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Can immature granulocytes indicate mortality in
patients with acute ischemic stroke?
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Abstract
Background & Objective: Stroke is the most common cause of permanent disability and the most
important cause of mortality. Acute ischemic stroke (AIS) reveals inflammation in the ischemic brain
tissue. Ischemic tissue causes proinflammatory cytokine release and aggregation of immune cells.
Therefore in this study, we aimed to investigate the role of immature granulocyte (IG) in showing
30-day mortality in patients with AİS. Methods: This study was designed as a single-centered,
retrospective cohort study. Patients aged >18 years who were diagnosed with AIS in the tertiary
emergency department were included in this study. Patients were divided into two groups as low
(<0.6%) and high (≥0.6%) by IG values. Demographic and laboratory parameters were compared
between the groups at admission to the emergency department. Results: Our study consisted of 172
patients diagnosed with AIS, who met the inclusion criteria. The average age of the study group was
69.19 ± 14.34 years, and 94 (54.7%) of the patients were male. 98 (56.9%) patients were in the low
IG group, and 74 (43.1%) of them were in the poor outcome group. IG at the cut-off value of 1.3 was
shown to predict mortality in patients with AIS with 80.5% sensitivity and 93.2% specificity (area
under the curve: 0.715 95% CI: 0.623-0.807, p <0.001)
Conclusion: The results of our study showed that IG is a new and simple predictor to predict 30-day
prognosis in patients with AIS.
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INTRODUCTION
Stroke is the most common cause of permanent
disability and the most important cause of
mortality around the world and is defined as
focal or global impairment of cerebral functions.
Ischemic stroke is the most common type of stroke
and is seen in 9 out of 10 stroke patients.1 Stroke
is the second most common cause of mortality
after coronary artery disease and malignancies,
with an annual prevalence of around 6/1000.2
Therefore, it is important to understand the
development mechanism of the disease and to
make early prediction of mortality.
The role of inflammation in the pathophysiology
of acute ischemic stroke (AIS) has been
demonstrated by studies.3 Inflammatory mediators
have been measured to be at lower levels in
normal brain tissue. Ischemic tissue causes
proinflammatory cytokine release and aggregation
of immune cells.4 The relationship of poor
prognosis with NLR (neutrophil-to-lymphocyte

ratio), LMR (lymphocyte-to-monocyte ratio),
PLR (platelet-to-lymphocyte ratio) that were
obtained from white blood cell count in patients
with AIS, as a marker of systemic inflammation,
has been reported in previous studies.5-7 Immature
granulocyte (IG) is a rapidly obtained parameter
from an automated blood cell analyzer, and it has
recently been shown to be useful in predicting
the complications and mortality of many diseases
such as sepsis, septic shock, local infection, acute
appendicitis and pancreatitis.8-10
However, the role of IG in the 30-day mortality
of patients with AIS remains unclear. Therefore,
in this study, we wanted to evaluate the role of
IG in showing 1-month mortality in patients with
AIS.
METHODS
Our study was designed as a single-center
retrospective cohort study. Patients were selected
among the patients who admitted to the tertiary
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emergency department between January 1, 2019,
and January 1, 2020, and diagnosed with AIS and
were confirmed to have acute infarction in brain
computed tomography (CT) or magnetic resonance
imaging (MRI). Our patient population consisted
of all patients with AIS in brain CT or diffusionweighted MRI taken in the emergency department.
Exclusion criteria were determined as all patients
<18 years of age, pregnant women, patients with
a disease or drug use that could change laboratory
parameters, traumatic intracranial hemorrhages,
patients with 24 hours after from the onset of
symptoms, abnormal variations in MRI/CT, and
patients with incomplete data. Infarct localization
was checked from imaging reports. The Glasgow
Coma Scale (GCS) values of the patients at
admission to the emergency department and
their vital signs at the time of admission were
recorded. Demographic data of AIS patients
such as age, gender, medical history, risk factors
and laboratory results including complete blood
count results were recorded. From the laboratory
results obtained at admission to the emergency
department within the first hour of application,
immature granulocyte percentage (IG), white
blood cell count (WBC), neutrophil, lymphocyte,
platelet, hemoglobin, glucose, C-reactive protein
(CRP) were measured by Sysmex XN-1000
modular system (Sysmex, Kobe, Japan). IG is a
routine hemogram parameter and was obtained
from whole blood analysis. The 1-month mortality
of the patients were followed-up.
Statistical analysis
Statistical analyses in our study were performed
using the SPSS 21.0 package program (SPSS
Inc., Chicago, IL). Continuous variables were
expressed as mean ± standard deviation, and
categorical variables as number (%). Independent
t-test was used for comparing the distribution of
normally distributed parameters; Mann-Whitney
U test was used for those who did not show normal
distribution; in addition, categorical data were
evaluated with the chi-square test. The optimum
cut-off value of IG in mortality prediction in
patients with AIS was evaluated by receiver
operating characteristic (ROC) analysis and
analysis of variables that may affect mortality by
logistic regression analysis. Statistical significance
was defined as a p value less than 0.05.
RESULTS
In our study, 172 patients who met the inclusion
criteria were included. Of these patients, 94
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(54.7%) were male, and 78 (45.3%) were female.
The mean age of the patients was calculated as
69.19 ± 14.34 years. Hypertension, coronary heart
disease and diabetes were the most common risk
factors. The mean GCS value of the patients were
calculated as 12 (6), the mean NIHSS score was
calculated as 10 (4). The mean WBC value was
11.26 ± 4.69 103/mm3. Mean CRP and IG values
were measured as 62.12 ± 30.94 mg/land 0.8 ±
0.1 %, respectively. The clinical characteristics
of the patients with AIS were listed in Table 1.
Table 1: The clinical characteristics of patients
with acute ischemic stroke
Variables

Total
(n=172)

Age (years)

Male gender n(%)
Clinical history

69.19±14.34
94 (54.7)

Hypertension

91 (52.9)

Hyperlipidemia

15 (8.7)

Diabetes mellitus

44 (25.6)

Atrial fibrillation

Coronary artery disease
Prior stroke/TIA

Glasgow Coma Scale
NIHSS

Pre stroke medications

31 (18.0)
48 (27.9)
4 (2.3)

12.84±2.76
10.82±5.24

Antiplatelet agents

91 (52.9)

Statins

29 (16.9)

Oral anticoagulants
Antihypertensive drugs
Laboratory features

White blood cell (mm3)
Neutrophil(10 /mm )
3

3

38 (22.1)
107 (62.2)
11.26±4.69

8.61±4.56

Lymhocyte(103/mm3)

1.71±01.04

Platelet (10 /mm )

252.86±108.31

Hemoglobin (g/dL)
3

Glucose (mg/dl)
NLR
PLR

CRP (mg/dl)
IG (%)

3

12.21±2.31

142.36±56.24
7.22±5.73

193.81±150.91
62.12±30.94
0.8±0.1

TIA: Transient ischemic attack; NIHSS: The National
Institutes of Health Stroke Scale; NLR: neutrophillymphocyte ratio; PLR: Platelet/lymphocyte ratio; CRP:
C-reactive protein; IG: Immature granulocyte

Patients were classified into two groups as
low (<0.6%) and high (≥0.6%) by IG values.
Of these patients, 98 (56.9%) were in the low
IG group, and 74 (43.1%) of them were in the
poor outcome group. According to laboratory
parameters, compared to low IG group, patients
in the high IG group had significantly higher
WBC values (12.45 ± 3.37 103/mm3 vs. 10.04 ±
3.6 103/mm3; p = 0.001), higher neutrophil count
(9.3 ± 2.57 103/mm3vs. 7.40 ± 3.55 103/mm3; p <
0.001), and higher glucose (157.75 ± 64.49 mg/
dlvs. 130.74 ± 46.78 mg/dl; p <0.001) and higher
CRP value (89.25 ± 11.41mg/l vs. 41.42 ± 8.07
mg/l; p <0.001). Grouping by stroke subtypes
the percentage of large artery atherosclerosis was
significantly higher in high IG group (p<0.001).
In addition, hemoglobin values were found to be
significantly lower in the high IG group compared
to the low IG group (11.41 ± 2.32 g/dlvs. 12.79
± 2.13g/dl; p <0.001) (Table 2). 7 (17.9%) of
mortality is pneumonia that develops within the
first week, urinary system infection that develops
after 3 (7.7%) hospitalization, 20 (51.3%) of them
occurred due to cardiovascular complications
(pulmonary embolism, arrhythmia, etc.) and 9
(23.1%) patients for other reasons other than
infectious.
In multivariate logistic regression analysis,
blood glucose (1.006 (1.002-1.013), p = 0.028),
CRP (OR 1.005 (1.001-1.009), p = 0.001) and
IG (1.361 (1.194-1.966), p = 0.014) were the
strongest predictors of mortality in patients
with AIS (Table 3). In addition, in the receiver
operating characteristic (ROC) curve analysis,
IG at the cut-off value of 1.3 was shown to
predict mortality in patients with AIS with 80.5%
sensitivity and 93.2% specificity (area under the
curve: 0.715 95% CI: 0.623-0.807, p <0.001). IG
in predicting AIS mortality was much higher than
other parameters [(AUC for ASPECTS: 0.712;
sensitivity: 68.2%; specificity: 80.7%); [(AUC
for CRP: 0.644; sensitivity: 60.5%; specificity:
75.3%)]. (Figure 1).
DISCUSSION
The results of our study are that IG is a simple,
easily applicable and noninvasive prognosis
marker in patients with AIS. Our results show
that this 1.3 cut-off value can be used to predict
mortality in patients with AIS.
The pathophysiological role of inflammation
in AIS has been proven by studies.11 After
ischemic stroke, the migration of immune system
mediators and the release of cytokines take place,

and this causes impairment in the permeability
of the blood-brain barrier, which leads to brain
edema and an increase in infarct volume and
leads to neuronal damage.12 In recent studies,
many non-invasive markers have been reported
to be effective in poor prognosis and treatment in
patients with AIS.13,14 In their study, Tokgöz et al.
have found that increased infarct volume and NLR
were significant for early mortality.15 In a study
conducted by Martínez-Velilla et al. on geriatric
patients with AIS, they have shown that red cell
distribution width (RDW) was associated with
mortality.16 In another study, they have shown that
RDW was higher in patients who had a stroke and
died on follow-up than those who survived, and
that higher RDW values were associated with both
cardiovascular mortality and all-cause mortality
in stroke patients.17 Recent studies have shown
the role of leukocyte in early plaque formation,
and it has been reported that this may lead to AIS,
and it has also been reported that the increase in
WBC and its subtypes may be an independent
risk factor.18,19 However, there is no publication
examining the relationship of IG with patients
with AIS.
IG is an early marker of bone marrow
activation, which can be easily, and quickly
measured from peripheral blood without the need
for additional equipment, and in recent years
provides valuable data for physicians to diagnose,
or to examine patients in more detail.20 In recent
studies, it has been reported that IG may be an
indicator of inflammation in the early stages of
many diseases.21 This new parameter has not
been used sufficiently by many physicians, and
its areas of use have not been clearly revealed.
Studies have shown that increased IG values are
associated with acute appendicitis, pancreatitis
and cardiovascular system diseases. 8,22,23 In
a study conducted by Huang et al. on 1933
patients with acute pancreatitis, they have shown
that increasing IG values predicted the risk of
early ARDS development more effectively than
known pancreatitis risk scores.24 Ayres et al. have
reported in their study that for IG <2.0, 90% of
the diagnosis of sepsis could be excluded, and it
would be useful for early treatment initiation.10
Kong et al. have demonstrated that IG is an
independent risk factor for 30-day mortality in
patients undergoing angiography for ST-elevation
myocardial infarction (STEMI).25 In another recent
study, in patients with upper gastrointestinal
bleeding admitted to the emergency room, IG >
1.0 at the time of admission was associated with
an increased risk of 30-day mortality (OR, 40.9;
667
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Table 2: Clinical and laboratory findings in patients with low and high immature granulocyte
Low-IG group
(< 0.6, n =98)
66.72±15.57
58 (59.2)

High -IG group
(≥ 0.6, n =74)
72.46±11.85
36 (48.6)

P

Hypertension
Diabetes mellitus
Hyperlipidemia
Atrial fibrillation
Coronary artery disease
Prior stroke/TIA
Glasgow Coma Scale
NIHSS
ASPECTS
Subgroups according to etiology, n (%)

49 (50)
22 (22.4)
10 (10.2)
17 (17.3)
29 (29.6)
1 (1)
13.06±2.7
10.62±4.75
9 (7-10)

42 (56.8)
22 (29.7)
5 (6.8)
14 (18.9)
19 (25.7)
3 (4.1)
12.55±2.84
11.13±6.05
8 (6-9)

0.425
0.365
0.529
0.671
0.623
0.294
0.225
0.451
0.022
<0.001

Large artery atherosclerosis

35 (35.7)

37 (50)

Cardioembolic causes

32 (32.7)

24 (32.4)

Lacunar infarct

21 (21.4)

7 (9.4)

Others

10 (10.2)

6 (8.2)

Antiplatelet agents
Oral anticoagulants
Statins
Antihypertensive drugs
Laboratory features

51 (52)
21 (21.4)
18 (18.4)
60 (61.2)

40(54.1)
17 (23)
11 (14.9)
47 (63.5)

0.656
0.675
0.604
0.636

White blood cell (103/mm3)
Neutrophil(103/m mm3)
Lymhocyte(103/m mm3)
Hemoglobin (g/L)
Platelet (103/ mm3)
Glucose (mg/dl)
NLR
PLR
CRP (mg/dl)
Therapy strategy, n (%)

10.04±3.6
7.40±3.55
1.81±0.19
12.79±2.13
238.81±81.36
130.74±46.78
6.56±5.26
186.22±145.65
41.42±8.07

12.45±3.37
9.3±2.57
2.12±0.28
11.41±2.32
271.47±134.41
157.75±64.49
7.44±6.18
195.72±143.34
89.25±11.41

0.001
<0.001
0.352
<0.001
0.146
<0.001
0.527
0.588
<0.001
0.455

Endovascular/thrombolytic

21 (21.4)

18 (24.3)

Anti-aggregant only
30-day mortality [n (%)]

77 (78.6)

56 (75.6)

11 (11.2)

28 (37.8)

Variables
Age (years)
Male gender n(%)
Clinical history

0.022
0.216

Pre stroke medications

<0.001

TIA: Transient ischemic attack; NIHSS: The National Institutes of Health Stroke Scale; ASPECTS: the Alberta Stroke
Program Early CT ScoreNLR: neutrophil-lymphocyte ratio; PLR: Platelet/lymphocyte ratio; CRP: C-reactive protein;
IG: Immature granulocyte
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Table 3: Independent predictors of risk factors affected 30-day mortality in acute ischemic stroke
Univariate analysis

Variables

OR (95% CI)

Hypertension

1.791 (0.841-3.816)

Age

Diabetes mellitus
Glucose≥100

0.744

1.068 (0.468-2.433)

0.876

1.234 (1.045-2.345)

Thrombolysis/
thrombectomy

1.248 (1.110-1.645)

CRP (≥3 or <3)

Infection (had vs had no)

1

IG% (≥0.6 or <0.6)

1.133 (0.536-2.396)

1.017 (1.001-1.014)

ASPECTS

p

1.589 (1.021-2.456)

1.245 (1.145-2.648)

1.487 (1.027-2.152)

0.131

0.017

0.024

0.032
0.003

0.018

0.035

Multivariate analysis

OR (95% CI)

p

1.008 (0.978-1.966)

0.217

0.588 (0.208-1.664)

0.807

1.794 (0.744-4.328)

1.006 (1.002-1.013)

1.212 (1.134-2.456)

1.346 (1.216-1.644)
1.254 (1.116-2.216)

1.312 (1.214-2.632)

1.361 (1.194-1.966)

0.161

0.028

0.012

0.045
0.001

0.024

0.014

IGC: Immature granulocyte count; IG%: Immature granulocyte percentage; CRP: C-reactive protein; 1: Infection
development during hospitalization

95% CI, 20.8-80.5; p <0.001).26   To the best of our
knowledge, there were no studies in the literature
examining the relationship between IG value and
mortality in patients with AIS. In our study, there
was a significant relationship between high IG
value and 30-day mortality in patients with AIS.
Our study had some limitations. The first
of these is that our study was conducted
retrospectively as single-centered and with a

relatively small number of patients. Another
important limitation of ours is that the time from
the onset of the patient’s symptom to the diagnosis
of AIS and sampling was not measured, and that
this can affect the parameters. Another limitation
is that serial IG measurement and other factors
that may affect mortality have not been revealed
clearly. In addition, some inflammatory parameters
such as tumor necrosis factor and interleukin-6

Figure 1. Receiver operating characteristic curve analysis of parameters in the discrimination between mortality
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levels could not be compared in our IG study. We
think that conducting multi-centered prospective
studies with a larger patient population in order to
better analyze the data in our study will provide
clearer results.
In conclusion, the results of our study showed
that IG is a new and simple predictor to predict
30-day prognosis in patients with AIS.
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