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Purpose: To evaluate the the effects of seasonal allergic counjunctivitis (AC) and its treatment upon choroidal structure such as
choroidal thickness (ChT) and choroidal vascular index (CVI) through the use of topical antihistamine agents. Methods. The 60 eyes
of 30 patients were included in the AC group. Another 30 patients were included in the control group. The choroid was imaged by
using enhanced depth imaging optical coherence tomography (EDI-OCT) instrument without pupillary dilation. ChT was defined as the
area between the outer hyperreflective border of the RPE and the sclerochoroidal border at the fovea, 750 pm temporal to the fovea
and 750 pm nasal to the fovea. Image J was used to measure CVI. With the images obtained from EDI-OCT, the total choroidal area
(TCA), luminal area (LA), stromal area (SA), and CVI were calculated using the binarization method. Results. The mean ChT value in
the AC group was 358.5 + 93.8 pm at baseline and 356.8 + 86.6 pm following 1 month of treatment. Meanwhile, the mean ChT in
the control group was 316.6 = B0.7 pm. The mean CVI value was 66.65 + 2.98 in the control group, 70.75 + 3.26 in the AC group
at baseline, and 69.50 + 3.17 following 1 month of treatment. Statistically significant difference was tracked between control and AC
group (p = 0.028) and control group and posttreatment values (p=0,031). There were no statistically significant difference between
initial AC treatment values and posttreatment values for all of the measurements. Conclusion. ChT and CVI can increase in patients
with AC due to inflammation and increased vascular permeability. Although symptoms and signs related to AC may disappear after the
treatment, effects in the choroid do not immediately normalize.
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PE3IOME Odiransmonorua. 2023;20(4):731-736

Lenb: oueHUTb BANAHVME CE30HHOrO annepruiyecKoro KoHblHKTYBKTA (AC) 1 ero ne4eHusa ¢ NOMOLLbIO MECTHbIX @aHTUMMGTaMUHHBIX
npenapaToB Ha TonimHy xopuougen (XT) n xopuounpganbHblin cocyancTeln nHgexe (XBH). Metopwbl. B rpynny AC Bbinv BHNIOYEHbI
60 rnas 30 nauuneHToB. 30 NauMeHTOB BOLLMAN B KOHTPOnbHy0 rpynny. CocyavcTyio obonoyky BM3yanuanposanu ¢ nomoLLsio npubopa
OMTUYECKOW KOrepeHTHoW Tomorpadmm ¢ ynyyileHHon rnybrHHon Buayanusauvein (EDI-OCT) 6es paciuvpenns 3payrkoB. XT onpege-
NANW HKaK NnoLafb Mergy BHELUHen runeppednexTvBHon rpaHuuern PIM3 n cknepoxopuonpansHoi rpaHuuen B AMKe, 750 MKM
B BWCOYHYI0 CTOPOHY OT AMKM 1 750 MKM B HOCOBYIO CTOpPOHY. V3obparerve J ncnonbsosanock AnA namepexna CVI. Ha nsobpa-
HeHuAx, nonyveHHbix ¢ nomolpto EDIFOCT, ¢ ncnonb3oBaHvem metoda BuHapusauuy paccyvTbiBany obLLyio nnoliage xopuoungen
(TCA), nnowappe npoceeTta (LA), nnowape ctpombl (SA) n CVI. PeaynbtaTbl. CpegHee 3HaveHne XT B rpynne AC coctasuno 358,5 +
93,8 mKm ncxopHo 1 356,8 + 86,6 mkm Yepes 1 mecAl nedenuva. Npy aTtom cpepHuin XT B KOHTponbHOW rpynne coctasun 316,6 =
60,7 mrm. CpepHee 3HadeHne CVI coctaBnano 66,65 + 2,98 B KoHTponbHon rpynne, 70,75 + 3,26 B rpynne AC Ha McxopHOM
ypoBHe 1 639,50 + 3,17 4epe3 1 mecAy neyeHvA. CTaTUCTUHECHM 3HAYVMMan pasHuLa Habnioganacb Meray KOHTPOIEM W rpynnon
AH (p = 0,028) nocne nevenns (p = 0,031). 3aknwouenune. XT n XBH moryT yBennyvsaTeca y 6onbHbix AH BcneacTBue BocnaneHua
1 NOBbILLEHWA NMPOHMLI@EMOCTY COCYR0B. XOTA CUMNTOMbI U MPU3HaKK, cBA3aHHbIe ¢ OX, MOryT ncYesHyTb nocne neveHva, adexTsl
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B COCYAMCTON obonoyre He HOPMarnuayrTcA cpasy.

HKnioueBbie cnoeBa: BJ'IJ'IeprI/I‘-IECHI/IVI HOHBIOHKTUBUT, MeTo[ 6I/IHBpI/I38LLI/II/I, BOCnaneHve, TonLinHa COCWJ,I/ICTOVI o0bonoyKn, XOpWno-

VOanbHbIA COCYAUCTLIN MHAEHC

Ana yntupoBanma: HecnuxaH Hyte, Ymut Yannu, MaTtnH HobaT. BnvAHMe ce30HHOr0 annepru4yecKoro KOHbIOHKTVBMTA U ero
nNeYeHnsa HaxopronaanbHblicocyancTeiinHaerc. O tansmonorna. 2023;20(4):731-736. https: / /doi.org/10.18008 /1816-5095-

2023-4-731-736

I'Ipospa'moc'rb *MHGHCOBOI‘;I AeATenbHOCTU: HukTto na aBTOpOB HE MMEET Cbl/IHaHCOBOVI 3anHTepecoBaHHOCTX B NMpeacTaBliEHHbIX

maTepuanax unm MmeTofax
HoHdnuKT nHTepecos orcytcTeyeT

INTRODUCTION

Allergic conjunctivitis (AC) refers to a group of inflam-
matory diseases affecting the ocular surface that are caused
by an abnormal immune-hypersensitivity to environmental
allergens. AC is histologically characterized by the infiltration
of inflammatory cells, including neutrophils, eosinophils,
lymphocytes, and macrophages, into the conjunctiva [1].

Situated between Bruch’s membrane and the sclera, the
choroid layer is a highly vascularized tissue that receives ap-
proximately 85 % of the blood that enters all ocular tissue and
plays important roles in ocular function. Among others, it
provides the retina pigment epithelium (RPE) and outer reti-
na with nutrients and oxygen, as well as secretes vital growth
factors [2]. The choroid’s structure is primarily determined
by the route and branching pattern of both the anterior and
posterior ciliary arteries [3, 4]. The choroid’s dense sympa-
thetic and parasympathetic autonomic innervation due to
short and long ciliary nerves suggests its association with the
autonomic nerve system in regulating choroidal thickness
(ChT) by modulating choroidal blood flow and altering the
tone of nonvascular smooth muscle [2].

Improvements in optical coherence tomography (OCT)
technology have allowed reliable, repeatable measurements
of the choroid by using enhanced depth imaging OCT (EDI-
OCT) [5, 6]. Objective supplemental information about the
choroid’s structure, including ChT and the choroidal vascular

index (CVI), has also been made available in recent years by
virtue of binarization, a method that allows viewing the cho-
roid in greater detail [7]. Such techniques have revealed that
ChT and CVI are affected by refractive abnormalities, age,
and ethnicity [8, 9]. In other recent studies, short-term al-
terations in ChT and CVT have also been identified as being
associated with time of day, caffeine consumption, and smok-
ing [10-13]. It has additionally been demonstrated that the
choroid’s stromal and vascular structure is affected by a wide
variety of systemic diseases [14-20].

However, to the best of our knowledge, no study has in-
vestigated the effect of AC and its treatment on CVI. Thus,
the aim of our study was to evaluate the effects of AC and its
treatment on aspects of the choroid’s structure, namely Cht
and CVI, during the use of topical antihistamine agents.

METHODS

The primary outcome targeted in our study was whether
ChT and CVI values showed differences between patients
with AC and healthy controls. The secondary outcome was
the effect of treatment with topical antihistamine agents on
ChT and CVL

To gauge those outcomes, the 60 eyes of 30 patients with
AC were included in the study following a biomicroscopic
evaluation of all patients who applied to our clinic with the
complaints of stinging, burning, and watering. In addition,
30 sex- and age-matched healthy patients were recruited as
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a control group. The study was ap-
proved by Fatih Sultan Mehmet
Training and Research Hospital’s
Ethics Committee and followed the
tenets of the Declaration of Helsinki.
Written informed consent was ob-
tained from all participants.

All patients received a full oph- 300[um]
thalmologic examination including
autorefractometry, the measurement 500[um]
of intraocular pressure (IOP) by air
puff tonometry, the assessment of
best corrected visual acuity (BCVA)

according to the Snellen chart, slit
lamp biomicroscopy, and a fundus Fig- 1. A representative enhanced-depth imaging domain optical coherence tomography (EDI-OCT)
imaging of a patient

examination. We included only pa-
tients with IOP <18 mmHg, BCVA Puc. 1. OntuyecKan KorepeHTHasa TomorpadvA (EDI-OCT) ¢ ysenuyeHHon rnybrHon naobparkeHna
20/20, and <-1 diopter of refractive
errors in spherical equivalents and
<-1 diopter of refractive errors in
cylindrical equivalents. Patients in
either group with a history of oph-
thalmic disease were excluded, as
were patients with any systemic dis-
ease that might affect ChT and CVI
(e.g., hypertension and diabetes).

The choroid was imaged by using
an SD-OCT instrument (RS-3000
Advance, Nidek, Japan) without
pupillary dilation. All examinations
were performed between 11:00 and
12:00 a.m. to avoid the effect of diur-
nal variation on Cht and CVI. ChT
was defined as the area between the
outer hyper-reflective border of the
RPE and the sclerochoroidal border
at the fovea, 750 um temporal to the
fovea and 750 um nasal to the fovea
(Fig. 1).

Image ] (National Institutes of
Health, Bethesda, MD, USA) was
used to measure CVI. EDI-OCT im-
ages were converted to 8-bit images

and binarized with Niblacks auto SESERNLIATNE
local thresholding tool to deter- [ )
mine total choroidal area (TCA) by
manually drawing the sclerochoroi-
dal border and lower border of the

RPE. Afterward, the images were
converted to red-green-blue color
types to allow the delimitation of the
luminal area (LA) and stromal area
(SA), with dark pixels correspond-
ing to the LA (i.e., the vascular area)
and white ones corresponding to the
SA (Fig. 2).

Fig. 2. Choroidal vascularity index (CVI) calculation with binarization of enhanced-depth imaging
(EDI) spectral domain optical coherence tomography (SD-0OCT) image. The CVI is calculated dividing
luminal area by total choroidal area

Puc. 2. PacyeT nHpgerca Backynapusaumm xopuougen (CVI) ¢ buHapusaumen  (SD-OCT) c yeenw-
YeHHon rnybuHon nsobparkenna (EDI). CVI paccunTbiBaeTCA NyTeM AeNeHns NnoLlaamn npoceeTa Ha
o6LLyo nnoLaab Xxoprongen
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CVI was calculated as the ratio of LA/TCA. All measure-
ments were made in triplicate by an experienced ophthalmol-
ogist (UC), and the average of the three measurements was
used in statistical analysis. Measurements with a difference of
more than 10 % were considered to be inconsistent and thus
excluded from the study.

All patients with seasonal AC underwent SD-OCT ex-
amination before and after 1 month of antihistamine treat-
ment so that the initial values could be compared with the
values determined l1month post-treatment. The initial and
post-treatment values were also compared with the values
of the control group. Anti-allergic therapeutic agents such as
antihistamine and mast cell stabilizers (0.1 % Olopatadine
hidrochloride) were prescribed to participants in the experi-
mental group and recommended to be used 2 times a day for
1 month.

All statistical analyses were performed in SPSS for Win-
dows version 23.0 (IBM, Armonk, NY, USA). The Kol-
mogorov-Smirnov test was used to assess the normal dis-
tribution of continuous variables. After determining that all
continuous variables were normally distributed, post-treat-
ment ChT and CVI values were compared with the baseline
values using a paired t test, and both values were compared
with those of the control group using the independent t test.
All p values less than .05 were considered to indicate statisti-
cal significance.

RESULTS

The 60 eyes of 30 patients—15 males and 15 females—
were included in the AC group. Their mean age was 26.4 +7.5
years. Another 30 patients—also 15 males and 15 females—
were included in the control group; their mean age was
27.5 + 6.2 years. Thus, no statistically significant differences
in age or gender emerged between the groups, as shown in
Table 1.

The mean ChT value in the AC group was 358.5 + 93.8
pum at baseline and 356.8 + 86.6 um following 1 month
of treatment. Meanwhile, the mean ChT in the control

2023;20(4):731-736

and the post-treatment values (p < .001), as also shown in
Table 2.

Among other results, mean TCA and LA values were
significantly lower in control group than in the AC group at
baseline and after treatment (all p < .001). However, there
were no statistically significant differences between initial
AC treatment values and post-treatment values for any of the
measurements.

DISCUSSION

In our study, we investigated whether a difference exists in
ChT and CVT values among patients with clinical symptoms
and signs of seasonal AC. We also examined the effect of an-
tihistamine treatment on Cht and CVI among such patients.
To the best of our knowledge, no previous study has investi-
gated the effect of AC and its treatment on CVI values.

Seasonal AC is characterized by increased levels of his-
tamine, tryptase, prostaglandins, and leukotrienes in tears
due to the activation of specific IgE-mediated conjunctival
mast cells. Activated mast cells also release several cytokines
that stimulate epithelial cells and fibroblasts to produce pro-
inflammatory cytokines and chemokines, which lead to per-
sistent conjunctival inflammation and an inflammatory re-
sponse to allergens, both of which increase blood flow [1].

A highly vascular tissue, the choroid has been shown to
play a role in the pathogenesis of various ocular diseases
[14-21]. Beyond that, changes in ChT [15, 16] and CVI
[17-19] have been shown to be associated with ocular pa-
thologies—for example, age-related macular degeneration
and central serous chorioretinopathy (CSC)—and recovery
following ocular surgery and oral treatments [22, 23]. In
Maruko et al’s study, eyes with CSC was significantly greater

Table 2. Choroidal vascularity index (CVI), subfoveal choroidal
thickness (ChT), total choroidal area (TCA), luminal area (LA) and
stromal area (SA) measurements of the groups

Tabnuuya 2. Hgexc BackynApusauum xopuongen (CVI), cybdoseans-
HaA TonwmHa xopuovgen (ChT), obwaa nnowanb xopuougen (TCA),
nnowaap npoceeta (LA) n nnowape cTpomel (SA) B rpynnax

group was 316.6 + 60.7 pm. Statistically significant dif-
. f db h 1 d AC Control Allergic Allergic conjunctivitis
erences were roun etween the control an groups group conjunctivitis (post treatment first month) p
at baseline (p = .028) and between the control group’s val- ~0758
ues and the post-treatment values (p = .031), as shown in | cirgum) | 31664607 | 35854938 356.8+866 t0028
Table 2. #0031
The mean CVIvalue was 66.65 + 2.98 in the control group, *0,443
2
70.75 + 3.26 in the AC group at baseline, and 69.50 + 3.17 fol- TCA(mm?) | 065+014 076+0.18 075016 Izgggl
lowing 1 month of treatment. Other statistically significant ors
differences emerged between the control and AC groups at | |gmm) | 0434006 0534008 0524009 +<0001
baseline (p < .001) and between the control group’s values <0001
*0,694
. SA (mm?) 0.22 £0.04 0.23 £0.06 0.23£0.05 10,443
Table 1. Demographic data of the groups 0,397
Table 1. Demographic data of the groups *0,386
CVI (%) 66.65 +2.98 70.75+3.26 69.50+3.17 1<0,001
Variables Allergic conjunctivitis group (1=30) | Control group (n=30) p $<0,001
Ee"; N||ale 15 15 1 Note: ChT — choroidal thickness, TCA — total choroidal area, LA — luminal area, SA —
el 5 5 stromal area, CVI — choroidal vascular index. * — Paired T Test between initial and
Age (years) 264+75 275+62 0,889 posttreatment values. t — Indipendent T Test between control group and initial values.
+ — Indipendent TTest between control group and posttreatment values.
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than that in fellow eyes, while the eyes without subfoveal
ChT in CSC but with choroidal vascular hyperpermeability
had greater ChT [21]. Other research has shown that CVI
values are significantly lower in eyes with chronic CSC and
choroidal neovascularization than in non-neovascularized
ones [17]. In the same vein, Ozcaliskan et al. showed that
the eyes with intermediate age-related macular degenera-
tion demonstrated had low CVI compared with healthy eyes
[18]. In our study, inflammation due to allergies may have
increased the ChT and CVI values that we calculated. Like-
wise, Rizzo et al. showed that CVI values decrease following
epiretinal membrane removal when compared with fellow
eyes. They attributed that finding to secondary inflamma-
tion resulting from mechanical traction that induces ChT
by increasing the vascularization of the choroid [19]. In an-
other study, in patients with posterior uveitis due to Behget’s
disease, ChT increased in the acute phase of the disease but
decreased thereafter [20].

Yenigun et al. evaluated whether there was any statistically
significant difference in ChT between their control group and
a group with allergic rhinitis. The mean subfoveal ChT was
367.49 £ 92.73 um among the 61 patients with allergic rhini-
tis and 327.62 + 72.39 um among the 35 patients without the
condition [24]. Our data corroborate those data, for we found
higher values in the AC group. In another study, the mean
subfoveal, nasal, and temporal ChT were 382.1 + 121.7 um,
328.6 + 111.8 um, and 368.1 + 98.2 um, respectively, in pa-
tients with allergic rhinitis and 378.5 £ 87, 309 £ 77 um, and
354.2 + 94.2 2 um, also respectively, in the group of healthy
participants. Although the values were higher in the group
with allergic rhinitis, as in the previous study, they were not
statistically significant [25].

In a study conducted by Ayyildiz et al. involving the
60 eyes of 30 children and adolescents with AC and the
60 eyes of 30 healthy controls, the mean initial subfoveal ChT
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was 364.1 = 63.8 um in the AC group but 333.5 + 52.1 pm
1 month after treatment. Meanwhile, in the control group,
the mean subfoveal ChT was 320.6 + 80.9 um. Similar to
us, they also found a significant difference in baseline ChT
between the AC and control groups. Although the values
did not return to normal even 1 month after treatment in
our study, in their study post-treatment values were simi-
lar to the ones observed in the control group, along with a
statistically significant decrease in ChT after the treatment
of patients with AC. In our study, no significant change oc-
curred after treatment among such patients. In our study,
we evaluated the change in CVI values, whereas the other
authors compared only ChT [26]. By comparison, Yilmaz et
al. compared the right eyes of 59 patients with asthma (i.e.,
20 males and 39 females) and the right eyes of 50 healthy
controls (i.e., 19 males and 31 females) in terms of CVI
and ChT. Both values were significantly lower among the
patients with asthma [27]. Last, Kocak et al. reported that
CVI values were significantly lower among smokers than
among healthy controls [11]. In the case of hypoxemia due
to asthma or smoking, it can be expected that CVI values
would decrease even further.

Altogether, ChT and CVI can increase in patients with
AC due to inflammation and increased vascular permeabil-
ity. Such hyperpermeability can cause choroidal thickening
owing to the accumulation of fluid, and the expansion of the
choroidal vessels could play a partial role as well. Although
symptoms and signs related to AC may disappear, effects in
the choroid do not immediately normalize. To the best of
our knowledge, ours was the first study to demonstrate the
probable relationship between increased CVI and AC. Even
s0, because our sample was small, studies with more pa-
tients are needed to confirm our findings and to fully clarify
the mechanism of increased ChT and CVI among patients
with AC.
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