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ABSTRACT Objective: To investigate choroidal changes in pseu-
doexfoliative glaucoma and primary open angle glaucoma using en-
hanced depth imaging optical coherence tomography (EDI-OCT).
Material and Methods: Ninety eyes of 90 participants, 30 of whom
had pseudoexfoliative glaucoma (Group 1), 30 had primary open angle
glaucoma (Group 2) and 30 were healthy subjects (Group 3) were in-
vestigated between June and September 2019. Pseudoexfoliative glau-
coma and primary open angle glaucoma patients received only
brimonidine tartrate and/or brinzolamide/dorzolamide and timolol
maleate combination therapy during the study. Peripapillary retinal
nerve fibre layer and subfoveal choroidal thickness with and without
EDI mode of SD-OCT, central corneal thickness and intraocular pres-
sure were compared among groups. Results: Mean age for each group
was 56.12+11, 53.89+7 and 52.86+6 (+standard deviation) years in
Groups 1, 2 and 3, respectively (p=0.110). Although Group 1 had reti-
nal nerve fibre layer value of 72.9420 pm, this was as high as 92+14
pm and 97.3+13 um in Groups 2 and 3, respectively (p=0.001).
Choroidal thickness measured using SD-OCT with and without EDI
mode was 192+49/193+48 um in Group 1. However, Group 2 and
Group 3 had roughly identical choroidal thickness of 289+40/294+39
pm and 292+447/297+47 um, respectively (p=0.001). Mean intraocu-
lar pressure was 14.8+3, 14.442.7, and 11.7+1.4 mmHg in Groups 1,
2 and 3, respectively (p=0.072). Group 1 was associated with
marginally thinner cornea of 522+34 pm compared to 560+24 pm and
575+18 pum in Groups 2 and 3, respectively (p=0.001). Conclusion:
Glaucoma, especially pseudoexfoliative glaucoma, influences
choroidal microcirculation and thus physiological and morphological
alteration of the choroidal layer.
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OZET Amag: Psodoeksfolyatif glokom ve primer agik agili glokomlu
gozlerde, gelistirilmis derinlik goriintiileme optik koherens tomografi
[enhanced depth imaging optical coherence tomography (EDI-OCT)]
ile koroid degisikliklerini incelemek. Gere¢ ve Yontemler: Haziran ve
Eyliil 2019 tarihleri arasinda 30’u psddoeksfolyatif glokom (Grup 1),
30’u primer agik acili glokom (Grup 2) ve 30’u saglikli (Grup 3) olmak
tizere 90 katilimcinin 90 gozii incelendi. Psddoeksfolyatif glokom ve
primer agik agili glokom hastalari, ¢alisma sirasinda sadece brimoni-
din tartar ve/veya brinzolamid/dorzolamid ve timolol maleat kombi-
nasyon tedavisi almistir. Peripapiller retina sinir lifi tabakasi ve EDI
modu olan ve olmayan subfoveal koroid kalinligi, santral kornea ka-
linlig1 ve goz i¢i basinct gruplar arasinda karsilastirildi. Bulgular:
Grup 1, 2 ve 3’te her grup i¢in ortalama yas sirasiyla 56,12+11;
53,8947 ve 52,86+6 (+standart sapma) yild1 (p=0,110). Grup 1’in re-
tina sinir lifi tabakas1 degeri 72,942 um olmasina ragmen bu deger si-
rastyla Grup 2 ve 3’te 92+14 pm ve 97,313 pm idi (p=0,001). Grup
1’de EDI modu olan ve olmayan spektral-domain OCT kullanilarak
6lgiilen koroid kalmligi 192449 um/193+48 pum idi. Bununla birlikte
Grup 2 ve 3, sirasiyla 289+40/294+39 um ve 2924+47/297+47 pm’lik
kabaca 6zdes koroid kalinligina sahipti (p=0,001). Grup 1, 2 ve 3’te or-
talama g0z i¢i basinci sirasiyla 14,843; 14,4427 ve 11,7+1,4 mmHg
idi (p=0,072). Grup 2 ve 3’te sirastyla 560+24 pm ve 575418 pm olan
korneal kalinliklarina gére Grup 1°de 522+34 um’lik marjinal olarak
daha ince kornea ile iligkili idi (p=0,001). Sonug: Psodoeksfolyatif
glokom basta olmak tizere glokom koroidal mikrovaskiiler kan dola-
simin1 etkileyerek, koroidal tabakanin fizyolojik ve morfolojik degi-
simine yol acar.
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spektral-domain optik koherens tomografi;
gelistirilmis derinlik goriintiileme
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Pseudoexfoliative glaucoma (PEG) is character-
ized by accumulation of recurrent fibrogranular pseu-
doexfoliative material on the anterior lens capsule
and/or pupil rim, typically in the elderly, along with
high intraocular pressure (IOP).!~ Latest studies have
documented changes in the photoreceptor layer of
pigment epithelium and choroid in glaucoma includ-
ing the inner retinal layer and retinal nerve fibre layer
changes.*’

Spectral-domain optical coherence tomography
(SD-OCT) technology with enhanced depth imaging
(EDI) mode has allowed repeated, automated and
quantitative assessment of retinal nerve fibre layer
and choroidal thickness, probably through exponen-
tial growth of the EDI system.®!?

The goal of this study was to investigate changes
of choroidal thickness and retinal nerve fibre layer in
patients with PEG and primary open angle glaucoma
(POAG) using EDI-OCT with SD-OCT technology
and to compare the data with healthy individuals.

I MATERIAL AND METHODS
STUDY PARTICIPANTS

This cross-sectional case-control observational study
included 60 patients (30 with PEG and 30 with
POAG) and 30 healthy individuals aged between 40
and 85 years. The study was conducted between July
and September 2019 at Afyonkarahisar University of
Health Sciences Department of Ophthalmology. The
study procedure complied with the ethical standards
of the Helsinki Declaration and was fully endorsed
by the Afyonkarahisar Health Sciences University
Ethics Committee of the Institutional Review Boards
(5 July 2019-2019/8) (2011-KAEK-2). Before ob-
taining consent, all participants were informed about
the study.

INCLUSION AND EXCLUSION REQUIREMENTS

Patients without ocular pathology apart from the oc-
ular surface disorders (including mild-moderate dry
eye, allergic conjunctivitis and blepharitis), pres-
biopia, and refractive error between -1.0 and +1.0
diopter were included in the study. On the other hand,
patients with higher choroidal thickness-related pri-
mary choroidal pathology, patients with diseases that
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could impede imaging of the ocular posterior seg-
ment, including corneal disorders and cataract, pa-
tients using prostaglandin analogue, patients with
systemic hypertension that could impair choroid
blood flow and smoking history were excluded. Dur-
ing the study, POAG and PEG patients received only
brimonidine tartrate and/or brinzolamide/dorzo-
lamide plus timolol maleate combination therapy.

OCULAR EXAMINATION AND GLAUCOMA DIAGNOSIS

A comprehensive ophthalmological examination was
performed, including measurements of the best-cor-
rected visual acuity with Snellen charts and IOP with
Goldmann applanation tonometer (Inami, Japan), slit-
lamp biomicroscopy of the anterior and posterior seg-
ments before and after pupil dilation [0.5% tropicamide
(Tropamid, Bilim, Turkey)], 2.5% phenylephrine 2.5%
phenylephrine (Mydfrin, Alcon, USA), central corneal
thickness with ultrasonic pachymeter (Accutome Ac-
cupach VI) and gonioscopy with Goldmann triple mir-
ror contact lens. PEG diagnosis involved the following
criteria: (1) an identification of the extracellular fibril-
lar gray-white material on the lens capsule or iris
sphincter region; (2) a presence of glaucomatous
changes during optic nerve tissue analysis; (3) an exis-
tence of glaucomatous defects in the visual field stud-
ies; (4) a decreased retinal nerve fibre layer thickness
along with elevated TOP.* Further, POAG diagnosis in-
volved the following criteria: (1) an absence of sec-
ondary glaucoma-causing factors such as PEG,
pigmentary glaucoma, lens based glaucoma; (2) a pres-
ence of the defects in the visual field studies and glau-
comatous findings in OCT scan; (3) a presence of an
open iridocorneal angle during gonioscopy; and (4)
the IOP values >21 mmHg. The visual field studies
were obtained by using Humphrey automated
perimetry central 30-2 program (Allergan-Humphrey,
Inc., DSan Leandro, USA).

EDI-OCT WITH SD-OCT TECHNIQUE

The SD-OCT (Heidelberg Engineering Gmbt; soft-
ware ver. 1.4, 1.5) technique was used to scan 360° in
order to measure the mean retinal nerve fibre layer
thickness of 4 quadrants (superior, inferior, nasal,
temporal), that is, superior-temporal: 45-90, superior-
nasal: 90-135, infero-nasal: 225-270 as well as in-
fero-temporal: 270-315. Signal power of each scan
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was checked and discarded if <1.5. The subfoveal
choroidal thickness and volumes assessed by EDI-
OCT were evaluated by comparing data acquired
from nine sectors as indicated in the Early Treatment
Diabetic Retinopathy Study location profile after
breaking choroidal thickness manually and getting a
center through a 3.45 mm region.'? In order to obtain
the most appropriate values, the choroidal thickness
was calculated using linear mixed modeling with and
without EDI mode. Meanwhile, the central cornea
thickness was calculated using corneal ultrasonic
pachymetry.

STATISTICAL ANALYSIS

All statistical analyses were conducted using SPSS
14.0 (SPSS Inc., Chicago, USA). The Kolmogorov-
Smirnov test was used to determine whether or not
the data displayed normal distribution. Quantitative
parameters were calculated using a one-way ANOVA
test among groups, and a post hoc Scheffe test was
used to allow comparisons among groups.

I RESULTS

There was no statistically significant difference
among groups in age, sex (p=0.110) and IOP param-
eters (p=0.593). The retinal nerve fibre layer thick-
ness (Figure 1), choroidal thickness measured with
EDI and without EDI mode and the central cornea
thickness (p=0.001) were statistically significantly
different among groups (Figure 2 and Figure 3)
(Table 1). However, an intergroup comparison be-
tween healthy individuals and POAG patients re-
vealed no statistically significant difference in the
retinal nerve fibre layer thickness (p=0.425),
choroidal thickness measured with and without EDI
mode (p=0.974 and p=0.979), and central cornea
thickness (p=0.016). The comparison of healthy in-
diviulduals and POAG patients, with PEG patients
revealed statistically significant differences in the
retinal nerve fibre layer thickness, choroidal thick-
ness measured with and without EDI mode, and cen-
tral cornea thickness (p=0.001) (Table 2).
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FIGURE 1: lllustration of retinal nerve fibre layer analysis of a patient with primary open angle glaucoma and pseudoexfoliative glaucoma.
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FIGURE 2: lllustration of choroidal thickness of a patient with primary open angle glaucoma measured using enhanced depth imaging optical coherence tomography.

FIGURE 3: lllustration of choroidal thickness of healthy subject and a patient with pseudoexfoliative glaucoma measured using enhanced depth imaging optical coherence

tomography.

I DISCUSSION

Many PEG patients may develop glaucomatous dam-
age due to an increased IOP and more extreme IOP
variations especially in contrast to POAG. This con-
dition demonstrates a somewhat rapid advancement
and a poorer prognosis of PEG than POAG.'>'* At a
predetermined IOP level, an optic nerve damage pos-
sibility has been reported to be greater in the eyes
with pseudoexfoliation.!® Pseudoexfoliation syn-
drome is believed to be the most important indepen-
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dent risk factor for glaucoma advancement.'® More-
over, the advancement of glaucoma has been reported
to be as twice as high in patients with both ocular hy-
pertension and pseudoexfoliation relative to patients
with ocular hypertension alone. This indicates that
factors other than IOP level may contribute to the
pathogenesis of PEG.!”!® In this regard, the investi-
gation of changes in the choroidal thickness and reti-
nal nerve fiber layer in patients with PEG and POAG
using EDI-OCT with SD-OCT technology, and a
comparison of the data with healthy individuals has
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TABLE 1: Study data of the respective groups.
Parameters PEG (Group 1) POAG (Group 2) Control (Group 3) p value
Age (years) 56.12+7 53.89+10 52.86+15 0.110
Gender (female/male) 14/16 16/14 15/15 0.076
Retinal nerve fibre layer (um) 72.93+20 91.8+14 97.36+13 0.001
Choroidal thickness with EDI (um) 193448 294439 29747 0.001
Choroidal thickness without EDI (um) 192449 289+40 292+47 0.001
Intra ocular pressure (mmHg) 14.86+3 14.46+2.78 11.70+£1.40 0.072
Central cornea thickness (um) 524+34 554+24 57518 0.001
POAG: Primary open angle glaucoma; PEG: Pseudoexfoliation glaucoma; EDI: Enhanced depth imaging; um: Micrometer.
TABLE 2: Comparison of optical coherence tomography parameters of the groups concerned.
Control/POAG POAG/PEG Control/PEG

Retinal nerve fibre layer (um) 97.36+13/91.8+14 91.8+14/72.93+20 97.36+13/72.93+20

p=0.425 p=0.001 p=0.001
Choroidal thickness with EDI (um) 297+47/294+39 294+39/193+48 297+47/193+48

p=0.974 p=0.001 p=0.001
Choroidal thickness without EDI (im) 292+47/289+40 289+40/192+49 292+47/192+49

p=0.979 p=0.001 p=0.001
Central cornea thickness (um) 575+18/554+24 575+18/524+34 554424/524+34

p=0.979 p=0.001 p=0.001

POAG: Primary open angle glaucoma; PEG: Pseudoexfoliation glaucoma; EDI: Enhanced depth imaging; um: Micrometer.

been conducted in the present study, in which age,
sex and IOP did not differ significantly among
groups. Most importantly, relative to healthy indi-
viduals and POAG patients, PEG patients revealed to
have statistically significantly different retinal nerve
fibre layer thickness, choroidal thickness measured
with and without EDI mode, and central cornea thick-
ness. A significantly decreased retinal nerve fibre
layer thickness in the PEG patients may be consid-
ered as an effect of glaucoma. This condition result
may signify early damage to the retinal nerve fiber
even with normal IOP and normal visual field in the
eyes of pseudoexfoliation syndrome. In addition, a
significant decrease in choroid thickness measured
with and without EDI mode in PEG patients demon-
strates that ischemia could influence the duration of
pseudoexfoliation and therefore contribute to the ad-
vancement of glaucoma. As far as the present study
results are concerned, monitoring of the retinal nerve
fibre thickness and choroidal thickness using EDI-
OCT with SD-OCT technique in particularly PEG pa-
tients may be very useful for identifying advancement
of glaucoma.
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OCT is an advanced biomedical imaging tech-
nique which has been employed to a broad range of
biological, clinical and material studies. This technique
is similar to ultrasound B-mode imaging. However,
apart from that, near-infrared light reflections are
recorded in OCT instead of sound. OCT provides high-
resolution, non-invasive real-time imaging of cell and
tissue microstructures embedded inside densely scat-
tered tissues. After its first presentation by Huang et al.,
this technology has revolutionized the diagnosis and
treatment of retinal disorders as well as glaucoma. In
addition, development of SD-OCT has provided re-
peated, automatic and quantitative measurement of
peripapillary retinal nerve fibre layer thickness.!” The
EDI-OCT, on the other hand, offers complete imaging
and measurement of the subfoveal choroidal thickness.
Peripapillar choroid is the primary source of blood
transmission from the preliminary side of the optical
nerve head. Recent studies have shown that various fac-
tors, including high myopia and age can be correlated
with this region.'>? In this regard, the study by Wu et
al., published comparable results of peripapillary
choroidal measurements with or without EDI mode.”!
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During measurement of retinal nerve fibre layer
thickness using OCT, it has been reported that nearly
1 um reduction in retinal nerve fibre layer thickness
occurs per 10 years of age. There is also a strong de-
gree of association between visual field tests and reti-
nal nerve fibre layer thickness. Studies evaluating the
relationship between retinal nerve fibre layer thick-
ness and the global visual field index calculated using
OCT in normal eyes, ocular hypertensive eyes, and
POAG eyes reported substantial differences in reti-
nal nerve fibre layer thickness among these eyes, and
revealed an obvious correlation between these two
parameters.’!* It has been reported that when glau-
coma is detected by visual field defect or optic nerve
cupping, damage to retinal nerve fibre layer has al-
ready occurred in the range of 10-15%. Thus, exam-
ination of peripapillary retinal nerve fibre layer
thickness using OCT can be implimented as an early
diagnostic method not only for early diagnosis but
also for monitoring glaucoma patients.?

PEG represents approxiamately 25% of all de-
finable glaucomas. A cross-sectional analysis of the
relationship between pseudoexfoliation and open-
angle glaucoma, ocular hypertension, and IOP in 3,654
people aged 49-97 years revealed a clear correlation be-
tween pseudoexfoliation and glaucoma. That glaucoma
was approximately 8 times more prevalent in the eyes
with pseudoexfoliation (14.2%) than in the eyes with-
out pseudoexfoliation (1.7%) after age and sex adjust-
ment.”> Another research conducted by Gorezis et al.,
comparing different forms of glaucoma reported a
much thinner central cornea thickness in relation to
PEG.? The present research confirmed the above find-
ing that PEG patients were associated with thinner cen-
tral cornea thickness compared to healthy individuals
and POAG patients. That being said, there was no im-
portant difference in central cornea thickness between
healthy individuals and POAG patients.

The relationship between pseudoexfoliation syn-
drome and hypoperfusion and stenosis of iris vessels,
loss of normal radial iris vessels, and microneovascu-
larisation has been reported before.?** Visontai et al.,
measured the typical carotid artery diameter and alter-
ation of the arterial pulse in the control and pseudoex-
foliation syndrome groups using a combination of
ultrasonography and a vessel wall echo-tracking de-
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vice.”® They noted that the causes of vascular dys-
function were elaborated by evidence of increased
stiffness and functional disorders in vessels. In view
of this, the present study found that choroidal thick-
ness, one of the most essential vascular structures in
PEG patients, was significantly thinner compared to
POAG patients and healthy subjects. These results
support previous observations of morphological al-
teration of the macrovasculatures due to pseudoexfo-
liative material deposition. Despite this, there was no
major difference between healthy individuals and
POAG patients in terms of choroidal thickness with
EDI mode. From a practical and physiological per-
spective, these data reinforce the earlier described
epidemiological evidence regarding the relationship
between systemic vascular diseases and pseudoexfo-
liation-related conditions, including PEG.

I CONCLUSION

Patients with PEG were associated with decreased
subfoveal choroidal thickness and retinal nerve fibre
layer thickness relative to patients POAG and healthy
individuals. But there was no substantial difference
in choroidal thickness between patients with POAG
and healthy individuals. Overall, these results demon-
strate the influence of PEG on the choroidal micro-
circulation and therefore on the physiological and
morphological changes of the choroid layer.
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