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Association of inflammatory burden index with prognosis as well as stroke-associated pneumonia in non-surgical patients with spontaneous intracerebral hemorrhage
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Aim: To assessment the new biomarker, the inflammatory burden index (IBI) and their correlations with clinical outcome as well as stroke-associated pneumonia (SAP) of ICH patients.

Methods: Patients diagnosed as spontaneous intracranial hemorrhage (SICH) were retrospectively screened from December 2018 to December 2022. The IBI was formulated as C-reactive protein×neutrophils/lymphocytes. In addition, systemic-inflammatory indices including ratios of neutrophil-to-lymphocyte (NLR), monocyte-to-lymphocyte (MLR), platelet-to-lymphocyte (PLR),and patelet-to-neutrophil (PNR), systemic immune-inflammation index (SII), and systemic inflammation response index (SIRI) on admission also were calculated. The primary outcome measure was 90-day functional outcome and the occurrence of SAP, with an mRS 3–6 score representing a unfavorable outcome. We used ROC curves to evaluate the diagnostic value of these differences. Univariate and multivariable analyses was conducted to identify the factors independently associated with 3 months unfavorable functional outcomes and stroke-associated pneumonia.

Results: A total of 209 patients were enrolled, of which 144 (68.9%) had unfavorable 90-day functional outcome, and 89 (42.1%) ICH patients developed SAP. Elevated IBI is an independent predictor for both stroke-associated pneumonia (SAP) and unfavorable 3-month outcomes in acute ICH patients, and showed a good predictive ability for SAP (AUC = 0.811, p < 0.001) and poor prognosis at 3 months (AUC = 0.745, p < 0.001).

Conclusion: Inflammatory biomarker index (IBI) are predictive of 90-day functional outcome and the SAP occurrence in patients with ICH.
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Introduction

Intracerebral hemorrhage (ICH) is a particularly devastating form of stroke. Although it represents merely 10–20% of all stroke cases, it accounts for approximately 44% of stroke-related mortality and 60–80% of survivors experience serious neurological impairment, underscoring its disproportionately high clinical impact (1, 2). Most survivors of ICH continue to face complications, stroke-associated pneumonia (SAP) is the most common devastating complication, with an incidence rate of 34.6%, which also have a significant impact on the patient’s overall prognosis (3). Therefore, it is essential to find an early screening strategy for diagnosis and prognosis prediction in ICH patients (4–6). The inflammatory response contributes to the ICH-induced secondary brain injury and is indispensable in the occurrence and progression of SAP (7).

Within hours to days following ICH, a series of inflammatory reactions around the hematoma contributes to secondary injuries and worsen the prognosis (8). Correspondingly, peripheral blood inflammatory biomarkers, as easily accessible markers, may help predict functional outcomes (9). Previous studies have found that systemic inflammatory indices such as the neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), monocyte-to-lymphocyte ratio (MLR), and systemic inflammatory response index (SIRI) are correlated with the clinical outcomes and complications of intracerebral hemorrhage (ICH) patients (9–15). The Inflammatory Burden Index (IBI) is a novel inflammatory marker defined as C-reactive protein (CRP) multiplied by the neutrophil-to-lymphocyte ratio (NLR) (16–18). Reflecting the level of inflammatory burden in tumors, IBI has been proven to be a strong prognostic predictor for cancer patients and may be the optimal indicator among various systemic inflammation indicators.

Accordingly, in this study, we aimed to investigate the association between IBI and the prognosis as well as in-hospital complications of ICH patients. We also compared the prognostic performance of IBI with previously reported inflammatory biomarkers to determine their prognostic value.



Methods


Patient selection

Patients diagnosed as spontaneous intracranial hemorrhage (SICH) at a comprehensive stroke center were retrospectively screened from December 2018 to December 2022. The inclusion criteria were as follows:


	(1) Diagnosis of spontaneous SICH, confirmed first (or recurrent) stroke by computerized tomography (CT).

	(2) Within 72 h from the onset.

	(3) Aged 18 years or older.



The exclusion criteria were:


	(1) Secondary intracranial hemorrhage, caused by trauma, brain tumor, ruptured aneurysm, vascular malformation, venous sinus thrombosis, or other known causes.

	(2) Pre-stroke disability [a premorbid modified Rankin scale (mRS) score of ≥3].

	(3) Patients who required surgical intervention.

	(4) Severe hepatic or renal dysfunction.

	(5) The presence of systemic inflammatory rheumatic diseases, hematologic diseases, chronic respiratory diseases, systemic or localized infectious diseases, and active cancer; concurrent/recent infectious diseases, or ongoing anti-inflammatory or immunomodulatory therapies.

	(6) Missing clinical or follow-up information.





Clinical, imaging, and outcome data collection

The detailed data collected from the electronic medical record system were as follows:


	(1) Demographic data (sex, age, smoker and alcohol drinker).

	(2) Medical history (hypertension, diabetes, and previous history of stroke).

	(3) Initial imaging (hemotoma volume [calculated by a*b*c/2], the presence of IVH).

	(4) Admission status (NIHSS, GCS score, Systolic BP, mmHg, Diastolic BP, mmHg).

	(5) Laboratory tests (CRP, neutrophils, lymphocytes, glucose, hemoglobin, leukocytes, platelets and monocytes).



The primary outcome of the study was 90-day unfavorable outcome, defined as a modified Rankin Scale (mRS) score of 3–6. The secondary outcome was stroke-associated pneumonia (SAP). According to the recommendations of the Pneumonia in Stroke Consensus Group, SAP was defined as the spectrum of lower respiratory tract infections within the first 7 days after stroke onset; (19) It was diagnosed on a basis of clinical symptoms (eg, cough, purulent sputum), signs (eg, fever, tachypnea), or laboratory investigations (eg, white blood cell count, C-reactive protein), and supported by typical chest radiographs findings.

All outcomes assessments were assessed by certified neurologists who were blinded to the clinical data.



Inflammatory biomarkers

Blood samples were routinely collected for the blood counts (including neutrophils, monocytes, and lymphocytes) assessment within 24 h after admission. In cases where multiple laboratory data were obtained during these time period, the highest value was recorded.


	Inflammatory Burden Index (IBI) = CRP × neutrophils/lymphocytes,

	Neutrophil-to-lymphocyte ratio (NLR) = neutrophils/lymphocytes,

	Monocyte-to-lymphocyte ratio (MLR) = monocytes/lymphocytes,

	Platelets-to-Lymphocytes Ratio (PLR) = platelets/lymphocytes,

	and Systemic Inflammation Response Index (SIRI) = neutrophils × monocytes/lymphocytes.





Statistical analysis

The continuous variables were expressed as the mean (standard deviation; SD) or median (interquartile range; IQR), and the categorical variables were presented as counts (percentages). For continuous variables, intergroup differences were analyzed using Student t-test or the Mann–Whitney U-test, as appropriate. We used the Shapiro–Wilk normality test and Q-Q plots to evaluate the normality of the data for comparison of categorical variables, the chi-squared test was used. Multivariable logistic regression analysis was performed to explore the effect of IBI, NLR, PLR, MLR and SIRI on 3-month functional outcomes, while adjusting for potential confounders. We plotted the receiver operating characteristic (ROC) curves to assess the predictive performance of the model. The predictive accuracy of the index was then determined by measuring the specificity, sensitivity and area under the receiver operating characteristic (ROC) curve.

SPSS 22.0 and R 3.6.2 software were employed for statistical analysis with p<0.05 defined as statistical significance.



Ethical approval

This study was approved by the Ethics Committee of the Xuanwu Hospital, Capital Medical University. It was performed according to the Principles of Declaration of Helsinki. The requirement for informed consent was waived because of its retrospective nature and minimal risk to patients. This study was reported in accordance with Strengthening the Reporting of Observational studies in Epidemiology (STROBE) guidelines (20).




Results


Study population and baseline characteristic

A total of 209 patients were included, the median age was 60.0 (53.0–67.0) years, and 147 (70.3%) patients were male. The median NIHSS and GCS scores on admission were 6 (IQR, 3–10) and 15 (IQR, 13–15), respectively. Among the total patients patients, 144 (65.45%) had an unfavorable outcome at 3 months (Table 1).


TABLE 1 Baseline characteristics of the 209 patients with ICH.


	Characteristic
	mRS Score at 3 Months



	0–2 (n = 65)
	3–6 (n = 144)
	p value

 

 	Age (median [IQR]) 	58.00 [47.00, 66.00] 	62.50 [54.00, 71.00] 	0.017


 	Male, n (%) 	42 (64.6) 	105 (72.9) 	0.293


 	Smoker, n (%) 	21 (32.8) 	55 (39.0) 	0.487


 	Alcohol drinker, n (%) 	21 (32.8) 	56 (39.7) 	0.429


 	Hypertension, n (%) 	52 (80.0) 	125 (86.8) 	0.290


 	Diabetes mellitus, n (%) 	8 (12.3) 	34 (23.6) 	0.089


 	NIHSS, median [IQR] 	2.00 [1.00, 4.00] 	9.00 [5.00, 12.50] 	<0.001


 	GCS score, median [IQR] 	15.00 [15.00, 15.00] 	15.00 [12.00, 15.00] 	0.012


 	SBP, mmHg, mean (SD) 	154.50 (26.11) 	156.72 (22.65) 	0.536


 	DBP, median [IQR] 	90.50 [80.75, 98.25] 	90.00 [80.00, 100.00] 	0.518


 	Hematoma_volume, median [IQR] 	5.77 [2.20, 14.00] 	11.53 [6.23, 19.90] 	0.001


 	Edema degree, mean (SD) 	2.52 (0.79) 	2.85 (0.72) 	0.004


 	Nasogastric tube, n (%) 	18 (26.8) 	41 (28.4) 	0.731


 	Mechanical ventilation, n (%) 	7 (10.4) 	19 (13.1) 	0.660


 	Neutrophils, mean (SD) 	5.46 (2.28) 	6.98 (3.38) 	0.001


 	Lymphocytes, mean (SD) 	1.93 (2.14) 	1.30 (0.62) 	0.001


 	Monocytes, mean (SD) 	0.55 (0.72) 	0.54 (0.43) 	0.814


 	PLT, mean (SD) 	224.36 (60.03) 	216.67 (80.97) 	0.509


 	CRP, median [IQR] 	3.00 [2.00, 5.25] 	7.60 [3.50, 29.00] 	<0.001


 	IBI, median [IQR] 	8.68 [3.92, 25.48] 	34.90 [10.15, 261.38] 	<0.001


 	NLR, median [IQR] 	3.07 [1.91, 4.83] 	4.96 [3.05, 9.11] 	<0.001


 	MLR, median [IQR] 	0.25 [0.19, 0.36] 	0.38 [0.25, 0.60] 	<0.001


 	PLR, median [IQR] 	125.75 [103.78, 160.00] 	152.41 [109.19, 228.52] 	0.008


 	SIRI, median [IQR] 	3.07 [1.89, 4.82] 	4.77 [2.94, 8.75] 	<0.001





DBP, diastolic blood pressure; SBP, systolic blood pressure; NIHSS, National Institute of Health stroke scale; GCS, Glasgow Coma Scale; ICH, intracerebral hemorrhage; IBI, inflammatory burden index; NLR, neutrophil to lymphocyte ratio; SIRI, systemic inflammation response index; platelet-to-lymphocyte ratio (PLR); monocyte-to-lymphocyte ratio (MLR); SAP, stroke-associated pneumonia. The bold values are the significant values (p < 0.05).
 

Patients with unfavorable outcome at 3 months had higher age (p = 0.017), lower admission GCS scores (p = 0.012), higher NIHSS scores (p < 0.001), larger hematoma volumes (p < 0.001) and higher edema degree (p = 0.004). The distribution of GCS is visualized in Figure 1. Meanwhile, higher IBI (p < 0.001), NLR (p < 0.001), PLR (p = 0.008), SIRI (p < 0.001) and CRP (p < 0.001) values on admission were observed in patients with unfavorable outcome at 3 months, as shown in Table 1.

[image: Box plot showing Glasgow Coma Scale (GCS) scores for two groups: mRS 0-2 and mRS 3-6. GCS scores are higher for mRS 0-2, with mean around 15, compared to lower scores for mRS 3-6, with a wider distribution.]

FIGURE 1
 QQ plot of study participant distribution based on Inflammatory indicators.




Unfavorable outcome

Shapiro–Wilk normality test and Q-Q plot was performed to evaluate normality assumption. The result showed typical skewness of the data, so logarithmic conversion was performed on it. (Shapiro–Wilk W>0.05; p < 0.05; Table 2; Figure 2).


TABLE 2 Skewness, Kurtosis, and Shapiro–Wilk test results for normality assessment of inflammatory indicators.


	Variable
	Skewness
	Kurtosis
	Shapiro_W
	Shapiro_p

 

 	IBI 	4.898 	30.337 	0.367 	<0.001


 	NLR 	3.228 	17.729 	0.666 	<0.001


 	MLR 	5.287 	40.866 	0.504 	<0.001


 	PLR 	1.363 	5.554 	0.882 	<0.001


 	SIRI 	5.897 	39.134 	0.283 	<0.001


 	SII 	2.718 	14.006 	0.734 	<0.001





IBI, inflammatory burden index; NLR, neutrophil to lymphocyte ratio; SIRI, systemic inflammation response index; SAP, stroke-associated pneumonia; platelet-to-lymphocyte ratio (PLR); monocyte-to-lymphocyte ratio (MLR).
 

[image: Six QQ plots evaluate normality of datasets: IBI, NLR, MLR, PLR, SIRI, CRP. Each plot shows deviation from normality with different Shapiro-Wilk test results. All have low p-values, indicating non-normal distributions.]

FIGURE 2
 Distribution of GCS.


Univariate analyses showed that the patients with unfavorable outcome had higher levels of lnIBI, lnNLR, lnMLR, lnPLR, lnSIRI and lnCRP; After the adjustment for potential confounders, including age, sex, Diabetes mellitus, NIHSS, Hematoma volume and Edema, multivariate logistic regression analysis revealed that lnIBI (p < 0.001, OR = 1.607, 95% CI 1.240–2.144), NLR (p = 0.003, OR = 2.232, 95% CI 1.199–4.366), and CRP (p = 0.025, OR = 1.518, 95%CI 1.069–2.225) were independent predictors of poor prognosis (Table 3).


TABLE 3 Univariate and multivariate logistics regression analyses for 90 day functional outcome.


	90-day mRS
	Univariate
	Multivariate



	Predictor
	OR
	p_value
	OR
	p_value

 

 	Sex 	1.444 (0.754–2.764) 	0.283 	0.771 (0.307–1.884) 	0.572


 	Age 	1.037 (1.014–1.061) 	0.004 	1.024 (0.993–1.057) 	0.139


 	Diabetes mellitus 	1.922 (0.894–4.133) 	0.052 	2.361 (0.847–7.096) 	0.110


 	NIHSS 	1.246 (1.156–1.344) 	<0.001 	1.459 (1.295–1.681) 	<0.001


 	Hematoma volume 	1.718 (1.498–2.038) 	0.0379 	0.992 (0.961–1.025) 	0.611


 	Edema 	1.765 (1.162–2.680) 	0.004 	1.280 (0.718–2.305) 	0.404


 	ln IBI 	1.810 (1.492–2.198) 	<0.001 	1.607 (1.240–2.144) 	<0.001


 	ln NLR 	2.782 (1.762–4.392) 	<0.001 	2.232 (1.199–4.366) 	0.003


 	ln MLR 	2.767 (1.621–4.720) 	<0.001 	1.724 (0.899–3.559) 	0.118


 	ln PLR 	2.750 (1.438–5.259) 	0.002 	1.505 (0.903–2.783) 	0.147


 	ln SIRI 	1.819 (1.308–2.531) 	<0.001 	1.356 (0.893–2.115) 	0.161


 	lnCRP 	2.058 (1.514–2.799) 	<0.001 	1.518 (1.069–2.225) 	0.025





Multivariable regression: adjusted for age, sex, Diabetes mellitus, NIHSS, Hematoma volume and Edema. As indicated by the bold font, the p value reached statistical significance.

ln, the natural logarithm; OR, odds ratio; CI, con confidence intervals; IBI, inflammatory burden index; NLR, neutrophil to lymphocyte ratio; SIRI, systemic inflammation response index; SAP, stroke-associated pneumonia; platelet-to-lymphocyte ratio (PLR); monocyte-to-lymphocyte ratio (MLR). The bold values are the significant values (p < 0.05).
 

The ROC analysis and AUCs with respect to the 90 day outcome are shown in the Figure 3. ROC analysis revealed that IBI had good predictive accuracy for mRS (AUC = 0.745, p < 0.001), followed by NLR (AUC = 0.719, p < 0.001), without significant difference in AUC between the IBI and NLR (DeLong test, p = 0.146). MLR, SIRI and CRP showed moderate predictive value (AUC = 0.673–0.695, all p < 0.001), while PLR performed poorly, respectively (AUC = 0.605, p = 0.0087) (Figure 4). Details of the optimal cutoff, specificity and sensitivity rates are shown in Table 4.

[image: ROC curve chart displaying the sensitivity versus one minus specificity for six parameters: CRP (black), SIRI (orange), PLR (cyan), MLR (red), NLR (blue), and IBI (green). The curves illustrate the diagnostic performance of each parameter across varying thresholds.]

FIGURE 3
 Association between lnIBI and mRS: Restricted Cubic Spline analysis.


[image: Graph titled "Restricted Cubic Spline: lnIBI and SAP" showing the odds ratio (OR) with a 95% confidence interval. The curve increases sharply, indicating a positive relationship. P-values are 5.63e-09 for overall and 0.652 for nonlinearity. A dashed red line represents the base OR of 1.0.]

FIGURE 4
 Association between lnIBI and SAP: Restricted Cubic Spline analysis.



TABLE 4 AUC in predicting 90 day outcomes.


	mRS
	AUC
	95% CI
	Cut off
	Sensitivity
	Specificity
	p value

 

 	IBI 	0.745 	0.688 to 0.822 	52.356 	0.472 	0.887 	<0.001


 	NLR 	0.719 	0.6469 to 0.7916 	5.098 	0.514 	0.806 	<0.001


 	MLR 	0.673 	0.6087 to 0.7611 	0.377 	0.514 	0.823 	<0.001


 	PLR 	0.605 	0.5333 to 0.6872 	165.899 	0.438 	0.806 	0.00871


 	SIRI 	0.668 	0.6090 to 0.7611 	2.153 	0.569 	0.71 	<0.001


 	CRP 	0.695 	0.6230 to 0.7674 	6.995 	0.549 	0.79 	<0.001





AUC, Area Under Curve; CI, con confidence intervals; IBI, inflammatory burden index; NLR, neutrophil to lymphocyte ratio; SIRI, systemic inflammation response index; platelet-to-lymphocyte ratio (PLR); monocyte-to-lymphocyte ratio (MLR).
 



SAP occurrence

In univariate analyses, elevated levels of lnIBI, lnNLR, lnMLR, lnPLR, lnSIRI and lnCRP were associated with an increased risk of SAP. In the multivariable logistic regression analysis, after adjusting for confounders factors, including age, sex, Diabetes mellitus, NIHSS, Hematoma volume, Edema, Nasogastric feeding and mechanical ventilation, elevated ln-transformed inflammatory biomarkers remained independent predictors of poor outcomes. NLR (OR = 4.993, 95% CI 2.724–9.919), IBI (OR = 1.813, 95% CI 1.446–2.333) showed particularly strong associations (all p < 0.001, Table 5).


TABLE 5 Univariate and multivariate logistics regression analyses for SAP occurrence.


	SAP
	Univariate
	Multivariate



	Predictor
	OR
	p_value
	OR
	p_value

 

 	Sex 	1.384 (0.761–2.556) 	0.291 	0.865 (0.385–1.958) 	0.724


 	Age 	1.044 (1.022–1.067) 	0.001 	1.033 (1.004–1.064) 	0.0277


 	Diabetes mellitus 	1.215 (0.611–2.395) 	0.573 	0.967 (0.385–2.366) 	0.942


 	NIHSS 	1.156 (1.098–1.225) 	<0.001 	1.124 (1.052–1.207) 	0.009


 	Hematoma volume 	1.036 (1.016–1.060) 	0.001 	1.017 (0.990–1.047) 	0.227


 	Edema 	1.492 (1.032–2.189) 	0.036 	0.909 (0.528–1.549) 	0.727


 	Nasal 	0.888 (0.481–1.619) 	0.701 	0.796 (0.301–2.008) 	0.634


 	respirator 	0.870 (0.363–1.993) 	0.7461 	0.613 (0.148–2.412) 	0.489


 	ln IBI 	2.107 (1.729–2.638) 	<0.001 	1.813 (1.446–2.333) 	<0.001


 	ln NLR 	6.956 (4.115–12.659) 	<0.001 	4.993 (2.724–9.919) 	<0.001


 	ln MLR 	3.544 (2.211–5.998) 	<0.001 	2.243 (1.311–4.037) 	0.005


 	ln PLR 	5.313 (2.749–10.960) 	<0.001 	3.628 (1.742–8.275) 	0.001


 	ln SIRI 	1.933 (1.472–2.618) 	<0.001 	1.461 (1.080–2.010) 	0.015


 	lnCRP 	2.156 (1.680–2.849) 	<0.001 	1.661 (1.237–2.281) 	0.001





Multivariable regression: adjusted for age, sex, Diabetes mellitus, NIHSS, Hematoma volume and Edema. As indicated by the bold font, the p Value reached statistical significance.

ln, the natural logarithm; OR, odds ratio; CI, con confidence intervals; IBI, inflammatory burden index; NLR, neutrophil to lymphocyte ratio; SIRI, systemic inflammation response index; platelet-to-lymphocyte ratio (PLR); monocyte-to-lymphocyte ratio (MLR). The bold values are the significant values (p < 0.05).
 

The ROC curves demonstrated that NLR and IBI presented a high predictive value for SAP occurence (Figure 5, AUC = 0.811, 0.814, respectively), without significant difference in AUC between the IBI and NLR (DeLong test, p = 0.881). Details of the optimal cutoff, specificity and sensitivity rates are shown in Table 6.

[image: Receiver Operating Characteristic (ROC) curve chart comparing six models: CRP, SIRI, PLR, MLR, NLR, and IBI. Sensitivity is plotted against one minus specificity. Each curve is color-coded, with CRP in gray, SIRI in orange, PLR in light blue, MLR in red, NLR in dark blue, and IBI in green. The curves show varying performance levels, with higher curves indicating better discrimination ability.]

FIGURE 5
 The ROC value of CRP, SIRI, PLR, MLR, NLR and IBI in predicting 3-months poor functional outcomes in ICH patients.



TABLE 6 AUC in predicting SAP occurrence.


	SAP
	AUC
	95%CI
	Cut off
	Sensitivity
	Specificity
	p value

 

 	IBI 	0.811 	0.751–0.871 	62.985 	0.64 	0.889 	<0.001


 	NLR 	0.814 	0.756–0.872 	3.666 	0.82 	0.641 	<0.001


 	MLR 	0.741 	0.673–0.809 	0.279 	0.876 	0.513 	<0.001


 	PLR 	0.652 	0.571–0.734 	173.689 	0.539 	0.812 	<0.001


 	SIRI 	0.781 	0.716–0.846 	2.433 	0.697 	0.778 	<0.001


 	CRP 	0.757 	0.689–0.825 	6.995 	0.674 	0.795 	<0.001





AUC, Area Under Curve; CI, con confidence intervals; IBI, inflammatory burden index; NLR, neutrophil to lymphocyte ratio; SIRI, systemic inflammation response index; platelet-to-lymphocyte ratio (PLR); monocyte-to-lymphocyte ratio (MLR).
 

The RCS analysis revealed no nonlinear relationship between IBI and the occcurance of SAP and 90 day function outcome (p for overall < 0.01, p for nonlinear = 0.652, 0.834, respectively). The risk of SAP and poor prognosis was progressively increased with increasing inflammatory markers, without a clear inflection point (Figure 6).

[image: Graph titled "Restricted Cubic Spline: lnIBI and mRS" showing a plot of odds ratio (OR) with 95% confidence interval against lnIBI. The curve slopes upward, showcasing a non-linear relationship with p-values for overall significance at 0.0024 and nonlinearity at 0.834. A red shaded area represents the confidence interval.]

FIGURE 6
 The ROC value of CRP, SIRI, PLR, MLR, NLR and IBI in predicting SAP in ICH patients.




Discussion

The main findings of our study are that elevated IBI are independent risk factors for SAP and showed a good predictive ability for SAP (AUC = 0.811, p < 0.001). The elevated IBI is independent predictor of unfavorable outcomes at 3 months in patients with acute ICH and showed moderate predictive ability for poor prognosis at 3 months (AUC = 0.745, p < 0.001). Furthermore, in comparisons of various inflammatory indicators, we observed that IBI consistently showed significant and stable results in assessing stroke prognosis and SAP.

Systemic inflammation plays a significant role in the secondary injury of ICH. Accumulating evidences indicate readily available serum biomarkers of inflammation can be efficient predictive indicators of prognosis in patients with ICH (21–23). Similar to the findings of us, Wang observed that among the NLR, SII, PLR, SIRI, the NLR was the best predictor for SAP occurrence and a poor outcome at 3 months in ICH patients. However, the limitations of their study are that their study only shows the predictive power of the SII and SIRI for mRS scores at 3 months (13). A meta-analysis of 14 studies showed that NLR independently predicted 90-day prognosis, but due to substantial heterogeneity among the included studies, the results should be view with caution (11). Therefore, a quest for more reliable predictive inflammatory markers of the prognosis and complications of ICH patients is still warranted.

The inflammatory biomarker index (IBI) has been identified as a more reliable prognostic marker for cancer compared to other combinations of inflammatory biomarkers. One study reported that elevated IBI levels at admission were associated with poor functional outcomes and complications in patients with subarachnoid hemorrhage (SAH) (24). Another study demonstrated that higher IBI levels were an independent predictor of poor outcomes in ischemic stroke patients undergoing endovascular therapy (EVT) (16). However, to date, no studies have explored the relationship between IBI and the prognosis or incidence of complication in patients with cerebral hemorrhage.

Our findings demonstrate that IBI, NLR, and CRP are independent predictors of poor prognosis and SAP (p < 0.05), in which IBI has a relatively more robust association with the prognosis at 3 months and complications of aSAH patients. A potential explanation for this advantage is that NLR integrate information from neutrophils and Lymphocytes, reflecting the balance between innate (neutrophils) and adaptive (lymphocytes) immune responses. The impact of NLR on neurological outcome and SAP has been demonstrated by previous studies (13, 25–27). C-reactive protein (CRP) is acute-phase proteins induced by inflammatory factors, plasma CRP have been proven to be an independent predictor of ICH outcome, early hematoma growth and early neurological worsening (28, 29). In combination, IBI may be more valuable and reliable biomarkers for predicting outcomes across various diseases, providing both acute and immune inflammatory information (17).

Neutrophils is the first peripheral blood cell type to infiltrate perihematomal tissue and the hematoma itself following ICH. Neutrophils promote the release of free radicals and matrix metalloproteinase-9, which lead to cellular injury, endothelial basement membrane injury and the destruction of brain–blood barrierr and the increase of tissue edema around cerebral hematoma (8, 30). It was found that autoreactive T cells could promote vascular reconstruction and healing after cerebral trauma. Hence, the increase of blood neutrophils would increase Blood–Brain Barrier breakdown, while increase of blood regulatory T lymphocytes could alleviate the degradation of Blood–Brain Barrier (31, 32). Research indicates that elevated CRP can lead to blood–brain barrier (BBB) disruption through CD16/CD32-mediated p38-MAPK-dependent ROS formation and activation of MLCK, which triggers the cellular contractile machinery and consequently causes BBB breakdown (33). As a result, elevated IBI (an increase of blood neutrophils or decrease of lymphocytes) might aggravate the degradation of Blood–Brain Barrier and worsen Brain damage.

Our research has several limitations. First, it is a retrospective, single-center study, the number of patients in this cohort is limited. Accordingly, the possibility of Type II error cannot be ruled out. Second, only inflammatory indexes within the first 24 h of admission was collected as an observation index, and the effect of dynamic indicators change on prognosis was not evaluated. Thus, future studies are needed to explore the changes and predictive value of inflammatory factors at different time points after onset. Third, all of the patients included in the present study were Chinese, further studies are needed to investigate if these results are reproducible in other populations.

In our study of 209 patients with ICH, we demonstrated that the inflammatory biomarker index (IBI) has significant clinical value in predicting poor functional outcomes and SAP. IBI reflects both the likelihood of secondary brain injury and the susceptibility to post-stroke complications. Therefore, monitoring IBI can assist clinicians in identifying patients at higher risk of poor prognosis, particularly in emergency settings.
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