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Abstract

Aim: Systemic inflammatory index (SII) is an indicator with prognostic value that has been previously shown to be associated with inflammatory 
processes and prognosis in malignancies. In our study, SII and related factors were examined in the postoperative surveys of patients who 
underwent craniotomy for various reasons.

Methods: In January-December 2024, 144 patients who underwent craniotomy with the diagnoses of intracranial mass, spontaneous intracerebral 
haemorrhage and traumatic intracerebral haemorrhage were included in the study. Inflammatory, metabolic indicators and survey statuses were 
recorded as study data. Systemic inflammatory indices were calculated, and the results were statistically analysed.

Results: No significant relationship was observed between systemic inflammatory index (SII) and mortality (p=0,670). There was no significant 
difference in survival between genders and age groups. Hemoglobin and platelet values were lower in patients with mortality. PT, APTT, and 
INR values were significantly higher in patients with mortality. AST, BUN, and creatinine values were also higher in patients with mortality. 
Preoperative and postoperative CRP values were found to be higher in patients with mortality.

Conclusion: Although we say that SII has no effect on prognosis, our study has revealed very important findings that will affect prognosis. There 
is always a need for new studies that will provide close follow-up of the prognosis and the patient.

Keywords:  Systemic Inflammatory Index; Craniotomy; Immune Response; Cytokines; Inflammation

Abbreviations: SII: Systemic Inflammatory Index; CRP: C-Reactive Protein; NLR: Neutrophil-To-Lymphocyte Ratio; TPN: Total Parenteral 
Nutrition; PLR: Platelet-To-Lymphocyte Ratio

Introduction

The systemic inflammatory index (SII) is a marker calculated 
by combining platelet, neutrophil and lymphocyte count. Studies 
have demonstrated that elevated SII values are associated with 
disease severity and poor prognosis in numerous diseases and 
malignancies [1,2]. It is crucial for indicating inflammation and 
immune response. Several studies have demonstrated that a range 
of inflammatory biomarkers, including C-reactive protein (CRP), 
the neutrophil-to-lymphocyte ratio (NLR) and the platelet-to-
lymphocyte ratio (PLR), are associated with prognosis in various 
types of cancer, as well as in several diseases characterised by  

 
inflammation [3-7]. The surgical procedure of craniotomy, or 
the creation of a burr-hole in the skull, has been observed since 
the Paleolithic and Neolithic periods [8]. Craniotomy represents 
the foundation of neurosurgical practice, encompassing the 
fundamental techniques employed to access the requisite 
location in intracranial procedures. Infections are a common and 
potentially fatal complication in the neurosurgical intensive care 
unit, particularly in the context of craniotomy. Impaired immune 
response after central nervous system surgery is associated with 
an elevated risk of infection and postoperative complications [9].
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Systemic inflammation is induced as a biological response to 
craniotomy. The resulting immune response causes the release 
of intracellular antigens from leukocytes that are not normally 
secreted [10]. During neurosurgical procedures, such as the 
placement of cranial pins and the creation of surgical incisions in 
the scalp, noxious stimulation can precipitate a sudden increase 
in blood pressure and heart rate [11]. Furthermore, numerous 
neurohormonal responses give rise to the release of cytokines, 
which can ultimately result in tissue damage. Nevertheless, to 
the best of our knowledge, no study has been conducted on SII in 
patients who have undergone craniotomy surgery for any reason, 
including the removal of an intracranial mass, the treatment of an 
intracerebral haemorrhage, or the repair of traumatic injuries. 
Considering the considerations, the objective of our study was 
to evaluate patients who were admitted to the postoperative 
neurosurgical intensive care unit over the past year. This was done 
to ascertain the prognostic value of SII in patients who underwent 
craniotomy.

Material and Methods 

Study Design

This study is a retrospective clinical study, conducted 
by Kayseri City Hospital Neurosurgery Clinic with taken of 
Ethical Approval by Kayseri City Hospital (Approval Number: 
273/10.12.2024). The retrospective review of patients was 
conducted in accordance with the ethical standards established 
by the institutional or regional responsible committee and in 
accordance with the principles set forth in the 1975 Declaration 
of Helsinki, as revised in 1983. Owing to the retrospective design 
and use of fully anonymized data, the requirement for individual 
patient informed consent was formally waived by the “Kayseri City 
Hospital Ethics Committee”, in line with the Regulation on Clinical 
Researches of the Ministry of Health of T… (Official Gazette No. 
28617, 13 April 2013). The study included 144 patients who met 
the appropriate criteria.

Inclusion Criteria: Patients between the ages of 18-80 who 
underwent surgery due to tumour, spontaneous intracerebral 
haemorrhage, and trauma-related bleeding were included in the 
study regardless of gender.

Exclusion Criteria: Patients who underwent surgery with a 
diagnosis of intracranial infection or abscess, patients with known 
autoimmune and inflammatory disease. Patients who underwent 
burr-hole surgery alone due to hydrocephalus, and patients who 
underwent burr-hole craniotomy due to chronic subdural effusion.

Data Collection

Age, gender, reason for surgery, systemic inflammatory 
response markers, duration of intensive care unit stay, and blood 
laboratory tests were retrospectively evaluated in patients who 
underwent craniotomy with the diagnosis of intracranial mass, 
intracerebral haemorrhage or posttraumatic haemorrhage in 

the neurosurgery intensive care unit of our hospital in 2024 
(January-December). Of these variables, CRP value was recorded 
preoperatively and, on the 2nd, postoperative day. Hemogram, 
coagulation tests: Pt- aPTT-INR, kidney (GFR, Creatinine) and liver 
(AST, ALT) function tests were recorded on the 2nd postoperative 
day. The duration of intensive care unit stays and the feeding 
methods (enteral, total parenteral nutrition) during this period 
were recorded. The surveys (Discharge, Exitus) at the end of the 
hospitalization period were recorded.

Statistical Analysis

Data were recorded and analyzed using SPSS 22 programme. 
We used frequencies, percentages, mean values, standard 
deviations, median values, and maximum and minimum values for 
descriptive statistics. For statistical analysis of categorical data, 
Fisher’s Exact test was used for Pearson’s chi-square (continuity 
correction) values below 5. The Kolmogorov-Smirnov test was 
used to check the data’s conformity to a normal distribution. 
Because quantitative data did not conform to a normal distribution 
in independent groups, the Mann-Whitney U test was used for 
two groups and the Kruskall-Wallis test (post hoc: Dunn’s test) 
was used for groups greater than two. Statistical significance was 
considered at p<0.05.

Results

Of the 144 patients included in the study, 52 (36.1%) were 
female and 92 (63.9%) were male. The mean age was 57.03±17.51 
(min-max: 18-80) years. The majority of patients (n: 93, 64.6%) 
were diagnosed with malignancy, while 30 patients (20.8%) 
had trauma-related bleeding and 21 patients (14.6%) had 
spontaneous bleeding. Thirty-five (24.3%) of the patients died, 
and 109 (75.7%) were discharged. Total Parenteral Nutrition 
(TPN) was the preferred feeding method for 9 (6.3%) patients. 
General patient information and some variables that may be 
related to their progression are presented in Table 1. There was 
no significant difference in survival between genders and age 
groups (p>0.05). Mortality in patients fed TPN was lower in those 
with a high history of malignancy (p<0.05) (Table 1). Patients 
with mortality as a progression had a higher number of days in 
the intensive care unit. Hemoglobin and Platelet counts were 
lower in patients with mortality. PT, APTT, and INR values were 
significantly higher in patients with mortality.

No significant relationship was observed between systemic 
inflammatory index (SII) and mortality (p=0,670). AST, BUN, and 
Creatinine values were higher in patients with mortality, while 
GFR and ALB were lower. Patients with mortality also had higher 
preoperative and postoperative CRP values, and higher sodium 
and chloride levels (Table 2). Length of stay was significantly 
lower in patients undergoing surgery for malignancy. In patients 
with traumatic bleeding, hemoglobin and platelet counts were 
significantly lower, while PT, AP, INR, and AST values were 
higher compared to patients undergoing surgery for malignancy. 
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Preoperative creatinine and CRP values were significantly higher 
in patients with spontaneous bleeding compared to patients with 
malignancy, while GFR was lower. Postoperative CRP and Na values 

were significantly lower in patients with malignancy compared to 
the other groups. Cl was significantly different between patients 
with tumor-related and trauma-related bleeding (Table 3).

Table 1: Survival and some Sociodemographic and Health Variables.

Variables
n

All Patients Progression
pDischarge Exitus

n % n %

Gender Female 52 41 78.8 11 21.2 0,645*
Male 92 68 73.9 24 26.1

Age Groups
<40 28 23 82.1 5 17.9

0,518**
40-59 37 29 78.4 8 21.6

>60 79 57 72.2 22 27.8

Diagnose
Malignancy 93 81 87.1 12 12.9

<0,001**
Trauma-Related Bleeding 30 17 56.7 13 43.3

Spontaneous Bleeding 21 11 52.4 10 47.6

Nutrition Enteral 135 107 79.3 28 20.7 0,001***
Total Parenteral Nutrition 9 2 22.2 7 77.8

Row Percentage Was Used. *Continuity Correction, ** Pearson Chi Square, *** Fisher’s Exact Test

Table 2: Progression and some potentially related measurements.

Variables

Progression
p*Discharge Exitus

Median Min-Max Median Min-Max

Age 60 18-80 65 19-80 0,128

Length Of Stay in Intensive Care Unit (Days) 5 2-93 26 5-92 <0,001

WBC 12.87 4.16-32.41 12.9 5.46-46.53 0,946

Neutrophil 10.1 2.17-26.00 10.95 4.78-38.43 0,876

Lymphocyte 1 0.12-3.60 0.82 0.19-3.62 0,058

Hgb 12 7-15.8 10.5 6.5-14.4 <0,001

Platelet (Thousand) 215 97.0-400.0 188 67.0-302.0 0,004

PT 12.2 10.5-18.0 13.5 11-24.3 <0,001

APTT 21.7 15.7-32.5 23.4 14.1-36.5 0,036

INR 1.07 0.9-1.62 1.19 0.9-2.21 0,006

Fibrinogen (Thousand) 3.45 1.07-8.12 3.89 2.13-9.0 0,059

AST 17 5.0-147.0 23 11.0-283.0 <0,001

ALT 16 5.0-352.0 17 5.0-129.0 0,730

BUN 16 1-39 25 8-83 <0,001

Creatinine 0.7 0.3-2.7 1.1 0.5-5.0 <0,001

GFR 100 23.0-171.0 65 13.0-135.0 <0,001

ALB 34 23-45 30 19-39 <0,001

CRP Preoperative 3.2 0.1-349.0 6.6 0.9-111.0 0,002

CRP Postopoperative 36.5 0.2-338.0 98 0.7-339.0 <0,001

Na 139 128-150 143 136-173 <0,001

K 4.1 2.9-5.3 4 2.3-6.4 0,799
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Cl 103 90-115 110 99-139 <0,001

Mg 2 1.5-2.8 2.2 1.4-2.7 0,084

Ca 8.3 6.9-11.0 8 5.8-9.9 0,054

SII 2274.3 124.2-18075 2458.3 345.2-17665 0,670

WBC: White Blood Cell, HGB: Hemoglobin, PLT: Platelet, PT: Prothrombin Time, APTT: Activated Partial Thromboplastin Time, INR: International 
Normalized Ratio, AST: Aspartate Aminotransferase, ALT: Alanine Aminotransferase, BUN: Blood Urea Nitrogen, GFR: Glomerular Filtration Rate, 
ALB: Albumin, CRP: C-Reactive Protein, NA: Sodium, K: Potassium, CL: Chloride, MG: Magnesium, CA: Calcium, SII: Systemic Inflammatory Index 
*: Mann Whitney U Test

Table 3: Some measurements that may be associated between diagnostic groups.

Variables

Diagnose

p*Malignancy Trauma-Related Bleeding Spontaneous Bleeding

Median Min-max Median Min-Max Median Min-Max

Age 61 18-80 62 19-80 63 21-80 0,633

Length of Stay in Intensive Care Unit 
(Days) 5a 2-78 14.5b 2-93 14b 3-64 <0,001

WBC (Per Thousand) 12.67 4.16-46.53 12.54 5.46-28.80 15.5 5.79-22.58 0,349

Neutrophil 9.9 2.17-38.4 9.9 4.8-26.2 13.4 5.0-19.1 0,166

Lymphocyte 1.05 0.12-3.62 0.92 0.23-3.6 0.86 0.34-2.67 0,467

Hgb 12.3a 6.5-15.8 10.2b 7.4-14.1 11.3a, b 7.5-14.9 <0,001

PLT (Thousand) 226.0a 97.0-400.0 175.5b 67.0-302.0 198.0a, b 118.0-273.0 0,002

PT 12.1a 10.5-18.0 13.8b 11.4-24.3 12.7a, b 10.8-21.1 <0,001

APTT 21.6a 15.7-32.5 25.0b 14.1-36.1 22.9a, b 15.9-36.5 0,002

INR 1.06a 0.9-1.6 1.22b 0.9-2.21 1.09a, b 0.94-1.91 0,001

Fibrinogen 3576 1070-9000 3469 2228-9000 4002 2487-8115 0,463

AST 16.0a 5.0-283.0 21.0b 10.0-147.0 19.0a, b 9.0-87.0 0,008

ALT 17 5.0-115.0 17 7.0-352.0 15 6.0-24.0 0,309

BUN 16 1-51 17 6-83 22 8-56 0,280

Creatinine 0.70a 0.4-2.66 0.76a, b 0.33-5.06 0.83b 0.51-2.38 0,004

GFR 100.0a 23.0-148.0 89.0a, b 13.0-171.0 76.0b 23.0-124.0 0,007

ALB 34 20-45 31 23-42 34 19-43 0,063

CRP preoperative 3.0a 0.1-349.0 5.9a, b 0.1-111.0 10.8b 1-86.5 0,008

CRP postoperative 30.0a 0.6-338.0 97.5b 0.2-339.0 60.0b 2.5-254.7 <0,001

Na 139a 128-173 140.5b 133-164 142b 136-171 <0,001

K 4.1 2.3-5.3 4.2 3.1-6.4 3.9 3.3-4.8 0,342

Cl 103.0a 90-139 107.0b 99-131 104a, b 101-135 <0,001

Mg 2.07 1.4-2.8 1.9 1.7-2.5 2.1 1.5-2.7 0,159

Ca 8.3 6.9-11.0 8 5.8-9.2 8.4 6.4-9.2 0,147

SII 2279 214-18075 2068 345-8889 2313 688-9137 0,650

WBC: White Blood Cell, HGB: Hemoglobin, PLT: platelet, PT: Prothrombin Time, APTT: Activated Partial Thromboplastin Time, INR: International 
Normalized Ratio, AST: Aspartate Aminotransferase, ALT: Alanine Aminotransferase, .BUN: Blood Urea Nitrogen, GFR: Glomerular Filtration Rate, 
ALB: Albumin, CRP: C-Reactive Protein, NA: Sodium, K: Potassium, CL: Chloride, MG: Magnesium, CA: Calcium, SII: Systemic Inflammatory Index 
*: Kruskall Wallis Test (Post hoc: Dunn’s Test a, b, The difference between groups that do not have the same letter on the same line is significant)
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Discussion

To our knowledge, this is the first report showing the 
prognostic role of SII in patients who underwent craniotomy for 
various reasons. This study revealed that SII was an independent 
significant factor but could not predict the prognosis (discharge 
or exitus) in patients who underwent craniotomy (p=0,670). 
There is a strong link between surgical incision, craniotomy, and 
inflammation in particular. In previous SII studies conducted on 
patients with various inflammatory diseases or cancer patients, 
a clear relationship between SII and the disease was frequently 
detected. For example, Hu B, et al. worked on patients with 
hepatocellular carcinoma, and he concluded that SII was a 
powerful prognostic indicator in patients with hepatocellular 
carcinoma [12]. Again, Hong X, et al. worked on small cell lung 
cancer and concluded that SII was an independent factor for 
patients with small cell lung cancer [13]. In our study, although 
the mortality rate was lower in patients with brain tumour from 
bleeding patients. We found that SII had no effect on prognosis, 
i.e. survival. But mortality was higher in patients who underwent 
craniotomy; were older, and had a longer history of stay in 
intensive care unit. Length of stay was significantly lower in 
patients undergoing surgery for malignancy, because tumor 
patients often undergo elective surgery, preoperative compliance 
is carefully considered before undergoing a planned operation. 
However, these prerequisites may not be met in patients with 
spontaneous or traumatic bleeding requiring emergency surgery. 
Therefore, hospital stays for tumor-related patients are shorter.

Hgb and PLT values were significantly lower in patients with 
trauma-related bleeding, which suggests that these data should 
be evaluated not only in patients with head trauma but also in 
patients with multiple trauma. Patients undergoing trauma-
related surgery also have higher PT, APTT, and INR values than 
those undergoing tumor surgery, suggesting that tumor surgery 
is performed under more selective conditions. The lower 
creatinine and higher GFR in malignant patients compared to 
those undergoing bleeding-related surgery may be due to the 
consultation with the internal medicine clinic before surgery and 
the provision of optimal preoperative conditions. Because the Na 
and Cl balance in bleeding patients is adjusted under emergency 
conditions, a higher level in tumor patients is a predictable and 
preventable outcome. Maintaining fluid and electrolyte balance is 
crucial, as mortality rates are higher in bleeding patients. However, 
when nutrition was evaluated, the aim of nutritional support 
is to reduce the negative effects of critical illness on nutritional 
status; it can positively influence outcomes and prevent or reverse 
malnutrition [14,15]. It is also extremely important to start 
nutritional therapy as early as possible and certainly within the 
first week of critical illness. In our study, mortality was found to 
be higher in patients who underwent craniotomy and were 60 
years of age or older and were fed with TPN. While 80.4% of our 

patients fed enterally were discharged, 28.6% of our patients fed 
TPN were discharged. Enteral, that is, natural nutrition, gave much 
better results in terms of prognosis. In or study, low albumin levels 
have also been found to have a negative effect on prognosis.

In studies conducted on various diseases accompanied 
by inflammation, SII was found to be significantly effective on 
prognosis. Liu B, et al. found that when SII is higher than 578.25, 
the risk of rheumatoid arthritis will increase significantly [16]. 
Various studies have been conducted to reveal the relationship 
between SII and diseases such as psoriatic arthritis and ankylosing 
spondylitis, which are accompanied by systemic inflammation. 
Keleşoglu, et al. showed that SII levels were significantly higher 
in PsA patients with moderate to severe disease (p<0.001) in 
106 psoriatic arthritis patients [17]. Wu, et al. confirmed that SII 
was increased in patients with ankylosing spondylitis [18]. They 
also stated that SII could be a new indicator to monitor disease 
activity in AS. Systemic immune-inflammation index (SII) is an 
indicator used to assess the degree of systemic inflammation in an 
individual. It is calculated by platelet count, neutrophil count, and 
lymphocyte count (PLT×N/L ratio) [12]. Some researchers think 
that it can be used as an indicator of the progression of a certain 
disease. The study by Li, et al. suggested that high SII levels may 
increase overall mortality and cardiovascular disease mortality in 
the general population [19]. He L, et al. found that increased SII 
was associated with poor survival in patients with atherosclerotic 
cardiovascular disease [20]. Guo, et al. found that SII levels were 
associated with the development of diabetic kidney disease [21]. 
In fact, SII can be used to follow the prognostication of many 
diseases and can be a low-cost and simple method. Adanır, et al. 
found that SII levels were significantly higher in patients with 
ulcerative colitis and similarly higher in in patients with active 
disease. They found that SII levels were statistically significantly 
higher in those with widespread colitis [22].

The main component of the biological response to craniotomy 
is the induction of inflammation. This type of immune response 
occurs through the release of intracellular antigens from 
leukocytes [10]. Craniotomy and surgery of malignant patients 
are usually planned and controlled. The most used non-invasive 
method for the evaluation of the inflammatory process is the CRP 
level [22]. However, in our patients who come to craniotomy with 
spontaneous or traumatic bleeding, the immune response and CRP 
increase due to stress may be present preoperatively. However, in 
our study, the inflammatory response and CRP levels were found 
to be higher than normal on the second postoperative day in all 
groups and were shown to have an effect on prognosis. Despite 
this, it was observed that the calculated SII value had no effect on 
prognosis. (p=0, 670). Also, in our study, impaired renal function 
tests, liver tests, and high prothrombin time increased mortality 
(<0,001).
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Limitations of The Study

This study was conducted for only one year and the limited 
number of patients meeting the criteria constitutes the limitations 
of the study. In addition, since it is a single-centre study, it would 
not be right to generalize. Our own clinical knowledge and 
experiences were intended to be conveyed to the readers.

Conclusion 

Neurosurgical intensive care usually hosts individuals whose 
general condition has suddenly deteriorated and who are in deep 
coma with a low Glasgow Coma Score. In the evaluation, follow-
up and treatment of patients, ensuring hemodynamic, metabolic 
and neurological stability is of vital importance. Although we say 
that SII has no effect on prognosis, our study has yielded very 
important findings that will affect the prognosis. New treatment 
algorithms and paradigms are still very much needed. Our 
work continues to monitor the prognosis of patients who have 
undergone craniotomy and to level up of treatments for improving 
their surveys.
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