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Abstract
Systemic inflammatory response is closely related to the pathogenesis and prognosis in critical patients. Recently, systemic 
immune-inflammation index (SII), an indicator of systemic inflammatory response, was proved to predict the outcome in 
cancerous and non-cancerous diseases. The aim of this study is to investigate the association between SII on admission and 
6-month outcome in patients with aneurysmal subarachnoid hemorrhage (aSAH). The clinical data and prognosis of 76 
patients with aSAH were analyzed. The 6-month outcome was assessed by the modified Rankin scale(mRS). The unfavorable 
outcome was defined as mRS score ≥ 3. In addition, multivariate analysis was conducted to investigate factors independently 
associated with the favorable outcome. Receiver operating characteristic (ROC) curve analysis was undertaken to identify 
the best cut-off value of SII for the discriminate between favorable and unfavorable outcome in these patients. Thirty-six 
patients (47.4%) in our study had an unfavorable outcome (mRS ≥ 3) at 6 months, and twenty-four (66.7%) of them were in 
the high-SII group. A significantly higher SII on admission was observed in patients with unfavorable functional outcome 
at 6 months. Binary logistic regression analysis showed that there was an independent association between SII on admission 
and 6-month clinical outcome (adjusted OR = 4.499, 95%CI: 1.242–16.295, P < 0.05). The AUC of the SII for predicting 
unfavorable outcome was 0.692 (95% CI: 0.571–0.814, P < 0.05). Systemic immune-inflammation index (SII) could be a 
novel independent prognostic factor for aSAH patients at the early stage of the disease.
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Abbreviations
aSAH  Aneurysmal subarachnoid hemorrhage
AUC   Area under the curve
ANC  Absolute neutrophil counts
ALC  Absolute lymphocyte counts
CT  Computerized tomography
CTA   Computerized tomography angiography
CNS  Central nervous system
CI  Confidence interval
DND  Delayed neurological dysfunction
DSA  Digital subtraction angiography
H–H grade  Hunt and Hess grade
IA  Intracranial aneurysm

mRS  Modified Rankin scale
NLR  Neutrophil-to-lymphocyte ratio
OR  Odds ratios
PLR  Platelet-to-lymphocyte ratio
PNI  Prognostic nutrition index
PLT  Platelet
PLC  Platelet counts
ROC  Receiver operating characteristics
SII  Systemic immune-inflammation index
SD  Standard deviation
WBC  White blood cells
WFNS grade  World Federation of Neurosurgical Socie-

ties grade

Introduction

Aneurysmal subarachnoid hemorrhage (aSAH), which 
has a high fatality rate (8.3 ~ 66.7%) and high disability 
rate (10–20%), accounts for 5% of all strokes [4, 10, 12, 

 * Zongyi Xie 
 zyxieneuro2013@yahoo.com

1 Department of Neurosurgery, The Second Affiliated 
Hospital, Chongqing Medical University, Chongqing, China

2 Department of Neurosurgery, West China Hospital, Sichuan 
University, Chengdu, China

/ Published online: 31 October 2021

Neurosurgical Review (2022) 45:1607–1615

http://orcid.org/0000-0003-2991-1732
http://crossmark.crossref.org/dialog/?doi=10.1007/s10143-021-01681-4&domain=pdf


1 3

25, 31, 32]. Because of complex pathophysiology in early 
and delayed brain damage, inflammation after bleeding is 
an important factor affecting the prognosis of aSAH [3, 25, 
28]. Peripheral biomarkers may result from the inflamma-
tory mechanisms involved in the aSAH-induced injury on 
the disease course [29].

Previous studies showed that leukocytosis, thrombocy-
tosis, and platelet activation were correlated with delayed 
cerebral ischemia (DCI) and neurological outcome following 
aSAH [9, 31]. At present, indicators such as neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), 
prognostic nutrition index (PNI), MMP-9, TNF-a, and IL-6 
have shown associations with clinical complications and 
outcomes in aSAH [6–8, 13]. And Tao et al. reported that 
the combined use of NLR and PLR (combined NLR-PLR) 
might have a better predictive value than each alone [33].

Meanwhile, systemic immune-inflammation index (SII), 
which includes peripheral lymphocytes, neutrophils, and 
platelets, was first used by Hu et al. to predict poor out-
come in patients with hepatocellular carcinoma (HCC) and 
showed powerful predictive value [16]. As an integrated 
indicator, SII might be better able to reflect the balance of 
host inflammatory and immune status, and it was shown to 
be a more useful prognostic indicator than NLR and PLR 
in patients with esophageal squamous cell carcinoma, gas-
troesophageal adenocarcinoma, and so on [11, 16, 18]. Cur-
rently, SII is increasingly recognized as a readily available 
biomarker for systemic inflammation and plays an important 
role in predicting the prognosis and survival rate of patients 
with brain malignant tumor, spontaneous cerebral hemor-
rhage, cerebral infarction, and dementia [15, 22, 23, 35, 36, 
39]. Furthermore, aSAH is a complex disease with a state 
of systematic inflammation, immunosuppression, and hyper-
coagulation [5, 33]. So, we hypothesized that SII may serve 
as a reliable biomarker for predicting outcomes in patients 
with aSAH. This retrospective study aimed to investigate 
the prognostic value of SII on admission for the 6-month 
outcome after aSAH.

Material and methods

Patients

We retrospectively analyzed the clinical data of patients with 
aSAH who were hospitalized in the department of neurosur-
gery or intensive care unit of the Second Affiliated Hospital 
of Chongqing Medical University from March 2018 to July 
2020. The inclusion criteria were as follows:

1) Patients with a definite diagnosis of intracranial aneu-
rysm (IA) by craniocerebral computerized tomography 

angiography (CTA) and digital subtraction angiography 
(DSA), and this IA is the cause of SAH.

2) Initial blood sampling for laboratory test was limited 
within 72 h after ictus of hemorrhage.

3) Age: from 18 to 80.
4) Admitted within 72 h after aSAH.

In addition, the exclusion criteria were as follows:

1) Other intracranial vascular diseases.
2) Acute and chronic infectious inflammation before admis-

sion (pneumonia supported by imaging examination, 
urinary tract infection by urine examination, chronic 
active viral hepatitis, etc.).

3) History of autoimmune disease.
4) Systemic diseases including malignant tumor, uremia, 

liver cirrhosis, chronic heart, disease, and chronic lung 
disease.

5) Seizures and acute obstructive hydrocephalus occurred 
prior to admission.

6) Previous history of severe trauma, stroke, etc.
7) Diseases of the blood system other than anemia.
8) Patients who suffered aneurysm rebleeding.

This study has been approved by the Ethics Committee 
of the Second Affiliated Hospital of Chongqing Medical 
University.

Methods

Demographic data and the medical history of patients, 
including age and gender, hypertension, diabetes, and history 
of anticoagulation therapy, were collected from the hospital 
database. In addition, lifestyle risk factors such as smoking 
habits and drinking status were also recorded, as well as 
treatment during hospitalization. The number of white blood 
cells [WBC], platelet [PLT], absolute neutrophil [ANC], and 
absolute lymphocyte counts [ALC] was obtained by auto-
mated test systems Hitachi 7600 and BM2000 on admission. 
The severity of aSAH was assessed by World Federation 
of Neurosurgical Societies (WFNS) grade, Hunt and Hess 
grade, and Fisher grade. The SII  (109/L) was calculated by 
the following formula: PLT  (109/L) × ANC  (109/L)/ALC 
 (109/L) [16]. Receiver operating characteristic (ROC) analy-
sis was undertaken to evaluate the predictive ability of SII 
and determine the optimal cut-off point. The patients were 
divided into two groups according to cut-off value, high SII 
group (SII > 2344.65) and low SII group (SII ≤ 2344.65) 
(Table 1), and univariate analysis was carried out to detect 
between-group differences in baseline data. Follow-up was 
undertaken by telephone after 6 months of aSAH, and the 
6-month neurological function was evaluated with modified 
Rankin scale (mRS). Patients were divided into a favorable 
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outcome group with a low mRS (< 3) and an unfavorable 
outcome group with a high mRS (≥ 3).

Statistical analysis

The analysis was performed with SPSS V22 and MedCalc 
Statistical Software version 19.0.7. Continuous data were 
expressed as mean ± standard deviation (SD) or median 
(quartile range), and categorical data were presented as 
frequency and percentage (%). Comparisons of categorical 
variables were performed using the chi-square test or Fish-
er’s exact test, while the Mann–Whitney U test or unpaired 
t-test was applied for continuous variables. Receiver operat-
ing characteristic (ROC) analysis was performed to evaluate 
associations between the SII on admission and the 6-month 
clinical outcomes to determine the best cut-off point for the 
outcome prediction. To assess the importance of SII in the 
clinical context, already established clinical grading scales, 
such as the WFNS and Hunt and Hess grade, were included 
in the abovementioned ROC analysis. The AUCs were com-
pared by the DeLong test. The independent predictors of 
aSAH were determined by univariate analysis and binary 
logistic regression; odds ratios (OR) and 95% confidence 
interval (CI) were calculated. All P values were on the 2 
sides, and significance was set at P < 0.05.

Results

Patient characteristics

The patient characteristics were summarized in Table 2. 
Seventy-six patients were enrolled in this study, with a mean 
age of 57.3 years (range from 18 to 80 years). The median 
WFNS grade was 2.29 with the range from 1 to 5, and the 
median Fisher grade was 2.7 with the range from 1 to 5. 
The average length of hospital stay was 18.4 days. Forty-
five patients (59.2%) in this study were female. Sixty-eight 
patients (89.5%) were admitted to the intensive care unit 
(ICU). Forty-eight patients (63.2%) had one aneurysm and 
19 patients (25%) had two. And 36 patients (47%) had an 
unfavorable outcome (mRS ≥ 3) at 6 months.

Association of the SII with functional outcome

As shown in Table 3, thirty-six patients (47.4%) in our study 
had an unfavorable outcome (mRS ≥ 3) at 6 months. To gain 
a closer view of the relationship between the 6-month out-
come and the clinical characteristics, the univariate analysis 
was conducted, and significantly older age; higher WFNS, 
Hunt and Hess, and Fisher grades; and higher infection rate 
were detected in patients with unfavorable outcome than 

Table 1  Baseline clinical 
characteristics of the low SII 
and high SII patients

WFNS grade World Federation of Neurosurgical Societies grade; H–H grade Hunt and Hess grade; mRS 
modified Rankin scale
a Fisher’s exact test
b Continuous calibration of χ2 test
c χ2 test
d t-test
f U-test

Characteristic Total patients (n = 76) Low SII 
(≤ 2344.65) 
(n = 42)

High SII 
(> 2344.65) 
(n = 34)

P value

Age (years), mean (SD) 57.3 (11.8) 58.5 (9.9) 55.7 (13.9) 0.309d

Gender (female), n (%) 45 (59.2) 27 (64.3) 18 (52.9) 0.317c

Hospital stay (days), mean (SD) 18.4 (24.0) 18.6 (17.2) 18.1 (30) 0.159f

Hypertension, n (%) 35 (46.1) 19 (45.2) 16 (47.1) 0.874c
Diabetes mellitus, n (%) 2 (2.6) 0 (0) 2 (5.9) 0.197a

Anticoagulation therapy, n (%) 3 (3.9) 1 (2.4) 2 (5.9) 0.584a

Smoking, n (%) 21 (27.6) 12 (28.6) 9 (26.5) 0.839c

Drinking, n (%) 14 (18.4) 6 (14.3) 8 (23.5) 0.301c

No. of aneurysms, mean (SD) 1.5 (0.7) 1.5 (0.8) 1.4 (0.7) 0.633f

Intraventricular hemorrhage, n (%) 24 (31.6) 10 (23.8) 14 (41.2) 0.105c

The hematoma formation, n (%) 8 (10.5) 2 (4.8) 6 (17.6) 0.149b

WFNS grade, mean (SD) 2.3 (1.4) 1.6 (1.0) 3.2 (1.4)  < 0.001f

H–H grade, mean (SD) 2.3 (0.9) 1.9 (0.7) 2.7 (1.0)  < 0.001f

Fisher grade, mean (SD) 2.7 (1.0) 2.4 (1.0) 3.1 (1.0) 0.016f

Surgery, n (%) 62 (81.6) 39 (92.4) 23 (67.6) 0.005a

Infection at discharge, n (%) 27 (35.5) 12 (28.6) 15 (44.1) 0.159c
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those with the favorable outcome (P < 0.05). Further, a sig-
nificantly higher SII on admission was observed in patients 
with unfavorable functional outcome at 6 months. Multi-
variate analysis showed that the SII might be an independ-
ent predictor for the unfavorable outcome (Table 4), and 
the adjusted odds ratio was 4.499 (95%CI: 1.242–16.295, 
P < 0.05).Furthermore, the ROC curve for unfavorable out-
come also manifested the predictive value of the SII, and a 
SII of 2344.65 was recognized as the optimal cut-off thresh-
old to discriminate between favorable and unfavorable out-
comes at 6 months (Fig. 1 and Table 5). The AUC of the 
SII for predicting unfavorable outcome was 0.692 (95% CI: 
0.571–0.814, P < 0.05). The sensitivity and specificity of the 
expected performance of SII were 66.7% and 75.0%. Then, 
the DeLong method was used to compare SII with other 
established clinical grading scales such as WFNS grade, 
Hunt and Hess grade, and Fisher grade. No statistical differ-
ence was found, which suggested that SII might be as useful 
as established clinical grading scales (Fig. 1 and Table 5).

Differences between high SII and low SII groups

In Table 1, there was no significant difference between high 
and low SII groups in baseline clinical characteristics data 
such as age, gender, and length of hospital stays. But higher 
WFNS grade, higher Hunt and Hess grade, and higher Fisher 
grade were detected in patients with high SII. Also, Spear-
man correlation analysis showed that the SII was correlated 
with WFNS grade, Hunt and Hess grade, and Fisher grade 
(r = 0.534, P < 0.05; r = 0.413, P < 0.05; r = 0.301, P < 0.05, 
respectively).

Comparison of SII with NLR and PLR

As shown in Fig.  2, the AUC of NLR for predicting 
unfavorable outcome was 0.620 (95% CI: 0.502–0.729, 
P = 0.069), while that of PLR was 0.697 (95% CI: 

Table 2  Characteristics of patients with aSAH

Characteristics Value or no. of patient

Age (years)
Mean (SD) 57.3(11.8)
Range 18–79
Gender
Male 31
Female 45
Hospital stay (days)
Mean (SD) 18.4(24.0)
Hypertension
YES 35
NO 41
Diabetes mellitus
Yes 2
No 74
Anticoagulation therapy
Yes (or maybe) 3
No 73
Smoking status
Yes 21
No 55
Drinking status
Yes 14
No 62
Number of aneurysms
Mean (SD) 1.5 (0.7)
Range 1–4
Intraventricular hemorrhage
Yes 24
No 52
The hematoma formation
Yes 8
No 68
WFNS grade
Mean (SD) 2.29 (1.4)
Range 1–5
Hunt and Hess grade
Mean (SD) 2.3 (0.9)
Range 1–5
Fisher classification
Mean (SD) 2.7
Range 1–4
Treatment
Conservative treatment 14
Craniotomy and clipping for aneurysm 18
Interventional surgery 43
Interventional and craniotomy 1
mRS score (after 6 months)
Mean (SD) 2.9 (2.5)
 < 3 40
 ≥ 3 36

Table 2  (continued)

Characteristics Value or no. of patient

DCI during hospitalization
Yes 17
No 59
Infection at discharge
Yes 27
No 49
In the ICU
Yes 68
No 8

DCI delayed cerebral ischemia; WFNS grade World Federation of 
Neurosurgical Societies grade; SII systemic immune-inflammation 
index; mRS modified Rankin scale
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0.581–0.797, P < 0.001). The sensitivity and specificity of 
the expected performance of NLR were 66.7% and 75.0%, 
while that of PLR were 69.4% and 70.0%. The Youden 
index of SII, NLR, and PLR was 0.417, 0.286, and 0.394, 

respectively (Table 5). No statistical difference (SII vs 
NLR, P = 0.367; SII vs PLR, P = 0.958, respectively) was 
identified when comparing the AUC of SII with NLR and 
PLR by the DeLong method.

Table 3  Demographic, clinical, and parameters in the univariate analysis of participating patients by 6-month prognosis outcome

H–H grade Hunt and Hess grade; WFNS grade World Federation of Neurosurgical Societies grade; SII systemic immune-inflammation index; 
DCI delayed cerebral ischemia; WBC white blood cells; PLT platelet; ANC absolute neutrophil; ALC absolute lymphocyte counts
a Fisher’s exact test
b Continuous calibration of χ2 test
c χ2 test
d t-test
f U-test
e Rank sum test

Characteristic Total patients Favorable outcome (0–2) Unfavorable outcome (3–5) P value
(n = 76) (n = 40) (n = 36)

Age (years), mean (SD) 57.3 (11.8) 54.2 (8.3) 60 (14.2) 0.023d

Gender (female), n (%) 45 (59.2) 24 (60) 21 (58.3) 0.883c

Hospital stays (days), mean (SD) 18.4 (24.0) 17.4 (6.7) 19.6 (34.4) 0.009f

Hypertension, n (%) 35 (46.1) 18 (45.0) 17 (47.2) 0.846c

Diabetes mellitus, n (%) 2 (2.6) 0 (0) 2 (5.6) 0.221a

Anticoagulation therapy, n (%) 3 (3.9) 1 (2.5) 2 (5.6) 0.601a

Smoking, n (%) 21 (27.6) 10 (25.0) 11 (30.6) 0.589c

Drinking, n (%) 14 (18.4) 8 (20.0) 6 (16.7) 0.708c

No. of aneurysms, mean (SD) 1.5 (0.7) 1.4 (0.7) 1.6 (0.7) 0.235f

Intraventricular hemorrhage, n (%) 24 (31.6) 9 (22.5) 15 (41.7) 0.073c

The hematoma formation, n (%) 8 (10.5) 2 (5.0) 6 (16.7) 0.200b

WFNS grade, n (%)  < 0.001e

1 37 (48.7) 26 (65.0) 11 (30.6)
2 6 (7.9) 6 (15.0) 0 (0.0)
3 13 (17.1) 4 (10.0) 9 (25.0)
4 14 (18.4) 4 (10.0) 10 (27.8)
5 6 (7.9) 0 (0.0) 6 (16.6)
H–H grade, n (%) 0.004e

1 17 (22.4) 11 (27.5) 6 (16.7)
2 32 (42.1) 21 (52.5) 11 (30.6)
3 19 (25.0) 8 (20.0) 11 (30.6)
4 7 (9.2) 0 (0) 7 (19.4)
5 1 (1.3) 0 (0) 1 (2.8)
Fisher grade, n (%) 0.064e

1 9 (11.8) 7 (17.5) 2 (5.6)
2 27 (35.5) 15 (37.5) 12 (33.3)
3 17 (22.4) 9 (22.5) 8 (22.2)
4 23 (30.3) 9 (22.5) 14 (38.9)
Surgery, n (%) 62 (81.6) 40 (100) 22 (61.1)  < 0.001a

DCI during hospitalization, n (%) 17 (22.4) 9 (22.5) 8 (22.2) 0.977 c

Infection at discharge, n (%) 27 (35.5) 5 (12.5) 22 (61.1)  < 0.001c

WBC  (109/L), mean (SD) 12.0 (4.9) 10.5 (3.5) 13.7 (5.7) 0.005d

PLT  (109/L), mean (SD) 205.9 (73.3) 204.1 (82.8) 207.8 (62.3) 0.621f

ANC  (109/L), mean (SD) 10.4 (4.8) 8.9 (3.5) 12.1 (5.4) 0.003d

ALC  (109/L), mean (SD) 1.0 (0.5) 1.0 (0.5) 0.9 (0.5) 0.061f

SII, mean (SD) 2954.5 (2423.8) 2230.5 (1801.3) 3758.92 (2776.4) 0.004f
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Discussion

In this retrospective study, our findings were as follows: (1) 
SII was correlated with the score of WFNS grade, Hunt and 
Hess grade, and Fisher grade on admission. (2) higher SII 
on admission was associated with poor 6-month outcome 
after aSAH. Taken together, the findings of the present study 
confirmed the hypothesis that SII on admission might be an 
important independent predictor for functional outcomes in 
patients with aSAH.

Aneurysmal subarachnoid hemorrhage has a very com-
plex pathophysiological process and has been shown to be 
a state of systematic inflammation and immunosuppression 
[5, 29]. Clinical data demonstrated that increased blood 
leukocyte count was associated with higher disease sever-
ity and worse outcomes in strokes [2, 7, 26]. Besides, the 
elevation of neutrophils within 0–14 days after SAH was 
relevant to higher risk for subsequent vasospasm and poor 
long-term outcome [7]. Recent study recognized great 
decrease in circulating T lymphocytes during acute phase 
SAH [30]. Decreased T lymphocyte count may be associ-
ated with higher risk for pneumonia and 3-month mortality 
[21, 37]. Moreover, previous studies showed that elevated 
platelets during aSAH were associated with DCI and a worse 
prognosis, while antiplatelet therapy could reduce the inci-
dence of DCI [5, 19]. In summary, neutrophil, platelet, and 
lymphocyte counts were associated with the occurrence of 

Table 4  Univariate and 
multivariate analyses of the 
involvement of different 
variables in aSAH patients with 
poor functional outcomes at 
6 months

H–H grade Hunt and Hess grade; WFNS grade World Federation of Neurosurgical Societies grade; SII sys-
temic immune-inflammation index; OR odds ratios; 95%CI 95% confidence interval
* per 1-point increment

Model

Univariate analysis Multivariate analysis

OR 95% CI P Adjusted OR 95% CI P

Age* 1.052 1.007–1.009 0.023 1.071 1.021–1.124 0.005
Surgery  < 0.001  < 0.001 0.998 Not selected
H–H grade* 2.371 1.339–4.199 0.003 1.280 0.491–3.336 0.614
WFNS grade* 2.150 1.454–3.180  < 0.001 1.791 1.139–2.815 0.012
Fisher grade* 1.548 0.978–2.450 0.062 0.917 0.447–1.878 0.812
SII 6.000 2.216–16.248  < 0.001 4.499 1.242–16.295 0.022

Fig. 1  Receiver operating characteristic analysis of Fisher grade, 
Hunt and Hess grade, WFNS, and SII in predicting functional out-
come of aSAH. Abbreviations: SII, systemic immune-inflammation 
index; WFNS grade, World Federation of Neurosurgical Societies 
grade

Table 5  The ROC curve 
comparison between SII and 
other predictive indicators

AUC  the area under the curve; H–H grade Hunt and Hess grade; SII systemic immune-inflammation index; 
NLR neutrophil-to-lymphocyte ratio; PLR platelet-to-lymphocyte ratio; ROC receiver operating character-
istics; WFNS grade World Federation of Neurosurgical Societies grade; OR odds ratios; 95%CI 95% confi-
dence interval

SII WFNS H–H grade Fisher grade NLR PLR

AUC 0.692 0.742 0.684 0.618 0.620 0.697
Youden index 0.417 0.494 0.328 0.164 0.286 0.394
P 0.002  < 0.001 0.002 0.056 0.069 0.002
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complications and prognosis of aSAH. But, individual blood 
parameters can be altered by some variables such as dehy-
dration, excessive hydration, blood specimen handling, and 
even race. So researchers used ratios such as NLR and PLR 
to minimize the influence of above confounders and gain 
much more reliable predictive effects for the prognosis of 
aSAH patients [20, 27, 33]. And the role of NLR in reflect-
ing inflammation and immune status has been confirmed in 
some diseases such as glioma [14]. Our study consistently 
demonstrated that patients with poor prognoses had higher 
neutrophil counts and lower lymphocyte counts than those 
with favorable prognoses. Patients with poor prognoses also 
had higher mean platelet counts, although no statistical sig-
nificance was observed in the study. Similarly, SII has been 
shown to be a good predictor of aSAH prognosis at 6 months 
in the study.

At present, WFNS grade, Hunt and Hess grade, and 
Fisher grade are often used to estimate the severity and 
prognosis of aSAH patients. But, all the scales above were 
based on clinical manifestations rather than laboratory data; 
hence, it is a research direction to find appropriate serologi-
cal indicators to predict the prognosis of aSAH. Our results 
suggested that SII is a novel integrated inflammatory marker 
in the area of aSAH research. In our study, ROC analysis 
indicated comparable predictive capability of SII to WFNS 
grade, Hunt and Hess grade, and Fisher grade in adverse 
prognosis, according to the non-significant statistical 

differences between the above parameters analyzed by the 
Delong test. Similarly, the Delong test did not show statisti-
cal significance in comparison of SII with NLR or PLR. 
However, the Youden index of SII was larger than that of 
NLR and PLR, respectively, which might be a hint of a more 
accurate predictive effect of SII on the prognosis of aSAH. 
Such superiority in accuracy might be due to the subtle dif-
ferences in the effects of SII compared with NLR and PLR. 
NLR mainly reflected inflammatory injury, PLR showed the 
effects of hemostasis and thrombosis, while SII provided 
holistic information on inflammation, immunity, hemosta-
sis, and thrombosis [5, 29, 34]. Since the adverse effects 
of inflammation, immunosuppression, and thrombosis had 
been validated in experimental and clinical data after aSAH, 
it was rational that SII would show a stronger predictive 
effect [24, 34]. Thus, the SII which combined ANC, ALC, 
and PLT together may be a comprehensive biomarker for 
assessing aSAH severity and predicting 6-month outcome. 
However, it is not clear whether there is a difference in SII 
between the acute and chronic stages of aSAH, because it 
has been shown that the pathophysiological processes are 
actually different in acute and chronic diseases. Previous 
studies have suggested that early inflammatory response is 
a protective mechanism in intracerebral hemorrhage dis-
ease, while persistent inflammatory response is a harmful 
mechanism [24, 29]. Furthermore, with the development of 
SAH, patients might develop vasospasm, DCI, hydrocepha-
lus, epilepsy, and other serious complications, leading to a 
worse prognosis for patients. Previous studies have shown 
that NLR can effectively predict the occurrence of DCI [1, 
17, 38]. As a more comprehensive indicator than NLR, SII 
should be also effective in predicting the occurrence of late 
complications of SAH.

Based on our findings, the current standard treatment of 
SAH could be further optimized. Individuals considering 
SAH should be evaluated with SII on admission. Those with 
high SII need to be screened for additional risks including 
inflammatory injury, immunosuppression, and thrombosis. 
More detailed assessment could be performed according to 
the patient’s condition. Following individualized treatment 
plans should be formulated according to available informa-
tion, such as reducing inflammatory damage, strengthening 
nutritional support to improve immunity, reducing the risk 
of thrombosis, and preventing platelet overactivation. These 
treatments might improve the prognosis of patients with high 
SII. However, the specific treatment measures still depend 
on the experience of clinicians.

It’s easy to obtain specific serological indicators for calcu-
lating SII in clinic. What’s more, our research proved a great 
predictive value of SII. It is reasonable to believe that the SII 
could be used to guide the stratification of the risk of aSAH 
with poor prognosis and provide personalized treatment in 
the early stage of aSAH, which might improve the patient’s 

Fig. 2  Receiver operating characteristic analysis of NLR, PLR, and 
SII in predicting functional outcome of aSAH. Abbreviations: NLR, 
neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; 
SII, systemic immune-inflammation index
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prognosis. Furthermore, our data also suggested that it was 
necessary to consider established clinical grades, such as 
Hunt and Hess grade and WFNS grade. However, further 
studies are needed to determine whether the cut-off values 
of SII are different in different regions and populations and 
whether SII can be used as a monitoring indicator of changes 
in condition of aSAH patients during hospitalization.

Limitation

There are potential limitations to our study. Firstly, our sam-
ple size is small, and it is necessary to increase the sam-
ple size for further verification. Secondly, the study lacks 
prospective and multicenter design, and the threshold value 
obtained from the total sample size may be biased. What’s 
more, the cut-off values may change with regions and popu-
lations. Thirdly, the telephone follow-up after 6 months 
was only subjective evaluation, lacking objective standards. 
Fourthly, the level of peripheral blood inflammatory indica-
tors varies greatly during the acute attack and progression of 
aSAH, and inflammation is often observed to be biphasic in 
nature, with elements that are both protective and deleteri-
ous. We only collected blood samples from patients at the 
time of admission, and there was a lack of blood samples 
during hospitalization.

Conclusion

In conclusion, high SII was associated with a poor 6-month 
outcome in patients with aSAH. SII could be a novel inde-
pendent prognostic factor for aSAH patients at the early 
stage of the disease. Further prospective studies about SII 
need to be evaluated in the future.
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