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Abstract
Aneurysmal subarachnoid hemorrhage (aSAH) is a devastating and life-threatening stroke subtype, that has a high disability 
and fatality rate. By the use of the systemic immune-inflammation index (SII), it is possible to understand the pathophysiology 
that underlies immune and inflammatory responses and anticipate consequences including delayed cerebral ischemia (DCI), 
delayed cerebral vasospasm, and functional outcome. A systematic search of the English-language literature in PubMed and 
Embase was performed to locate articles addressing the usage of SII in aSAH patients. The cutoff value, sensitivity, specific-
ity, and area-under-the curve (AUC) of the receiver operating characteristic (ROC) curve were collected. Four publications 
were reviewed after applying the exclusion criteria from the 53 included articles. All the studies indicated that higher SII 
on admission was significantly associated with poor prognosis. The research examined in this paper provides the earliest 
indications that higher SII predicts DCI, delayed cerebral vasospasm, and functional outcome, even though other medical 
subspecialties have used this ratio for a long time to make such predictions.

Keywords Systemic immune-inflammation index · Aneurysmal subarachnoid hemorrhage · Delayed cerebral ischemia · 
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Introduction

Aneurysmal subarachnoid hemorrhage (aSAH) is a devastat-
ing and life-threatening stroke subtype, that accounts for five 
percent of all strokes, and has a high disability and fatality 
rate. Approximately one-quarter of patients with aSAH do 
not reach the hospital or die in the emergency room [1]. Acute 
subarachnoid hemorrhage mortality has gradually dropped to 
35% in recent years [2, 3], which can be attributed to improve-
ments in contemporary surgical and medical treatment strat-
egies. Despite these advancements, it remains a significant 

threat that can cause irreversible neurological injury and 
results in a variety of neurologic diseases, substantial disabil-
ity, and other unfavorable outcomes, such as decreased quality 
of life, additional costly and care burden on affected families, 
and substantial expenses to the health care industry [2–4].

The mechanisms of cerebral injury following aSAH 
remain unclear. However, there is growing proof that sys-
temic inflammatory responses usually take place during the 
early stage of aSAH, play a crucial role in early brain injury 
and pathophysiological progression [5], cause harm to the 
hemorrhagic brain, and impact patients’ prognosis [6]. It is 
pressing to create a useful prognostic indicator for aSAH 
patient prognosis analysis. Despite the fact that many bio-
markers have been identified as indicators of prognosis, the 
majority of them is not useful in clinical settings or needs 
specialized laboratory tools or sophisticated sample col-
lection [7]. Simple, convenient, cheap, quick, and accurate 
biomarkers are far more useful for aSAH therapy than the 
majority of biomarkers, which call for laborious cerebro-
spinal fluid sample collection and laboratory analyses. A 
novel inflammatory marker, the systemic immune-inflam-
mation index (SII), calculated using the following formula: 
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SII = platelet count × neutrophil count/lymphocyte count, has 
recently been introduced for aSAH. As a ratio calculated 
based on platelets, neutrophils, and lymphocytes, compared 
with other common inflammatory parameters, such as the 
neutrophil–lymphocyte ratio (NLR), lymphocyte to mono-
cyte ratio (LMR), and platelet-lymphocyte ratio (PLR), this 
parameter concurrently includes three different kinds of 
peripheral blood inflammatory cells, which can offer a more 
accurate and thorough reflection of the balance between the 
patient’s inflammation and immune reaction [8]. SII can be 
simply detected by the routine blood test for complete blood 
count, the most normally used test in clinical applications.

In the last decade, SII has been demonstrated to be useful 
in some pathologies, such as cancer, acute coronary syn-
dromes, and neurosurgery [9–11]. Recently, some studies 
have proposed that SII could be related to prognosis in aSAH 
patients [6, 12]. However, because of the various experi-
mental regions and subjects, there have been no conclusive 
findings among the results of previous studies. Hence, we 
conducted a systematic review to comprehensively examine 
the value of SII as a reasonable and accessible indicator for 
predicting the risk of aSAH.

Materials and methods

The Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines were used to report 
this study. Additionally, we prospectively registered the 
study protocol in PROSPERO (registration number: CRD 
42022364661).

Literature search

We conducted a thorough search of the published literature 
on PubMed and Ovid EMBASE, from inception to October 
04, 2022. The following search terms were used for each 
database: (“systemic immune inflammatory index” OR “sys-
temic immune-inflammatory index” OR “systemic-immune-
inflammation index” OR “systemic immune-inflammation 
index” OR “neutrophil × platelets/lymphocyte” OR “SII”) 
AND (“SAH” OR “subarachnoid hemorrhage” OR “spon-
taneous hemorrhage” OR “ruptured intracranial aneurysm” 
OR “ruptured cerebral aneurysm” OR “ruptured brain aneu-
rysm” OR “aneurysmal subarachnoid hemorrhage”).

Inclusion and exclusion criteria

The study topics were defined by participant or patient, inter-
vention, comparison, outcome, study design (PICOS) criteria, 
and the publications had to meet the following requirements to 
be included: (a) comprised of adult patients (≥ 18 years old) 
with an aSAH diagnosis and (b) addressed the use of the SII as 

a predictive factor for delayed cerebral ischemia (DCI), delayed 
cerebral vasospasm, or functional outcome after aSAH. Stud-
ies were excluded if they met any of the following criteria: (a) 
reviews, editorials, commentaries, or conference abstracts; (b) 
SAH caused by factors other than aneurysm, such as trauma 
and other cerebrovascular diseases; (c) included pediatric 
patients; (d) studies presenting solely unadjusted univariate 
analysis data; and (e) not written in English.

Study selection and data extraction

The identified studies were independently reviewed by two 
authors in accordance with the requirements. Titles and 
abstracts of the retrieved records were first skimmed, and 
then, full texts of any potentially relevant research were 
examined. Justifications for study exclusion were noted and 
verified. The following information was collected by using a 
preestablished checklist: first author, country, study design, 
sample size, sex ratio, median age of the patients, outcome, 
optimal cutoff value of SII, follow-up period, outcome meas-
ures, and area under the curve (AUC). Any inconsistencies 
were clarified by discussion among the authors or by con-
sulting a third reviewer.

Data analysis

To evaluate the quality of the eligible studies, which 
included the terms selection, comparability, and outcome/
exposure, we utilized the Newcastle–Ottawa scale (NOS) 
[13]. Higher scores indicated higher quality, with the total 
score ranging from 0 to 9. A study with an NOS score of ≥ 6 
was regarded as high quality; otherwise, it was considered 
to be at high risk of bias.

The predictive power of SII in the studies was then 
classified by the AUC-ROC as poor (0.5–0.6), acceptable 
(0.6–0.8), and good (0.8–1.0).

Results

In the initial literature search, we used a string query to 
systematically search 53 studies. There were 40 studies left 
after duplicates were eliminated. By examining the abstracts 
and titles, and applying the inclusion and exclusion crite-
ria to the full text, 4 studies [6, 12, 14, 15] were included 
in the current study, totaling 1335 patients. The procedure 
flow for the research screening is depicted in Fig. 1. Two of 
them were performed in China; one each were performed 
in Korea and the USA. The oldest publication year was 
2021, and the most recent was 2022. The endpoints were all 
concerned with the likelihood of adverse outcomes being 
predicted, including DCI, delayed cerebral vasospasm, and 
functional outcome. The quality assessment using NOS is 
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shown in Supplemental Table. The NOS score for each of 
the included studies exceeded 6, which represented high 
quality. The information acquired through the systematic 
review is summarized in Table 1 and presented in the para-
graphs that follow.

Chen [12] retrospectively gathered and assessed data 
from 333 patients, of whom 101 suffered DCI. Blood speci-
mens were collected before treatment at admission. SII was 
significantly higher in the DCI group than in the non-DCI 
group: 2260 (1747–3218) vs. 1061 (737–1671), p < 0.001. 
With an AUC of 0.860 (95% CI: 0.818–0.896, p < 0.001), 
ROC curves demonstrated that SII might predict DCI. 
Although the AUC for SII was plainly higher than that for 
PLR, there was no discernible difference between NLR and 
SII. An SII ≥ 1424 might predict DCI with a sensitivity of 
93.1% and a specificity of 68.1%. This was determined to be 
the best cutoff value for SII to predict DCI.

In determining whether delayed cerebral vasospasm fol-
lows aneurismal rupture, Geraghty [14] discovered, using 
the information from 246 individuals, of which 166 (67.5%) 
developed sonographic or angiographic evidence of cere-
bral vasospasm, that the SII index remained an independent 
predictor of vasospasm after adjustment for age, aneurysm 

location, diabetes mellitus, hyperlipidemia, and modified 
Fisher scale, with an OR of 1.386 (1.118–1.719, p = 0.003). 
The prediction model demonstrated that the optimal cutoff 
for the SII level was 1924, whereby individuals with a SII 
index higher than this threshold is more prone to developing 
vasospasm. The model showed a sensitivity of 58.9% and 
specificity of 80.6% (AUC 0.767). The laboratory data were 
further collected within 24 h of admission.

Luo [15] discussed the influence of SII, which was 
obtained on admission, on the clinical functional outcome at 
the 6-month period after aSAH. In 36 of the 76 patients who 
were included, a modified Rankin scale (mRS) score equal to 
or higher than 3 was considered to indicate a poor functional 
outcome. SII at admission and 6-month clinical outcome 
were independently correlated, according to binary logistic 
regression (OR = 4.271, 95% CI: 1.047–17.422, p < 0.05). 
The prediction model revealed that the best cutoff value of 
2344.65 resulted in a sensitivity and specificity of 66.7% 
and 75.0%, respectively, with an AUC-ROC of 0.692 (95% 
CI:0.571–0.814, p < 0.05).

Additionally, evaluating unfavorable clinical outcomes, 
Yun [6] assessed functional outcomes at the 3-month mark, 
and an unfavorable outcome was defined as an mRS score of 

Fig. 1  Flowchart demonstrating 
study selection for inclusion in 
systematic review
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3–6. A total of 680 patients with aSAH were enrolled. The 
190 patients in the group with a poor clinical outcome had 
an average age of 55.2 ± 12.4 years. The SII index was an 
independent indicator of poor prognosis after aSAH (OR: 
1.68, 95% CI: 1.24–2.74, p = 0.040). It was discovered that 
960 was the best cutoff value for the SII index to predict 
prognosis (AUC:0.702, 95% CI: 0.638–0.765, p < 0.001). 
Laboratory findings were obtained using blood collected 
upon admission to the emergency department.

Discussion

In this study, we primarily reviewed the existing literature 
and summarized that the prognostic value of SII as a novel 
biomarker for poor outcome prediction in aSAH patients, 
including the occurrence of DCI and delayed cerebral 
vasospasm, and poor functional outcome. Four studies were 
included in our review, totaling 1335 patients. We discov-
ered that two of the studies looked at the connection between 
SII and poor functional outcomes, while one assessed the 
association of SII and the occurrence of DCI, and one 
assessed the association of SII and the occurrence of delayed 
cerebral vasospasm. All the studies indicated that higher SII 
on admission was significantly associated with poor progno-
sis. To the best of our knowledge, this is the first systematic 
review providing comprehensive insights into this topic.

Over the past few years, neuroinflammation has been the 
subject of intense scholarly research in neurological disor-
ders, particularly in cerebrovascular diseases, and several 
studies have been conducted on the association between the 
inflammatory response and aSAH. Systemic inflammation 
is thought to be a significant pathophysiological mechanism 
in aSAH and probably another crucial factor in the develop-
ment of early brain injury, which takes place within the first 
72 h but has persistent aftereffects that endure a lifetime 
and affect the development of DCI. Typically, changes in 
the concentrations of white blood cells, lymphocytes, neu-
trophils, and monocytes are used to describe the inflam-
matory response [5]. In recent years, a rising number of 
studies have explored some novel composite inflammation 
and immunity biomarkers based on these peripheral blood 
parameters, for example, PLR, NLR, LMR, systemic inflam-
matory response index (SIRI), and SII, with findings indicat-
ing that these combined markers are superior to single-cell 
counts as indicators of the prognosis for aSAH [5, 17–19]. 
These inflammatory biomarkers may contribute to endothe-
lial damage, apoptosis, blood–brain barrier disruption, and 
cerebral edema, which may exacerbate brain damage (brain 
edema and secondary brain injury, including vasospasm and 
DCI) [16].

At present, there is accumulating evidence that the SII 
index can provide valuable prognostic information in a Ta
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number of disorders, such as gastrointestinal cancer [10, 
20], urinary system cancers [21], and cardiovascular dis-
eases [11]. In the neurosciences, a higher SII index is known 
as a predictive factor for poor prognosis in brain patholo-
gies such as intracerebral hemorrhage [22], sinus thrombosis 
[23], cerebral infarction [24], and glioma [9]. For intracer-
ebral hemorrhage patients [22], it was demonstrated that SII, 
particularly day-1 SII, was strongly correlated with 90-day 
functional outcome.

It is crucial to detect potentially severe patients as soon as 
feasible in facilitate transfer to intensive care and effective 
time management for patients with aSAH. The most widely 
utilized clinical prediction models for recognizing aSAH 
patients with poor prognosis at the moment are the WFNS 
and Hunt Hess scale [25]. These models, however, do not 
take into account the predictive power of biological com-
ponents and are only dependent on clinical data. SII index, 
which incorporates alterations in peripheral neutrophils, 
lymphocytes, and platelets, is a novel, easily available, and 
noninvasive biomarker with enhanced specificity to assist 
identify individuals at high risk of developing vasospasm. 
Previous studies suggested that patients with higher SII val-
ues upon admission may be at an increased risk of having 
a poor prognosis. In addition, SII may also help decision-
makers decide which patients need prophylaxis against poor 
outcomes. For instance, numerous trials have demonstrated 
the safety and effectiveness of antiplatelet medication in 
SAH [26, 27]. They can lessen their risk of DCI and delayed 
cerebral vasospasm by using antiplatelet medications that 
have both antiplatelet and anti-inflammatory effects. Patients 
with greater SII may benefit from the initiation of antiplate-
let medication since they are more likely to be experienc-
ing a significant inflammatory response and to be in a pro-
thrombotic condition. All the included studies measured SII 
upon admission, but this measure simply reflects admission 
status, and more studies that incorporate known risk factors 
and prognostic indicators are required to establish a schema 
for guidance.

There were some drawbacks to our study as well. First, 
only four studies received a full evaluation and were eligible 
for inclusion in this systematic review. Second, all included 
studies had the weaknesses associated with a single center, 
a small sample size and a retrospective design. Third, of 
those studies, a meta-analysis was impossible because there 
was high heterogeneity among the three outcomes that were 
taken into account. Consequently, the utility of SII remains 
limited, as its predictive factor is based solely on a single 
study per outcome. These viewpoints illuminate the way for 
additional primary investigations that have to concentrate on 
a prospective multicenter approach, large samples, reducing 
bias, and medications that might downregulate SII values. 
This study ultimately provides a foundation for upcoming 
meta-analyses.

Conclusions

The major conclusions of the papers included in this sys-
tematic review are as follows: (1) SII upon admission is 
markedly correlated with poor functional outcomes and the 
occurrence of delayed cerebral vasospasm and DCI in aSAH 
patients, and (2) SII may serve as a novel crucial indicator 
for prognosis prediction and risk stratification for patients 
with aSAH. Given the limitations of observational stud-
ies, the quality of the evidence was rated as low to very 
poor, indicating that more thorough investigation is required 
before drawing firm conclusions. Future research should also 
further establish the ideal cutoff value, define the group that 
will benefit, and explore whether SII can be utilized in con-
junction with other recognized risk variables to create a reli-
able risk assessment system.
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