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Background/Objective: Hematoma expansion (HE) predicts poor outcome and is an appealing treatment target in spontaneous intracerebral hemorrhage (ICH). Clinical evidence has shown an association of HE with peripheral white blood cells (WBC) count, but the individual contributions of leukocyte subtypes between literatures are described inconsistently. Our aim was to determine the relationship between admission absolute and differential leukocyte counts and HE by using different growth definitions.

Methods: We analyzed spontaneous ICH patients who underwent baseline cranial computed tomography and blood sampling within 6 h of stroke onset in our institution between September 2013 and August 2018. Hematoma volume was calculated using a semiautomated 3-dimensional reconstruction algorithm. According to commonly used absolute or relative growth definitions (>6 mL, >12.5 mL, or >33%), we defined 5 types of HE. A propensity score-matching analysis was performed to evaluate the influence of complete blood count components on HE across the various growth definitions. The receiver operating characteristic analysis assessed the predictive ability of leukocyte counts for HE.

Results: A total of 1,066 patients were included, of whom 11–21% met the 5 HE definitions. After propensity score-matching, except using the definition of >12.5 mL growth or its combination with >33% growth, both WBC and neutrophil count were independently associated with reduced risk of HE (odds ratio [OR] for 103 cells increase; OR, 0.86–0.99; all p < 0.05) after adjusting confounders in multivariate analyses. However, monocyte count was correlated with increased risk of HE under the usage of >12.5 mL expansion definition only (OR, 1.43; p = 0.024). There was no association between lymphocyte count and HE (all p > 0.05). Regardless of the growth definition, admission eosinophil count was directly associated with the risk of HE (OR, 6.92–31.60; all p < 0.05), and was the best predictive subtype with area under the curve 0.64, sensitivity 69.5%, and specificity 58.9% at the optimal cut-off value of 45 cells/μL.

Conclusions: Growth definition affects the relationship of HE with leukocyte subtypes counting. Eosinophil count robustly predicts HE, and may be a surrogate when using an inflammatory marker to help select acute ICH patients with high expansion risk for hemostasis treatment in clinical trial and practice.
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INTRODUCTION

Intracerebral hemorrhage (ICH) is the most lethal stroke subtype with a mortality of about 40% at 1 month (1). Hematoma expansion (HE) occurs within a few hours after the initial bleeding (2), and it has been ascertained as a strong predictor of early neurological deterioration and poor long-term functional outcomes (3–5). Therefore, identifying ICH patients at high risk of early HE and taking hemostasis treatment are of great significance.

Although the chronic inflammation mediates ICH-induced secondary brain injury (6), acute inflammation reaction is beneficial for early benign transformation of the hematoma (7, 8). Peripheral white blood cells (WBC), is often used as a marker for central nervous system (CNS) inflammation and its role in the pathophysiology of acute ICH has been well-recognized (9–11). Preclinical studies have found that leukocytes infiltrate around the hematoma within hours following ICH, and neutrophils are the earliest inflammatory cells to invade the CNS (11, 12). Interleukin-27/lactoferrin-mediated neutrophil polarization can enhance hematoma clearance and improve neurological function in an animal model of ICH (7). In clinical studies, the relevance of leukocyte counts to poor ICH prognosis has received increasing attention, but no consensus is reached (13–16). Early hematoma growth, as a potential mechanism of this association, was also found in relation to admission WBC count (8). However, results with respect to the individual contributions of leukocyte subtypes to HE were inconsistent between literatures. Result from a study with large ICH population showed that the risk of HE was directly associated with monocyte count when HE was defined as a volume increase >6 mL or 30% (8). In another study defining HE as any degree of growth, investigators found no association between admission monocyte count and HE (17).

We hypothesized that growth definition might affect the stability of this association. In this study, we aimed to determine the relationship between absolute and differential leukocyte counts and HE across various growth definitions by using propensity score-matching method. Clarifying the connection of HE with leukocyte counts may provide reasonable evidence for linking inflammation to clinical prognosis in patients with acute ICH and develop potential therapeutic strategies on the HE.



MATERIALS AND METHODS


Study Participants

We retrospectively evaluated spontaneous ICH patients admitted to our Neurological Emergency Room from September 2013 to August 2018. In total, 2,546 cases who underwent baseline computed tomography (CT) scan within 6 h and follow-up CT scan within 72 h of symptom onset were initially enrolled. Patients who met the following conditions were subsequently excluded from this study: (1) traumatic intracerebral hemorrhage or hemorrhagic transformation of a brain infarction (n = 746), (2) tumor, aneurysm or arteriovenous malformation presumed to be the potential cause of the bleeding (n = 95), (3) primary intraventricular hemorrhage or multiple cerebral hemorrhage (n = 47), (4) presence of encephalitis, pneumonia, or parasitic infection during the past week (n = 41), (5) surgical evacuation performed before the follow-up CT (n = 506), (6) usage of anticoagulants or antiplatelet drugs before intracerebral hemorrhage (n = 30), and (7) lack of complete blood count data on admission (n = 15). Our study was approved by the Medical Ethics Committee of The First Affiliated Hospital of Wenzhou Medical University. Written informed consent for each participant was waived owing to the retrospective nature of the study.



Image Acquisition and Analysis

The baseline and follow-up CT scans were performed using a standard clinical protocol with an axial technique of 5-mm section thickness, tube current of 80 mA, and tube voltage of 120 kV(p). All CT images were acquired from the picture archiving and communication system (PACS) and saved as DICOM format for further evaluation. Two experienced radiologists who were blinded to clinical and laboratory data independently analyzed the images. Volumetric calculation of hematoma was completed through 3-dimensional reconstruction of the regions of interest obtained by manually depicting the lesions circumference in multiple successive layers. The volume extended to the ventricles did not be calculated. When the hematoma boundary at a certain layer was unclear, it was settled by joint discussion of the 2 readers. To assess the reliability of volume measurements between the 2 observers, we randomly selected 100 patients from the entire sample and analyzed the consistency by using the intra-group correlation coefficient (ICC). Hematoma location was also evaluated and divided into lobe, deep, and infratentorial. Both imaging assessments and volume measurements were conducted at the post-processing station (GE Healthcare Advantage Workstation; Version 4.6). According to the most commonly used definitions of HE in previous studies, we categorized HE as >33% growth, >6 mL growth, >12.5 mL growth, and their combinations (>6 mL or 33%, and >12.5 mL or 33%).



Clinical and Laboratory Variables

Demographics (sex and age) and clinical data (glasgow coma scale score, history of hypertension, diabetes mellitus, smoking, alcohol consumption, coronary heart disease, cerebral infarction, and cerebral hemorrhage) were reviewed from the inpatient medical records. The time from symptom onset to baseline CT was also calculated. We collected laboratory parameters from the emergency medical record system, including glucose level, platelet count, international normalized ratio, total WBC count, and differential leukocyte counts (neutrophil count, monocyte count, lymphocyte count, and eosinophil count). Routine blood sampling for each participant was completed within 1 h after admission, but prior to the baseline CT imaging. Before testing, venous blood sample was placed in a 2.0 mL of disposable collection tube, which contained EDTA-K2 for the purpose of anticoagulation. Complete blood count was measured by an automatic XE-2100 hematology analyzer (Sysmex Corporation, Kobe, Japan).



Statistical Analysis

All statistical analyses were performed using IBM SPSS Statistics (Version 22.0). First, the entire cohort were dichotomized according to the 2 combined definitions of HE. The discrete variables were expressed as frequency (percentage), and the continuous variables were presented as mean ± standard deviation (SD) or median [interquartile range (IQR)]. The demographic, clinical, and radiological characteristics were compared between patients with HE and those without. Statistical significance for the difference between the 2 groups was examined by χ2 test or the Fisher exact test for categorical variables, and by student t-test or Mann-Whitney U-test for continuous variables. Multivariable logistic regression models were performed to initially evaluate the associations of ICH expansion risk with absolute and differential leukocyte counts. The variables with p < 0.05 from both univariate analyses were forced into the multivariate model.

Subsequently, a propensity score-matching analysis was used to balance the distribution of covariates between patients who experienced HE and those without. A propensity score was calculated for each patient using logistic regression analysis, and the variables with p < 0.2 in the above univariate analyses were introduced into the propensity model. The included variables are as follows: sex, hypertension, drinking, history of cerebral hemorrhage, glasgow coma scale score, platelet count, intraventricular hemorrhage, baseline ICH volume, and time from onset to initial CT. Patients with HE were then matched 1:1 without replacement to patients who did not experience HE using the nearest neighbor approach with a 0.02 caliper width. Multivariate logistic regression model was further performed to assess the relationship of leukocyte counts with HE across the various HE definitions, adjusting for predictors of HE that were previously validated in the randomized clinical trial and multicenter prospective study (18–20). Finally, in the entire cohort, we performed a receiver operating characteristic analysis to assess the discrimination ability of different leukocyte counts components for predicting HE. A value of p < 0.05 (2 sided) was considered statistically significant.




RESULTS

A total of 1,066 patients met the inclusion criteria and were analyzed. With the 5 types of growth definition, HE occurred in 200 (18.8%), 116 (10.9%), 174 (16.3%), 225 (21.1%), 182 (17.1%) of all patients, respectively. There were 699 men and 367 women, and the mean age was 61.5 ± 12.6 years (range 25–95 years). The ICC in volumetric measurement between the 2 observers was 0.96 (95% confidence interval [CI], 0.95–0.98), indicating an excellent consistency.

In the entire cohort, univariate analyses based on the 2 combined HE definitions showed that the clinical and imaging characteristics presented similar trend between patients with HE and non-HE (Tables 1, 2). Patients with HE had a higher median baseline hematoma volume than those without (24.4 [13.9–35.4] vs. 16.2 [9.1–27.0] mL; 21.3 [12.6–30.6] vs. 17.1 [9.4–28.3] mL; p < 0.001 and p = 0.012, respectively), and they had a shorter time from symptom onset to initial CT (both p < 0.001). Patients who experienced HE also had a lower admission glasgow coma scale score compared to patients without HE (both p < 0.001). History of cerebral hemorrhage was more frequently observed among individuals with HE (p = 0.015; p = 0.003), while hypertension was less commonly in those individuals (p = 0.001; p = 0.008). Besides, patients with HE were more likely to be male than those with non-HE (76.4 vs. 62.7%; 76.9 vs. 63.2%; both p < 0.001). Multivariable analyses (Table 3) showed that in addition to using the definition of >12.5 mL growth, both WBC and neutrophil count were independently associated with reduced risk of HE (odds ratio [OR] for 103 cells increase; OR, 0.93–0.95 and OR, 0.92–0.96, respectively; all p < 0.05) after adjusting for risk factors selected in the univariate analyses. However, monocyte count was correlated with increased risk of HE only when using the growth definition of >12.5 mL (OR, 1.98; p = 0.009). There was no significant association between lymphocyte count and HE (all p > 0.05). Regardless of the growth definition, the risk of HE was directly associated with eosinophil count (OR, 3.64–6.71; all p < 0.05).


Table 1. Comparison of baseline characteristics between HE (>6 mL or 33%) and non-HE groups in the original cohort.
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Table 2. Comparison of baseline characteristics between HE (>12.5 mL or 33%) and non-HE groups in the original cohort.
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Table 3. Multivariate analyses of predicting hematoma expansion in the original cohort.
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Propensity score-matching analyses resulted in 380 (190 pairs), 232 (116 pairs), 326 (163 pairs), 432 (216 pairs), and 358 (179 pairs) patients being matched across the 5 types of HE definition. In the propensity score-matched cohorts, univariate analyses demonstrated that there were no significant difference between HE and non-HE groups regarding the baseline clinical and radiological characteristics (all p > 0.05; Tables 4, 5). The admission absolute and differential leukocyte counts in patients with and without HE were summarized in Table 6. As shown in Table 6, eosinophil count was significantly associated with HE before and after propensity score matching (all p < 0.05). After adjusting for proven predictors of HE including history of ICH, glasgow coma scale score, time to initial CT, and baseline ICH volume, the results of multivariate regression model were similar to the findings before propensity score-matching analysis (Table 7). The association between WBC (OR, 95% CI; 0.96, 0.90–1.02; p = 0.22) and neutrophil counts (OR, 95% CI; 0.93, 0.87–1.00; p = 0.058) and HE were no longer significant when using the definition of >12.5 mL or 33% growth, whereas eosinophil count remained significantly associated with HE irrespective of the growth definition (OR, 6.92–31.60; all p < 0.05).


Table 4. Comparison of variable in the HE (>6 mL or 33%) and non-HE groups after propensity score-matching.
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Table 5. Comparison of variable in the HE (>12.5 mL or 33%) and non-HE groups after propensity score-matching.
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Table 6. Admission absolute and differential leukocyte counts before and after propensity score-matching.
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Table 7. Multivariate analyses of predicting hematoma expansion in the propensity score-matched cohorts.
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The receiver operating characteristic (ROC) analyses demonstrated that eosinophil count had the best discrimination ability for HE irrespective of growth definition, with the highest area under the ROC curve (AUC) of 0.640 (95% CI, 0.595–0.685; p < 0.001; Table 8) at the definition of >33% growth; the best predictive cut-off value was 45 cells/μL (sensitivity 69.5%, specificity 58.9%). Additionally, when using the same definition, the predicted model incorporating eosinophil count, baseline hematoma volume (BV), and time from symptom onset to initial CT (TST) achieved a 8.9% improvement in the AUC (AUC = 0.675; 95% CI, 0.635–0.715; p < 0.001; Figure 1) over a model based on BV and TST alone (AUC = 0.620; 95% CI, 0.575–0.665; p < 0.001). The highest AUC of the combined models was 0.731 (95% CI, 0.686–0.778; p < 0.001; sensitivity 85.3%, specificity 51.1%; Table 9), obtained when using the HE definition of >12.5 mL expansion.


[image: Figure 1]
FIGURE 1. Receiver operating characteristic curves by using a growth definition of >33%, with a binary logistic regression model incorporating BV, TST, and EC (AUC = 0.675) or BV and TTS only (AUC = 0.620). BV, baseline hematoma volume; TST, time from symptom onset to initial computed tomography; EC, eosinophil count; AUC, area under the receiver operating characteristic curve.



Table 8. Comparison of AUCs of leukocyte counts in predicting HE by different growth definitions.

[image: Table 8]


Table 9. AUCs in the 2 combined predicted models using various growth definitions of HE.
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DISCUSSION

Our study revealed that peripheral counts of WBC, neutrophil, and monocyte on admission were independently associated with the risk of early hematoma enlargement. However, these associations could be affected by HE definitions. Intriguingly, we found a robustly correlation between eosinophil count and increased risk of HE. Furthermore, as compared with other leukocyte types, eosinophil count had the best discrimination ability for HE irrespective of growth definition.

There is no universally agreed definition for HE. A predicted model used an absolute growth definition of 6 mL increase to determine the risk factors associated with HE (19). The relative growth definition of >33% was used by many studies (3, 5, 21), since it could improve the detection rate of HE for ICH that presented with a small volume upon admission. In another prediction model, HE was defined as the combination of 6 mL and 33% increase (18), which was also widely applied in recent investigations (22–24). When using the absolute growth of >12.5 mL, the HE rate we observed was the lowest, consisting with the previous publication (4). In addition to using the growth definition with a specific cut-point, any degree of growth was adopted to define HE as well (17). One drawback was that the observation of HE would be susceptible to measurement errors, especially in patient with a similar follow-up and baseline ICH size. Hence, we did not analyze this definition in our study.

The present study systematically delineated the relationship of leukocyte counts with the most commonly used definitions of HE. Our findings were generally in accordance with the published literature (8), suggesting that the risk of HE is inversely associated with WBC and neutrophil count and directly associated with monocyte count. Interpreting the divergent effect of differential leukocyte counts on the hematoma progression needs to stand on the pathophysiological perspectives. A pronounced inflammation occurs rapidly once the intracranial hematoma is formed, inducing perihematomal leukocytes infiltration within hours (6, 11). In addition to acting on the components within hematoma, exudative leukocytes can interact with platelets and coagulation factors, and promote thrombus formation through shifting the clotting balance (25–27). A procoagulant state caused by the acute inflammation may limit further hematoma enlargement. Neutrophils and monocytes are predominant WBCs, and both enter the brain from the blood-brain barrier after ICH (6, 9). Beyond the bactericidal actions known in the immune response, they have been found to play roles in coagulation pathway. Activated neutrophils can release tissue factor (TF) and downregulate the TF pathway inhibitor in favor of thrombus formation (28, 29). Through interacting with platelets, factor X and XII, neutrophils can enhance thrombin generation and stabilize fibrin (29, 30). On the contrary, the membrane surface of monocyte is shown to be rich in anticoagulant factors such as TF pathway inhibitor, endothelial protein C receptor, and thrombomodulin (26, 31, 32), which may physiologically inhibit thrombus formation and promote fibrinolysis. These preclinical data on the relationship of leukocytes with coagulation components improve the biological rationality of our results.

In clinical studies, the relevance of leukocyte counts to ICH prognosis has attracted mounting attention. Some suggested that admission WBC count was irrelevant to adverse ICH prognosis (13–15, 17). Two multicenter studies reported that higher monocyte count at admission was independently associated with 30-day case fatality, whereas neutrophil and total WBC count were not (15, 17). The researchers conjectured that HE may be the link between monocyte count and poor ICH outcome, and this hypothesis was confirmed by our results. Besides, investigators from the INTERACT2 found no association between elevated WBC count and disability or death at 3 months in patients with acute ICH, after adjusting for baseline clinical and imaging confounders (13). In our study, admission WBC count was inversely associated with the risk of HE, indicating a beneficial role of the acute inflammation in limiting HE, and providing indirect evidence for previous literatures.

Eosinophil is a multifunctional leukocyte that involves in the pathogenesis of diverse inflammatory processes (33), but its specific role in ICH has not yet been elucidated. The mechanism explaining the association of eosinophil count with augmented risk of HE is unclear. Due to the quantitative correlation with total WBC count, one could speculate that our results may only reflect an indirect connection, rather than a causality. Nevertheless, eosinophil count may be a useful biomarker to predict HE. In our study, eosinophil count was robustly correlated with HE irrespective of growth definition, and had the best discrimination ability as compared with other leukocyte types. Baseline ICH volume and onset-to-scan time are strong predictors of HE (2, 34), and are two commonly used variables in the currently available models (18–20). Our results remained significant after adjusting for the two risk factors in the multivariable analyses. Besides, our findings suggest that routine clinical model incorporating eosinophil count could improve the discrimination ability for HE, which might help select more patients with acute ICH for hemostasis treatment in clinical trials.

We did not find an association of HE with WBC and neutrophil count when using the absolute definition of 12.5 mL growth or the combined definition of 12.5 mL with 33% growth. In contrast, a positive association between monocyte count and ICH expansion risk was observed under the definition of >12.5 mL growth only. Although the mechanisms underlying our observations are poorly understood, our findings provide a reasonable explanation for the inconsistent role of monocytes in HE (8, 17). Additionally, studies aimed at identifying risk factors of HE could be based on multiple growth definitions, which may be conducive to capture a comprehensive result. As the divergent effect of neutrophils and monocytes on hematoma progression, future therapeutic strategies should lay particular emphasis on precise regulation of the immune response instead of an extensive anti-inflammatory treatment. Given the intimate relationship between eosinophil count and expansion risk, the role of this leukocyte subtype in the pathophysiology of ICH also merits close attention in basic research. Once the underlying mechanisms are uncovered, this inflammatory marker may provide a novel target for anti-expansion treatment in patients with acute ICH.

This study has several limitations. First, our results are based on a single-center, retrospective analysis. Second, patients who received anticoagulant or antiplatelet treatment before ICH are exclude from this study, thus our results may not apply to these populations. In addition, we perform correlation analyses only upon the most commonly used HE definitions, which may also limit the universality of our results. Third, inflammatory marker such as C-reactive protein, is a predictor of HE (35). We are not able to control for this confounder in our analyses due to lack of emergency laboratory data. Future research needs to clarify whether C-reactive protein has an impact on the relationship between leukocyte counts and HE. Finally, pre-hospital treatment or some specific conditions diagnosed insufficiently might have affected leukocyte counts, although we eliminate them to the best knowledge.



CONCLUSIONS

Among patients with acute spontaneous ICH, admission counts of WBC, neutrophil, and monocyte are independently associated with the risk of HE. However, using different HE definition affects the stability of theses associations. Eosinophil count robustly predicts HE regardless of the growth definition. This laboratory parameter is widely-accessible, and may be a useful biomarker for the risk stratification of early hematoma enlargement in emergency work.



DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to the corresponding author.



ETHICS STATEMENT

This study was carried out in accordance with the recommendations of the Medical Ethics Committee of The First Affiliated Hospital of Wenzhou Medical University, and written informed consent from all subjects was waived due to the retrospective nature of this study. The protocol was approved by the Medical Ethics Committee of The First Affiliated Hospital of Wenzhou Medical University.



AUTHOR CONTRIBUTIONS

YY, SH, and XY contributed to the study conception and design. YY acquired the funding. QC, HX, WH, LJ, YX, YL, CZ, and JC collected the patients' data. JL and QC checked the data and performed statistical analyses. QC drafted the article. YY, SH, and JL critically revised it. All authors reviewed the final manuscript and approved it to be submitted.



FUNDING

This work was supported by the Science and Technology Planning Projects of Wenzhou (Grant No. Y20180112), Health Foundation for Creative Talents in Zhejiang Province, China (No: 2016) and Project Foundation for the College Young and Middle-aged Academic Leader of Zhejiang Province, China (No: 2017).



REFERENCES

 1. van Asch CJJ, Rinkel GJE, van der Tweel I, Algra A, Klijn CJM. Incidence, case fatality, and functional outcome of intracerebral haemorrhage over time, according to age, sex, and ethnic origin: a systematic review and meta-analysis. Lancet Neurol. (2010) 9:167–76. doi: 10.1016/S14744422(09)70340-0

 2. Kazui S, Naritomi H, Yamamoto H, Sawada T, Yamaguchi T. Enlargement of spontaneous intracerebral hemorrhage. Incidence and time course. Stroke. (1996) 27:1783–7. doi: 10.1161/01.STR.27.10.1783

 3. Qureshi AI, Palesch YY, Barsan WG, Hanley DF, Hsu CY, Martin RL, et al. Intensive blood-pressure lowering in patients with acute cerebral hemorrhage. N Engl J Med. (2016) 375:1033–43. doi: 10.1056/NEJMoa1603460

 4. Dowlatshahi D, Demchuk AM, Flaherty ML, Ali M, Lyden PL, Smith EE, et al. Defining hematoma expansion in intracerebral hemorrhage: relationship with patient outcomes. Neurology. (2011) 76:1238–44. doi: 10.1212/WNL.0b013e3182143317

 5. Davis SM, Broderick J, Hennerici M, Brun NC, Diringer MN, Mayer SA, et al. Hematoma growth is a determinant of mortality and poor outcome after intracerebral hemorrhage. Neurology. (2006) 66:1175–81. doi: 10.1212/01.wnl.0000208408.98482.99

 6. Keep RF, Hua Y, Xi G. Intracerebral haemorrhage: mechanisms of injury and therapeutic targets. Lancet Neurol. (2012) 11:720–31. doi: 10.1016/S1474-4422(12)70104-7

 7. Zhao X, Ting SM, Liu CH, Sun G, Kruzel M, Roy-O'Reilly M, et al. Neutrophil polarization by IL-27 as a therapeutic target for intracerebral hemorrhage. Nat Commun. (2017) 8:602. doi: 10.1038/s41467-017-00770-7

 8. Morotti A, Phuah CL, Anderson CD, Jessel MJ, Schwab K, Ayres AM, et al. Leukocyte count and intracerebral hemorrhage expansion. Stroke. (2016) 47:1473–8. doi: 10.1161/STROKEAHA.116.013176

 9. Lan X, Han X, Liu X, Wang J. Inflammatory responses after intracerebral hemorrhage: from cellular function to therapeutic targets. J Cereb Blood Flow Metab. (2019) 39:184–6. doi: 10.1177/0271678X18805675

 10. Chen S, Yang Q, Chen G, Zhang JH. An update on inflammation in the acute phase of intracerebral hemorrhage. Transl Stroke Res. (2015) 6:4–8. doi: 10.1007/s12975-014-0384-4

 11. Wang J. Preclinical and clinical research on inflammation after intracerebral hemorrhage. Prog Neurobiol. (2010) 92:463–77. doi: 10.1016/j.pneurobio.2010.08.001

 12. Zhao X, Zhang Y, Strong R, Grotta JC, Aronowski J. 15d-Prostaglandin J2 activates peroxisome proliferator-activated receptor-gamma, promotes expression of catalase, and reduces inflammation, behavioral dysfunction, and neuronal loss after intracerebral hemorrhage in rats. J Cereb Blood Flow Metab. (2006) 26:811–20. doi: 10.1038/sj.jcbfm.9600233

 13. Yu S, Arima H, Heeley E, Delcourt C, Krause M, Peng B, et al. White blood cell count and clinical outcomes after intracerebral hemorrhage: the INTERACT2 trial. J Neurol Sci. (2016) 361:112–6. doi: 10.1016/j.jns.2015.12.033

 14. Lattanzi S, Cagnetti C, Provinciali L, Silvestrini M. Neutrophil-to-lymphocyte ratio predicts the outcome of acute intracerebral hemorrhage. Stroke. (2016) 47:1654–7. doi: 10.1161/STROKEAHA.116.013627

 15. Walsh KB, Sekar P, Langefeld CD, Moomaw CJ, Elkind MS, Boehme AK, et al. Monocyte count and 30-day case fatality in intracerebral hemorrhage. Stroke. (2015) 46:2302–4. doi: 10.1161/STROKEAHA.115.009880

 16. Agnihotri S, Czap A, Staff I, Fortunato G, McCullough LD. Peripheral leukocyte counts and outcomes after intracerebral hemorrhage. J Neuroinflamm. (2011) 8:160. doi: 10.1186/1742-2094-8-160

 17. Adeoye O, Walsh K, Woo JG, Haverbusch M, Moomaw CJ, Broderick JP, et al. Peripheral monocyte count is associated with case fatality after intracerebral hemorrhage. J Stroke Cerebrovasc Dis. (2014) 23:e107–11. doi: 10.1016/j.jstrokecerebrovasdis.2013.09.006

 18. Brouwers HB, Chang Y, Falcone GJ, Cai X, Ayres AM, Battey TW, et al. Predicting hematoma expansion after primary intracerebral hemorrhage. JAMA Neurol. (2014) 71:158–64. doi: 10.1001/jamaneurol.2013.5433

 19. Wang X, Arima H, Al-Shahi Salman R, Woodward M, Heeley E, Stapf C, et al. Clinical prediction algorithm (BRAIN) to determine risk of hematoma growth in acute intracerebral hemorrhage. Stroke. (2015) 46:376–81. doi: 10.1161/STROKEAHA.114.006910

 20. Huynh TJ, Aviv RI, Dowlatshahi D, Gladstone DJ, Laupacis A, Kiss A, et al. Validation of the 9-point and 24-point hematoma expansion prediction scores and derivation of the PREDICT A/B scores. Stroke. (2015) 46:3105–10. doi: 10.1161/STROKEAHA.115.009893

 21. He GN, Guo HZ, Han X, Wang EF, Zhang YQ. Comparison of CT black hole sign and other CT features in predicting hematoma expansion in patients with ICH. J Neurol. (2018) 265:1883–90. doi: 10.1007/s00415-018-8932-6

 22. Boulouis G, Morotti A, Brouwers HB, Charidimou A, Jessel MJ, Auriel E, et al. Association between hypodensities detected by computed tomography and hematoma expansion in patients with intracerebral hemorrhage. JAMA Neurol. (2016) 73:961. doi: 10.1001/jamaneurol.2016.1218

 23. Fu F, Sun S, Liu L, Gu H, Su Y, Li Y. Iodine sign as a novel predictor of hematoma expansion and poor outcomes in primary intracerebral hemorrhage patients. Stroke. (2018) 49:2074–80. doi: 10.1161/STROKEAHA.118.022017

 24. Liu J, Xu H, Chen Q, Zhang T, Sheng W, Huang Q, et al. Prediction of hematoma expansion in spontaneous intracerebral hemorrhage using support vector machine. EBio Med. (2019) 43:454–9. doi: 10.1016/j.ebiom.2019.04.040

 25. Furie B, Furie BC. Mechanisms of thrombus formation. N Engl J Med. (2008) 359:938–49. doi: 10.1056/NEJMra0801082

 26. Liaw2 LLSaPC. The role of leukocytes in thrombosis. Blood. (2016) 128:753–62. doi: 10.1182/blood-2016-05718114

 27. Afshar-Kharghan V, Thiagarajan P. Leukocyte adhesion and thrombosis. Curr Opin Hematol. (2006) 13:34–9. doi: 10.1097/01.moh.0000190107.54790.de

 28. Maugeri N, Brambilla M, Camera M, Carbone A, Tremoli E, Donati MB, et al. Human polymorphonuclear leukocytes produce and express functional tissue factor upon stimulation. J Thromb Haemost. (2006) 4:1323–30. doi: 10.1111/j.1538-7836.2006.01968.x

 29. Mócsai A. Diverse novel functions of neutrophils in immunity, inflammation, and beyond. J Exp Med. (2013) 210:1283–99. doi: 10.1084/jem.20122220

 30. Massberg S, Grahl L, von Bruehl ML, Manukyan D, Pfeiler S, Goosmann C, et al. Reciprocal coupling of coagulation and innate immunity via neutrophil serine proteases. Nat Med. (2010) 16:887–96. doi: 10.1038/nm.2184

 31. McGee MP, Foster S, Wang X. Simultaneous expression of tissue factor and tissue factor pathway inhibitor by human monocytes. A potential mechanism for localized control of blood coagulation. J Exp Med. (1994) 179:1847–54. doi: 10.1084/jem.179.6.1847

 32. Hwang SM, Kim JE, Han KS, Kim HK. Thrombomodulin phenotype of a distinct monocyte subtype is an independent prognostic marker for disseminated intravascular coagulation. Crit Care. (2011) 15:R113. doi: 10.1186/cc10139

 33. Hogan SP, Rosenberg HF, Moqbel R, Phipps S, Foster PS, Lacy P, et al. Eosinophils: biological properties and role in health and disease. Clin Exp Allergy. (2008) 38:709–50. doi: 10.1111/j.1365-2222.2008.02958.x

 34. Dowlatshahi D, Smith EE, Flaherty ML, Ali M, Lyden P, Demchuk AM, et al. Small intracerebral haemorrhages are associated with less haematoma expansion and better outcomes. Int J Stroke. (2011) 6:201–6. doi: 10.1111/j.1747-4949.2010.00563.x

 35. Di Napoli M, Parry-Jones AR, Smith CJ, Hopkins SJ, Slevin M, Masotti L, et al. C-reactive protein predicts hematoma growth in intracerebral hemorrhage. Stroke. (2014) 45:59–65. doi: 10.1161/STROKEAHA.113.001721

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2019 Chen, Liu, Xu, He, Li, Jiao, Xiang, Zhan, Chen, Yang, Huang and Yang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fneur-10-01164-t004.jpg
Variable

Age

Male sex

Hypertension

Diabetes mellitus

Current or previous smoking
Current or previous drinking
History of coronary heart disease
History of cerebral infarction
History of cerebral hemorthage
Glasgow coma scale score
Intenational normalized ratio
Glucose level, mmol/L.

Platelet count, 10° cells/uL_
Time from onset to initial CT, h
Location of ICH

Lobe

Deep

Infratentorial

Baseline ICH volume, mL
Intraventricular extension

Non-HE (n = 216)

608+ 12.4
169 (78.2)
168 (77.8)

17(7.9)

75 (34.7)
7182.9)
3(1.4)
9(42)
12(5.6)

12 (@-14)
1.00 (0.94-1.05)
7.0 (6.0-8.4)
187 (154-231)
25(1.6-35)

21(97)
192 (88.9)
3(1.4)
21.6(13.8-33.3)
82(38.0)

HE (n = 216)

61.0% 126
163 (75.5)
152 (70.4)
23(10.6)

65 (30.1)
66(30.6)
2(09)
628
13(6.0)

12 (8-14)
0.99 (0.94-1.05)
7.0 (6.0-82)
201 (155-239)
25(15-35)

15(6.9)
191 (88.4)
10 (4.6)
24.1 (13.9-34.6)
88(40.7)

P-value

0.896
0.494
0.099
0.319
0.304
0.605
1.000
0.43
0.837
0.389
0.584
0.794
0.09
0.477
0.092

0.653
0.555

ICH, intracerebral hemorrhage; HE, hematoma expansion; CT, computed tomography.
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ICH, intracerebral hemorrhage; HE, hematoma expansion; CT, computed tomography.
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ICH, intracerebral hemorrhage; HE, hematoma expansion; CT, computed tomography;
8D, standard deviation; IQR, interquartile range. *Significant at P < 0.05.
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white blood cell: OB, odds ratio; Cl, confidence interval: CT, computed tomography.
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ORfor 10° cells increase.

2Adjusted for history of cerebral hemorrhage, glasgow coma scale score, time to initial
computed tomography, and baseline hematoma volume. WBC, white blood cell; OR, odds
ratio; Cl, confidence interval.
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Continuous variables are presented as mean == SD or median (IQR); Categorical variables

are presented as n (%).

ICH, intracerebral hemorrhage; HE, hematoma expansion; CT, computed tomography;
8D, standard deviation; IQR, interquartile range. *Significant at P < 0.05.
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