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Abstract

Background/Objective: Acute stress response and inflammation are associated with 

worse outcomes in intracerebral hemorrhage (ICH) but the precise mechanisms involved 

are not clear. We evaluated the effect of Neutrophil-to-lymphocyte (NLR) in ICH 

outcome, with focus on hematoma expansion and cerebral edema.

Methods: In retrospective study, we included all patients with primary ICH admitted to 

our center within 24-hours from last-seen-well time from January 2014 to February 2015.

We retrieved demographic and medical history data; Glasgow Coma Scale scores, 

differential blood cell counts, glucose and C-reactive protein, and calculated NLR. We 

obtained hematoma volumes by computerized planimetry. Outcomes included functional 

independence (modified Rankin scale 0 – 2) at 90 days, mortality at 30 days, significant 

hematoma expansion (>33% or >6 mL) and early cerebral edema causing midline shift at 

24 hours.

Results: We included 162 patients. NLR independently associated with independence at 

90 days (adjusted odds ratio (aOR) = 0.77, 95% confidence interval (CI) 0.62–0.97, 

p=0.023) and cerebral edema causing midline shift at 24 hours (aOR=1.04, 95% CI 1.01-

1.10, p=0.040) but not hematoma expansion (aOR=1.01, 95% CI 0.98-1.05, p=0.357). 

The severity of midline shift was positively correlated with NLR (r=0.256, p=0.005). 

Conclusions: In ICH, a more intense initial systemic inflammatory response reduces the 

likelihood of a better functional outcome at 90 days, which is more likely to be explained 

by early perihematomal edema growth than due to a significant hematoma expansion. 

These findings could have implications in new treatment strategies and trials’ design, with 

endpoints that target solely hematoma increase in size.

Keywords: Cerebral Hemorrhage, outcome, hematoma, brain edema, inflammation
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Introduction

Increasing trends in incidence and mortality of spontaneous intracerebral hemorrhage 

(ICH) 1 constitute a challenge, because there are no specific treatments. Acute lowering 

of blood pressure reached no conclusive results in clinical trials, despite the reduction in 

hematoma expansion 2. Therefore, other factors must be sought. 

Acute stress response and inflammation also play a role in the pathophysiology of acute

intracerebral hemorrhage (ICH) 3. Secondary brain injury results from intraparenchymal 

toxic blood components accumulation, which can be enhanced by external inflammatory 

environment. This leads to irreversible disruption of the components of the neurovascular 

unit and cell death through several pathways, namely, excitotoxicity, oxidative stress and 

inflammation 3. Previous animal studies support this hypothesis by showing that high 

serum glucose levels reduces peri-hematoma autophagy, a physiologic pathway activated 

in acute stress response to ICH 4,5. In humans, high serum glucose is also a predictor of 

worse outcome 6-9. Recent attention has been given to neutrophil indexes as simple 

biomarkers of the intensity of systemic inflammation 10. Particularly, neutrophil-to-

lymphocyte ratio (NLR) was linked to higher increased mortality 11,12 and worst

functional outcome 10,11, although theses associations are not always evident after 

adjusting for other risk factors 13 and the specific underlying mechanisms are still not 

clear 14.

We aimed to study the predictive value of NLR on significant hematoma growth and early 

cerebral edema in patients with spontaneous ICH, as well as mortality and functional 

outcome at 90 days.
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Methods

Patient Selection

We retrospectively analyzed all consecutive patients with primary ICH admitted to the 

Centro Hospitalar São João (Porto, Portugal) between January 2014 and February 2015

with computerized tomography (CT) performed within 24 hours from last-seen-well time. 

Patients were excluded if they had: (1) evidence of traumatic intracranial bleeding, (2) 

neoplastic or vascular lesion presumed to be the underlying cause of the hemorrhage, (3) 

hemorrhagic transformation of a cerebral infarct, or (4) unavailable computerized 

tomography (CT). The study protocol was approved by the São João Hospital ethics 

committee

Parameter Acquisition

We reviewed electronic medical records and retrieved demographic and clinical variables 

such as sex, age, vascular risk factors, chronic medication, admission Glasgow Coma 

Scale (GCS) score, National Institutes of Health Stroke Scale (NIHSS) score, systolic and 

diastolic blood pressure, length of stay and presence of infection. We also retrieved 

laboratory results for admission absolute count values of total white blood cells, 

neutrophil, lymphocyte and platelets, C-reactive protein, glucose and lipidogram. We 

calculated the neutrophilia (neutrophils/ total white blood cells×100%), NLR

(neutrophils/lymphocyte ratio) and platelet/lymphocyte ratio (PLR). We registered acute 

therapeutics for anticoagulation reversal and surgical interventions. We calculated ICH 

and Functional Outcome in Patients with Primary Intracerebral Hemorrhage (FUNC) 

scores. The ICH Score is a simple and reliable predictive scale, that predicts mortality at 
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30 days in primary ICH, whose assessment includes presentation GCS score, patient age

and hematoma´s location and volume 15. The FUNC Score is a valid clinical assessment 

tool that identifies patients with ICH who will attain functional independence at 3 months,

that includes GCS score, patient´s age and previous cognitive impairment presence and

hematoma´s location and volume 16. These validated ICH outcome scores were obtained 

to summarize relevant variables into a composite score in multivariate analyses. 

Concerning cerebral edema at 24 hours, we considered it significant only in the case of 

being associated with midline shift and early, because in most cases it usually peaks after

the 1st week after ICH onset. We were particularly interested in precocious findings and 

synchronous assessment of hematoma expansion and severity of perihematoma edema.

Imaging analysis 

We retrieved the original DICOM series from the imaging database concerning the 

admission CT and the follow-up CT scan performed within 24 to 36 hours from ICH onset

for the analysis of volume. Significant hematoma growth was considered when an 

expansion of > 33% or > 6 ml was present between the two CT evaluations. Presence of 

intraventricular blood and midline shift hematoma at 24h in initial CT was registered. 

Imagiological evaluation was carried out by an experienced neuroradiologist (FC) who 

was unaware of the other variables and outcomes. The area of the hematoma was 

delineated by software Osiris with manual ROI tool ®, with the use of density thresholds 

on each slice, followed by manual correction; those performing manual correction were 

unaware of the treatment assignments. At 24 hours CT, we registered the presence of 

cerebral edema causing midline shift (MLS) and quantified the latter in millimeters. MLS 

was determined by creating a line connecting the anterior and posterior insertions of the 
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falx cerebri and measuring a perpendicular distance from the line to the septum 

pellucidum, at the level of the foramen of Monro.

Outcome Measures

Outcomes included significant hematoma expansion (>33% or >6 mL), midline 

hematoma shift at 24h, mortality at 30 days and functional independence (modified 

Rankin scale (mRS) score 0 – 2) at 90 days. Data on mortality, functional outcome and 

MLS were retrieved from electronic registries.

Statistical Analysis

Normality of variables was determined by Shapiro-Wilk test. We compared the baseline 

categorical and continuous independent variables between dichotomized groups 

accordingly to the presence or absence of the outcome measure (death at 30 days, 

favorable outcome (mRS 0 – 2) or hematoma expansion) with chi-square test or Student’s 

T-test/Mann-Whitney test, respectively.

The predictive value of NLR and stress/inflammatory markers (neutrophilia, PLR, C-

reactive protein, glucose) for death at 30 days, independence at 90 days, significative 

hematoma expansion and cerebral edema causing MLS were characterized by odds ratios 

(OR) and respective 95% confidence interval (CI) obtained through logistic regression.

These were adjusted to ICH Score for death at 30 days and FUNC Score for independence 

at 90 days in multivariate analysis. For significant hematoma expansion we adjusted to a 

probability score proposed derived from a pooled analysis of ICH trials, which was 

calculated individually by the formula probability = -4.426 − 0.230×Onset-to-CT time 
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(hours) − 0.0776×Volume + 1.196×√Volume + 0.310×Antiplatelet + 

1.065×Anticoagulant, where antiplatelet/anticoagulant is an indicator variable for 

anticoagulant therapy at ICH onset taking values 1 for yes and 0 for no 17. Significative 

cerebral edema was adjusted to initial hematoma volume, which revealed the only 

variable associated with this outcome in exploratory univariate logistic regression 

analysis. As NRL, PLR, glucose and CRP were non-normality distributed, they were log-

transformed in multivariate analysis.

For further characterization, clinical outcome was compared among NRL terciles using 

mRS scores at 90 days with ordinal shift analysis modeling across all levels of the scale 

after we verified conformity to the assumption of a common proportional odds. We also 

used Spearman’s correlations to characterize the association between de hematoma 

expansion (absolute) and the degree in midline shift with log-transformed NRL. We used 

Statistical Package for the Social Sciences (SPSS) version 25.0 (IBM Corp, Armonk, 

NY). The significance level was fixed at p<0.05.

Results

We identified 177 patients with ICH and excluded 15 (n = 12 with secondary causes for 

ICH; n = 3 missing admission CT), so that 162 remained in final analysis.

Table 1 shows the characteristics of all cohort. Sexes were equality represented and 

median (interquartile) range of age was 71 (58-79) years, baseline hematoma volume 11 

(3 – 32) ml, admission glucose 138 (114–189) mg/dl, NLR 4.5 (2.2–8.8), Neutrophilia 74 

(62 – 85) %, PLR. 136 (92 – 241).
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Functional outcome and mortality

In all cohort, mortality at 30 days was 32% and independence rate at 90 days (mRS 0 –

2) 40%. In univariate analysis, independence at 90 days was significantly associated with 

younger age (p < 0.001), lower CGS (p <0.001), NIHSS (p <0.001), ICH volume (p = 

0.002), FUNC score (p <0.001), NLR (p<0.001), PLR (p=0.010), neutrophilia (p=0.026), 

glucose (p=0.001) but not CRP (p=0.103). Mortality at 30 days was associated with 

significantly higher GCS score (p < 0.001), NIHSS (p < 0.001), intraventricular 

hematoma (p < 0.001), ICH volume (p<0.001), ICH score (p < 0.001) and blood glucose 

(p = 0.006), but not NRL (p=0.096), PLR (p=0.996), neutrophilia (p=0.175) and CRP 

(p=0.145). In multivariate logistic regression models (table 2), NLR predicted 

independence at 90 days (adjusted OR (aOR) =0.77, 95% CI 0.62-0.97, p= 0.023) but not 

mortality (aOR =1.04, 95% CI 0.96-1.11, p= 0.340). PLR, neutrophilia, CRP and glucose 

were not significantly associated with functional outcome (table 2, p>0.05).

To further characterize our results, we analyzed the distribution of each category of the 

whole mRS scale in each subgroup of NRL terciles, as can be visually inspected in Figure 

1. The highest NRL tercile (T3) showed a significant shift towards worse outcome 

categories compared to first (T1) and mid-terciles (T2), more so in the relative 

underrepresentation of patients in the 0 to 2 categories of mRS (T3 versus T1: ordinal 

shift analysis OR= 2.77, 95% CI 1.29-5.94, p= 0.009; T3 versus T2: 2.98, 1.37-6.49, p= 

0.006; T2 versus T1: 1.05, 0.51-2.19, p= 0.890).
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Intracranial outcome measures

Significant hematoma expansion was documented in 29 % of the cases and cerebral 

edema causing MLS in 38%. 

In univariate analysis, significative hematoma expansion was related to previous 

anticoagulant use (p=0.040), but not NRL, PLR, neutrophilia, CRP or glucose (p>0.05). 

Cerebral edema causing MLS was associated with GCS (p<0.001), NIHSS (p<0.0001), 

volume (p<0.001), NLR (p=0.040), but not PLR, neutrophilia, glucose or C-reactive 

protein (p>0.05). In univariate and multivariate logistic regression model NRL was not 

associated with hematoma expansion (aOR=1.06, 95%CI 0.98-1.15) but predicted 

significant cerebral edema (aOR=1.05, 95%CI 1.01-1.10). PLR, neutrophilia, glucose and 

CRP were not associated with these outcomes. 

 

To further characterize the relationship between NLR and absolute volume expansion and 

absolute value of midline shift at 24 hours, we performed Spearman’s correlations and 

represented them in scatter plots in Figure 2. NLR was not correlated with hematoma 

expansion (absolute volume difference in ml) (r= -0.330, p=0.117). Instead, NRL 

positively correlated with the degree of midline shift, which seems to be irrespective of 

hematoma volume in regression (NRL adjusted beta = 0.927 (95% CI 0.06-1.80), 

p=0.037; hematoma volume adjusted beta = 0.08 (95% CI 0.05-0.11), p<0.001). This can 

be also inspected in Figure 2, in which the proportional relationship between NRL and 

midline shift is present in both subgroups with hematoma volume at baseline < 30 ml and 

> 30 ml. 
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Discussion

Our study showed that a higher NRL at admission decreased the odds of being 

functionally independent at 90 days and increased the odds of early significant cerebral 

edema causing MLS, but not conferred risk of death or hematoma expansion. On the other 

hand, other inflammatory biomarkers such as PLR, neutrophilia, CRP as well as glucose 

were not associated with outcome when adjusted to baseline severity.

A lower NLR was associated with a favorable functionality outcome, which probably 

occurs because the NLR is a proxy for the local inflammatory response that happens after 

an ICH 10. This response, characterized by infiltrating leukocytes, namely neutrophils and 

macrophages, and activated microglia was well documented in previous animal studies 18

and associates with cytotoxic mediators release, contributing to secondary brain injury in 

ICH. This is in line with the significant relationship found between NLR and increased 

perihematoma edema causing MLS < 24 hours found in our study, but could not 

demonstrate a clear separation between hematoma expansion and cerebral edema 19. In 

our study, this association was independent of initial edema size, with both hematoma 

volumes > 30 and ≤ 30 ml subgroups having a positive association between NLR and 

absolute value of midline shift.

Other studies also looked inflammation and functional prognosis in ICH with similar 

conclusions 10,11. However, in our study the functional outcome was evaluated using mRS 

at least 90 days after stroke onset, and we defined favorable outcome as mRS of ≤2, 

instead of ≤3 of previous studies. Figure 1 shows very clearly that an higher NRL shifts 

the outcome mainly at the mRS categories of 0 to 2. This is a strength of the present study
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and not shown previously. Other studies found no association between NLR and death at 

30 days. Like our study Zhang et al 20 did found an association for NLR and functional 

outcome at 3 months in ICH patients, but not for NLR and death at 3 months in ICH 

patients 20.

There was no independent association between blood glucose levels and functional status 

at 90 days, mortality or hematoma expansion. Previous studies found a positive 

relationship of blood glucose and outcome on survival and functionality, but did not took 

into account many baseline characteristics of severity, namely the ones that compose ICH 

Score 7. When we adjusted to baseline severity (ICH and FUNC scores) the association 

of glucose in multivariate analysis lost statistical significance. This means that high 

glucose levels correlate with ICH severity at admission and probably due to the low 

statistical power we might fail to detect an effect of this parameter in outcome. Another 

possibility is that hyperglycemia at the ICH onset may reflect physiologic post-prandial 

increase rather than a systemic inflammatory response, which might blur the relations 

between this variable with outcome measures. No association was found for hematoma 

growth and blood glucose, as in the SAMURAI–ICH study 21 and NLR values. At the 

onset the only factor associated with hematoma expansion was the presence of 

anticoagulation therapy, that alters the normal physiological coagulation pathways and 

causes increased hematoma expansion.

The NLR is an accessible and inexpensive marker, that may be applied in the prognosis 

of ICH with other known parameters 20. However, the systemic inflammatory pathways 

responsible for NLR variations and functional outcome prognosis after ICH need to be 

further investigated. Like NLR, higher levels of pro-inflammatory molecules could be 
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used for selection or risk stratification of patients 10 and possibly pharmacological 

interventions. 

Limitations

Our study shares all the limitations of all retrospective analysis. The determination of 

blood glucose levels at admission can be biased by prandial state, which influence we 

cannot rule out in our results. Also, we were not able to exclude patients with “do not 

resuscitate” which could affect the outcome. However, this normally occurs in the 

presence of very severe ICH cases and would be reflected in FUNC and ICH scores that 

were used in multivariate analysis.

Conclusions

In ICH, a more intense initial systemic inflammatory response reduces the likelihood of 

a better functional outcome at 90 days, which is more likely to be explained by early 

perihematomal edema growth than due to a significant hematoma expansion. These 

findings could have implications in new treatment strategies and trials’ design, with 

endpoints that target solely hematoma increase in size.
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Tables

Table 1. Baseline characteristics of all patients

Variables All cohort (n = 162)

Clinical and demographic

Male 79 (50)

Age (years), mean (SD) 70 (13)

Hypertension, n (%) 109 (73)

Smoking, n (%) 17 (11)

Dyslipidemia, n (%) 70 (47)

Diabetes Mellitus, n (%) 46 (31)

Antiplatelet, n (%) 46 (29)

Anticoagulation, n (%) 36 (24)

Statins, n (%) 57 (39)

NIHSS score, median (IQR) 9 (3-28)

GCS score, median (IQR) 14 (8 – 15)

SBP mmHg, mean (SD) 160 (31)

DBP mmHg, mean (SD) 85 (20)

Glucose, median (IQR) 137 (114 – 189)

Laboratorial analysis

LDL mg/dl, median (IQR) 104 (78 – 128)

HDL mg/dl, median (IQR) 44 (36 - 52)

Triglycerides mg/dl, median (IQR) 88 (73 – 137)

Platelets ×109/l, mean (SD) 202 (167 – 246)

Leucocytes ×109/l, mean (SD) 9.8 (7.2 – 11.6)
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Variables All cohort (n = 162)

Neutrophils ×109/l, mean (SD) 6.7 (4.4 –9.8)

Lymphocytes ×109/l, median (IQR) 1.5 (0.9 – 2.2)

Neutrophilia (%) 74 (62 – 85)

Neutrophil-to-lymphocyte ratio, median (IQR) 4.5 (2.2 – 8.9)

Platelet-to-lymphocyte ratio, median (IQR) 136 (92 – 241)

C-reactive protein mg/l, median (IQR) 6.6 (2.9 – 14.4)

Hematoma characteristics and complications

Hematoma volume, median (IQR) 11 (4 – 32)

Hematoma Expansion, ml, median (IQR) 1 (-1 – 6.8)

Location

…Lobar 71 (44)

… Deep 59 (36)

…Infratentorial 32 (18)

Plasma, n (%) 4 (3)

Vitamin K, n (%) 26 (17)

Prothrombin complex concentrate, n (%) 22 (14)

External Ventricular Drainage, n (%) 11 (7)

Hematoma evacuation, n (%) 14 (9)

Intensive care admission, n (%) 78 (48)

Infection, n (%) 28 (18)

Prognostic scores

FUNC Score, median (IQR) 7 (5 – 8)

ICH Score, median (IQR) 1 (1 – 2)
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Table 2. Prediction of functional outcome by logistic regression analysis

Independence at 90 days (mRS 0 to 2 ) Mortality 30 days

Yes

n=33

No 

n=149

Unadjusted 

OR (95% CI)

P Adjusted OR 

(95% CI)* 

P Yes 

n=49

No 

n=113

Unadjusted 

OR (95% 

CI)

P Adjusted OR (

95% CI)**

P

NRL 2.3 (1.4-

4.6)

5.6 (2.9-

11)

0.73 (0.62-

0.87)

0.001 1.06 (0.98-

1.15)

0.161 5.8 (2.2-

13)

4.2 (2.2-

8.3

1.06 (1.01-

1.12

0.015 1.04 (0.96-

1.11)

0.340

PLR 102 (66-

140)

143 

(100-

255)

0.99 (0.99-

0.998)

0.010 1.00 (0.99-

1.00)

0.183 131 (90-

255)

137 (92-

239)

1.00 (1.00-

1.00)

0.517 0.99 (0.95-

1.02)

0.859

Neutrophilia, % 69 (52-

76)

76 (63-

85)

0.97 (0.95-

0.996)

0.022 0.99 (0.96-

1.02)

0.546 80 (63-

87)

73 (61-

84)

1.01 (0.98-

1.04)

0.326 0.99 (0.95-

1.02)

0. 454

C-reactive 

protein, mg/dl

4.6 (2.0-

10.0)

7.1 (3.4-

15.9)

0.99 (0.96-

1.01)

0.220 0.99 (0.97-

1.01)

0.257 8 (3.3-

24)

6.5 (2.7-

11)

1.01 (1.00-

1.02)

0.117 1.01 (1.00-

1.02)

0.216

Glycemia, mg/dl 122 

(103-

133)

144 

(115-

196)

0.98 (0.97-

0.99)

0.001 0.99 (0.98-

1.01)

0.222 160 

(126-

206)

128 

(107-

178)

1.01 (1.003-

1.01)

0.021 1.00 (0.99-

1.01)

0.420

Values presented are medians (interquartile range). mRS = modified Rankin Scale. NRL= Neutrophil-to-lymphocyte Ratio, PLR= Platelet to 
lymphocyte ratio.

* Adjusted to FUNC Score which includes age, Glasgow Coma Scale score, hematoma volume and location, and previous cognitive impairment; 
** Adjusted to ICH Score which includes age, Glasgow Coma Scale score, hematoma volume, and intraventricular and infratentorial hematoma
location 
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Table 3. Prediction of significant hematoma expansion or early significant cerebral edema by logistic regression analysis (N=133)

Significant hematoma expansion

(> 6 ml or 33% at 24 hours)

Significant early cerebral edema hematoma

(midline shift at 24 hours)

Yes 

n=41

No 

n=92

Unadjusted 

OR (95% CI)

P Adjusted OR 

(95% CI)*

P Yes 

n=50

No 

n=83

Unadjusted 

OR (95% 

CI)

P Adjusted OR 

(95% CI)**

P

NRL 3.4 (2.2-

8.9)

3.4 (2.0-

8.0)

1.01 (0.95-

1.06)

0.761 1.01 (0.98-

1.05)

0.357 5.7 (2.0-

13)

4.2 (2.3-

7.9

1.05 (1.01-

1.10

0.015 1.04 (1.01-

1.10)

0.040

PLR 128 (91-

249)

127 (84-

238)

1.00 (0.98-

1.03)

0.289 1.04 (0.97-

1.11)

0.183 131 (81-

258)

137 (99-

230)

1.00 (1.00-

1.00)

0.517 0.99 (0.95-

1.02)

0.859

Neutrophilia, % 71 (61-

83)

71 (59-

87)

1.00 (0.98-

1.03

0.345 1.03 (0.97-

1.10)

0.231 80 (63-

87)

73 (62-

84)

1.01 (0.98-

1.04)

0.326 0.99 (0.95-

1.02)

0. 454

C-reactive 

protein, mg/dl

5.9 (2.1-

11)

6.7 (2.9-

13)

0.99 (0.97-

1.01

0.378 1.00 (0.97-

1.11)

0.234 6.9 (3.1-

16)

6.7 (2.7-

13)

1.01 (1.00-

1.01)

0.834 1.01 (1.00-

1.02)

0.216

Glycemia, mg/dl 125 

(108-

183)

130 

(107-

165)

1.00 (0.99-

1.01

0.456 1.04 (0.96-

1.10)

0.444 141 

(110-

201)

136 

(114-

177)

1.01 (1.00-

1.01)

0.074 1.00 (0.99-

1.01)

0.420

Values presented are medians (interquartile range). mRS = modified Rankin Scale, NRL= Neutrophil-to-lymphocyte Ratio, PLR= Platelet to 
lymphocyte ratio.
* Adjusted to a computed probability score based on 17, which includes time of symptom onset to CT, hematoma volume, previous use of antiplatelet 
and anticoagulant
** adjusted to baseline hematoma volume 
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Figure captions:

Figure 1. Distribution of disability on modified Rankin Scale at 90 days (which ranges from 0 to 6, 

with higher scores indicating more severe disability) among terciles of neutrophil-to-lymphocyte 

ratio. The numbers in the bars are percentages of patients who had each score. For the statistical 

analysis consult results section in main text.
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Figure 2. Scatterplots showing the relationships between log-transform neutrophil-to-lymphocyte 

ratio and absolute volume expansion and absolute value of midline shift at 24 hours. Subgroups 

admission hematoma volumes > 30 and ≤ 30 ml are represented by black and grey lines and dots, 

respectively. 


