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Abstract

Objective To evaluate the short-term changes in subfoveal choroidal thickness (SFCT), ganglion cell complex (GCC)
analysis, and retinal nerve fiber length (RNFL) of patients with chronic obstructive pulmonary disease (COPD) in a 3-month
follow-up.

Materials and methods Forty-cight patients with COPD (96 eyes) and 40 control subjects (80 eyes) were enrolled in our
study. COPD patients were grouped according to disease severity as Group 1 (mild—-moderate) and Group 2 (advanced).
GCC, RNFL, and SFCT analysis by Cirrus SD-OCT were obtained for all eyes, in two consecutive examinations with a
3-month interval.

Results SFCT in Group 2 was lower than Group 1 and control group in the initial and 3rd month examination (p <0.001,
respectively). Inferior RNFL in Group 2 were lower than control group in the initial and 3rd month examination (p = 0.002,
p <0.001, respectively) Temporal RNFL were lower in Group 2 than Group 1 in 3rd month examination (p = 0.009).
Average, superior, superotemporal, inferior, and inferonasal GCC analyses of the Group 2 were lower than control group
both in the initial and 3rd month examination (p = 0.001, p <0.001, respectively) SFCT, average, and superior GCC of
Group 2 were significantly reduced during the 3-month follow-up (p <0.001).

Conclusion Hypoxia is thought to be the underlying mechanism in COPD, which may influence retinal and choroidal OCT
parameters. Decrease in blood flow of optic nerve head, increased vascular resistance, and reduced blood flow in choroid
may affect the visual ability in these patients, which should be kept in mind during their follow-up.

Introduction

Altered respiratory response to inhaled agents build up the
main pathological mechanism in the development of
chronic obstructive pulmonary disease (COPD) [1]. It is
regarded as a systemic disorder that includes a low-grade
systemic inflammation that goes with various systemic co-
morbidities [2, 3].
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Chronic hypoxia and associated inflammatory cytokines
initiate many pathways resulting in systemic effects of
COPD [2, 4]. Deteriorating pulmonary functions and wor-
sening disease status increase the risk of alveolar hypoxia
and appearance of systemic co-morbidities [5].

The retinal and choroidal vascular structures highly
reflect the changes in systemic vascular disorders of the
body. The effects of obstructive sleep apnea syndrome on
retina and choroidal microvasculature are already defined
in the literature, which manifests systemic pathophysio-
logical changes similar to those of COPD, including
chronic hypoxemia, systemic inflammation, vascular
dysregulation, and increased sympathetic activity [6, 7].

Chronic hypoxemia and associated inflammation are
found to effect retinal and choroidal blood flow [8]. Optical
coherence tomography (OCT) is a noninvasive and quanti-
tative technique that is widely used for the diagnosis and
follow-up of ocular involvement in systemic diseases, since
it objectively evaluates retina and choroid [9]. SD-OCT is
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now acquiring a great role with its greater tissue penetrance,
for the assessment of retinal and choroidal structural altera-
tions in systemic diseases [10]. With the help of its improved
image resolution, spectral-domain OCT measures the gang-
lion cell-inner plexiform layer (GCIPL) in the macular area
which is now regarded as an important marker in OCT for
detecting and monitoring the neuronal degeneration [11].

The new diagnostic role of OCT in COPD has been
reported in previous studies [8, 12, 13]. Peripapillary
choroid in the inferior segments of patients with COPD
was found to be significantly thinner than other peripa-
pillary choroid segments and also thinner than those of
control patients [8]. The authors reported no differences in
average peripapillary and subfoveal choroidal thickness
(SFCT) values of patients with COPD compared with
controls [8].

In the only study which correlated the disease severity
and OCT findings of COPD patients, Gok et al. found no
significant difference in macular choroidal thickness of
patients with mild to moderate and severe COPD com-
pared with matched controls [13]. Similar results were
obtained by Ugurlu et al, who also reported no significant
difference in subfoveal choroid thickness between a group
of male COPD patients and male controls [12]. In all of
these studies, the choroidal thinning in COPD patients
was attributed to hypoxia and vascular endothelial
dysfunction.

The purpose of our study is to determine the effect of
COPD severity on retinal and choroidal structure, by mon-
itoring the short-term changes in OCT parameters detected
in the initial and 3rd month examination. To the best of our
knowledge, this is the first study evaluating the short-term
changes of OCT parameters in COPD patients.

Patients and methods

This was a retrospective study that was conducted under a
protocol approved by the Ufuk University Faculty of
Medicine Ethics Committee and was in accordance with the
ethical standards stated in the 1964 Declaration of Helsinki.
Informed consent was obtained from all participants.

Forty-eighty patients with COPD with at least 5 years of
disease duration without any history of eye disorders other
than mild cataracts were enrolled in the study (COPD
group). COPD diagnosis was based on the spirometry
results-forced expiratory volume in 1 s/forced expiratory
vital capacity (FEV1/ FVC) <70% and reversibility test
negative patients were diagnosed as COPD.

The FEV 1, forced vital capacity (FVC) and FEVI/FVC
were measured in all patients in stable period and controls
using a ZAN 300 platform (nSpire Health GmbH, Ober-
thulba, Germany)
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Patients with COPD were classified into following four
groups according to the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) classification, exercise
capacity (modified Medical Research Council (mMRC) and
the British Medical Research Council values) and risk score
(exacerbation frequency = EF): stage A (mild airflow lim-
itation, FEV1/ FVC <70%, FEV1 < 80%, EF <2, mMRC <
2); stage B (worsening limitation, FEV1/FVC < 70%, 50% <
FEV1 < 80%, EF <2, mMRC 2 2); stage C (severe limitation,
FEVI/FVC<70%, 30%<FEV1<50%, EF>2, mMRC <
2); or stage D (very severe limitation, FEV1/FVC <70%,
FEV1<30%, EF>2, mMRC >2) [14]. Patients in stage
A-B constituted Group 1 (mild—-moderate COPD) and those
in stage C-D were determined to be in Group 2
(severe COPD).

Exclusion criteria for the study were: best-corrected
visual acuity (BCVA) <8/10, history of previous intrao-
cular/refractive  surgery/retinal laser photocoagulation,
glaucoma, amblyopia, optic neuropathy, significant catar-
acts, and refractive errors (RE) of spherical equivalent more
than +3.0 diopters, axial length (AL) over 25 mm, choroidal
neovascularization, or myopic maculopathy, any opacities
of the optic media and low image quality due to errors of
fixation. Chronic systemic diseases like diabetes, hyper-
tension, or cardiovascular diseases, patients under 40 years
of age and cases during the acute exacerbations of COPD
were not included in the study. The control group (n = 40)
consisted of age and sex-matched healthy patients, without
any diagnosis of previous or current COPD and no history
of smoke or chronic disease (Diabetes mellitus, hyperten-
sion or cardiovascular diseases) in order to avoid possible
effects on OCT parameters.

Medical records of the study and control groups that
included ophthalmic examinations were retrospectively
evaluated. All participants underwent a complete oph-
thalmological evaluation, including BCVA, slit lamp
biomicroscopy, intraocular pressure (IOP) measurement,
fundus examination, RE examination, and AL measure-
ments. Blood gas analysis had been performed for patients
with COPD and oxygen saturation was measured by pulse
oximetry.

All the OCT measurements were performed twice for
each COPD patient in the study. First measurement was
done during their first clinical examination and the second
measurement was done in the 3rd month control visit.
Retinal nerve fiber length (RNFL) measurements, ganglion
cell complex (GCC) analysis and SFCT measurements were
obtained for control group patients in two consecutive Vvisits
with a 3-month interval.

OCT scan was performed after pupil dilation with tro-
picamide 1% using a Cirrus HD 500 spectral OCT platform
(Carl Zeiss Meditec, Dublin, CA, USA). Only high-quality
images (signal strength > 7) were selected for the study. The
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peripapillary RNFL thickness was measured by an optic
disc cube scan protocol (200 x 200 pixels) in a 6 x 6 mm>
area centered on the optic disc. The macular cube scan
512 x 126 protocol was used to evaluate 6x 6-mm’ area
centered on the fovea in terms of GCC analysis. The
algorithm of the GCC analysis protocol based on the
identification of the macular Ganglion cell-Inner Plexiform
Layer (GCIPL), from the outer boundary of the RNFL to
the outer limit of the inner plexiform layer.

The average RNFL thickness (and those of the four
quadrants; superior, nasal, inferior, and temporal), the
thicknesses of the six wedge-shaped sectors of the GCC
were automatically calculated and reported. Scans with
misalignment, segmentation failure, or decentration of the
measurement circle, artefacts induced by eye movement
during scan and dropout or missing parts on deviation maps
were excluded from the analysis.

All SFCT measurements were performed independently
by two different ophthalmologists (PAO and MFK) who
evaluated the subfoveal sections. The ophthalmologists
performing the measurements were blind to the group of the
COPD subject.

The distance between the outer hyperreflective border
of retina pigment epithelium and inner scleral surface was
measured to optimize the accuracy of SFCT measure-
ments (Fig. 1). The averaged data detected by two clin-
icians were used in statistical analysis. All interobserver

differences were calculated to be within 10% of the mean
values.

Statistical analysis

Statistical analyses were performed with IBM SPSS for
Windows Version 22.0 software. Numerical variables were
expressed as mean+standard deviation or median
[min—-max] as appropriate. Categorical variables were
summarized as numbers and percentages. Normality of the
continuous variables was tested by Shapiro—Wilk's test.
Levene test was used to show the homogeneity of variances.
Independent samples ¢ test or Mann—Whitney U test was
used to determine the difference between two independent
groups. More than two independent groups were compared
by one way ANOVA or Welch ANOVA as appropriate.
Post hoc comparisons were done by Tukey HSD or Games
Howell test. Kruskal-Wallis test was used to show differ-
ences between groups when parametric test assumptions
were not met. Categorical variables were compared by x>
test or Fisher exact test. Repeated measures ANOVA was
performed to show between and within group differences
according to ocular parameters. Pairwise comparisons were
done by Bonferroni test. The degrees of relation between
variables were measured with pearson correlation or
spearman correlation analysis. A p-value <0.05 was con-
sidered statistically significant.
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Fig. 1 Comparison of ganglion cell analysis (GCC) results of a normal and a Group 2 (Gold C-D) patient
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Results

This study included 48 COPD patients (38 males 79.1%),
10 females (20.8%); mean age: 65.8+11.8 years) and
40 age and sex-matched controls 17 males (42.5%),
23 females (57.5%); mean age: 67 +6.7 years). Table 1
shows demographics of the patients and control group
enrolled in the study. There were no statistically significant
differences between the COPD and control groups in terms
of age, BCVA, or IOP.

Arterial gas saturation and pulmonary function test
results of Group 1 and Group 2 patients are shown in
Table 2. Although there was a difference in oxygen
saturation between the two groups, it was not statistically
significant.

OCT parameters of Group 1 and 2 including RNFL
thickness, GCC measurements and SFCT values for COPD
patients were compared with the control group. Comparison
of these measurements in the initial and 3rd month control
visits were the other compared data among Group 1 and 2.

Table 3 shows the RNFL measurements of Groups 1, 2,
and control group. Inferior segment RNFL thickness values
of the Group 2 COPD were lower than control group both

Table 1 Demographic characteristics of COPD and control subjects

Control GOLD A-B GOLD C-D P
(n=40) (n=14) (n=34)
Age (year) 67.0+6.7 62.1+12.5 69.5+11.2 0.176
Sex (M/F) 17/23 10/4 28/6 0.001
(42.5%157.5%)  (711.4%/28.6%)  (82.4%/17.6%)
Smoking status
Non-smoker - - 3 (8.8%) 0.335
Active - 4 (26.8%) 8 (23.5%)
Ex-smoker - 10 (71.4%) 23 (67.6%)
Cigarette packet/year - 40 (5-120) 40 (4-100) 0.266
BMI - 27.0£5.8 26.1 6.0 0.643
COPD year - 5 (1-15) 6 [2-20] 0.039
Exacerbation per year - 0 (0-2) 2 [1-6] <0.001
mMRC - 1(1-2) 2 [1-4] 0.002
LTOT - 4 (28.6%) 17 (50%) 0.298

BMI body mass index, mMRC Modified Medical Research Council,
LTOT long-term oxygen treatment

Bold values indicate statistical significance p < 0.05

Table 2 Arterial gas saturation and pulmonary function test of
COPD groups

GOLD A-B (n=14) GOLD C-D (n=34) 4
Sa02, % 95.5 (4.7-98) 88.8 (2.6-98) 0.064
FVC (%) 70.6+19.9 60.7+15.9 0.092
FVC (liter) 2.5+0.8 1.9+0.7 0.015
FEV1 (%) 55.5+20 454+18.8 0.124
FEV1 (liter) 1.6+0.6 1.1+0.5 0.005
FEVI/FVC 62.6+13.0 56.4+16.9 0.257

Sa02 arterial oxygen saturation, FVC forced vital capacity, FEVI
forced expiratory volume in 1s
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during the initial examination (p =0.002) and in the 3rd
month examination (p <0.001) (Fig. 1). Temporal RNFL
thickness values were lower in Group 2 patients compared
with Group 1 in the 3rd month examination (p = 0.009).

Average GCC analysis of the Group 2 COPD were lower
than control group during the initial examination (p =
0.001) and in the 3rd month examination (p<0.001)
(Fig. 2). Table 4 shows the GCC and SFCT measurements
of Groups 1, 2, and control group. The average subfoveolar
choroidal thickness (SFCT) measurements of the Group 2
was lower than both Group 1 and Control Group during the
initial examination (p<0.001) and in the 3rd month
examination (p <0.001) (Figs. 3-5).

Table 5A, B gives the results of correlation analysis
investigating the effects of potential factors on OCT find-
ings. In the initial examination of Group 1 patients, mMRC
value is negatively correlated with nasal and temporal
RNFL measurements in addition to inferotemporal GCC
and SFCT results. In the 3rd month examination of Group 1
patients, mMRC value is negatively correlated with infer-
otemporal RNFL measurements, whereas FVC and FEV1
values have a positive correlation with ARNFL.

In the initial examination of Group 2 patients, number of
smoked cigarettes (packets) per year and attacks per year
are found to have a negative correlation with ARNFL
values. Attacks per year are also found to have a negative

Table 3 RNFL measurements of COPD and control subjects

Control GOLD A-B GOLD C-D P
(n=40) (n=14) (n=34)

ARFNL
Initial 947+ 14.8 99.1+5.3 93+7.5 0.233
3rd month 94.7+14.8 97.6+5.3 92.8+6.5 0.382
P 1.000 0.366 0.868

IRFNL
Initial 108.9 4.6 107.7+4.8 100+ 16.7 0.002*
3rd month 108.9+4.6 106.1+4.8 103.1+5.4 <0.001°
P 1.000 0.601 0.105

SRFNL
Initial 92.5+4.9 93+5.3 90.7+5.8 0.268
3rd month 92.5+4.9 932+4.8 91+6.1 0.350
p 1.000 0.895 0.778

NRNFL
Initial 85.3+5.7 86.4+5.3 84+6.4 0.400
3rd month 85+5.8 87354 82.8+6.2 0.050
p 0.790 0.624 0.283

TRNFL
Initial 77.1+4.7 79.6 £4.1 75.8+5.6 0.058
3rd month 77.1+4.6 79.8+2.8 75155 0.009°
P 1.000 0.922 0.431

Gold C-D different from control group
Gold C-D different from Gold A-B

ARNFL average retinal nerve fiber length, /[RNFL inferior retinal nerve
fiber length, SRNFL superior retinal nerve fiber length, NRNFL nasal
retinal nerve fiber length, TRNFL temporal retinal nerve fiber length
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Fig. 2 Comparison of retinal nerve fiber length (RNFL) analysis results of a normal and a Group 2 (Gold C-D) patient

correlation with NRNFL and TRNFL values in addition to
A-GCC, S-GCC, SN-GCC, ST-GCC, I-GCC, IN-GCC, IT-
GCC, and SFCT results. mMRC has a negative correlation
with IRNFL, SRNFL, NRNFL, ST-GCC, and SFCT.

In the 3rd month evaluation of Group 2 patients, it was
seen that COPD duration has a negative correlation with all
GCC measurements except IT-GCC. Number of attacks per
year is observed to have a significant negative correlation
with all the GCC values and SFCT measurements, too.
mMRC, FVC (% and LT), FEV1/FVC values are found to
have a positive correlation with SFCT results (Table 5A, B).

Discussion

Choroid is known to be the most vascularized section of the
posterior segment of human eye and is affected in many
ocular and systemic disorders [15-17]. Evaluation of the
choroidal thickness is possible now with common use of
SD-OCT in routine ophthalmology practice. Many systemic
disorders like systemic sclerosis, acromegaly, hypercholes-
terolemia, and diabetes are reported to influence choroidal
thickness [18-21]. Increasing age is known to be with
reduced choroidal thickness measurements [17].

Choroidal thickness is regarded to be affected by choroidal
blood circulation that is highly dependent on systemic blood
pressure, intraoculary pressure, mean oculary perfusion
pressure, nitric oxide, catecholamines, and vascular auto-
regulation [22]. SFCT alterations in systemic diseases had

been the subject of many studies to provide important infor-
mation reflecting systemic cardiovascular health [19, 23-25].

Hypoxia has a direct role on induction of endothelial
dysfunction, and activation of choroidal vascular auto-
regulatory mechanisms has a preventive role in exaggerated
alterations of choroidal thickness [26]. In our study, SFCT
values were found to be significantly lower in patients with
severe COPD compared with mild cases and control group
patients. Similarly, Ozcimen et al. [8] and Ugurlu et al. [12]
also studied choroidal thickness in subjects with COPD, and
SFCT values were found to be thinner than in the control
groups in both of the studies—but none were reported to
have a statistical significance [8, 12].

SFCT values were determined to show a statistically
significant reduction from the initial values in severe COPD
group, when measured after 3 months from the initial visit.
Hypoxia induced chronic vascular resistance in COPD
patients and a resultant progressive impairment in ocular
blood flow may be the leading cause of this serial choroidal
thinning. Number of attacks per year is shown to have a
significant negative correlation with SFCT measurements in
3rd month follow-up examination of severe COPD patients,
which is probably the cause of reduced ventilatory capacity
in these cases. The positive correlation of mMRC, FVC (%
and LT) and FEV1/FVC values with SFCT results is
another important finding in this group, supporting this
hypothesis.

Evaluation of peripapillary nerve fiber layer thickness
with SD-OCT is a good monitoring tool for axonal integrity

SPRINGER NATURE
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Table 4 GCC and SFCT measurements of COPD and control subjects Technician: Operato, Cirus Signal Strength:  10/10
Control GOLD A_B GOLDCD High Definition Images: HD 5 Line Raster oD @ ‘ O 08
(n=40) (n=14) (n=34) Scan Angle: 90° Spacing: 0mm Length: 6mm
A-GCC
Initial 86.8+4.3 85.5+5.1 80.8+9.2 0.001*
3rd month 86.8+4.3 85.1+5.7 79.4+10.5 <0.001*
p 1.000 0.399 <0.001
S-GCC
Initial 88.3+4.5 86.6+5.2 82.5+9 0.001*
3rd month 88.3+4.5 86.6+5.2 81.9+9.8 0.001*
)4 1.000 1.000 <0.001
ST-GCC
Initial 89.9+4.5 88.2+5 83.7+94 0.001*
3rd month 89.9+4.4 88.2+5 83.7+9.4 0.001*
p 0.400 1.000 1.000
SN-GCC
Initial 91.1+£34 90.1 +4 84.5+9.6 <0.001°
3rd month 91.1+£33 90.1+4 84.5+9.6 <0.001°
P 0.400 1.000 1.000
1I-GCC
Initial 91.2+3.6 89.2+3.3 84.2+10.3 <0.001*
3rd month 91.2+£3.6 89.2+3.3 84.1+10.5 <0.001*
)4 1.000 1.000 0.112
IN-GCC
Initial 914 +4.1 89.9+4.3 84.9+10.1 0.001*
3rd month 91.3+4.1 89.9+43 84.7+10.4 0.001*
)4 0.370 1.000 0.225
IT-GCC
Initial 91.6+3.4 90.9+4 85.1+9.7 <0.001°
3rd month 91.6+3.3 90.9+4 85.1+9.7 <0.001°
» 0.144 1.000 1.000 Fig. 3 An example of EDI-OCT examination of Subfoveal choroidal
SFCT thickness measurement of a patient
Initial 302.4+20.4 311.6+179 282.5+324 <0.001°
3rd month  302.1£203  3103%17.9 2663+473  <0.001 ] o o
» 0.922 0786 <0.001 sleep apnea syndrome and determined significant thinning

4Gold C-D different from control group
Gold C-D different from all other groups

A-GCC average ganglion cell complex, S-GCC superior ganglion cell
complex, ST-GCC superotemporal ganglion cell complex, SN-GCC
superonasal ganglion cell complex, I-GCC inferior ganglion cell
complex, IN-GCC inferonasal ganglion cell complex, [T-GCC
inferiotemporal ganglion cell complex SFCT subfoveal choroidal
thickness

Bold values indicate statistical significance p < 0.05

in neuro-ophthalmological disorders. Nasal and temporal
RNFL quadrants are measured to be thicker compared with
the inferior and superior quadrants in healthy individuals
[27, 28]. RFNL values are reduced with increasing age and
also manifests a great decrease in optic neuropathies
including multiple sclerosis, obstructive sleep apnea, sys-
temic arterial hypertension, Alzheimer’s, and Parkinson’s
diseases [27].

In their study, Ozcimen et al. reported significantly lower
mean RFNL thickness in COPD cases, although no com-
parison was made for the different quadrants [8]. Bayhan
et al. studied RFNL thickness in cases with obstructive

SPRINGER NATURE

in the nasal quadrant [6].

Average RFNL measurements in our study were found to
be lower in severe COPD patients when compared with
control group but this difference was not statistically sig-
nificant. This measurement was also determined to be
lowered from the initial values measured in mild-modere or
severe COPD groups respectively when measured after
3 months from the initial visit, but this difference was not
statistically significant either. FVC and FEV1 values have a
positive correlation with ARNFL in even mild cases of
COPD. In severe cases of COPD, number of smoked
cigarettes (packets) per year and attacks per year are found
to have a negative correlation with ARNFL values—which
indicate the possible role of hypoxia in thinning of ARNFL
measurements of these cases.

Inferior quadrant RNFL values were significantly lower
in severe COPD patients in comparison with control group
patients, both in the initial and 3rd month examinations.
Temporal quadrant RNFL values were also found to be
reduced significantly in severe COPD group than
mild—moderate COPD group in the 3rd month examination
of the cases. This may be a possible result of chronic
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Fig. 4 Subfoveal choroidal
thickness (SFCT) measurements
of a patient in Group 1 (GOLD

A-B) in first and 3rd month
examination

Fig. 5 Subfoveal choroidal
thickness (SFCT) measurements
of a patient in Group 2 (GOLD
C-D) in first and 3rd month
examination

hypoxia and systemic inflammation triggered by the dis-
ease, cytokin release, and disturbed oxidant/antioxidant
balance [29, 30].

The role of hypoxia has been already demonstrated in
many studies in axonal loss and death of ganglion cells
[27, 28, 31]. Inner layers of retina, especially the ganglion
cells are vulnerable to any kind of ischemic insult, such as
hypoxic conditions [27, 32]. Abnormalities in ocular blood
flow (e.g., increased resistance), systemic inflammation,
increase in endothelin-like systemic vasoconstrictor levels,
and nocturnal hypoxia resulting in neuronal damage over
the axons are proposed mechanisms of the progressive
RNFL and GCC loss in COPD patients [13].

Average GCC analysis of severe COPD patients in our
study were found to be significantly lower when compared
with age and sex-matched control group—both in the initial
and 3rd month examination. The deterioration in GCC ana-
lysis during the 3-month follow-up of these severe cases was
significantly more prominent than mild COPD and control
group cases. This demonstrates that a subclinical neuro-
degenerative effect of the chronic hypoxia exists on retinal
neurons and axons. Since the severe COPD group consists of
patients with a greater number of hypoxic attacks in history
and a lower oxygen saturation on daily basis, progressive loss
of RNFL and GCC are inevitable results of the condition.
These findings were supported by the correlation analysis,
indicating that the COPD duration and number of attacks per
year are found to have a significant negative correlation on
Average GCC analysis results in severe COPD cases, in both
initial and 3rd month controls.

One of the major restrictions of our study was limited
number of relevant subjects. Patients with COPD

commonly have coexisting systemic conditions, such as
diabetes mellitus, coronary heart disease, and congestive
heart failure. These systemic disorders might interfere with
OCT examination results, so these subjects had to be
excluded from the study. Severe COPD subjects that are
dependent on invasive or noninvasive mechanical ventila-
tion also had to be excluded from the study, so number of
the study participants were limited.

Controlled design of the study with age, and sex-
matched control group and the sequential analysis of
retina and choroid of COPD patients with different
severities, both in the initial and 3rd month examinations
are valuable aspects of our study. There is no similar
study in the literature that inspected the serial changes in
OCT parameters of COPD patient, during any period of
follow up.

In the light of our study, it is evident that COPD patients
should be evaluated in more details in terms of accom-
panying ocular pathologies that appear as a result of sys-
temic hypoxemia. New randomized- and larger-sized
controlled trials on the correlation of hypoxia and OCT
measurements; and the effects of the chronic hypoxic status
of COPD patients on ocular tissues should be carried on in
the future.

Summary
What was known before

e The eye seems to be one of the affected tissues of the
COPD with hypoxia.
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What this study adds

e Hypoxia is thought to be the underlying mechanism in
COPD which may influence retinal and choroidal OCT
parameters.

e Decrease in blood flow of optic nerve head, increased
vascular resistance and reduced blood flow in choroid
may affect the visual ability in these patients, which
should be kept in mind during their follow-up.
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