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Neutrophil/Lymphocytes Ratio in
Acute Ischemic Stroke

Akut Iskemik Inmede Notrofil/lenfost Orani

© Funda Alparslan,’ @ Eren Gozke?

ABSTRACT

Objectives: Neutrophil and lymphocyte numbers are known to play a role in the inflammatory response and in
the atherosclerotic process. The elevated level of neutrophil/lymphocyte ratio (NLR) is associated with prognosis,
disease severity and mortality in cardiovascular diseases and atherosclerosis. In this study, we aimed to investigate
whether NLR changed in acute ischemic stroke (AIS) patients, whether there was a relationship between NLR and
lesion size, type of involvement, age, sex, and whether NLR had effect on short term prognosis.

Methods: One hundred and seventy-four patients admitted with AIS diagnosis were included in the study. Pa-
tients’ existing files were screened for anamnesis, physical and neurological examinations, chronic iliness history,
antiplatelet and anticoagulant use, complete blood count, cholesterol panel, routine biochemical examinations,
cranial Computed Tomography and Magnetic Resonance Imaging findings. Patients were grouped according to
Bamford classification and TOAST classification.

Results: Of the participants, 88 (50.9%) were female, 86 (49.1%) were male and the mean age was 73.8 + 10.5 years.
NLR was significantly higher in patients with AIS in terms of normal reference values. When patients were assessed
within themselves, NLR increased as age increased. In the 50-59 and 60-69 age groups, NLR was higher in males.
No gender difference was found over 70 years old patients. The NLR values of the total anterior circulation infarct
group were significantly higher than the other groups (p=0.011; p=0.038; p=0.001). The NLR values of the patients
with exitus were meaningfully higher than the surviving patients (p=0.006).

Conclusion: The NLR value is elevated in patients with AIS and correlates with increased age, male gender and
wide infarct area. Higher NLR seems to predict short-term mortality and may be used as a prognostic tool.
Keywords: Acute ischemic stroke; neutrophil lymphocytes rate; neutrophil/lymphocyte ratio.

OZET

Amag: Notrofil ve lenfosit sayilarinin inflamatuar yanitta ve aterosklerotik stirecte rol oynadigi bilinmektedir. Notro-
fil/lenfosit orani (NLO) seviyesinin yuksekligi kardiyovaskdler hastaliklarda ve aterosklerozda prognoz, hastalik sid-
deti ve mortalite ile iligkilidir. Bu calismada, NLO'nun akut iskemik inme (Aii) hastalarinda yiikselip ytikselmediginin,
yas ve cinsiyete gore degisiminin, lezyon boyutu ve tutulum tipi ile iligkisinin ve kisa ddnem prognoz tzerindeki
etkisinin arastirilmasi amaclandi.

Yéntem: Al tanisi alan 174 hasta calismaya alindi. Hastalarin mevcut dosyalari taranarak, anamnez bilgileri, fizik ve
norolojik muayeneleri, kronik hastalik dykiileri, antiagregan ve antikoagiilan kullanip kullanmadiklar, hemogram
kolesterol paneli, rutin biyokimya tetkikleri, kraniyal BT ve MRG bulgulari incelendi. Hastalar Bamford ve TOAST
siniflandirmasina gore olarak gruplandirild.

Bulgular: Calismaya alinanlarin 88'i (%50.9) kadin, 86's1 (%49.1) erkek ve yas ortalamalari 73.8 + 10.5 yil idi. Aii hasta-
larinda NLO referans degerlere gore anlamli diizeyde yiiksek saptandi. Hastalar kendi icinde degerlendirildiginde
yas arttikca NLO artiyordu. Erkeklerde 50-59 ve 60-69 yas gruplarinda NLO daha yiksek bulundu.Yetmis yas ve liz-
erinde cinsiyet farki bulunmadi. TACI grubunun NLO degerleri diger gruplara gére anlamli oranda ylksek saptandi.
Eksitus olan hastalarin NLO degerleri diger hastalardan anlamli oranda yuiksek bulundu.

Sonug: Al olgularinda NLO degeri yiikselmektedir ve yas artisi, erkek cinsiyet ve genis infarkt alani olmasi bu yiik-
selme ile korelasyon gostermektedir. NLO'nun kisa ddnem mortalite ile olan iliskisi, prognoz icin prediktif bir deger
tasidigini ortaya koymaktadir.

Anahtar sozciikler: Akut iskemik inme; nétrofil lenfosit orani; NLR.
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ccording to the World Health Organization, stroke is

defined as a clinical syndrome that occurs without any
visible cause other than vascular causes, with the rapid de-
velopment of signs and symptoms of brain function loss as
aresult of impaired brain blood flow and these findings last-
ing longer than 24 h.[!

Neutrophil/lymphocyte ratio (NLR) is an indicator which is
calculated by using neutrophil and lymphocyte values in
the whole blood test and is used frequently today. NLR is
generally considered to be an indicator of sub-clinical in-
flammation. In many areas, studies are being conducted on
the effect on prognosis.

In studies on NLR; hypertension, diabetes mellitus, meta-
bolic syndrome, left ventricular dysfunction, acute coronary
syndrome, heart valve disease, thyroid dysfunction, renal
and hepatic dysfunction, malignancy, local or systemic in-
fection, inflammatory diseases - as an indicator of inflam-
mation - NLR has been shown to be elevated.[23!

In this study, it was aimed to investigate whether NLR was
elevated in patients with acute ischemic stroke (AIS), the
change according to age and gender, the relationship be-
tween lesion size and type of involvement, and its effect on
short-term prognosis. In addition, NLR’s relationship with
the presence of diabetes, hypertension, hyperlipidemia; the
correlation between gamma glutamyl transferase (GGT),
mean platelet volume (MPV) values was investigated.

Patients

In this study, records of 174 patients who were hospitalized
and diagnosed with the first or recurrent AIS between 2013
and 2016 at a tertiary research and training hospital were
analyzed retrospectively. Patients over 50 years of age who
had no history of trauma, surgical operation, hematological
malignancy, infection, intoxication, liver, and renal disease
were included in the study with our ischemic stroke clinic.
Patients were divided in six groups; according to gender
and age: 50-59, 60-69, 70 and over. As the reference value
for NLR, the average values in the Turkish study of Aydin et
al.[ were taken.

Patients Data

The current files of the patients are scanned, anamne-
sis information, physical and neurological examinations,

chronic disease histories, whether they use antiplatelet and
anticoagulants during application, complete blood count
(leukocyte, erythrocyte, hematocrit, MPV, neutrophil, lym-
phocyte), cholesterol panel (high-density lipoprotein, low-
density lipoprotein, and triglycerides), routine biochemistry
tests, electrocardiogram, transthoracic echocardiography,
Carotid and Vertebral Doppler, cranial computed tomogra-
phy and magnetic resonance imaging findings were exam-
ined. Patients were grouped as total anterior circulation
infarct (TACI), partial anterior circulation infarct (PACI), la-
cunar infarcts (LACI), posterior circulation infarct (POCI) ac-
cording to Bamford classification and as large-artery athero-
sclerosis, cardioembolism, small-vessel occlusion, stroke of
other determined etiology, stroke of undetermined etiology
according to TOAST classification.

Laboratory

In all patients, within the first 24 h after admission to the
hospital, complete blood count examinations were per-
formed with ABBOTT CELL DYN 3700 blood counting device
by taking blood from the antecubital vein into tubes con-
taining K3EDTA. This analyzer uses laser and impedance
method together. The blood samples were studied at room
temperature within 1 h.

Distribution of the NLR of the patients by age and gender;
the relationship between the normal population in the same
age group was evaluated. In addition, the relationship be-
tween patients’ risk factors such as diabetes, hypertension,
hyperlipidemia, GGT, MPV values, discharge patterns from
the hospital (healthy with deficit, death, referral to inten-
sive care unit) and stroke localization and NLR values were
compared.

Statistical Analysis

For statistical analysis, IBM SPSS Statistics 22 (IBM SPSS,
Turkey) programs were used. The suitability of the param-
eters to normal distribution was evaluated with the Shapiro
Wilks test. While evaluating the study data; in addition to
descriptive statistical methods (mean, standard deviation,
frequency), Kruskal Wallis test was used to compare the pa-
rameters that did not show normal distribution in the com-
parison of quantitative data and Mann Whitney U test was
used to determine the group that caused the difference.

Student t-test was used to compare patient and control
groups. Spearman’s rho correlation analysis was used to



examine the relationships between parameters that do not
conform to normal distribution. P<0.05 was considered sta-
tistically significant.

The study was performed on 174 cases, whose ages ranged
between 50 and 100. The average age of the cases was calcu-
lated as 73.88+10.52 years.

Of the cases included in the study; 50.9% were women and
£49.1% were men. According to age and gender distribution;
2.3% of women are between the ages of 50-59, 9.7% are be-
tween the ages of 60-69, 38.9% are over the age of 70, while;
8.6% of men were between the ages of 50-59, 12.6% between
the ages of 60-69, 28% were over the age of 70. Diabetes was
detected in 54.3%, as well as hypertension in 77.1% and hy-
perlipidemia in 36% of the cases. According to the Bamford
Classification, 30.3% of the cases were grouped as PACI,
34.9% as POCI, 28.5% as LACI and 6.3% as TACI. According
to the TOAST classification, 53.1% were evaluated as small
vessel occlusion, 9.1% as large vessel atherosclerosis, 12.6%
as cardioembolic and 15.1% as other. Considering the out-
come of the patients; 89.1% of cases survived, 6.3% died,
4.6% were taken to the intensive care unit (Table 1).

A statistically significant difference was found between the
NLR levels of the groups (p=0.001). As a result of the bilat-
eral comparisons made to determine which group the sig-
nificance originated from, NLR levels of 50-59 age group
of women were found to be significantly lower than 60-69
ages old male group (p=0.004), over 70 years old female
(p=0.016), and male group (p=0.003).

NLR levels of 50-59 years old male patients were significantly
lower than male patients aged 60-69 years (p=0.015), female
patients over 70 years old (p=0.014) and male patients over
70 years old (P = 0.002). NLR levels of women in the 60-69
age group were significantly lower than those in the 60-69
age group (p=0.036), female cases over 70 (p=0.028) and
male cases over 70 (p=0.009).

The results we found were as follows; NLR value increased
with age. In patients between the ages of 50-59 and 60-69,
NLR was significantly higher in males than females. It was
determined that there was no significant difference between
men and women aged 70 and over. There was no statistically
significant difference between NLR levels of cases in other
groups (p>0.05) (Table 2).

n %

Gender

Female 88 50.9

Male 86 49.1
Group

Female: 50-59 4 2.3

Male: 50—-59 15 8.6

Female: 60-69 17 9.7

Male: 60—69 22 12.6

Female: 70 and above 68 38.9

Male: 70 and above 49 28.0
Diabetes Mellitus

+ 95 54.3

- 80 45.7
Hypertension

+ 135 771

- 40 22.9
Hyperlipidemia

+ 63 36

- 112 64
Bamford Classification

PACI 53 30.3

POCI 61 34.9

LACI 50 28.5

TACI 11 6.3
TOAST

Small vessel occlusion 93 53.1

Large vessel atherosclerosis 16 9.1

Cardioembolic 22 12.6

Other 44 15.1
Discharge

Survived 156 89.1

Exitus 11 6.3

Intensive care unit 8 4.6

Reference values were taken in study by Aydin et al.[4 TACI: Total anterior
circulation infarct; PACI: Partial anterior circulation infarct; LACI: Lacunar
infarcts; POCI: Posterior circulation infarct.

There was no statistically significant difference between
NLR averages of patients and reference values in women
aged 50-59 (p>0.05). In cases between 50 and 59 years old
male and 60-69 years old female cases; there was no sta-
tistically significant difference between NLR averages of
patient and reference values (p>0.05). In all cases between
60 and 69 years old men and 70 years old and above; NLR
mean of the patient group was found to be statistically
significantly higher than the reference values (p=0.018)
(Table 3).
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Table 2. NLO Values by Age and Gender in AIS Cases

Group NLO P
MeantSD Median

Female: 50—-59 1.3840.12 1.42 0.001+
Male: 50-59 2.1941.48 1.67

Female: 60-69 2.28+1.34 1.94

Male: 60—69 3.191.78 3.07

Female: 70 and above 4.07+3.88 2.87

Male: 70 and above 3.87+2.95 2.86

Kruskal Wallis Test; *p<0.05; AIS: Acute Ischemic Stroke.

-]
Table 3. Comparison of Patient and Reference NLO values

NLO P
n Mean+SD

Female: 50-59
Patient 4 1.38+0.12 0.447
Reference 1.8411.21

Male: 50-59
Patient 15 2.1941.48 0.929
Reference 2.16+1.31

Female: 60-69
Patient 17 2.28+1.34 0.577
Reference 2.09+1.4

Male: 60—69
Patient 22 3.19+1.78 0.018+*
Reference 2.41+1.54

Female: 70 and above
Patient 68 4.07+3.88 0.000+
Reference 2.49+1.77

Male: 70 and above
Patient 49 3.87+2.95 0.049+
Reference 2.96+3.26

Student t-test; *p<0.05.
|

According to the Bamford Classification, a statistically sig-
nificant difference was found between the NLR levels of the
groups (p=0.018). As a result of the bilateral comparisons
made to determine which group the significance originated
from, the NLR levels of the TACI group were significantly
higher than the PACI (p=0.011), POCI (p=0.038) and LACI
(p=0.001) groups. NLR levels of cases with exitus were found
significantly higher than cases that did not result in death
(p=0.006). There was no significant difference between
other forms of discharge in terms of NLR levels (p>0.05)
(Table 4).

Table 4. NLO Levels According to Bamford and TOAST

Classification and Discharge

NLO P
MeaniSD  Median
Bamford
PACI 3.111.91 2.86 0.018+
POCI 3.72+3.09 2.71
LACI 2.81+2.47 2.15
TACI 7.016.64 4
TOAST
Small vessel occlusion 3.52+3.17 2.8 0.197
Large vessel atherosclerosis 2.23+1.12 1.8
Cardioembolic 3.7143.14 2.59
Other 3.8413.32 2.81
Discharge
Survived 3.2242.46 2.47 0.022*
Exitus 6.8316.62 3.90
Intensive care unit 4.44+4.46 2.90

Kruskal Wallis Test; *p<0.05; TACI: Total anterior circulation infarct; PACI:

Partial anterior circulation infarct; LACI: Lacunar infarcts; POCI: Posterior

circulation infarct.
1

Discussion

In the pathogenesis of cerebral infarction, there is an in-
flammatory reaction that ends with liquefaction necrosis.
Cytokines and adhesion molecules increase leukocyte mi-
gration in the infarct area.!>8! It has been suggested that the
inflammatory reaction outside the infarct site damages the
penumbra.l®]

The first response to ischemic brain injury is neutrophil mi-
gration to the damaged area.[!%! Intraparenchymal perivas-
cular migration develops within 6-24 h. In ischemic and
reperfused areas, neutrophils secrete proteolytic enzymes
such as acid phosphatase and free oxygen radicals.[11:12!

Although there are contradictory data, T cell lymphocytes
are thought to play a vital role in repairing inflamed tissues.
[713] Cytokine and growth factors released from T-cells mod-
ulate microglial activation. New clinical studies show that
high NLR levels and high leukocyte count are associated
with prognosis, disease severity, and mortality in cardiovas-
cular diseases and atherosclerosis.[1417]

In the study conducted by Celikbilek et al., High NLR was
found in AIS patients compared to the control group and
transient ischemic attack (TIA) group.[ls] In our study, NLR
values were found to be significantly higher compared to



reference values in male cases aged 60-69 years and 70
years old, and female cases over 70 years old, who had AIS.
Balestrino et al. It has been shown that leukocyte and neu-
trophil counts were higher in AIS patients and associated
with poor prognosis.[1%20! Christensen et al. found similar
results.[20]

In the study of Gokhan et al., it was found that neutrophil
and lymphocyte counts were also significantly higher in
patients with acute ischemic and hemorrhagic stroke com-
pared to TIA patients.2!! Rodriguez-Yafiez and Castillo and
Buck et al. showed that the lowest leukocyte count was in
the lacunar patient group in patients with acute stroke.[22:10]
Similarly, in our study, when the patients were divided ac-
cording to the Bamford classification; In the TACI group, the
NLR ratio was significantly higher than the other groups.
This finding supports the thesis that NLR correlates with the
severity of the cerebrovascular disease.

In the study conducted by Tokgoz et al. NLR was found to
be an independent predictor for short-term mortality in AIS.
(23] Similarly, in our study, NLR was found to be significantly
higher in patients with exitus compared to other patient
groups. Elkind et al. determined higher leukocyte counts in
the subtypes of cardioembolic and atherosclerotic stroke.
[24] Giiven et al. showed that the leukocyte and neutrophil
values were highest in the large- artery atherosclerosis and
cardioembolic stroke subgroups; and the lowest in the lacu-
nar group.[14]

In Gokhan et al.’s study, NLR was found to be significantly
higher in large artery atherosclerosis than in other groups.
In cardioembolic stroke group, NLR was significantly lower
than other stroke subtypes.2!! In our study, when patients
were grouped according to TOAST classification which
showed no significant difference between the groups. NLR
value of AIS patients was significantly higher than the con-
trol group. A significant relationship was found between the
infarct size and NLR. NLR was significantly higher in the
TACI group compared to the other groups. Patients who died
had higher NLR levels. It was found that high NLR correlated
with an increase in short-term mortality in AIS.

As a result, NLR value increases in AIS cases. Increase of
age, male gender and wide infarct area correlate with this
increase. Its relationship with short-term mortality reveals
that NLR has a predictive value for prognosis.
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