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Introduction: 
Stroke is one of the leading cause of death and disability. According to 
the most recent Global Burden of Disease (GBD) estimates, there were 
around 12.2 million incident cases of stroke, 143 million 
disabilityadjusted life-years (DALYs) lost, and 6.6 million deaths 
globally in 2019, making stroke the second leading cause of death and 
third leading cause of disability worldwide(1). The cumulative 
incidence of stroke in India ranges from 105 to 152/100,000 persons 
per year, and the crude prevalence of stroke ranges from 44.29 to 
559/100,000 persons in different parts of the country during the past 
decade.(2). About 87% of all stroke are ischemic (3). 

Accumulating evidence demonstrates that inammation plays a key 
role in the pathogenesis of stroke (4). Peripheral markers of 
inammation in stroke has been analysed in various studies to assess 
the severity and prognostication of stroke. Systemic immune 
inammation index is a novel marker of peripheral inammation used 
to assess multiple diseases. It's use in Acute ischemic stroke has been 
relatively recent. 

Aim :
This study aims to assess its usefulness in validating the severity of 
stroke at the onset and its usefulness in prognosticating the patient on 
day 1. 

Methodology :
Study setting:
The study was done in Madras Institute of Neurology, Rajiv Gandhi 
Government General Hospital. It was a retrospective and prospective 
study enrolling patients with acute ischemic stroke for the rst time

Study population:
Inclusion criteria:
Age more than 18 years, Patients admitted with arterial ischemic 
stroke, as proven by neuroimaging within 24 hours of onset of illness. 

Exclusion criteria: Patients with history of fever in the past 2 weeks, 
patients with previous history of stroke.

A total of data from 227 patients were collected.

Data collection:
The data collected were obtained from medical records both 
retrospectively and prospectively . At baseline, demographic data (age 
and sex), history of vascular risk factors (including hypertension, 
diabetes mellitus, atrial brillation, smoking, and drinking), systolic 
blood pressure (SBP), diastolic blood pressure (DBP), treatment after 
admission (antiplatelet, anticoagulation, thrombolysis therapy) were 
obtained. Hematological markers, including white blood count (W), 
neutrophil count (N), lymphocyte count (L), platelet (P), and 
monocyte count (M), were assessed. These counts were used to 
calculate  systemic immune-inammation index (SII =P×[N/L]). 

The National Institutes of Health Stroke Scale (NIHSS) was used to 
evaluate the stroke severity within 24 hours after admission, which 
ranged from 0 to 42 and the higher the score, the more severe the 
disease was. Mild stroke was dened as NIHSS scores<5, moderate 
stroke as 5 to 15, moderate to severe as 16 to 20 and severe stroke as 21 
to 42.   The functional outcome were assessed by the modied Rankin 
scale (mRS) at 2 weeks (favorable outcome, mRS score ≤2; poor 
outcomes, scores >2).

Statistical analysis: Statistical analysis was performed using SPSS 
22.0 software. Normally distributed data were expressed as mean ± 
SD. Comparison between groups was performed by MannWhitney U 
test, chi-square test where appropriate. Receiver operating 
characteristic (ROC) analysis was performed to identity the optimal 
cut-off values of SII  for discrimination of clinical outcome after 
stroke. P value <0.05 were considered as statistically signicant.

Results and analysis:
The basic demographic data of the study population are tabulated in the 
tables. Based on gure 1, people with minor stroke were 51% and 
strokes of more than minor severity were 49%.

Table 1
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ABSTRACT
Background: Systemic immune inammation index is a novel marker of peripheral inammation used to assess multiple diseases. Accumulating 
evidence demonstrates that inammation plays a key role in the pathogenesis of stroke. This study aims to assess its usefulness in validating Aim: 
the severity of stroke at the onset and its usefulness in prognosticating the patient on day 1.   From our study, we were able to identify Discussion:
that the mean SII increased with the increasing severity of stroke.All patients were assessed at 2 weeks post stroke, graded with MRS and classied 
into those with favourable and unfavourable outcome.According to the SII formula. the more the neutrophils the higher is SII value which equates 
to higher neutrophil count predicting increased stroke severity and poor functional outcome. Increase in platelets contribute to the increase in SII 
value which converts to a predictor of increased stroke severity or poorer outcome & increase in lymphocyte count is a sign of less severe stroke and 
good functional outcome. Through an analysis of peripheral blood counts, including neutrophils, lymphocytes, and platelets, SII provides a 
quantitative measure of the systemic inammatory response, which is a key determinant of stroke outcomes.  In the present study, we Conclusion:
evaluated the relation between SII and  stroke severity and prognosis. We found that statistically signicant differences in SII among subgroups as 
dened by NIHSS scores. Also, SII was the signicant predictor of early functional outcomes at discharge in patients with AIS.
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scale.

PARAMETERS MEAN SD

AGE 56.60 14.392

WBC 8.641 9.1924

NEUTROPHILS 5.253 1.4672
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Figure 2

Association between SII and severity of stroke:
From our study, we were able to identify that the mean SII increased 
with the increasing severity of stroke as we can see in table and gure 3, 
being 354.97 for minor stroke , 736.21 for moderate stroke, 826.42 for 
moderate to severe stroke and 589.04 for severe stroke. The difference 
in mean SII between all 4 grades were statistically signicant, tested by 
anova test( p value- 0.001)(Table 6). The lesser mean SII in severe 
stroke when compared to moderate and moderate to severe stroke 
could be probably due to limited data. The mean SII for minor stroke 
was 354.97, whereas the mean SII for all other stroke grades were 
739.54.  This difference was also statistically signicant tested by 
unpaired t test (p value- 0.001). We had also found a positive 
correlation between increasing SII and stroke severity. This was tested 
by spearman's correlation test and the correlation coefcient was 
0.695(Table 8),with  positive correlation being greater than 0.5. ROC 
curve was constructed to determine the value of SII above which the 
severity of stroke increased and this was found to be 551.79.

Table 5- Mean SII in various stroke severities

Figure 3

Table 6- Difference in Mean SII in minor versus other strokes

Association between SII and functional outcome at 2 weeks: 

All patients were assessed at 2 weeks post stroke, graded with MRS 
and classied into those with favourable and unfavourable outcome. 
Mean MRS of patients with favourable outcome was 364.79 and for 
those with unfavourable MRS or poor functional outcome was 629.35. 
This difference was analysed by unpaired t test and  was found to be 
statistically signicant( p value 0.001)(Table 7).  There was also a 
signicant positive correlation between higher SII and poor functional 
outcome at 2 weeks as analysed by spearman correlation with a 
correlation coefcient of 0.752, (Table 8).  An ROC curve was also 
constructed to nd the cutoff value of SII above which patients had a 
poor outcome and this was at 385.4. This cutoff value was considerably 
lesser than the cutoff value of SII above which patients had a severe 
stroke.

Table 7- Mean SII in favourable and unfavourable outcome.

Figure 4- Mean SII in minor stroke versus others
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LYMPHOCYTES 2.177 0.3276

PLATELETS 219.20 63.271

SII 544.69 239.42

NIHSS 6.84 4.780
MRS 3.29 1.189

NUMBER OF PATIENTS PERCENTAGE

MALE 165 73%
FEMALE 60 27%

SHT 156 69%

DM 81 36%
AF 36 16%

CAD 75 33%

SMOKING 153 68%
ALCOHOLIC 102 45%

ANTIPLATELETS 183 81%

ANTICOAGULANTS 42 19%

THROMBOLYSIS 18 8%

NIHSS SEVERITY
NUMBER OF 
PATIENTS

PERCENTAGE

MINOR STROKE 114 51%
MODERATE STROKE 99 44%

MODERATE TO 
SEVERE STROKE

9 4%

SEVERE STROKE 3 1%

MRS AT 2 WEEKS NUMBER OF PATIENTS PERCENTAGE

FAVOURABLE 72 32%

UNFAVOURABLE 153 68%

NIHSS STROKE 
SEVERITY

SYSTEMIC IMMUNE 
INFLAMMATION INDEX

MEAN SD

MINOR STROKE 354.97 75.52
MODERATE STROKE 736.21 193.73

MODERATE TO SEVERE 
STROKE

826.42 88.57

SEVERE STROKE 589.04 0

ANOVA
P VALUE - 0.001
SIGNIFICANT

SYSTEMIC IMMUNE INFLAMMATION 
INDEX

MEAN SD

MINOR (<5) 354.97 75.52

OTHERS (>5) 739.54 187.75
UNPAIRED T TEST
P VALUE - 0.001

SIGNIFICANT

MRS AT 2 WEEKS SYSTEMIC IMMUNE INFLAMMATION 
INDEX

MEAN SD

FAVOURABLE 364.79 71.92
UNFAVOURABLE 629.35 243.95

UNPAIRED T TEST

P VALUE - 0.001

SIGNIFICANT



Figure 5 - Mean SII in patients with favourable MRS versus 
unfavorable MRS

Table 8 

Discussion: 
In the present study, we evaluated the relation between SII and  stroke 
severity and prognosis. We found that statistically signicant 
differences in SII among subgroups as dened by NIHSS scores. Also, 
SII was the signicant predictor of early functional outcomes at 
discharge in patients with AIS.

Firstly we would like to analyse the role of neutrophils, platelets and 
lymphocytes in acute stroke pathophysiology and why do they 
correspondingly increase or decrease contributing to a increased SII. 

Role of neutrophils in acute ischemic stroke:
Neutrophils play a signicant role in the pathophysiology of acute 
ischemic stroke. Their involvement includes both benecial and 
detrimental aspects, and their count typically increases in response to 
the stroke event. They are the rst responders to tissue injury, including 
ischemic stroke. They migrate to the site of damage and release pro-
inammatory mediators, contributing to the initial inammatory 
cascade(5) In acute ischemic stroke, there is a notable increase in 
circulating neutrophil counts. This elevation is part of the immune 
response aimed at clearing debris, combating pathogens, and initiating 
tissue repair processes (6).They  can release neutrophil extracellular 
traps, which are web-like structures composed of DNA, histones, and 
antimicrobial proteins. While NETs can trap pathogens, they can also 
contribute to tissue damage and exacerbate inammation in stroke (7). 
Upon recruitment to the ischemic brain tissue, neutrophils become 
activated and release a variety of inammatory mediators, including 
cytokines, chemokines, and reactive oxygen species (ROS). These 
molecules contribute to the inammatory cascade and tissue 
damage(7). They can also interact with endothelial cells and contribute 
to blood-brain barrier disruption, allowing immune cells and 
molecules to enter the brain parenchyma and exacerbate neuronal 
injury (8). While neutrophils contribute to tissue damage through their 
inammatory actions, they also play a role in tissue repair and 
remodeling by clearing cellular debris and modulating immune 
responses(9). According to the SII formula. the more the neutrophils 
the higher is SII value which equates to higher neutrophil count 
predicting increased stroke severity and poor functional outcome.

Role of platelets in acute ischemic stroke:
Platelets play a critical role in the pathophysiology of acute ischemic 
stroke, particularly in the formation of thrombi that can occlude 
cerebral arteries and lead to ischemic injury(10). It is  clear that 
platelets are increased in ischemic stroke due to their pivotal role in 
thrombus formation and vascular occlusion. The activation and 
aggregation of platelets  contribute signicantly to the 
pathophysiology of ischemic stroke, leading to increased platelet 
counts in response to the vascular insult. Understanding platelet 
biology and their involvement in vascular diseases like ischemic 
stroke is essential for developing targeted interventions and improving 
patient outcomes(11).  Thrombo-inammation refers to the interplay 
between thrombotic processes and inammatory responses in stroke, 
where platelets, leukocytes, and endothelial cells contribute to both 
clot formation and inammatory cascades(12).Following vascular 
injury or endothelial dysfunction in ischemic stroke, platelets become 
activated and aggregate at the site of injury, forming a primary 
hemostatic plug that can evolve into a thrombus(13). Activated 

platelets release pro-inammatory mediators such as thromboxane A2, 
P-selectin, and cytokines, contributing to the recruitment and 
activation of immune cells and amplifying the inammatory 
response(14).While platelets are essential for initial clot formation, 
their persistence in the thrombus can impede thrombus resolution and 
contribute to reperfusion injury during thrombolytic or endovascular 
treatments(15). Increase in platelets contribute to the increase in SII 
value which converts to a predictor of increased stroke severity or 
poorer outcome.

Role of lymphocytes in acute ischemic stroke:
Lymphocytes, including T cells and B cells, play a crucial role in the 
adaptive immune response. They contribute to the resolution of 
inammation, tissue repair, and modulation of the immune system 
post-stroke(16). During the acute phase of ischemic stroke, there is 
often a decrease in peripheral blood lymphocyte counts. This decrease 
is attributed to lymphocyte redistribution, apoptosis, and stress-related 
immunosuppression following the stroke event(17). They also exert 
immunomodulatory effects post-stroke by regulating the balance 
between pro-inammatory and anti-inammatory processes, which 
can inuence the extent of tissue damage and functional recovery(18). 
Specic subsets of lymphocytes, such as regulatory T cells (Tregs), 
have been associated with better stroke outcomes by dampening 
excessive inammation and promoting tissue repair mechanisms(19). 
Thereby increase in lymphocyte count is a sign of less severe stroke 
and good functional outcome. 

Review of literature: 
Association between SII and stroke severity:
SII was signicantly higher in moderate-to-severe group than in the 
mild stroke group [932.73 vs. 581.21  P <0.001 in a study by Huang et 
al ( 20). Wei at al and Weng et all also in their studies found a positive 
association between SII and NIHSS (21,22). These are concordance 
with our study. Acar et al in his study had researched on the usefulness 
of SII as not only a predictor of severity but also a predictor of 
successful and unsuccessful reperfusion after thrombectomy ( 23).

A case control analysis done in Turkey revealed a higher SII in acute 
ischemic stroke patients vs normal population and also high SII was 
associated with a high risk of mortality (24). We did not have a control 
arm in our study and analysed only the differences in mean  SII of 
various grades of stroke patients. A control arm could have analysed if 
there is any signicant difference in mean SII between minor stroke 
patients and normal population. A study by Fei et al corroborate that 
higher SIRI, SII, and Inammatory prognosis index values indicate 
greater disease severity at admission and an increased incidence of 
poor outcomes at 90-day prognosis. They however found that SII was  
less accurate than the other two parameters in predicting stroke 
severity and outcome(25 ). In our study our main goal was to analyse 
SII and did not analyse other indices. Wu et al in their study concluded 
that Elevated SII of patients with acute ischemic stroke increased the 
risk of 30-day all-cause mortality ( 26 ). 

Association between SII and functional outcome:
Comparative analyses have demonstrated that SII may outperform 
traditional prognostic factors in predicting stroke severity, including 
age, comorbidities, and initial neurological status(27). In a study by 
Zhou et al, SII was an independent risk factor for 90-day adverse 
outcomes in stroke patients (28).

Similar results of higher SII predicting unfavourable outcome at 3 
months was also identied by weng et al (22). This was a limitation in 
our study as we had only assessed functional outcome at 2 weeks and 
did not have a long term follow up. According to a Taiwanese study 
Common signicant predictors of in-hospital complications and 
unfavorable outcomes were age > 72 years, female sex, NIHSS > 4, 
diabetes mellitus, and three immune-inammatory markers, namely 
SII > 651, NLR > 2.9, and NC > 7.2 × 103/mL. (29 ). Cut off for 
unfavourable outcome at 3 months had been 504.99 in a study by Wei 
et al (21).Research done by Wang et al had  revealed that patients with 
higher SIIs after an acute ischemic stroke were more likely to have 
poor functional outcomes at the 90-day and 1-year follow-ups. 
Furthermore, patients with higher SIIs were more likely to experience 
all-cause death and recurrent stroke ( 30). A meta analysis by Han et al 
had also established the predictive capacity of higher SII with poorer 
outcome ( 31).

In summary, the Systemic Immune Inammation Index (SII) has 
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Coefcient

.695** .752**

Sig. (2-tailed) 0.000 0.000

N 225 225



demonstrated consistent associations with stroke severity in multiple 
studies, highlighting its potential as a valuable prognostic tool for risk 
assessment and treatment planning in acute ischemic stroke patients.

Conclusion:
The Systemic Immune-Inammation Index (SII) has emerged as a 
valuable biomarker in the context of acute ischemic stroke, offering 
insights into the complex interplay between systemic inammation 
and stroke pathophysiology. Through an analysis of peripheral blood 
counts, including neutrophils, lymphocytes, and platelets, SII provides 
a quantitative measure of the systemic inammatory response, which 
is a key determinant of stroke outcomes. The prognostic utility of SII 
extends beyond traditional risk factors, highlighting its potential as a 
simple yet effective tool for risk stratication, treatment decision-
making, and post-stroke management. Incorporating SII into clinical 
practice may enhance the ability to identify high-risk patients early, 
allowing for timely interventions and optimized care pathways. 
Further research is warranted to validate the clinical utility of SII 
across diverse patient populations, explore its role in guiding 
therapeutic strategies, and elucidate the underlying mechanisms 
linking systemic inammation to stroke outcomes. By leveraging the 
insights provided by SII, clinicians can improve risk assessment, 
prognostication, and ultimately, the overall care and outcomes of 
patients with acute ischemic stroke.
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