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ABSTRACT
BACKGROUND: Primary open angle glaucoma is often associated with cataract. The correlation between the use hypotensive 
drops, in particular non-prostaglandin hypotensive drops with preservative, and the change in central retinal thickness after 
phacoemulsification with intraocular lens implantation continues to be relevant.
AIM: To evaluate central retinal thickness and pseudophakic cystoid macular edema incidence after phacoemulsification with 
intraocular lens implantation in patients with primary open-angle glaucoma using non-prostaglandin hypotensive drops with 
preservatives.
MATERIALS AND METHODS: 94 patients (108 eyes) with cataract were enrolled in the study, divided into 3 groups: the first 
group — 21 patients (27 eyes), and the second group — 21 patients (23 eyes) with primary open-angle glaucoma using non-
prostaglandin hypotensive drops with preservative; the third (control) group included 52 patients (58 eyes) without ocular 
comorbidities. All patients underwent uncomplicated phacoemulsification with intraocular lens implantation. In the post-op 
period, patients of the first group received topical antibiotics and steroids, patients of the second and the third groups received 
the same treatment and non-steroidal anti-inflammatory drops as well. Central retinal thickness was measured using optical 
coherence tomography before surgery, 2 weeks, 2 and 6 months after surgery.
RESULTS: The central retinal thickness increase in comparison with baseline values was more significant in the first group 
than in the second and the third groups, and the time of recovery to baseline values during 6 months after surgery was longer. 
Pseudophakic cystoid macular edema was not identified in any group.
CONCLUSIONS: The use non-prostaglandin drops with preservative in patients with primary open-angle glaucoma does not 
affect pseudophakic cystoid macular edema development after uncomplicated phacoemulsification. Instillations of non-ste-
roidal anti-inflammatory drops in the post-op period reduce the time of central retinal thickness recovery to baseline value.
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АННОТАЦИЯ
Актуальность. Первичная открытоугольная глаукома — частое сопутствующее заболевание у пациентов с ката-
рактой. Остаётся актуальной взаимосвязь применения гипотензивных капель, в частности непростагландиновых 
гипотензивных препаратов с консервантом, и изменение толщины центральной зоны сетчатки после факоэмульси-
фикации с имплантацией интраокулярной линзы.
Цель — оценка толщины центральной зоны сетчатки и частоты развития псевдофакичного кистозного макулярного 
отёка после факоэмульсификации с имплантацией интраокулярной линзы у больных первичной открытоугольной 
глаукомой, получающих непростагландиновые гипотензивные препараты с консервантом.
Материалы и методы. В исследование включены 94 пациента (108 глаз) с катарактой, которые были распределе-
ны на 3 группы: I группа — 21 пациент (27 глаз), II группа — 21 пациент (23 глаза) с первичной открытоугольной 
глаукомой, получающие непростагландиновые препараты с консервантом, контрольная (III) группа — 52 пациента 
(58 глаз) без сопутствующей офтальмопатологии. Всем пациентам выполнена неосложнённая факоэмульсификация 
с имплантацией интраокулярной линзы. В послеоперационном периоде пациенты I группы получали антибактери-
альные препараты и кортикостероиды, пациенты II и III групп те же препараты и нестероидные противовоспали-
тельные препараты. Проведена оценка толщины центральной зоны сетчатки с помощью оптической когерентной 
томографии до операции, через 2 нед. и через 2 и 6 мес. после оперативного вмешательства.
Результаты. Увеличение толщины центральной зоны сетчатки по сравнению с исходными значениями было бо-
лее значимым в I группе, чем в II и III группах, а восстановление её до исходных значений в течение 6 мес. после 
факоэмульсификации было дольше. Псевдофакичный кистозный макулярный отёк ни в одной из групп не выявлен.
Заключение. Применение непростагландиновых препаратов с консервантом у пациентов с первичной открытоу-
гольной глаукомой не влияет на развитие псевдофакичного кистозного макулярного отёка после проведения не-
осложнённой факоэмульсификации. Инстилляции нестероидных противовоспалительных препаратов в послеопе-
рационном периоде сокращают сроки восстановления толщины центральной зоны сетчатки до исходных значений.

Ключевые слова: толщина центральной зоны сетчатки; факоэмульсификация; первичная открытоугольная глаукома; 
псевдофакичный кистозный макулярный отёк; нестероидные противовоспалительные препараты; консервант; 
оптическая когерентная томография.
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BACKGROUND
Various systemic and local medications may lead 

to macular edema (ME) development. The safety issue 
when using hypotensive eyedrops in primary open-an-
gle glaucoma patients after phacoemulsification (PE) 
remains relevant. Among ophthalmologic medications, 
ME could be caused by prostaglandin analogues [1–3], 
epinephrine [4, 5], dipivefrine [6], betaxolol [7], brimoni-
din [8], timolol, and preservatives used in composition of 
eyedrops [9]. Previously, the influence of prostaglandin 
analogues on the central retinal thickness and the preva-
lence of the pseudophakic cystoid macular edema were 
studied in primary open-angle glaucoma patients after 
uncomplicated PE [1–3, 10]. In our study, we evaluated 
in primary open-angle glaucoma patients the influence on 
the same parameters of non-prostaglandin hypotensive 
medications with preservative.

As known, the pathogenesis of the pseudophakic cys-
toid macular edema is still not understood [11, 12], but 
based on previous studies, the following risk factors of 
its development are specified:

 • presence of ocular diseases such as uveitis [13], 
diabetic retinopathy [14–16], central retinal vein 
occlusion [14, 15], “wet” form of age-related mac-
ular degeneration [17], pigment retinitis [18], vit-
reoretinal traction syndrome [19], epiretinal mem-
brane [14, 16, 20, 21], history of retinal detachment 
surgery [14, 21];

 • intraoperative complications of PE [14, 15];
 • perioperative use of prostaglandin analogues [20] 

and of beta-blockers [22];
 • use for treatment of concomitant diseases of sys-

temic drugs having among side-effects the risk 
of ME development — antidiabetic (thiazolidin-
ediones [23]), antitumor medications (paclitaxel 
or docetaxel [24], tamoxifen, taxanes), interferons 
and niacin [25–29], as well as medications for mul-
tiple sclerosis therapy (fingolimod [30]).

Although glaucoma is not a risk factor for macular 
edema development after PE, it was shown that decom-
pensated intraocular pressure in primary open-angle 
glaucoma, which causes the lesion of the retinal nerve 
fiber layer and visual field defects, enhances its prob-
ability [31].

Preservatives as a component of eyedrops provide the 
solution’s stability and prevent the bacterial contamina-
tion in non-disposable vials. Among basic preservatives, 
used in ophthalmological practice, range quaternary am-
monium salts (benzalkonium chloride), alcohols, phenols 
(chlorobutanol, chlorocresol), esters of parahydroxyben-
zoic acid, metalorganic compounds of mercury (thimero-
sal). Most frequently in the composition of ophthalmic 
solutions, benzalkonium chloride is used.

It is known that the preservative contained in the 
preparation, may exert a higher toxic effect than the ac-
tive ingredient [32, 33]. In 2001, K. Miyake et al. pub-
lished a study, in which for the first time it was proven 
that both timolol and preservative benzalkonium chloride 
cause the impairment of the blood-retinal barrier, and 
lead to the higher prevalence of the pseudophakic cys-
toid macular edema at the early postoperative period [9]. 
In one year, K. Miyake et al. proposed a hypothesis of 
the development of the so-called pseudophakic preser-
vative maculopathy, according to which the main fac-
tor predisposing to the pseudophakic cystoid macular 
edema occurrence, is the added preservative benzal-
konium chloride, and not the active substance of the 
preparation [34]. The preservative gets in contact with 
intraocular cells, in particular with the crystalline lens 
epithelium; the synthesis of prostaglandins, cytokines 
and other inflammatory mediators increases resul-
ting in aggravation of the blood-retinal barrier impair-
ment and increasing risk of the pseudophakic cystoid 
macular edema development (Fig. 1). The use of non-
steroidal anti-inflammatory drugs in the postoperative 
period reduces the intensity of the processes described 
above.

Main visualization methods used for the ME diagnosis 
are the optical coherence tomography (OCT) and the fluo-
rescein angiography (FA) of the retina. Of them, OCT is 
acknowledged as the most sensitive method to determine 
the localization and the amount of ME.

The aim is to estimate the central retinal thickness 
based on the OCT data in primary open-angle glauco-
ma patients using non-prostaglandin medications with 
preservative before and after PE with IOL implantation, 
as well as the prevalence of the pseudophakic cystoid 
macular edema development.

MATERIALS AND METHODS
In the scope of the study, 94 patients (108 eyes) 

were examined, who were admitted to the Ophthal-
mology department No. 5 of the Saint Petersburg city 
budget health care institution “City multifunctional hos-
pital No. 2” for cataract surgery. Patients were divided 
into 3 groups: group I (21 patient, 27 eyes, mean age 
74.5 ± 6.9 years), and group II (21 patient, 23 eyes, 
mean age 75.2 ± 6.1 years) — primary open-angle glau-
coma patients using non-prostaglandin medications with 
preservative; group III — a control one (52 patients, 
58 eyes, mean age 70.9 ± 8.1 years) without concomitant 
primary open-angle glaucoma. During the postoperative 
period, group I patients received antibacterial medica-
tions and steroids, group II and group III patients received 
the same therapy and non-steroidal anti-inflammatory 
drugs.
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composition of eyedrops
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Fig. 1. The pathogenesis of “pseudophakic preservative maculopathy” by K. Miyake [35]
Рис. 1. Патогенез развития «псевдофакичной консервантной макулопатии» по K. Miyake [35]. НПВП — нестероидные противовос-
палительные препараты

Inclusion criteria:
 • cataract of various density;
 • compensated primary open-angle glaucoma sta-

ges I–III on instillations of non-prostaglandin medi-
cations with preservative;

 • absence of intraoperative complications (posterior 
capsule of the lens rupture, herniation of the vitreous, 
remnants of lens material, etc.).

Exclusion criteria:
 • prostaglandin analogs instillations;
 • performed posterior capsulorhexis;
 • presence of uveitis, “wet” form of the age-related 

macular degeneration, macular hole, secondary glau-
coma, vascular diseases of the retina, vitreomacular 
traction syndrome, pigment retinitis, epiretinal mem-
brane, refractive amblyopia;

 • history of any ophthalmic surgery or ocular injury;
 • concomitant diabetes mellitus (DM);
 • use of systemic medications which could cause ME 

development.
The diagnosis was made based on complaints, disease 

history, analysis of objective examination and imaging re-
sults. All patients underwent a standard ophthalmological 
examination (autorefractometry, visual acuity testing, to-
nometry, visual field testing, biomicroscopy, gonioscopy, 
and ophthalmoscopy), estimation of central retinal thick-
ness based on the OCT data, before surgery, in 2 weeks, 
2 and 6 months after PE with IOL implantation.

The IOP measurement was performed using the iCare 
TA01i device (ICare, Finland), the visual field testing 
(static threshold automated perimetry) was performed 

using the perigraph “Pericom” (Optimed, Russia). 
The measurement of the central retinal thickness and data 
analysis were performed using the OCT machine (Optovue 
RTVue100, Optovue, USA) according to the Retina thick-
ness map protocol (retinal thickness in 1 mm area) by the 
same investigator being unaware of clinical data.

In all patients, a standard PE using the Infiniti device 
(Alcon, USA) was performed, with implantation of vari-
ous IOL models. Surgeries were performed by the same 
surgeon; any intraoperative complications were absent. 
At the end of the procedure, ultrasound, timing, and hy-
drodynamic parameters of PE were captured.

In the postoperative period, instillations of drops 
were carried out according to standard protocols: group 
I and group II patients on hypotensive monotherapy with 
timolol/betaxolol instilled the medication 2 times a day, 
dorzolamide — 3 times a day, combinations of dorzo-
lamide/brinzolamide with timolol — 2 times a day. To all 
patients, levofloxacin 4 times a day during 2 weeks and 
dexamethasone 0.1% 4 times a day tapering for 4 weeks. 
To group I and group II patients, nepafenac 0.1% 3 times 
a day was prescribed for 4 weeks.

The statistical processing of the material was per-
formed using the IBM SPSS Statistics 26 program. Mean 
value and standard deviation were calculated, differenc-
es between groups in OCT data before and after surgery 
were determined using the one-way analysis of vari-
ance (ANOVA). Differences between the results before 
surgery and post-operative ones at various times in each 
group were established using the dispersion analysis for 
repeated measurements (RMANOVA).
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Dorzolamide + 
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Fig. 2. Analysis of medications used in the first 
group (non-prostaglandin hypotensive drops with 
preservative)
Рис. 2. Анализ применяемых препаратов 
в I группе (непростагландиновые препараты 
с консервантом)

Fig. 3. Analysis of medications used in the second group 
(non-prostaglandin hypotensive drops with preservative + 
nonsteroidal anti-inflammatory drops)
Рис. 3. Анализ применяемых препаратов во II группе 
(непростагландиновые препараты с консервантом + не-
стероидные противовоспалительные препараты)

Table 1. The phacoemulsification parameters in studied groups, М ± SD, n = 108
Таблица 1. Показатели параметров факоэмульсификации в исследуемых группах, М ± SD, n = 108

Group CDE, kJ BSS, ml Time of the procedure, min

I, n = 27 11.1 ± 10.1 59.1 ± 14.3 8.5 ± 2.4

II, n = 23 10.2 ± 6.1 55.4 ± 13.9 6.8 ± 1.1

III (control), n = 58 10.3 ± 7.7 52.3 ± 12.7 7.1 ± 2.3

Note. CDE — Cumulative dissipated energy; BSS — balanced salt solution (irrigation solution).

Table 2. Visual acuity testing data in studied groups, М ± SD, n = 108
Таблица 2. Данные визометрии в исследуемых группах, М ± SD, n = 108

Group Before surgery
After surgery

in 2 weeks in 2 months in 6 months

I, n = 27 0.2 ± 0.2 0.8 ± 0.2 0.9 ± 0.2 0.9 ± 0.1

II, n = 23 0.2 ± 0.2 0.8 ± 0.2 0.9 ± 0.2 0.8 ± 0.2

III (control), n = 58 0.3 ± 0.2 0.9 ± 0.1 0.9 ± 0.1 0.9 ± 0.1

RESULTS
In the majority of cases, timolol was the active com-

ponent in the used non-prostaglandin hypotensive medi-
cations with preservative: in the group I — 84% (Fig. 2), 
in the group II — 73% (Fig. 3).

In 24 hours after surgery, in all patients, at biomi-
croscopy a moderate combined redness was noted, the 
cornea was transparent or a mild keratopathy was pres-
ent, a mild (+/++) opalescence was found in the ante-
rior chamber fluid, pupillary reaction was preserved, IOL 
was in a correct position. The posterior capsule was pre-
served and intact.

The obtained results of PE parameters in groups are 
shown in the table 1. After surgery, in all patients, high 
visual functions (Table 2) were registered. The IOP in all 
patients was normalized during all the follow-up period, 
data are presented in the Table 3. The central retinal 
thickness values according to the OCT data before and af-
ter surgery are shown in the Table 4, and the dynamics of 
their changes at different timepoints — on Fig. 4 and 5.

In our study, the Shapiro–Wilk’s test and the analy-
sis of variance showed that numeric data correspond to 
normal distribution and to homogeneous variance. For all 
obtained results, multiple comparisons were made (LSD 
test with Bonferroni correction).
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Table 3. Intraocular pressure (mm Hg) data in studied groups measured with ICare tonometer, М ± SD, n = 108
Таблица 3. Результаты внутриглазного давления по ICare в исследуемых группах, М ± SD, n = 108

Group Before surgery, 
mm Hg

After surgery, mm Hg

in 2 weeks in 2 months in 6 months
I, n = 27 14.2 ± 2.4 14.1 ± 2.9 12.6 ± 2.5 12.8 ± 3.1

II, n = 23 15.9 ± 4.7 13.3 ± 2.5 13.3 ± 3.5 13.9 ± 3.0

III (control), n = 58 15.2 ± 3.8 14.5 ± 3.2 13.1 ± 3.2 13.1 ± 3.4

Table 4. Central retinal thickness (µm) in studied groups, М ± SD, n = 108
Таблица 4. Толщина центральной зоны сетчатки в исследуемых группах, М ± SD, n = 108

Group Before surgery, μm
After surgery, μm

in 2 weeks in 2 months in 6 months
I, n = 27 242.0 ± 18.4 243.7 ± 16.3 248.1 ± 19.3 258.0 ± 16.1

II, n = 23 246.1 ± 22.4 250.0 ± 20.9 254.8 ± 18.9 250.2 ± 21.7

III (control), n = 58 253.1 ± 18.1 253.5 ± 19.7 259.6 ± 18.2 258.3 ± 16.6
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Fig. 4. Dynamics of the central retinal thickness change in studied groups
Рис. 4. Динамика изменения толщины центральной зоны сетчатки в исследуемых группах

Fig. 5. Dynamics of the central retinal thickness change in studied groups compared to preoperative values at different observation periods
Рис. 5. Динамика изменения толщины центральной зоны сетчатки в исследуемых группах по сравнению с дооперационными 
значениями в разные сроки наблюдения
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A statistically significant difference was revealed at 
preoperative estimation of the central retinal thickness 
between the main group and the control one (p < 0.05). 
At the postoperative period, at all follow-up times, there 
was no statistically significant difference (p > 0.05).

In OCT data, between pre- and postoperative results, 
the following statistically significant differences were 
found: in the group I — in 2 and 6 months (p = 0.033, 
p = 0.002, respectively), in the group II — in 2 weeks, 
2 and 6 months (p = 0.015, p = 0.008, p = 0.029, 
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respectively), in the group III (control group) — in 
2 months after PE (p = 0.003).

Within the framework of the study, in none of the pa-
tients, a pseudophakic cystoid macular edema was found.

Comparing the PE parameters between the main 
groups and the control one, a statistically significant dif-
ference was established only concerning the time, spent 
for the surgical procedure (p < 0.05).

DISCUSSION
In our study, all patients did not have any systemic 

and ophthalmic diseases enhancing the likelihood of the 
pseudophakic cystoid macular edema development. It is 
recognized that in diabetic patients with good glycemic 
control, the risk of complications after cataract surgery, 
including the pseudophakic cystoid macular edema, does 
not increase [31]. However, in some systemic diseases, 
including diabetes mellitus, the permeability of the vas-
cular wall increases [35], and as a consequence the risk 
of ME development increases as well. For this reason, we 
excluded diabetic patients from the investigation.

We revealed that the central retinal thickness in 
patients from all groups gradually increased during 
6 months after surgery. In group I patients (without instil-
lations of non-steroidal anti-inflammatory drugs), there 
was no tendency to its recovery to baseline values, in 
contrast to patients of groups II and III treated by non-
steroidal anti-inflammatory drugs (Table 4, Fig. 4, 5). 
At the same time, in none of the groups, baseline preop-
erative values of the retinal thickness in the fovea were 
reached during 6 months. The received data confirm once 
more the conclusions of the study by S.Y. Astakhov et al. [10], 
that in patients treated by hypotensive medications, after 
PE, the central retinal thickness returns to baseline val-
ues only during about one year.

In several studies, the thickening of the central reti-
nal area within normal limits was found after PE du-
ring 6 months when using antibacterial and steroid 
therapy [36, 37]. However, some authors received op-
posite effects in terms of decreasing retinal thickness 

in the fovea after PE in 2, 4 and 8 weeks. This could 
be related to the measurement’s error due to the lens 
opacification and the transparency restoration of optic 
media [40–42]. We also revealed that the use of non-
steroidal anti-inflammatory medications enhances the 
restoration of retinal thickness during the post-operative 
period.

CONCLUSIONS
The use of non-prostaglandin hypotensive eyedrops 

with preservative in patients with primary open-angle 
glaucoma does not influence the pseudophakic cystoid 
macular edema development after PE, in the absence of 
intra- and post-operative complications. Instillations of 
non-steroidal anti-inflammatory drugs during the post-
operative period reduce the time of central retinal area 
thickness restoration to baseline values.
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