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Abstract

Acute stress and inflammation responses are associated with worse outcomes in intracerebral hemorrhage (ICH) but the
precise mechanisms involved are unclear. We evaluated the effect of neutrophil-to-lymphocyte ratio (NLR) in ICH outcome,
with focus on hematoma expansion and early cerebral edema. In a retrospective study, we included all patients with primary
ICH admitted to our center within 24-h from symptom onset from January 2014 to February 2015. We retrieved demographic
and medical history data, Glasgow Coma Scale scores, blood cell counts, glucose, and C-reactive protein, and calculated
NLR. We obtained hematoma volumes by computerized planimetry. Outcomes included independence at 90 days (modified
Rankin scale 0-2), mortality at 30 days, significant hematoma expansion (>33% or>6 mL) and early cerebral edema causing
significant midline shift (>2.5 mm) at 24 h. We included 135 patients. NLR independently associated with independence
at 90 days (adjusted odds ratio (aOR) 0.79, 95% CI 0.67-0.93, p=0.006) significant cerebral edema (aOR 1.08, 95%CI
1.01-1.15, p=0.016) but not hematoma expansion (aOR 0.99, 95%CI 0.94-1.04, p=0.736). The severity of midline shift
was positively correlated with NLR (adjusted beta=0.08, 95% CI 0.05-0.11, p <0.001). In ICH, an immediate and intense
systemic inflammatory response reduces the likelihood of a better functional outcome at 90 days, which is more likely to
be explained by perihematomal edema growth than due to a significant hematoma expansion. These findings could have
implications in new treatment strategies and trial designs, which endpoints tend to target exclusively hematoma enlargement.
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Introduction

The increasing trends in incidence and mortality of spon-
taneous intracerebral hemorrhage (ICH) constitute a major
challenge [1], because studies done so far found no robust
evidence for any specific treatment. Acute lowering of blood
pressure reached no definitive results in two recent clinical
trials in terms of functional outcome [2, 3] despite the fact
that both proved to significantly reduce the rate of hematoma
expansion. Therefore, other factors must be sought.
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Acute stress and inflammation also have an important
role in the pathophysiology of acute ICH [4]. Secondary
brain injury results from the accumulation of intraparen-
chymal toxic blood components, which can be enhanced by
the external inflammatory environment [4]. This leads to
irreversible disruption of the components of the neurovas-
cular unit and cell death through several pathways, namely,
excitotoxicity, oxidative stress and inflammation [4]. Animal
studies support the fact that high levels of metabolic stress
lead to a reduction of perihematomal autophagy, a physi-
ologic pathway activated in acute stress response to ICH [5,
6]. Recent attention has been given to neutrophil indexes
as simple biomarkers of the intensity of systemic inflam-
mation [7]. Particularly, the neutrophil-to-lymphocyte ratio
(NLR) has been linked to increased mortality [8, 9], and
functional outcome [7, 8] but the precise mechanisms for
this effect are not clear. Other reactive inflammatory markers
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like platelet-to-lymphocyte ratio (PLR) have not been thor-
oughly accessed before [10].

We aimed to study the predictive value of admission
NLR, as compared to neutrophilia, PLR, C-reactive, and
glycemia, on significant hematoma growth and early cerebral
edema at 24 h in patients with spontaneous ICH as well as
mortality and functional outcome at 90 days.

Methods
Patient selection

We retrospectively analyzed all consecutive patients with
primary ICH admitted to Centro Hospitalar Universitario
Sao Jodo (Porto, Portugal) between January 2014 and Feb-
ruary 2015 that performed head computerized tomogra-
phy (CT) within 24 h from symptom onset. 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; (4) massive hemorrhage
judged by the clinicians to have a very poor prognosis lead-
ing to the withdrawal of usual intensive care management;
(5) unavailable computerized tomography (CT). The study
protocol was approved by the Ethics Committee of Centro
Hospitalar Universitirio Sdo Jodo.

Parameter acquisition

We assessed electronic medical records and retrieved demo-
graphic 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 arterial blood pressure.
We also reviewed acute therapies to reverse anticoagulation
and surgical interventions performed, intensive care unit
charts, and occurrence of infection within the first 48 h. We
registered laboratory results of admission absolute counts
of total white blood cells, neutrophil, lymphocyte and plate-
lets, C-reactive protein, glucose and of lipidogram. We cal-
culated NLR (neutrophil/lymphocyte counts), neutrophilia
(neutrophil/total white blood cells count X 100%), and plate-
let/lymphocyte count ratio (PLR). We calculated ICH and
Functional Outcome in Patients with Primary Intracerebral
Hemorrhage (FUNC) scores. The ICH Score is a simple and
reliable scale that predicts mortality at 30 days in primary
ICH, which includes initial GCS score, age and hematoma
location and volume [11]. In turn, the FUNC score was vali-
dated to predict functional independence at 3 months and
includes GCS score, age, previous cognitive impairment and
hematoma location and volume [12]. These validated out-
come scores were obtained to summarize relevant variables
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into a composite variable for adjustment in the multivariate
analyses.

Image analysis

We retrieved the original DICOM data from the imaging
database (SECTRA) of the admission CT and the follow-up
CT scan performed within 24 to 36 h from ICH onset. The
imagiological evaluation was carried out by an experienced
neuroradiologist (FC) who was unaware of the other vari-
ables and outcomes. The area of the hematoma was calcu-
lated using the Osirix® software version 8.0 with manual
slice-to-slice ROI tool, followed by manual correction. Sig-
nificant hematoma growth was considered when an expan-
sion of >33% or> 6 mL was present between the two CT
evaluations. Presence of intraventricular blood was regis-
tered but not included in the total hematoma volume. At 24-h
CT, we registered the presence of cerebral edema causing
midline shift (MLS) and quantified it in millimeters. Midline
shift (MLS) was determined by creating a line connecting
the anterior and posterior insertions of the falx cerebri, and
measuring a perpendicular distance from the line to the sep-
tum pellucidum, at the level of the foramen of Monro.

Outcome measures

The imagiological outcomes included significant hematoma
expansion (>33% or>6 mL) and early significant cerebral
edema causing midline hematoma shift (>2.5 mm) at 24 h.
Clinical outcomes were mortality at 30 days and favorable
functional independence (modified Rankin scale (mRS)
score 0-2) at 90 days.

Statistical analysis

Normality of variables was determined by Shapiro—Wilk
test. We compared the baseline categorical and continu-
ous independent variables between groups of outcome with
Chi-square test or Student’s T test/Mann—Whitney test,
respectively.

The predictive value of NLR, neutrophilia, PLR, C-reac-
tive protein, glucose for significant hematoma expansion and
cerebral edema causing MLS, death at 30 days, independ-
ence at 90 days, were characterized by odds ratios (OR) and
respective 95% confidence interval (CI) obtained through
logistic regression. We adjusted them 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 validated in the pooled
analysis of recent ICH trials, which can be obtained individ-
ually by the formula probability =— 4.426 — 0.230 X onset-
to-CT time (h) —0.0776 x volume + 1.196 X 1/vol-
ume + 0.310 X antiplatelet + 1.065 X anticoagulant, where
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antiplatelet/anticoagulant is an indicator variable for previ-
ous medication taking values 1 for “yes” and O for “no” [13].
For cerebral edema, we adjust to initial hematoma volume,
which was the only variable associated with this outcome
in exploratory univariate logistic regression analysis, and
to the presence of infection. NLR, PLR, glucose and CRP
were non-normality distributed, and were log-transformed
in multivariate analysis.

For further characterization, the whole range of clinical
outcome of mRS at 3 months was compared among the NLR
terciles 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 and linear regression to characterize the asso-
ciation between the hematoma expansion (absolute) and the
degree in midline shift with log-transformed NLR. 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 diagnosed with primary ICH and
excluded 42 (n=16 with secondary causes at follow-up stud-
ies; n=12 with urgent surgery at admission; n =4 massive
hemorrhage with very poor prognosis; n =7 missing admis-
sion CT; n=3 patients without mRS), so that 135 remained
in final analysis. Table 1 shows the characteristics of all
cohort. Median (interquartile range) of age was 73 (64-80)
years, baseline hematoma volume 10 (2.3-26) mL, admis-
sion NLR 4.3 (2.2-8.5), neutrophilia 74 (62-85) %, PLR
130 (88-242), glucose 141 (114-194) mg/dl, and C-reactive
protein 6.7 (3.2-15.9).

Functional outcome and mortality

Independence at 90 days was achieved by n=29 (22%)
and mortality within 30 days in n=35 (26%). In univariate
analysis, independence at 90 days was significantly asso-
ciated with higher lymphocytes count (p =0.008), FUNC
score (p <0.001) and GCS score (p <0.001), younger age
(p <0.001), lower values of NIHSS score (p <0.001),
ICH volume (p=0.021), NLR (p <0.001), neutrophilia
(p=0.031), PLR (p=0.001), glucose (p <0.001) and
absence of infection within 48 h (p =0.035) but not with
C-reactive protein (p=0.113) (Supplementary Table 1).
Mortality at 30 days was significantly associated with higher
values of ICH score (p <0.001), NIHSS score (p <0.001),
ICH volume (p <0.001), and blood glucose (p <0.001),
lower values of GCS score (p <0.001),the presence of intra-
ventricular hematoma (p <0.001) and absence of infection
within 48 h (p =0.049) but not NLR (p=0.718), neutrophilia

Table 1 Baseline characteristics of all patients

Variables

All cohort (n=135)

Clinical and demographic

Male sex 69 (66)
Age, years—median (IQR) 73 (64-80)
Arterial hypertension—n (%) 94 (70)
Smoking—n (%) 16 (12)
Dyslipidemia—n (%) 59 (44)
Diabetes mellitus—n (%) 41 (30)
Antiplatelet drugs—n (%) 37 (27)
Anticoagulation—n (%) 32 (24)
Statins—n (%) 48 (36)
NIHSS score—median (IQR) 10 (3-22)
Glasgow Coma Scale score—median (IQR) 14 (9-15)
Systolic ABP, mmHg—mean (SD) 160 (33)
Diastolic ABP, mmHg—mean (SD) 84 (20)

Laboratorial analysis
Glucose, mg/dl—median (IQR)
LDL mg/dl—median (IQR)

141 (114-194)
106 (75-128)

HDL mg/dl—median (IQR) 44 (36-53)
Triglycerides mg/dl—median (IQR) 88 (73-115)
C-reactive protein, mg/l—median (IQR) 6.7 (3.2-15.9)
Leucocytes X 10°/1—median (IQR) 9.0 (7.2-11.8)
Neutrophils x 10%/l—median (IQR) 6.6 (4.4-9.8)
Lymphocytes X 10°/1—median (IQR) 1.5(0.9-2.2)
Platelets x 10°/l—mean (SD) 207 (65.7)
Neutrophilia—mean (SD) 73 (14)
Neutrophil-to-lymphocyte ratio—median (IQR) 43(22-8.5)

Platelet-to-lymphocyte ratio—median (IQR)
Hematoma characteristics and complications

Time from symptom onset to 1st CT Scan in
minutes—median (IQR)

Hematoma volume—median (IQR)

Hematoma expansion, mL—median (IQR)

130 (88-242)

194 (107.75-852)

10 (2.3 - 26)
18 (= 16.7to +99.1)

Location
Lobar—n (%) 58 (43)
Deep—n (%) 50 (37)
Infratentorial—n (%) 27 (20)
Vitamin K—n (%) 23 (17)
Prothrombin complex—rn (%) 21 (16)
External ventricular drainage—n (%) 8 (6)
Infection—n (%) 22 (16)
Urinary tract infection—n (%) 10 (45.5)
Pulmonary—n (%) 10 (45.5)
Others—n (%) 209

Prognostic scores
FUNC score, median (IQR) 7 (5-8)
ICH score, median (IQR) 1(1-2)

Values presented are medians (interquartile range), means (standard
deviation) or counts (percentage)

NIHSS National Institutes of Health Stroke Scale, FUNC functional
outcome in patients with primary intracerebral hemorrhage, ICH
intracranial hemorrhage, HDL high-density lipoprotein, LDL low-
density lipoprotein, ABP arterial blood pressure
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(p=0.085), lymphocytes count (p =0.944), PLR (p=0.845),
or C-reactive protein (p =0.236) (Supplementary Table 2).
The presence of infection within 48 h was not significantly
associated with inflammation markers including NLR, CRP,
neutrophilia, lymphocytes count (p =0.944), PLR and glyce-
mia in the acute phase (p > 0.05) (Supplementary Table 3).

In multivariate logistic regression models (Table 2), NLR
predicted independence at 90 days (adjusted OR (aOR)
0.80, 95% CI 0.67-0.94, p=0.006) but not mortality at
30 days (aOR 0.98, 95% CI 0.91-1.05, p=0.561). Glucose
also predicted independence at 90 days (aOR 0.99, 95% CI
0.97-0.997, p=0.015) but not mortality at 30 days (aOR
1.01, 95% CI 0.998-1.02, p=0.119). PLR also predicted
independence at 90 days (aOR 0.99, 95% CI 0.99-0.999,
p=0.020) but not mortality at 30 days (aOR 0.998, 95% CI
0.993-1.002, p=0.336). CRP, neutrophilia and lymphocyte
count were not significantly associated with functional out-
come nor with mortality at 30 days (p >0.05).

The relationship of NLR and functional outcome was fur-
ther characterized by comparing the distribution of every
class of mRS scale among NLR terciles (Fig. 1). The high-
est NLR tercile showed a significant shift towards worse
functional outcome categories which is more evident in
mRS classes from 0 to 2 (T3 versus T1: ordinal shift analy-
sis 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).

Imagiological outcomes

Significant hematoma expansion was documented in 63
(47%) patients and significant cerebral edema causing
MLS in 50 (37%). In univariate analysis, significant hema-
toma expansion was related to previous anticoagulant use
(»p=0.019), but not NLR, neutrophilia, lymphocyte count,
PLR, C-reactive protein, glucose or presence of infection
within 48 h(p > 0.05) (Supplementary Table 4). Cerebral
edema causing MLS was associated with lower levels of
GCS score (p <0.001), higher values of NIHSS (p <0.001),
hematoma volume (p <0.001), NLR (p=0.023), and neu-
trophilia (p =0.006), but not lymphocyte count, PLR, glu-
cose, C-reactive protein or presence of infection within 48 h
(p>0.05) (Supplementary Table 5). In multivariate logis-
tic regression models (Table 3), NLR was not associated
with hematoma expansion (aOR =0.99, 95%CI 0.94-1.04,
p=0.737) but predicted significant cerebral edema (aOR
1.08, 95%CI 1.02-1.15, p=0.016). PLR, neutrophilia, lym-
phocytes count, C-reactive protein and glucose were not
associated with imagiological outcomes in adjusted analysis
(p>0.05).

To further characterize the relationship between NLR
with hematoma volume expansion and absolute value of
midline shift at 24 h, we performed Spearman’s correlations
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and represented them in scatter plots in Fig. 2. NLR was
not correlated with absolute hematoma volume growth
(r=-0.330, p=0.117). Instead, NLR positively corre-
lated with the higher distance of midline shift (r=0.256,
p=0.005) irrespective of baseline hematoma volume in
linear regression analysis (adjusted beta=0.927 (95% CI
0.06-1.80), p=0.037). This can be also inspected in Fig. 2,
in which the positive relationship between NLR and midline
shift is present in both subgroups with smaller (<30 mL)
and larger (> 30 mL) hematoma volumes.

Discussion

Our study confirms that a higher NLR at admission is asso-
ciated with a reduced chance of a favorable functional out-
come at 90 days, but it also clarifies that this effect is likely
due to a higher risk of developing early significant edema
and not driven by increased rates of hematoma expansion
or early death. We were also able to show that NLR stands
out from other acute stress and inflammatory biomarkers,
namely PLR and glucose, which also independently pre-
dict functional outcome at 90 days; however, this effect was
not due to hematoma expansion or development of early
significant edema. Neutrophilia, lymphocytes count, and
C-reactive protein showed no association with clinical or
imagiological outcomes when adjusted to baseline severity.

The association of NLR with increased cerebral edema
probably occurs because the NLR is a proxy for the local
inflammatory response surrounding brain acute hematoma
[7, 14]. In the brain, this response is particularly well docu-
mented in animal models and is characterized by infiltrat-
ing leukocytes, namely neutrophils and macrophages, and
activated microglia, all contributing to the production of
chemokines, cytokines, extracellular proteases and reac-
tive oxygen species [14]. Interestingly, the inflammatory
response after ICH occurs not only locally in the brain but it
also involves the recruitment of peripheral leukocytes [15,
16]. These findings justify why peripheral neutrophil count
can be credited to represent the active inflammation response
soon after ICH and why it is linked to an increased perihe-
matomal edema. Additionally, animal studies show that the
build-up of secreted cytokines and chemokines by neutro-
phils occurs rapidly in hours [17] which explains why such
an early assessment of NLR is already linked to increased
cerebral secondary damage with impact in long-term func-
tional recovery.

The role of acute inflammatory markers in ICH outcome
has been studied before. One study found an association of
NLR with ICH outcome but considered only mortality rates
and not neurological disability [8]. Later on, Lattanzi et al.
showed that there was a link between NLR and the risk of
major disability (mRS 3-6) at 3 months but did not specify
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Fig. 1 Distribution of disability
on modified Rankin Scale at

90 days (which ranges from 0 to
6, with higher scores indicat-
ing more severe disability)
among terciles of neutrophil-
to-lymphocyte ratio. Dotted
lines depict the cut-offs used for
binary outcomes of this study
(independence and mortality).
The numbers in the bars are
percentages of patients who had
each score. For the statistical
analysis, consult “Results”

the underlying mechanism responsible for this association.
Our results show that acute inflammation affects outcome
mainly due to the development of significant perihemato-
mal edema and not hematoma growth [7]. This is especially
important since most recent trials in ICH focused on the
intensive reduction of blood pressure, which seems to effec-
tively prevent hematoma growth but did not reach conclusive
results on functional outcome [2, 3]. This could be due to the
fact that reduced blood pressure does not change perihema-
tomal edema [18]. Nevertheless, AA Divani et al. demon-
strated that systolic blood pressure variability (SBPV) may
be associated with poor outcome in patients with ICH; how-
ever, no statistically significant association between SBPV
and hematoma expansion was found, postulating that high
SBPV may enhance perihematomal edema [19], a point to
take into account in future trials.

In a recent study, an association between perihematomal
edema and NLR with worse outcome was reported but they
assessed cerebral edema and NLR at its peak around the end
of first week [20], which did not answer the question whether
inflammation levels are a reflection of worsening edema or
causing it. In contrast, our study shows that admission NLR
may already be a good marker of functional outcome and
probably useful to tailor specific anti-inflammatory strate-
gies in future trials. The use of more sophisticated semiau-
tomatic algorithm could be useful in further investigations
since it provides a more refined measurement of the perihe-
matomal edema volume [21].

Despite the predictive value of NLR, our study did not
demonstrate an association between functional independ-
ence, mortality or imagiological scores with lymphocyte
count nor neutrophilia, both used to calculate NLR. Other
studies have already showed that NLR outperformed leu-
kocyte counts as predictors of neurological worsening
[22]. Independently each inflammation marker seems to
be insufficient to predict outcome; however, by combining
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them into NLR, the predictive value is greatly improved,
confirming NLR as a more reliable predictor of functional
outcome.

PLR and C-reactive protein are also markers of sys-
temic inflammation. Differently from NLR, these markers
have been correlated to chronic inflammation that occurs
in atherosclerotic disease [23] and cancer [24] or in acute
thrombotic diseases like pulmonary embolism [25]. In our
study, PLR showed an association to clinical outcome repre-
sented by independence at 90 days although this effect was
not due to significant midline shift or hematoma expansion.
One could argue that mechanisms other that inflammation
may be at effect here, or even pro and anti-inflammatory
mechanisms at the same time producing no influence in the
net result of edema. In fact, animal models of ICH showed
that thrombin produced on the plasma membrane of plate-
lets and leucocytes is released early in the setting of ICH,
activating the inflammatory complement cascade. Although
C3-deficient mice displayed improved behavioral outcomes
after hemorrhage, C5-deficient mice showed only small
increases in edema after ICH, suggesting that the various
components of the complement cascade may play distinct
roles after ICH [15].

Previous use of anti-platelet drugs could also interfere
with platelet function and distort the value of PLR as
marker of active inflammation. C-reactive protein, con-
trary to the acute cellular response measured by NLR, is a
marker of slow humoral inflammatory response, meaning
its prognostic value could be found later on the course of
the ICH [26]. Also, concentrations of C-reactive protein
and its predication values on a variety of stroke pheno-
types are influenced by the ethnic genome background in
different racial groups, sex, and the environment, limit-
ing its use as prognostic marker in ICH [27]. This could
explain the lack of prognostic information of C-reactive
protein at presentation found in our study. Understanding
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value of midline shift at 24 h. Subgroup admission hematoma volumes > 30 and <30 mL are represented by black and grey lines and dots

the different inflammatory pathways and respective bio-
markers involved in ICH seems to be crucial to the devel-
opment of novel drugs in future trials.

There was also an independent association between
blood glucose levels and functional status at 90 days but
neither with hematoma expansion or cerebral edema,
contrary to animal models of ICH that showed that acute
hyperglycemia and ICH with high-glucose blood hema-
toma not only exacerbated neurological function but also
brain edema.[5]. In fact, previous studies also find a posi-
tive relationship of blood glucose and outcome on survival
and long-term functional status.[28]. When we adjusted to
baseline severity (ICH score), the association of glucose in
multivariate analysis lost statistical significance meaning
that initial hyperglycemia is correlated with ICH sever-
ity and not independently related to mortality. However,
we should also consider the possibility of hyperglycemia
at admission reflecting physiologic post-prandial increase
rather than a systemic stress/inflammatory response which
might blur the relations between this variable and out-
comes measures. This is reinforced by SAMURAI-ICH
study [29], in which glycemic levels were only related to
outcome at 24 h after admission but not at presentation.
This trial studied hematoma expansion and did not address
the perihematomal edema as an outcome.

The presence of infection within 48 h of symptom onset
correlated with worse functional status at 3 months; how-
ever, it also correlated with lower mortality at 30 days.
These findings need to be considered on the acute phase
of measurements. It is possible that patients with intracer-
ebral hemorrhages associated with worse outcome factors
and with higher probability of dying, had their signs and
symptoms of infection masked by their neurological status.
However the ones with better prognosis factors on admis-
sion, had their infections diagnosed and treated, explain-
ing why in these patients the presence of infection could
have had a worse impact on functional outcome but not
on mortality.

@ Springer

Despite these associations, the presence of infection was
not associated with variations on all inflammation markers and
was taken into account on the multivariate analysis.

The NLR is an accessible and inexpensive marker that may
be applied to ICH prognosis determination along with other
known parameters [30]. Preclinical and clinical research sug-
gests that ICH outcome is strongly influenced by a variety of
factors related to metabolic homeostasis that may act either
at the brain site of damage and systemic level influencing the
neurovascular recovery and systemic complications, whose
identification could aid to identify the variables that may serve
to improve prognostic algorithms and identify future target of
treatment in stroke patients [27, 31, 32].

Our study highlights the fact that NLR seems to be the
best inflammation-related prognostic marker among simple
and inexpensive indexes to be used in ICH and previous stud-
ies have highlighted the ability of NLR to improve outcome
prediction only at 30 days when added to a modified ICH
score model [33]. However, the systemic inflammatory path-
ways responsible for NLR variations and functional outcome
prognosis after ICH needs to be explored. A recent review on
Neutrophil-to-Lymphocyte Ratio in Acute Cerebral Hemor-
rhage by Lattanzi sheds some light on the different inflamma-
tory pathways possibly implicated on ICH, which may involve
neutrophil-induced neurotoxicity, with resulting in increase of
capillary permeability, blood—brain barrier breakdown and cel-
lular swelling, impacting negatively ICH functional recovery
[34]. More specific pro-inflammatory molecules [7] could be
of special interest to be further investigations in the future.
This could reveal to be useful for selection or risk stratification
of patients and possibly pharmacological interventions.

Limitations

Our study shares all the limitations of retrospective analy-
sis. Also, we were not able to exclude patients with “do
not resuscitate orders” which could influence the outcome.



Acta Neurologica Belgica (2021) 121:649-659

657

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. Perihematomal
edema usually develops more intensively after 1 week from
ICH occurrence. In our study, we measured it at 24 h, and
at this timing it might fail to detect the peak formation of
perihematomal formation. Still, edema with midline shift
was documented in a third of all cohort already at the early
period of our study, which allows the study of NLR effects
more precociously and at the same time frame as hematoma
expansion. A more sophisticated method to measure peri-
hematomal edema by software, without the use of midline
shift as a surrogate, could have helped eliminate the bias
of edema measurement depending on hematoma location.
Additionally, another possible bias is the presence of hyper-
acute bleeding, which is hypodense on CT, that might be
erroneously interpreted as early edema.

We were not able to include time from symptom onset to
blood draw when analyzing the association between NLR
and the outcomes measured, which could have somehow
influenced the results.

Conclusions

In ICH, an immediate and intense systemic inflammatory
response reduces the likelihood of a better functional out-
come at 90 days, which is more likely to be explained by per-
ihematomal edema growth than due to a significant hema-
toma expansion. These findings could have implications in
new treatment strategies and trial designs with endpoints
that tend to target exclusively hematoma enlargement.
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