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Neutrophil to lymphocyte ratio predicts island sign
in patients with intracranial hemorrhage
Fan Zhang, MD, PhDa,b, Juan Qian, MDc, Chuanyuan Tao, MD, PhDa, Yuelong Wang, MD, PhDa,
Sen Lin, MD, PhDa, Chao You, MD, PhDa,∗, Mu Yang, MD, PhDa,d,∗

Abstract
Our previously studies indicated that inflammatory responses are involved in the hematoma expansion (HE) after intracranial
hemorrhage (ICH) ictus. Here, we aim to evaluate the correlations among the ratio of neutrophil to lymphocyte ratio (NLR), HE, and
island sign in patients with ICH.
Patients with spontaneous ICHwere retrospectively included. Clinical characteristics, imaging features, and laboratory parameters

were obtained. Multivariable analysis was performed to evaluate the association of NLR with HE or island sign. Receiver-operator
analysis was also used to estimate their predictive abilities for HE and its imaging features.
A total of 279 patients were enrolled in present study, and 78 patients had early hematoma growth, while 43 of them exhibited

island sign. Elevation of both leukocyte (odds ratio [OR] 1.136, 95% confidence interval [CI] 1.037–1.245, P< .01) and neutrophil
absolute numbers (OR 1.169, 95% CI 1.065–1.284, P< .01), as well as reduction of lymphocyte counts (OR 0.052, 95% CI 0.016–
0.167, P< .01) were strongly associated with the existence of island sign. Moreover, despite the predictive ability of NLR on the
existence of island sign (OR 1.063, 95% CI 1.036–1.090, P< .01), it also showed the best predictive accuracy (sensitivity 76.74%,
specificity 79.66%, positive predictive value 40.70%, negative predictive value 94.90%, area under the curve 0.817) by comparing
with peripheral leukocyte counts.
The NLR could be used as an independently marker for reflecting the island sign in patients with ICH. Our findings indicated that

systemic inflammatory responses might be involved in the pathologic process of active bleeding in cerebral.

Abbreviations: ALC = absolute lymphocyte count, AMC = absolute monocyte count, ANC = absolute neutrophil count, APTT =
activated partial thromboplastin time, AUC = area under the curve, CI = confidence interval, CT = computed tomography, HE =
hematoma expansion, ICH = intracranial hemorrhage, INR = international normalized ratio, IQR = interquartile range, IVH =
intraventricular hemorrhage, NLR = neutrophil to lymphocyte ratio, OR = odds ratio, PT = prothrombin time, ROC = receiver
operating curve, SAH = subarachnoid hemorrhage, sICH = spontaneous intracranial hemorrhage, WBC = white blood count.
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1. Introduction

Spontaneous intracranial hemorrhage (ICH) is one of the most
severe diseases thus lead to high ratio of mortality and
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morbidity in patients. It is well-documented that inflamma-
tory responses[3] and early hematoma growth[4–7] play
important roles in the pathologic processes of ICH. However,
the relationship between inflammation and hematoma expan-
sion (HE) remains controversial due to the inconsistent results
that observed in previous studies.[8,9] Recently, neutrophil to
lymphocyte ratio (NLR) is employed as a novel inflammatory
marker to independently predict the prognosis of patients with
ICH.[8] By comparing with the absolute counts of both
neutrophil count (ANC) and lymphocyte count (ALC), NLR
exhibited the best predictive value for functional outcome in
patients with ICH. Here, we aimed to evaluate the potential
association of NLR with HE, as well as island sign, which was
recently identified as an excellent imaging predictor for HE in
patients with ICH.
2. Methods

2.1. Patient selection

All the cases of patients with ICH that admitted in West China
Hospital between September 2014 and October 2016 were
retrospectively reviewed. Inclusion criteria were as follow:
patients were diagnosed as ICH by computed tomography
(CT); laboratory tests were performed within 24hours after
disease onset; initial CT scans were performed within 6hours
after admission and followed up CT scans were performed within
24hours after initial CT; the age of all patients were older than
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18 years. While exclusion criteria includes: secondary ICH were
caused by trauma, brain tumor, aneurysm, or arteriovenous
malformation; any types of infection happened within 2 weeks;
followed up CT scans were unavailable to perform; patients with
systemic diseases, including neoplasm, chronic obstructive
pulmonary disease, autoimmune disease, chronic heart disease,
uremia, and severe renal dysfunction; immunosuppressant or
anticoagulant treatments were performed; hematoma evacuation
were performed before follow-up CT; patients with stroke history
within 6 months.
This study was approved by Biomedical Ethic Committee of

West China Hospital of Sichuan University and performed in
accordance with relevant guidelines and regulations of Sichuan
University. All patients’ guardians have signed their informed
consent.
2.2. Clinical data

The following demographic and clinical characteristics were
retrospectively collected: age, gender, admission blood pressure,
smoking and alcohol use, history of hypertension or diabetes,
family history of ICH, cerebral infarction or aneurysm.
Admission blood examination parameters were also obtained,
including white blood cells (WBCs), ANC, ALC, absolute
monocyte count (AMC), admission platelet count, prothrombin
time (PT), activated partial thromboplastin time (APTT), and
international normalized ratio (INR). NLR was calculated
according to the ANC divided by the ALC.
2.3. Imaging data

Two neuroradiologists were blinded to independently evaluate all
the CT scans of patients. Any disagreement between them would
be discussed and reached a consensus. All radiologic results were
collected from head CT data, including hematoma location,
hematoma size, island sign, presence of subarachnoid hemor-
rhage or intraventricular hemorrhage, cerebral infarction, and
acute hydrocephalus. Hematoma volume was estimated by ABC/
2 method that described in our previously studies.[10] In brief, A
represents the longest diameter of the hematoma of patients,
whereas B is the diameter perpendicular to A. And C represents
the CT section numbers of hemorrhage multiplied the scanning
thickness. HE was determined by 33% or more increasing of
hematoma volume from the results of followed up CT, or 12.5
mL or more volumes of hematoma growth.[11] The island sign
was identified by using the method that showed in previously
study.[12] Generally, more than 3 separately small hematomas
were found to around the major hematoma or more than 4 small
hematomas were found to around the major hematoma.
2.4. Statistical analysis

Clinical data, laboratorial parameters, and imaging character-
istics were compared between patients with ICH with or without
HE. Results were shown as mean ± standard deviation, or
median with interquartile range (IQR) and compared with
independent t test or Mann–Whitney U test for normal
distribution and non-normal distribution respectively. Chi-
squared test or Fisher exact test were used for analyzing
categorical data, which presented as frequency and percentage.
The variables identified that have statistically significant
contribute to the outcome (P< .15) in univariate analysis were
then included into multivariable logistic regression analysis to
2

evaluate association of NLR and HE as well as island sign.
Receiver-operator analysis was applied to estimate the predictive
ability of NLR for HE and island sign. The variables were
considered statistically significant if P< .05. All the above-
mentioned analyses were performed using SPSS 23.0.
3. Results

A total of 279 cases of patients with ICH, including 207 males
and 72 females were enrolled in currently study (Fig. 1). The
average age was 56.59±11.95 years ranging from 31 to 89 years.
The interval time from symptom onset to perform the initial CT
scan was 3.80±2.05hours. The baseline of hematoma volume
was 28.13±16.71mL. The total number of patients with HE is
78, whereas 75 of them were caused by supratentorial
hemorrhage over 259 patients (29.0%), and 3 of patients with
HE (15.0%) were due to infratentorial hemorrhage (P= .18). All
the detail information and baseline features of included patients
with or without HE are shown in Table 1. In addition, island sign
was found in 43 patients (15.4%). The k value for interobserver
reliability of island sign was 93.5%, which suggested an excellent
interobserver agreement between 2 neuroradiologists. By
comparing with patients with ICH without HE, more island
sign could be observed in patients with HE (44.9%). The
association between clinical characteristics and island sign was
also analyzed (Table 2).
According to the blood tests and further analysis, higher WBC

(with HE: without HE=12.94±3.59: 11.56±4.18, P= .011),
ANC (with HE: without HE=10.88±3.52: 9.49±4.09, P
= .009), as well as NLR (with HE: without HE=18.78±
13.47: 11.28±10.87, P< .001) showed in patients with HE
(Table 1). Meanwhile, patients that possessed island sign had
higherWBC (with island sign: without island sign=13.66±4.32:
11.63±3.95, P= .002), ANC (with island sign: without island
sign= 11.94±4.22: 9.51±3.83, P< .001), and NLR (with island
sign: without island sign=22.65±11.64: 11.69±11.43, P
< .001), whereas lower ALC (with island sign: without island
sign=0.65±0.31: 1.21±0.90, P< .001) were also observed in
patients with HE (Table 2). Based on the results from univariate
analysis, we found that WBC, ANC and NLR was positively
associated with HE and island sign, respectively (Tables 3 and 4).
Furthermore, ALC but not AMC was strongly associated with
island sign (Table 4). After optimization of potential confounding
clinical variables, the multivariable analysis demonstrated that
WBC (odds ratio [OR] 1.136, 95% confidence interval [CI]
1.037–1.245, P< .01), ANC (OR 1.169, 95% CI 1.065–1.284,
P< .01) and NLR (OR 1.063, 95% CI 1.036–1.090, P< .01)
could be used for predicting island sign but not HE (Tables 3 and
4). Simultaneously, our results also indicated that it is interesting
that ALC (OR 0.052, 95% CI 0.016–0.167, P< .01) were
negatively associated with island sign (Table 4).
Following, the receiver operating characteristic analysis (ROC)

was employed to compare the predictive abilities of relevant
inflammatory predictors for island sign in patients with HE. The
sensitivity, specificity, positive predictive value (PPV), negative
predictive value (NPV), and area under the curve (AUC) of NLR
for predicting island sign were 76.74%, 79.66%, 40.70%,
94.90%, and 0.817, respectively, the best predictive cut-off value
was 14.53 (Fig. 2). The ROC curves and the areas under the
curves (AUCs) of laboratory parameters for predicting island sign
are also determined in our study, and results elucidated that NLR
harbored the best predictive ability for island sign by comparing
with other laboratory values (Fig. 2).



[9,8,17,18]

Figure 1. Flowchart of patient enrollment. COPD = chronic obstructive pulmonary disease.
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4. Discussion

Based on the results, we concluded that elevated NLR could
independently predict island sign but not HE. Moreover,
increasing of both WBC and ANC are associated with the
existence of island sign, while lower ANC could independently
predict the existence of island sign. Over all the predicative
parameters, NLR showed the best predictive ability for island
sign. Taken together, we systematically demonstrated that NLR
was associated with the outcome of patients with ICH with HE,
and might be used as a valuable predictive marker for HE and the
existence of island sign.
Accumulating evidences indicated that HE triggered inflam-

mation accelerates brain injury after ICH in patients.[8,9,13,14]

Although the relationship between leukocyte and prognosis in
patients with ICH was well documented,[15,16] but the link
between early HE and subsets of leucocytes was still controver-
3

sial. In our study, after strictly excluded the confounders,
we could not find that WBC, ANC, and NLR act as biomarker in
early HE, except an elevation of them were observed. However,
WBC, ANC, and ALCwere detected to have the strong predictive
ability in island sign, which represented an efficient neuroimaging
predictor for early hematoma enlargement. As one of the latest
neuroradiologic features, island sign may reflect the active
bleeding and is supposed to depict multifocal small bleeding
hematomas around the main hematoma.[12] Due to this indirect
evidence, we expect that all those biomarkers mentioned above
exist potential predicting values of early HE in patients with ICH.
However, the exact underlying mechanisms of the links between
blood routine variables and HE remain elusive and need to
further investigate.
The NLR represents a combined index that reflects systemic

immune status. As a novel inflammatory marker, it was
recently identified to independently predict the progression and
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Table 2

Clinical characteristics related to island sign in patients with ICH.

Characteristic Patients with island sign (n=43) Patients without island sign (n=236) P

Male 32 (74.4) 175 (74.2) .971
Age, y 53.86±12.53 57.09±11.80 .103
Systolic blood pressure, mm Hg 161.16±28.88 169.97±33.24 .106
Diastolic blood pressure, mm Hg 95.44±17.75 98.26±20.18 .392
Mean arterial pressure, mm Hg 116.78±19.85 122.01±23.03 .164
Medical history – – –

Hypertension 23 (53.5) 142 (60.2) .412
Diabetes mellitus 7 (16.3) 14 (5.9) .018

∗

Ischemic stroke 4 (9.3) 33 (14.0) .405
Smoker 20 (46.5) 98 (41.5) .543
Alcohol (>3 drinks per 24 h) 23 (53.9) 87 (36.9) .041

∗

Time to CT, h 3.31±1.91 3.88±2.06 .091
GCS score on admission .363
Hematoma size, mL 36.86±15.64 26.54±16.42 <.001

∗

Hydrocephalus 9 (20.9) 41 (17.4) .576
Presence of IVH 9 (20.9) 53 (22.5) .825
PT 10.94±0.58 10.90±0.66 .695
APTT 28.58±0.89 28.04±1.52 .065
INR 0.91±0.07 0.92±0.06 .886
WBC 109/L 13.66±4.32 11.63±3.95 .002

∗

ANC 109/L 11.94±4.22 9.51±3.83 <.001
∗

ALC 109/L 0.65±0.31 1.21±0.90 <.001
∗

AMC 109/L 0.64±0.31 0.56±0.25 .073
NLR 22.65±11.64 11.69±11.43 <.001

∗

Data are expressed as n (%), mean ± standard deviation, median (interquartile range), as appropriate.
ALC= absolute lymphocyte count, AMC= absolute lymphocyte count, ANC=absolute neutrophil count, APTT=activated partial thromboplastin time, GCS=Glasgow coma scale, ICH= intracranial hemorrhage,
INR= international normalized ratio, IVH= intraventricular hemorrhage, NLR=neutrophil to lymphocyte ratio, PT=prothrombin time, WBCs=white blood cells.
∗
Indicates P< .05.

Table 1

Baseline clinical characteristics related to hematoma expansion in patients with ICH.

Characteristic Baseline (n=279) Patients with HE (n=78) Patients without HE (n=201) P

Male 207 (74.2) 57 (73.1) 150 (74.6) .791
Age, y 56.59±11.96 57.13±12.27 56.39±11.85 .643
Systolic blood pressure, mm Hg 168.61±32.84 164.27±27.11 170.29±34.73 .169
Diastolic blood pressure, mm Hg 97.83±19.82 95.55±19.06 98.71±20.08 .233
Mean arterial pressure, mm Hg 121.20±22.62 117.75±20.16 122.54±23.41 .112
Medical history – – –

Hypertension 165 (59.1) 45 (57.7) 120 (59.7) .759
Diabetes mellitus 21 (7.5) 8 (10.3) 13 (6.5) .282
Ischemic stroke 37 (13.3) 8 (10.3) 29 (14.4) .357
Smoker 118 (42.3) 31 (39.7) 87 (43.3) .591
Alcohol (>3 drinks per 24 h) 110 (39.4) 30 (38.5) 80 (39.8) .837

Time to CT, h 3.80±2.05 3.14±1.87 4.06±2.06 .001
∗

GCS score on admission 10 (7, 13) 9 (5, 10) 11 (8, 14) <.001
∗

Hematoma size, mL 28.14±16.71 41.49±15.72 22.95±14.01 <.001
∗

Hydrocephalus 50 (17.9) 21 (26.9) 29 (14.4) .015
∗

Presence of IVH 62 (22.2) 24 (30.8) 38 (18.9) .032
∗

Supratentorial hematoma 259 (92.8) 75 (96.2) 184 (91.5) .181
Island sign 43 (15.4) 35 (44.9) 8 (4.0) <.001

∗

PT 10.91±0.65 10.94±0.60 10.90±0.67 .654
APTT 28.13±1.46 27.95±1.19 28.19±1.54 .198
INR 0.92±0.06 0.90±0.07 0.91±0.06 .142
WBC 109/L 11.95±4.07 12.94±3.59 11.56±4.18 .011

∗

ANC 109/L 9.88±3.98 10.88±3.52 9.49±4.09 .009
∗

ALC 109/L 1.12±0.87 1.01±0.98 1.18±0.72 .086
AMC 109/L 0.58±0.27 0.55±0.25 0.58±0.27 .265
NLR 13.38±12.11 18.78±13.47 11.28±10.87 <.001

∗

Data are expressed as n (%), mean ± standard deviation, median (interquartile range), as appropriate.
ALC= absolute lymphocyte count, AMC= absolute lymphocyte count, ANC= absolute neutrophil count, APTT= activated partial thromboplastin time, GCS=Glasgow coma scale, HE=hematoma expansion,
ICH = intracranial hemorrhage, INR= international normalized ratio, IVH= intraventricular hemorrhage, NLR=neutrophil to lymphocyte ratio, PT=prothrombin time, WBCs=white blood cells.
∗
Indicates P< .05.
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Table 4

Associations of laboratory values on admission with island sign in
patients with ICH.

Crude Adjusted

Characteristic OR (CI) P OR (CI) P

WBC 1.127 (1.041–1.221) <.01 1.136 (1.037–1.245) <.01
ANC 1.161 (1.069–1.260) <.01 1.169 (1.065–1.284) <.01
ALC 0.077 (0.028–0.210) <.01 0.052 (0.016–0.167) <.01
AMC 2.831 (0.898–8.919) .08 1.321 (0.357–4.894) .67
NLR 1.060 (1.033–1.087) <.01 1.063 (1.036–1.090) <.01

Adjustment by diabetes, alcohol use, time from onset to initial computed tomography, APTT, and
hematoma volume.
ALC= absolute lymphocyte count, AMC= absolute lymphocyte count, ANC= absolute neutrophil
count, APTT= activated partial thromboplastin time, CI= confidence interval, ICH = intracranial
hemorrhage, NLR=neutrophil to lymphocyte ratio, OR= odds ratio, WBCs=white blood cells.

Table 3

Associations of laboratory values on admission with HE in patients
with ICH.

Crude Adjusted

Characteristic OR (CI) P OR (CI) P

WBC 1.086 (1.018–1.159) .01 1.015 (0.922–1.117) .76
ANC 1.090 (1.021–1.165) .01 1.027 (0.926–1.138) .61
ALC 0.695 (0.453–1.066) .09 0.861 (0.608–1.218) .39
NLR 1.051 (1.026–1.076) <.01 1.018 (0.995–1.059) .06

Adjustment by time interval from onset to computed tomography, presence of hydrocephalus, presence of
intraventricular hemorrhage, Glasgow coma scale score, hematoma volume, and island sign.
ALC= absolute lymphocyte count, ANC= absolute neutrophil count, CI=confidence interval, ICH =
intracranial hemorrhage, NLR=neutrophil to lymphocyte ratio, OR= odds ratio, WBCs=white blood
cells.

Zhang et al. Medicine (2018) 97:44 www.md-journal.com
outcome of many diseases in human patients. Accumu-
lating results from several studies reported that NLR was
associated with hematoma size,[23] 30-day mortality,[24] 90-day
mortality,[25] and poor outcome[8] in patients with IHC.
However, whether NLR could be also used for predicting HE in
patients with ICH remains unknown. Here, we revealed that
Figure 2. Receiver-operating characteristic curves of white blood count (WBC), ab
to lymphocyte ratio (NLR) with their corresponding areas under the curve (AUC) f
WBC, ANC, and NLR with their sensitivity, specificity, positive predictive value (P

5

NLR was associated with island sign and showed the best
predictive value of this neuroradiologic feature by comparing
with other laboratory parameters. But the irrelevance of NLR
with hematoma growth in patients with ICH was also
observed. The possible reasons of this phenomenon were as
solute neutrophil count (ANC), absolute lymphocyte count (ALC), and neutrophil
or predicting hematoma expansion. The best cut-off points were identified for
PV) and negative predictive value (NPV).
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follow: firstly, elevating NLR could induce neurotoxicity thus
activated the matrix metalloproteinases, which triggered the
basal membrane components degradation, BBB breakdown,
and brain edema and active bleeding.[26] Secondly, inflamma-
tory cascades were activated by thrombin during HE and
resulted the elevation of WBC count, C-reactive protein, and
interleukin-6, which further promotes HE.[27,28] At last,
cellular immune response was reported to damage coagulation
function and microvascular integrity via inducing C-reactive
protein (CRP) activation, which is a relatively chronic
process.[13,29] Therefore, it is expected that systemic increasing
of neutrophil correlated with participates the pathologic
progression of active bleeding and contributes to secondary
brain injury and poor clinical outcome of patients with ICH
with ICH. But further researches need to be conducted to
clarify the underlying details in patients with ICH.
There are still some limits in this study. Firstly, all our

conclusions were obtained from retrospective study with relative
small sample size. A significant proportion of patients were
excluded due to unavailable imaging information or missing
laboratory parameter from admission blood work which may
lead to potential selection bias. Following, we involved a
relatively small group of patients with subtentorial ICH, which
might not represent the patients with brainstem hemorrhage and
cerebellar hemorrhage. Thirdly, as the largest hospital in west of
China, we always took the patients with worse clinical condition,
which might also bias our results. Finally, ABC/2 method is less
accurate than modern planimetric techniques to evaluate
hematoma volume.
5. Conclusion

We demonstrated that NLR was an efficient marker to predict
island sign in patients with ICH. Other than that significantly
increasing of both WBC and ANC, as well as decreasing of ALC
were correlated with HE in patients with ICH. Overall, our
findings suggested that systemic cellular immunologic responses
may be involved in the pathologic process of active bleeding.
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