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ABSTRACT

The aim of this study was to assess the possible relationship between AAION (arteritic anterior
ischemic optic neuropathy) and NAION (non-arteritic anterior ischemic optic neuropathy) with
blood platelet parameters and NLR (neutrophil-to-lymphocyte ratio). The medical records of 12
patients with AAION, 33 patients with NAION, and 35 healthy subjects were examined. MPV, PDW,
and PCT values showed marked elevation in AAION and NAION groups compared with control
group. The mean NLR was statistically significantly higher only in AAION group compared to the
NAION and control groups, suggesting that platelet function plays an important role in AIONs and

NLR might be used to differentiate AAION from NAION.

Introduction

Anterior ischemic optic neuropathies (AIONs)
describe a group of diseases that specifically target
the optic nerve and result in sudden vision loss.
These include non-arteritic and arteritic anterior
ischemic optic neuropathy (NAION and AAION).

NAION is the most common form of AIONs in
people over the age of 50 years and is character-
ized by a sudden, painless, monocular or binocular
impairment of vision, initially accompanied by
segmental or diffuse optic disc swelling and sub-
sequently optic disc atrophy with retinal arteriolar
narrowing.' > Tt is thought that circulatory insuf-
ticiency within the optic nerve head (ONH) causes
NAION; however, the exact mechanism and loca-
tion of the vasculopathy are still unclear.” It is
thought that an initial ischemic event, secondary
optic nerve damage caused by compartment syn-
drome, and macular oedema and/or subretinal
fluid collection cause visual loss in patients with
NAION.** Moreover, there is evidence that sec-
ondary inflammation at the site of the ischemia
may contribute to or produce more visual loss.*"®

AAION is a vision and life threatening condition
that almost always is caused by giant cell arteritis
(GCA), a medium and large-vessel systemic
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vasculitis affecting elderly patients. The estimated
annual incidence of AAION is 0.36 per 100 000
population in patients over the age of 50 years.”
Sudden vision loss in AAION occurs most often
due to an inflammatory thrombosis of the short
posterior ciliary arteries that supplies the ONH.
When these vessels become thrombosed with inflam-
mation, an optic disk stroke occurs. The two most
important laboratory findings that help to make the
diagnosis of GCA are erythrocyte sedimentation rate
(ESR) and C-reactive protein (CRP). It was reported
that the combination of ESR and CRP is 97% specific
for the diagnosis of GCA®, ESR had a sensitivity of
76-86% and CRP had a sensitivity of 97.5%.°
Additionally, Kyle et al.'” reported that During the
relapses of GCA, ESR is normal in 48% of cases and
CRP in 56%. Other markers, including thrombocy-
tosis, normocytic anaemia, and leucocytosis may also
be helpful in diagnosing GCA; however, these find-
ings are associated with a sensitivity below 60%."" ™"

The mean platelet volume (MPV) and the plate-
let distribution width (PDW) are markers of sub-
clinical platelet activation and play an important
role in the pathophysiology of trombotic events,
such as myocardial infarction, cerebral ischemia
and coronary and peripheral artery diseases.'*"
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Plateletcrit (PCT) is an indicator of the number of
circulating platelets in a unit volume of blood and
may act as a biomarker for several diseases.'®'”

It is well established that the systemic inflamma-
tory response is associated with alterations in cir-
culating white blood cells, specifically the presence
of neutrophilia with relative lymphocytopaenia.'®"
The neutrophile-to-lymphocyte ratio (NLR), which
is calculated by dividing the peripheral neutrophil
count by the lymphocyte count, is considered an
important inflammatory marker in several diseases
such as colorectal cancer, cardiovascular diseases
and type 2 diabetes mellitus (DM).***? The NLR
was also investigated in a kind of ocular diseases
and found that it can be useful as biomarkers in
patients with primary open angle glaucoma®, dry
eye”®, and idiopathic acute anterior uveitis.*

To the best of our knowledge, blood platelet
parameters and NLR values have not been pre-
viously investigated and compared in the types of
AIONS . This retrospective study was conducted to
assess the possible relationship between AAION
and NAION with blood platelet parameters and
NLR. In addition, we investigated the relationship
between AIONs and inflammation by analysing
NLR. We also tried to find out if the platelet
indices and NLR can be used as predictive factors
and be new biomarkers for differentiation of
AAION from NAION.

Methods
Study design and patient selection

This clinical retrospective comparative study was
performed at the neuroophthalmology department
of a tertiary Eye Training and Research Hospital.
The study protocol was approved by the Ethics
Committee and the study was carried out in accor-
dance with the Declaration of Helsinki. The study
was designed as a retrospective study involving
three groups: AAION, NAION, and control.

The AAION group consisted of 12 patients who
were evaluated in the neuroophthalmology depart-
ment, between January 2012 and July 2016. The inclu-
sion criteria for the patients to be admitted to the
study for AAION were: unilateral disc swelling asso-
ciated with clinical features consistent with AAION
observed in the acute phase, temporal artery biopsy

that confirmed GCA, and no other posterior segment
ocular pathology except AAION (e.g. diabetes, age-
related macular degeneration, and glaucoma).

The NAION group consisted of 33 patients and
the diagnosis of NAION was made based on the
presence of the following: the sudden onset of
painless vision loss, relative afferent pupillary
defect, visual field defect compatible with optic
neuropathy, characteristic fundus changes consis-
tent with optic neuropathy, and a lack of clinical
findings suggesting any other diseases.

The control group consisted of 35 age- and sex-
matched healthy volunteers with similar risk factors
for systemic disorders including hypertension (HT)
and DM. They were selected from outpatient clinic
of ophthalmology with simple refractive errors.

Participants with any of the following conditions
were excluded: any systemic disease except HT and
DM, hepatic or renal failure, atrial fibrillation,
inflammatory diseases, chronic smoking, alcohol
abuse, a history or clinical evidence of retinal dis-
eases (such as diabetic and/or hypertensive retino-
pathy), glaucoma, an intraocular pressure greater
than 21 mmHg, a neurological disease or other
diseases of the visual pathways, and a history of
previous intraocular surgery or trauma. In addition,
perioperative subjects and patients using drugs
known to be associated with changes in platelet
count (PC) and/or function (such as phosphodies-
terase inhibitors). When the medical records of
participants were examined, it was seen that no
patient received steroid treatment at the time of
the blood draw, and steroid treatment was started
after taking blood for necessary cases.

All patients underwent a comprehensive ophthal-
mic examination including the best-corrected visual
acuity tests using the Snellen chart (20 feet), intrao-
cular pressure measurements, visual field test, slit
lamp biomicroscopy, and dilated fundoscopy.

Laboratory data

In our clinical practice, peripheral blood samples are
drawn from the antecubital vein while patients are in
an upright position and the samples are collected
with minimal stasis, drawn into EDTA vacutainer
tubes, and studied within 1 hour to prevent in vitro
platelet activation as standard clinical care. Complete
blood counts are measured using laser-based flow



cytometric impedance. Hemoglobin (Hb), PC, MPV,
PDW, and PCT values were recorded from medical
records of patients. Neutrophil and lymphocyte
counts were also taken into account to calculate the
NLR. The reference ranges in our haematology
laboratory are as follows: Hb, 11.2-16.2 g/dL; PC,
150 x 10°/L-450 x 10°/L; MPV, 6.8-10.8 fL; PDW,
9.6-15.2 fL. and PCT, 0.19-0.39%.

Statistical analysis

The data obtained from the study were entered into
the computer and analysed using the Statistical
Package for Social Sciences (SPSS) version 22.0 for
Windows (SPSS Inc., Chicago, IL). Descriptive sta-
tistics are presented as mean + standard deviations,
frequency distributions, and percentages. Chi-square
test was used in the analysis of categorical variables.
Normal distribution of the variables was tested using
visual (histogram and probability graphs) and ana-
lytical methods (Kolmogorov-Smirnov/Shapiro-
Wilk Test). Equality of variances was checked by
the Levene test. The one-way analysis of variance,
Welch analysis of variance, and Kruskal-Wallis tests
were used to determine if there were any significant
differences between the three groups. Post-hoc tests
for pairwise comparisons were also performed. A
probability level of p < 0.05 was considered statisti-
cally significant. The diagnostic value of the NLR as
a biomarker for differentiation of AAION from
NAION was determined by a receiver operating
characteristic (ROC) analysis.

Results

This study included 80 subjects; 12 of them were in
the AAION group, 33 of them were in NAION
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group, and the remaining 35 were in the control
group. The mean ages of the patients with AAION,
NAION and that of matched controls were
66.66 * 7.85 (range: 57-81) years, 63.84 + 8.38
(range: 45-82) years, and 61.00 + 9.25 (range:
45-84) years, respectively. Although the patients
with AAION were slightly older than patients with
NAION group and the control group, there were no
statistically significant differences regarding the
ages, sexes, and systemic disorders of the patients
between the groups. The characteristics of partici-
pants are displayed in Table 1.

The blood samples showed a marked elevation in
MPV, PCT, and PDW levels in patients with AAION
and NAION compared with control subjects. The
mean serum levels of MPV, PCT, and PDW were
8.50 + 1.32 fL, 0.21 £ 0.03%, and 15.16 + 0.88 fL in
the AAION group; 8.24 + 0.39 L, 0.20 £ 0.03%, ND
1485 + 088 fL in the NAION group; and
7.24 + 0.31 L, 0.18 £ 0.03%, and 14.32 £ 0.72 fL in
the control group, respectively. However, pairwise
comparisons of the AAION group and the NAION
group revealed that there were no significant differ-
ences between these two groups regarding MPV,
PCT, and PDW. On the other hand, the mean NLR
values were 2.72 *+ 0.84 in the AAION group,
2.04 £ 0.42 in the NAION group and 1.97 £ 0.31 in
the control group. It was statistically significantly
higher only in subjects with AAION compared with
the NAION and control groups (p < 0.001). Namely,
there was no statistically significant difference
between the NAION group and the control group
regarding the mean NLR of the patients. Moreover,
the mean values of Hb and PC were similar in all
groups. Comparison of blood parameters in the study
groups are shown in Table 2.

Table 1. Demographic characteristics and systemic disorders of all participants.

AAION NAION CONTROL

(n=12) (n =33) (n = 35) p
Age, years (mean+SD) 66.66 + 7.85 63.84 + 838 61.00 £ 9.25 0.734°
Male/female (n/n) 5/7 17/16 18/17 0.911°
HT (n) 4 1 8 0.590°
DM (n) 1 6 6 0.718°
HT and DM (n) 1 3 2 0.864°

AAION: arteritic anterior ischemic optic neuropathy; NAION: non-arteritic anterior ischemic optic neuropathy; HT: hypertension; DM: diabetes mellitus.

SD, Standard deviation
2Significance in analysis of variance (comparison among three groups).
BChi-square test.
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Table 2. Comparison of blood parameters in the groups.

AAION NAION CONTROL
(=12 (n = 33) (n = 35)
Mean+SD Mean+SD Mean+SD p
Hb (g/dl) 12.76 + 1.02 13.15 + 1.00 13.63 £ 1.45 0.0772
PC (10*/uL) 300.75 + 52.82 282.60 * 36.50 270.57 + 58.05 0.182°
MPV (fL) 8.50 + 1.32 8.24 + 0.39 7.24 + 031 <0.001?
0.305°, <0.001¢, <0.001¢
PDW (fL) 15.16 + 0.88 14.85 + 0.88 14.32 + 0.72 0.003°
0.297°, 0.002¢, 0.009*
PCT (%) 0.21 + 0.03 0.20 + 0.03 0.18 + 0.03 0.015°
0.411°, 0.011¢, 0.015¢
NLR 272 +0.84 2,04 + 0.42 1.97 + 031 <0.001%

0.001°, <0.001¢, 0.417¢

Data are presented as meanztstandard deviation. AAION: arteritic anterior ischemic optic neuropathy; NAION: non-arteritic anterior ischemic optic
neuropathy; Hb: haemoglobin; PC: platelet count; MPV: mean platelet volume; PDW, platelet distribution width; PCT: plateletcrit; NLR: the neutrophil to

lymphocyte ratio, fL: femtoliter.
2Significance in analysis of variance (comparison among three groups)
bSignificance between AAION and NAION group (pairwise comparison)
SSignificance between AAION and control group (pairwise comparison)
dSignificance between NAION and control group (pairwise comparison)

ROC Curve
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Figure 1. Receiver operator characteristic curve of NLR to dis-
tinguish AAION and NAION.

The ROC analysis was performed to differenti-
ate AAION and NAION. In the ROC curve ana-
lysis of the NLR, the area under the ROC
(AUROC) value of the NLR was found to be
0.721. The best cut-off value was 2.255, with a
sensitivity of 66% and a specificity of 73%
(Figure 1).

Discussion

This study investigated the blood PC and function
including MPV, PDW, and PCT in patients with
AAION and NAION, as well as NLR and their
relationships with the types of AION. According

to our knowledge, this is the first study that has
evaluated the blood platelet parameters and NLR
in patients with the types of AION.

The PC has been regarded as a marker of hae-
mostasis. Meanwhile, the evidence suggests that it is
platelet size, rather than the count itself, that is
associated with platelet function and activation.*
MPV reflects the average size of the platelets,
whereas variations and heterogeneity of platelets
are expressed by PDW.”” Large platelets contain
more dense granules and are metabolically more
active than small platelets and they express higher
levels of prothrombotic substance, including throm-
boxane B2, serotonin, and p-thromboglobulin.*®
High MPV is linked to various established risk
factors, cardio- and cerebrovascular diseases, and
low-grade inflammatory conditions prone to arter-
ial and venous thrombosis.”” It has also been shown
that an increased MPV value is associated with
several ocular vascular diseases such as retinal
artery occlusion, diabetic retinopathy, and hyper-
tensive retinopathy.’®>* Sahin et al.>* found a sig-
nificant increase in the MPV values in patients with
retinal artery occlusion and in another study they
found an increased MPV in patients with
NAION.* Although both the MPV and PDW are
markers of platelet activation, Vagdatli et al**
showed that the PDW seems to be a more specific
marker of platelet activation than the MPV, which
was not found to be elevated during single platelet
distension caused by platelet swelling. The



combined use of measuring the MPV and the PDW
could help to predict coagulation activation more
efficiently. In our study, the levels of both the MPV
and the PDW values were significantly higher in
AAION and NAION groups than in the controls
whereas there were no significant differences of the
mean MPV and PDW values among arteritic and
non-arteritic AIONs.

The PCT could be defined as the percentage of
blood volume occupied by platelets and can be calcu-
lated as follows: PC x MPV/10”** Actually it shows
the amount of the number of circulating platelets in a
unit volume of blood, and in this sense it is similar to
the haematocrit for erythrocytes. During the last dec-
ade, the PCT was evaluated in various studies includ-
ing different disorders; e.g. coronary artery disease,
DM, pulmonary tuberculosis, obstructive sleep
apnoea, and inflammation.®™® Moreover, Sahin
et al.** showed that PCT is correlated with CRP, an
inflammatory marker in patients with chronic inflam-
matory diseases. In the present study the PCT was
significantly higher in patients in AIONs than the
control group and there was no difference among
arteritic and non-arteritic AIONs. Significantly
increased PCT values were thought to be associated
with increased microvascular blood flow resistance
and the circulatory insufficiency of the ONH in
patients with AION.

Previous studies have shown some correlations
between inflaimmation markers and AAION. ESR
and CRP are the most extensively studied inflamma-
tory markers.*' In recent years, there has been a focus
on white blood cell subtypes such as neutrophil, lym-
phocyte, and NLR as the predictors of inflammatory
conditions. NLR may be more preferable because of
two factors: First, although some conditions such as
exercise and dehydration may increase the absolute
number of neutrophils and lymphocytes, NLR is less
commonly affected; Second, and more importantly, it
is a ratio calculated from the counts of products of two
different but complementary immune pathways.*
Neutrophils are effective in ongoing active non-spe-
cific inflammation through the secretion of various
inflammatory enzymes and mediators including elas-
tase, myeloperoxidase, and free-oxygen radicals. In
contrast to the phagocytic and killing effects of neu-
trophils, lymphocytes perform the regulatory function
of the immune system.*>** Because the NLR reflects
both immune pathways and is presumably less
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affected by confounding conditions, it may be more
predictive than either parameter alone.** Karaca et al.-
* found increased NLR values in patients with pro-
gressive keratoconus. Numerous studies also
researched the NLR in patients with diabetic
retinopathy.*>*°

In our study, we found that NLR values were
statistically significantly higher only in AAION
group compared with the NAION and the control
groups. Despite AAION and NAION both being
ischemic disorders, the pathogenesis of these two
conditions differ. In NAION, there is no occlusion
of the posterior ciliary artery (embolic NAION occurs
rarely). It is thought that an initial ischemic event,
secondary optic nerve damage from a compartment
syndrome and macular oedema and/or subretinal
fluid collection cause visual loss in patients with
NAION. Moreover, there is evidence that secondary
inflammation at the site of the ischemia may contri-
bute to or produce more visual loss. Unlike the pro-
gressive oedema and compartment syndrome
associated with NAION, AAION results from sudden
vascular dysfunction due to “inflammation-induced”
thrombosis of the medium-sized arteries supplying
the optic nerve. AAION occurs because of thrombotic
occlusion of the short posterior ciliary arteries, result-
ing in infarction of the ONH.>*”** Thus, we believe
that although both wvascular and inflammatory
changes are prominent factors in the pathogenesis of
NAION, alterations in platelet function and micro-
vascular blood flow are more important than the
inflammatory reactions in the pathogenesis of
NAION. NLR may be used as an additional parameter
to differentiate AAION from NAION, which is some-
times quite difficult.

There are some limitations of our study. First,
the present study was performed retrospectively.
Further, the number of patients in the AAION
group was less than that of the NAION and con-
trol groups, which did not allow a fair comparison,
but AAION is a very rare disease. We also used
spot MPV, PDW, PCT, and NLR values for ana-
lysis, rather than follow-up values. Although there
were no significant differences between the groups
in terms of systemic disorders (including HT and
DM), unknown and/or undetected systemic disor-
ders and probable differences in body mass indices
may have affected the blood platelet parameters
and thus acted as confounding factors.
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As a result, inflammatory reaction beside ischemic
changes may play a role in the etiopathogenesis of
AAION. A complete blood count is a relatively rou-
tine, inexpensive, practical and easy examination that
supplies additional information such as MPV, PDW
PCT, and NLR could help us show subclinical platelet
activation and systemic inflammation. Since GCA is
an ocular emergency, it is essential to differentiate
arteritic from non-arteritic AION at the earliest pos-
sible moment, to enable us to start corticosteroid
therapy immediately in order to prevent any further
loss of vision and the NLR may provide additional
information to differentiate AAION from NAION.
The cut-off values described in this study could be
useful in differentiation of AAION from NAION.
However, these data should be interpreted with cau-
tion, because of the relatively small sample size.
Further prospective researches involving a large num-
ber of patients would be needed to utility of NLR as a
new biomarker for differentiation of AAION from
NAION. We believe that our study can encourage
researchers to investigate CRP, ESR, blood platelet
markers, and NLR in patients with AION by prospec-
tive multicentre randomized clinical studies.
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