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Introduction: Intracerebral haemorrhage (ICH) is defined as bleeding within the brain parenchyma. Neutrophil lymphocyte ratio
(NLR) is a dynamic parameter that can be affected by an underlying condition like microangiopathy (e.g. hemorrhagic stroke). The
NLR value at the time of stress (e.g. ICH) could be a predictor among various other factors on the outcome of the disease. The aim of
this study is to see if NLR could be a predictor of the outcome of the ICH.
Methods: This is a prospective observational study conducted in the Department of Neurosurgery and Department of Neurology,
fromMarch 2020 to February 2021. The ICH cases presented to the emergency department within 24 h of symptomswere included.
The baseline haematological and biochemical investigations were sent and the noncontrast computed tomography (NCCT) head
was done for the diagnosis of ICH. The NLR was measured. The ICH volume was calculated by ABC/2. Follow-up of the patient to
measure outcome was done with a modified Rankin scale (mRS) on 30 days. Student’s t-test was used to correlate NLR-mRS.
Fischer’s exact test was used for a categorical association of NLR to mRS.
Results: A total of 89 patients with ICH were enrolled in this study. In this study, 62.92% of patients had good outcomes (NLR of
4.88±3.06), whereas 37.08% of patients had bad outcomes (NLR of 9.09± 4.92). Statistically, higher NLR was significantly
predictive of poorer outcomes.
Conclusions: ICH causes stress in the body, which alters the value of NLR. Components of NLR are altered after haemorrhage due
to a change in homeostasis of brain parenchyma. The NLR value obtained at the time of emergency department visits may help to
predict the 30 days outcome of ICH.
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Introduction

ICH with or without intraventricular hemorrhage is a life-threa-
tening subtype of stroke. It is the second common type among all
strokes, which accounts for about 10–20%[1]. It has the worst

outcome in terms of morbidity, disability, and mortality.
Triaging of patients based on prognosis and customizing treat-
ment is of utmost importance, especially in developing
countries like Nepal to ensure optimal use of available limited
resources. It has a fatality rate of around 40% in 1 month and
54% in 1 year[2].

Hypertension is the most important modifiable risk factor for
spontaneous ICH. Deep perforator arteries in the thalamus, basal
ganglia, midbrain, and deep cerebellar nuclei, are chronically
damaged by hypertension. Other risk factors are trauma, cere-
brovascular amyloid deposition, coagulopathies, thrombocyto-
penia, and cocaine use. Low levels of total serum cholesterol are
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risk factors for ICH (in contrast to ischemic stroke, for which high
cholesterol levels are a risk)[3].

Plain computed tomography (CT) head is the most rapidly
available test for the diagnosis of ICH. The site of a bleed and
calculation of the volume of a bleed can easily and rapidly be
validated by the ABC/2 technique[4].

There are various prognostic factors. The most commonly
used prognostic determinants include age of the patient, GCS at
the time of admission, hematoma location and volume, and
intraventricular extension, Essen ICH score, ICH score[5]. These
scores, however, have some limitations and failed to support
accurate prediction of outcome[6].

Neutrophil-to-lymphocyte ratio (NLR), calculated as the ratio
of neutrophil and lymphocyte cell counts in the peripheral blood
is fast emerging, easily available, low-cost, and reproducible
prognostic indicator in several neurological disorders such as
stroke, traumatic brain injury (TBI) and multiple sclerosis[6].

The host immune reaction following ICH initiates the inflam-
matory cascade attributed to interaction between and among
immune-related cells-lymphocytes, and neutrophils. Following this
variable inflammatory mediators, namely adhesion molecules (e.g.
P-selectin), cytokines (e.g. IL-1, IL-6), chemokines (e.g. CCL2), and
proteases (e.g. matrix metalloproteinase-9) are released.

The evidence have suggested that the inflammation contributes
to tissue damage significantly caused by ICH. Specifically, acti-
vated inflammatory cells could release a variety of proin-
flammatory cytokines and proteases, which in turn cause
secondary brain injury[7].

High neutrophils as innate immune cells enhance the neuro-
inflammatory cascade. It has a direct impact on brain edema and
hematoma regrowth, increases mass effect and intracranial
pressure, and results in neurological deterioration. Adaptive
immune cells, and lymphocytes are crucial for the host’s defense
and adaptive immunity. Low lymphocyte count indicates a
reduction of protective lymphocytes, which worsens outcomes by
increasing the risk of infections in ICH patients.

NLR, thus, is a good marker that simultaneously shows sus-
ceptibility to secondary brain damage and poststroke complica-
tions secondary to neutrophil elevation and lymphocyte
depletion[8]. Several studies have shown that the increasedNLR is
a negative prognostic indicator in acute ischemic stroke (AIS) and
spontaneous intracerebral haemorrhage[9].

The aim of this study is to analyze the role of NLR in predicting
outcomes in patients with acute ICH.

Methods

This is a prospective observational study conducted at the
Department of Neurosurgery and the Department of Neurology
from March 2020 to February 2021. In this study, patients pre-
sented to the emergency department (ED) within 24 h intracer-
ebral hemorrhage were enrolled. Ethical clearance was obtained
from the institutional review committee with reference number
333(6-11)E2 076/077. The consent was taken from all the
patients. The work has been reported in line with the strength-
ening the reporting of cohort, cross-sectional, and case–control
studies in surgery (STROCSS) criteria[10].

All the patients above 18 years visiting to the ED with supra-
tentorial ICH (diagnosed with a CT scan) and blood sample
drawn within 24 h of the ED visit who were admitted under the

Department ofNeurosurgery andDepartment ofNeurologywere
enrolled in the study. The patient with HIV/AIDS, hematological
disorder, acute/chronic infection, autoimmune disease, cerebellar
haemorrhage, and pontine haemorrhage, patients under steroid
therapy and patient presented to ED after 24 h of symptoms were
excluded from the study.

Considering the prevalence of 37% (similar study done in a
medical college of Nepal) with a maximal permissible error of
10%, the sample size was calculated to be 89. (B) Sample size was
calculated using the formula n=z2pq/d2.

Patients were stabilized at the beginning after arriving at the
ED, and then, haematological, biochemical, and coagulation
profiles were analyzed from a blood sample and an NCCT of the
head were done. The site of bleed was noted and the volume of
ICH was calculated by the ‘ABC/2’ formula. The haematological
analysis, included total leucocyte count (TLC), neutrophil count,
and lymphocyte count. The NLR value was calculated.

For blood pressure, the AHA/ASA guidelines were followed
with a target BP of 160/90 mmHg by using intermittent or con-
tinuous intravenous medications. Patients with the feature of
raised ICP were managed by elevating the head (30°), analgesics,
and sedatives. Medical management was done with the mannitol
(1.0–1.5 g/kg of 20% mannitol), hypertonic saline (3% NaCl),
and neuromuscular paralysis. Hyperventilation was maintained
for a rapid decrease in the ICP.

Immediate decompression craniectomy with/without hema-
toma evacuation and extraventricular drainage was placed for
patients with neurological deterioration, brainstem compression,
and/or hydrocephalus. Patients were admitted to the neurosur-
gery ward, neurology ward, surgical ICU, and central ICU on the
basis of the patient’s GCS, comorbidity, and vital status.

The length of hospital stay was taken at the time of discharge.
For the patients already discharged, phone calls were made on the
30th day of the onset of symptoms. The patient’s physical con-
dition was inquired with family members/caretakers. The
patient’s condition was noted and graded as per the modified
Rankin Scale.

Data were analyzed using SPSS 25. Continuous variables were
expressed as means ± SD. Quantitative data were analyzed by t-
test. Continuous variables were analyzed by Fischer’s exact test.
The statistical significance of the test was set at P< 0.05.

Results

In this prospective observational study, a total of 107 patient’s
data were taken. Eighteen (16.8%) patients were excluded; eight
(44.44%) cases visited the hospital after 24 h of symptoms, six
(33.33%) cases had cerebellar haemorrhage, two (11.11%)
patients could not be followed as their phone number was not
recorded correctly, two (11.11%) cases had incomplete investi-
gations, and a total of 89 (83.17%) patients were included in the
data analysis.

Correlation between NLR and Modified Rankin Scale

Among the study group, 56 (62.92%) patients had a good out-
come, with a mean NLR value of 4.88 ± 3.06 and 33 (37.08%)
patients had a bad outcome with an NLR value of 9.09 ± 4.92.
The NLR value is significantly associated with mRS (30 days
outcomes of ICH) with a P-value of < 0.001 [95% CI: −5.90 to
−2.53] as shown in Table 1.
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Categorical analysis of NLR with mRS

The descriptive statistics of mRS across all five categories of NLR
are reported in Table 2. On categorical analysis, the bad outcome
group had a high NLR value. Similarly, the good outcome group
had a low NLR value. mRS was positively correlated with the
categorical subgroup of NLRwith a P-value of <0.001 as shown
in Table 2.

Correlation between NLR and volume of ICH

In our study, NLR and volume of ICH are moderately correlated
with NLR value, which is strongly supported by a significant
P-value (P<0.05) as shown in Table 3.

Demography and other characteristic

Among the total 107 patients, there were 77 (71%) males and 30
(29%) females. The most common age group in this study was
60–69 years of age. The mean age (mean ± SD) was of
60.78 ± 15.05 years with ages ranging from 23 to 88 years of age.

In this study, 63 patients were hypertensive, with a mean sys-
tolic blood presssure of 169.49 ± 34.26. Six patients had a history
of trauma, and four cases presented after rupture of the aneur-
ysm. Fourteen patients (12 males and 2 females) had other causes
(unspecified). These patients had normal SBP and a mean age of
57.7 ± 15.9 year as shown in Figure 1.

Among all the patients who presented to our center, 67.41%
patient had thalamic bleed (basal ganglia), 17.9% had parietal
bleed, 5.61%had fronto-parietal bleed, 4.49% had frontal bleed,
2.24% had occipital bleed and 1.12% had frontal bleed and
1.12% parieto-occipital bleed as shown in Figure 2.

Discussion

ICH is common in old age. Hypertension is the most common
cause of ICH. Previous studies results are closely related to the
NLR as a prognosis of STROKE[11]. In patients with a positively,
high NLR value is associated with 30-day mortality (Wang et al.
2016) as well as 90-day mortality (Lattanzi et al. 2016a, b; Tao
et al. 2017)[12,13]. In our study, among 89 cases of ICH, 33
(37.07%) cases had modified Rankin Scale of ≥3 (i.e. bad out-

come) at 1 month. The association between the NLR value at the
time of the ED visit and the outcome of ICH at 30 days follow up
was statistically significant (P<0.001). In the study done by Fie
Wang et al.[14] with 181 cases, 74 had a highNLR value (> 7.35);
107 had a low NLR value (≤7.35). The 30-day mortality was
37.8% (28/74) in the high-NLR group vs. 6.5% (7/107) in the
low-NLR group (P<0.001). In our study, on categorical analy-
sis, the NLR value category is statistically significant with mRS
(P< 0.001). However, no other studies have analyzed categorical
analysis of NLR value.

During haemorrhage in the brain parenchyma, neutrophils are
the earliestWBCs to appear in clots and peaks in a few days[15,16].
Neutrophil releases a large number of cytokines, including TNF
alpha. According to Behrouz et al. 2016, the concentration of
TNF in the blood is directly proportional to ICH volume[17].
Neutrophils could disrupt the BBB and neurons by releasing
reactive oxygen species (ROS), and proinflammatory cytokines,
upregulating the expression of metalloproteinase[18]. Neutrophils
also stimulate microglia/macrophages to release a variety of
cytokines and free radicals[16].

Lymphocyte acts as adaptive immunity to potentiate brain
injury. In a study done by Rolland WB et al.[19] 2013, a drug
that reduces the T cell pool reduces cerebral edema by
regulating IL-17.

NLR is an independent predictor of 30 days mortality of ICH,
however, many other factors like hematoma regrowth, blood
pressure variability, and other inflammatory markers interleukin,
TNF-α does have a significant role in the ICH outcome[14].

In a study done by FeiWang et al., ICH patients with lowNLR
(≤7.35) had a mean ICH volume of 6 cm3 and patients with high
NLR (> 7.35) had a mean ICH volume of 23.9 cm3

(P< 0.001)[19]. Similarly to other studies, the association of NLR
value and ICH volume was statistically significant in our study.
The volume of bleed acts as the physical destructor of the neu-
rons. In addition to themass effect, the peri hematoma edema also
contributes to progressive tissue injury and poor neurological
outcomes after ICH[20]. In patients with ICH, low leucocyte

Table 1
mRS-NLR correlation

NLR
mRS Mean± SD P 95% CI

Good out come (0–2) N= 56 4.88± 3.06 < 0.001* −5.90 to −2.53
Bad out come (≥ 3) N= 33 9.09± 4.92

mRS, modified rankin scale.

Table 2
Categorical NLR-mRS correlation

NLR

mRS 1–3 3–5 5–9 9–18 > 18 Row total (N) P

Good outcome (0–2) 16 17 19 3 1 56 < 0.001*
Bad outcome (≥ 3) 4 3 7 17 2 33
Column total (n) 20 20 26 20 3 89

mRS, modified rankin scale.

Table 3
Correlation between volume of ICH and NLR

Variables Mean± SD Pearson correlation (r) P

Volume of bleed (ml) 26.40± 23.5 0.425 < 0.001*
NLR 6.44± 4.35

Figure 1. Cause of intracerebral haemorrhage.
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count is associated with 90-day mortality and poor neurological
recovery[21,22]. In this study, lower lymphocyte count with high
mRS is consistent with these previous studies.

In a study done by, Nilsson[23] the common age group of ICH
was found to be 74–84 years. Similarly, a study done by Hegde
et al.[24], showed the mean age of ICH patients was
58.10 ± 12.76, which is similar to our study with a mean age of
60.78 ± 15.05. In this prospective observational study, the most
common age group of ICH patients belongs to 60–69 years,
which accounts for 26.96%.

Our study had several limitations. Firstly, this is a single-center
observational study. Second, the sample size is small. Third, we
did not enroll proinflammatory markers in this study. Fourth, we
did not record changes in blood pressure as its variability has a
strong association with poor outcomes in ICH[25]. Fifth, in this
study, we did not validate the biochemical parameters which has
strong associations with outcomes of the ICH[26].

Conclusions

We conclude that the NLR value at the time of presentation at the
emergency department (within 24 h of symptoms) can predict the
outcome of ICH at 30 days. There is a moderate association
between NLR value and ICH volume.
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