days 5, and 90, and Year 1
and the level of IL-6 (all with P < 0.001). The infarct size
was shown to be significantly associated with the level of
IL-6 (all with P <0.001). However, there is no difference
between the serum IL-6 level of patients with stroke in
different vascular territories (ICA, MCA, and ACA).
Table 2 illustrates that NIHSS on Day 1 was
significantly associated with NIHSS on Days 5, and 90,
and Year 1 (all with P < 0.001). There was also a

significant association between NIHSS on Day 5 and
NIHSS on Day 90 and at Year 1 (all with P < 0.001).
NIHSS on Day 90 was found to be significantly
associated with NIHSS at Year 1 (P < 0.001). Moreover,
mRS on Day 5 was significantly associated with NIHSS
on Days 0, 5, and 90, and at Year 1 (all with P <0.001). In
addition, mRS on Day 90 was shown to be significantly
associated with NIHSS on Days 0, 5, and 90, and at Year
1 (all with P < 0.001). There was a significant association
between mRS at Year 1 and NIHSS on Days 1, 5, and 90,
and at Year 1 (all with P < 0.001). Age was significantly
associated with NIHSS on Day 90 and the infarct size
was found to be associated with NIHSS on Days 1, 5,
and 90, and at Year 1. Furthermore, blood levels of IL-6
were significantly higher in the stroke patients who died.
Comparison of association of various variables with
NIHSS on Month 3 and on Year 1 is shown in figure 1
and 2, respectively. Table 3 shows the 25, 50, and 75
percentiles of IL-6 levels in the patients with and without
mortality occurrence and figure 3 demonstrates the
comparison of association of various variables with
presence or lack of mortality.

Table 1.Association of IL-6 level with NIHSS, mRS and otlefiarcts

IL -6 level on dayl

IL -6 level onDay 5

Spearman’s rhc P Spearman’s rhc P
NIHSS on dayl 0.71¢ 0.87¢
NIHSS onDay 5 0.71¢ 0.86¢
NIHSS onDay 90 0.59: 0.74¢
NIHSS atYeai 1 0.56¢ 0.741
mRS orDay 5 0.66¢ =0.001 0.80¢ =0.001
MRS onDay 90 0.71(C 0.78:
MRS aiYeal 1 0.601 0.67:
Infarct size in MRI sce 0.73i 0.74(

Spearman’s rho; Spearman's rank correlation coeffic

Table 2. Association of NIHSS with mRS and other infarcts

NIHSS on day 1 NIHSS on day 5 NIHSS on day 90 NIHSS Year 1
Spearman’s = Spearman’s = Spearman’s p Spearman’s =
rho rho rho rho
NIHSS onDay 5 0.98: <0.001 1 - 0.93: <0.001 0.871 <0.001]
ho oo onbay 0.888 <0001 0932 <0.001 1 . 0.922  <0.001
NIHSS atYeai 1 0.84¢ <0.001 0.871 <0.001 0.92: <0.001 1 -
MRS onDay 5 0.92¢ <0.001 0.913 <0.001 0.84¢ <0.001 0.82i <0.001
mRS onDay 90 0.88: <0.001 0.911 <0.001 0.98( <0.001 0.89¢ <0.001
MRS aiYeal 1 0.82¢ <0.001 0.82¢ <0.001 0.86: <0.001 0.95: <0.001
Age 0.06( 0.69¢ 0.18¢ 0.023: 0.30z 0.05¢ 0.16¢ 0.32¢
Infarct size 0.62( <0.00] 0.62( <0.00] 0.055! <0.001 0.45¢ 0.00¢

Spearman’s rho; Spearman's rank correlation coeffi

Table 3.The 25, 50, and 75 percentiles of IL-6 levelsatignts with and without mortality occurrence

Percentile Percentile of50 Percentile
Death of 2 (median) of 7& P
Positive 14.5( 85.1¢ 165.6°
IL-6 level on Day 1 Negative 0.5¢ 8.9¢ 223 0.012
Positive 26.81 89.5( 192.6:
IL-6 level on Day 5 Negative 1.0¢ 19.9: 63.0 0.010
72 Iran J Neurol 2014; 13(2) Shaafi et al.
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Table 4.Prediction of NIHSS based on level of IL-6

NIHSS on Day 1 NIHSS on Day 5 NIHSS at month3 NIHSat Year 1
B P B P B P B P
IL-6 level on Day 1 0.047 0.069 0.064 0.031 0.002
IL-6 level on Day 5 0.0a5 =0001 75479 0001 74 565 =0.001 0.030< 0.001
Table 5.Prediction of mRS based on level of IL-6

mRS on Day 5 mRS on Day 90 mRS at Year 1

B P B P B P
IL6 level on Day 1 0.009 0.014 0.015
IL6 level on Day 5 0009 =0001 0013 =000 0.013 =000

Tables 4 and 5 show results for prediction of
NIHSS and mRS based on level of IL-6 using linear
regression analysis.

Moreover, the logistic regression analysis for the
prediction of mortality based on IL-6 level resulted in
the following formulas:

exp [B + B1x1]

Probablity = T+ exp [B + P1x]

exp [2.403 — 0.012 (IL6 on Day 5)]

Probablity of mortality = = = 263 — 0,012 (1L6 on Day 5)]

exp [2.32 — 0.014 (IL6 on Day 1)]
1+ exp [2.32 — 0.014 (IL6 on Day 1)]

Probablity of mortality =

Discussion

In recent years, there has been a propensity to
understand the role of inflammatory factors,
especially IL-6 in the stroke. The present study
assessed the association of IL-6 with the severity and
prognosis of patients with acute ischemic stroke and
showed that increased level of this inflammatory
marker in the acute stroke phase is associated with the
severity of neurological damage in either clinical or
imaging aspects. It was also shown that increased
level of IL-6 on Days 1 and 6 is associated with
mortality rate, functional disability, and performance
status (in month 3 and Year 1). This association was in
accordance with other influencing factors in this
regard, such as age, neurological impairment after
acute events, or infarction volume in neuroimaging.

A considerable amount of literature has been
published on the role of inflammatory markers in
stroke. By way of illustration, molecular markers of
inflammation were demonstrated to be useful for the
management of ischemic stroke patients during the
acute phase and for prognosis and prevention of risk.
To clarify, inflammatory cytokines, such as IL-6,
tumor necrosis factor alpha (TNFa), and adhesion cell
molecules, contribute to early neurological
deterioration and infarct volume.” Evaluation of
stroke patients following acute ischemic stroke on
admission and on the 28t day subsequent to the onset

74 Iran J Neurol 2014; 13(2)
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also showed that IL-6 may predict not only the
severity of lesions but also the outcome of patients.20
Elsewhere, assessment of 1-month outcome of stroke,
by means of the Barthel index, demonstrated initial
cerebrospinal  fluid interleukin-6 (CSF IL-6)
measured 6 hours after onset of stroke and nitrate
levels in cerebrospinal fluid were significant for
functional outcome of stroke at 1 month.?!
Combination of circulating IL-6 and heart-type fatty
acid binding protein level was also shown to have an
additive clinical value for the prediction of ischemic
stroke outcome.??

In another study, by assessment of initial ischemic
lesion size and neurological dynamics during 1 month
of acute brain ischemia, high plasma level of IL-6 in
the acute phase of stroke was shown to be a strong
predictor of poor outcome for aged rather than for
younger patients.?® Clark et al. measured plasma
levels of IL-6, fibrinogen, white blood cells (WBCs),
and serum albumin as acute phase response (APR) in
4 + 2 days of onset in ischemic stroke patients. The
authors defined standard clinical predictors as initial
NIHSS, infarct size on CT, and the Glasgow scale. It
was concluded that the initial APR was highly
correlated with 6-month stroke recovery and this
approache was in correlation with standard clinical
predictors.?* In another study, inflammatory markers
such as monocyte chemotactic protein-1 (MCP-1),
matrix metalloproteinase-9 (MMP-9), and tissue
inhibitor of matrix metalloproteinase-1 (TIMP-1),
interleukin-6 (IL-6), C-reactive protein (CRP), and
the brain damage marker S5100B were demonstrated
to show significantly different time courses
depending on stroke outcome. Despite the fact that
the levels of IL-6, MCP-1, and MMP-9 increased a
few hours subsequent to symptom onset, CRP and
S100B gradually increased starting at 12-24 hours.
IL-6, MCP-1, TIMP-1, and S100B were also shown to
be independently associated with clinical 90 days
outcome scores (mRS and NIHSS) at certain time
points.?

The present study produced results corroborating
the findings of a great deal of the abovementioned
research in that there was an association between the
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plasma level of IL-6 on Days 1 and 5 and the initial
severity of disease, infarct volume found by
neuroimaging, performance status, and the severity of
damage at month 3 and Year 1. Furthermore, logistic
regression analysis showed the formulas for the
prediction of mortality based on IL-6 level. The effect
of high-sensitivity IL-6 as a possible biomarker at the
early stages of acute stroke in order to identify
patients who were at a high risk for 12-month
mortality was evaluated by Shenhar-Tsarfaty et al.?
The authors confirmed the clinical potential of using
high-sensitivity IL-6 as an early signal for acute
ischemic stroke survival and demonstrated a clear cut
point (6.47 pg/ml) for patients at a high risk.?6 In the
present study, the mortality rate was significantly
higher in patients with higher serum level of IL-6.

On the contrary, however, there are some reports
unable to demonstrate the role of IL-6 in stroke
patients. A significant association between the
severity of neurological deficit at admission, the
diagnostic subtype, and the inflammatory variables
was shown by Tuttolomondo et al.? In addition,
ischemic stroke patients with cardioembolic subtype
experienced significantly higher median plasma levels
of TNFa, IL-6, IL-1PB, notwithstanding significantly
lower median plasma levels in the lacunar subtype.?
In the current study patients with stroke in the large
vessels territory of anterior brain circulation were
exclusively included and no significant difference was
found in serum IL-6 between different territories of
involvement.

In a study carried out by Whiteley et al. following
adjustment of stroke severity and age, only IL-6 and
N-terminal pro-brain natriuretic peptide were
significantly associated with poor outcome. However,
neither IL-6 nor N-terminal pro-brain natriuretic
peptide showed sufficient predictive power to be of
clinical value.’® In a 4-year prospective cohort study of
inflammatory markers, higher levels of IL-6, CRP, and
fibrinogen were shown to be associated with an
increased risk of recurrent vascular events, vascular
death after stroke, and nonvascular causes of death.
However, it was concluded that inflammatory
markers do not serve a causal role, particularly in the
generation of recurrent vascular events subsequent to
stroke.? Whiteley at al. confirmed that increased
levels of acute inflammatory response markers after
stroke (i.e. IL-6, CRP, fibrinogen, white cell count, and
glucose) were associated with poor outcome, although
the addition of such markers to a previously validated
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stroke prognostic model failed to improve the
prediction of poor outcome.?” Welsh et al. evaluated
clinical status and 16 biomarkers in 24 hours of onset
in acute patients with ischemic stroke and showed
that CRP, IL-6, and fibrin D-dimer had the strongest
univariate associations with poor outcome. However,
D-dimer and CRP, exclusively, were independently
associated with poor outcome in acute ischemic stroke
in a multivariable mode.® Oto et al. assessed levels of
IL1beta, IL-6, IL10, TNF-alpha, catecholamines,
epinephrine, and norepinephrine and found that in
ischemic stroke plasma cytokines and catecholamines
were not predictors of neurological outcome at
1 month. However, in the early phase of hemorrhagic
stroke, high levels of IL-6 showed a poor neurological
outcome.3!

The unique feature of this study was the attempt
based on the IL-6 changes in the new patients of acute
IS in the large vessel territory of anterior brain
circulation, using 2 times IL-6 serum assessment on
Days 1 and 5, to evaluate the correlation of these
levels with different aspects of acute IS (such as early
disease severity, infarction volume, functional status
(on Days 5, 90, and 365), and mortality rate during 1
year follow-up) and compare the effect of IL-6 with
other influencing factors in this regard (such as age,
severity of stroke on admission, and infarct volume in
neuroimaging). In conclusion, the results showed that
IL-6 has a significant correlation with all these aspects
of IS and this inflammatory marker is in agreement
with other standard predictors of IS.

Finally, it is hard to escape the obvious conclusion
from the present study that plasma level of IL-6 is of
value in determining the extent of ischemic stroke and
associated with mid-term outcome and mortality rate
of the stroke patients. However, a more broad
research is also needed to determine the precise role of
inflammatory factors in stroke. Moreover, a limitation
of the present study was its relatively small sample
size. Thus, it would be interesting if further
investigation with a larger sample size is carried out.
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