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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.

Keywords: central retinal thickness; phacoemulsification; primary open-angle glaucoma; pseudophakic cystoid macular
edema; non-steroidal anti-inflammatory drops; preservative; optical coherence tomography.
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AHHOTALMA

AxtyanbHocTb. [lepBuyHas OTKpPLITOYronbHas rnaykoMa — YacToe COMyTCTBYloLlee 3aboneBaHue y NaUMEHTOB C KaTa-
pakTon. OcTaérca aKTyanbHOM B3aMMOCBA3b MPUMEHEHWS TMMOTEH3MBHBLIX Kamnesb, B YaCTHOCTM HenpocTarfaHAMHOBBIX
TMNOTEH3UBHBIX NMPEMapaToB C KOHCEPBAHTOM, M U3MEHEHWe TOJLLMHBI LIEHTPaNbHOM 30HbI CETYaTKM nocne GakoaMynbeu-
QUKaLMM ¢ UMNIaHTaUUEN UHTPAOKYNIAPHON JIMH3bI.

Lienb — oueHKa TONWMHBI LLEHTPabHOM 30HbI CETHATKM W YacTOTbI Pa3BUTUSA NCEBAOGMAKUYHOTO KUCTO3HOTO MaKynspHOro
oTéKka nocne hakoIMynbCUUKALIMU C UMMNIIAHTALMER UHTPAOKYNAPHOW NNH3bI Y BONbHBIX NEPBUYHON OTKPLITOYrOIbHOM
rNayKoMoK, NosyyatoLLmX HenpocTariaHAMHOBbIe TMMOTEH3MBHbIE NpenapaThbl C KOHCEPBAHTOM.

Matepuanbl u MeToabl. B nccneposanue BrmoyeHbl 94 naumenTa (108 rnas) ¢ KaTapakToid, KoTopble bl pacnpenene-
Hbl Ha 3 rpynnbl: | rpynna — 21 naumenT (27 rnas), Il rpynna — 21 naumeHT (23 rnasa) ¢ NepBMYHON OTKPLITOYrO/IbHOM
rMayKoMoK, NonyyaloLLye HenpocTarfiaHAMHOBbIE NMpenapaTthbl C KOHCepBaHTOM, KoHTposbHas (Ill) rpynna — 52 naumenTa
(58 rnas) 6es conytcTByoLLEl odTanbMonaTonoruu. BeceM nauueHTaM BbINOMHEHA HEOCNOKHEHHas (haKo3aMyNbCUdUKaLMS
C UMNJIaHTaLMeN MHTPAOKYNAPHOW NMH3bI. B nocneonepauuoHHoM nepuoge naumeHTsl | rpynnbl noayyYanu aHTUbakTepu-
anbHble npenapatbl M KOpTUKOcTepouabl, naumenTsl |l v Il rpynn Te e npenapaTbl U HecTepouAHble NPOTUBOBOCMANM-
TeNbHble npenapatbl. [lpoBefeHa OLeHKa TOMLLMHBI LieHTPabHOM 30HbI CETYATKM C MOMOLLbK ONTUYECKOW KOrepeHTHOM
ToMorpaduu o onepauuu, Yepes 2 Hef. U Yepe3 2 U 6 Mec. Noc/ne onepaTMBHOMO BMeLLATeSbCTBa.

Pe3ynbTathbl. YBenuueHue TONLIMHBI LLEHTPaNbHOW 30HbI CETYATKU MO CPaBHEHWUIO C UCXOAHBIMU 3HaueHUsMU bbino 6o-
Nee 3HaumMmbIM B | rpynne, yeM B Il u IIl rpynnax, a BoccTaHOBNEHWE €€ A0 UCXOLHbIX 3HAYEHUN B TeYeHUe 6 Mec. nocne
dakoamynscuduKaumm boino gonblue. NceBLohaKUYHbIA KUCTO3HBIN MaKyNAPHBIA OTEK HU B OHOM U3 FPYNM He BbISBIEH.
3aknioyenue. lpuMeHeHne HempocTarnaHAWHOBLIX NpenapaToB C KOHCEPBAHTOM Y MaLUMEHTOB C MEPBUYHON OTKPBITOY-
rOJIbHOM F1ayKOMOW He BIUSIET Ha pa3BWUTME NCeBAO(MAKNYHOTO KUCTO3HOTO MaKy/NsPHOro OTEKa Mocsie MPoBeeHNs He-
OCNOXKHEHHON (aK0o3IMyNbCUdUKALMU. VIHCTUANALMM HeCTepOMEHBIX NPOTUBOBOCMANMUTENbHLIX NpenapaToB B nocneomne-
PaLMOHHOM Nepuoje COKPaLLaloT CPOKM BOCCTAHOBEHUS TONILLUMHBI LIEHTPaIbHOM 30HbI CETYATKM 0 UCXOLHbIX 3HAYEHMUIA.

KnioueBble cnoBa: TosLMHA ueHTpaanoﬁ 30HbI CETHaTKW; d)aKOBMYJ'IbCVICI)VIKaLI,VIH; NnepBrMYHadA OTKPbITOYroJsibHad rnayKoma;
I'ICGBD,O(baKVI‘-IHbIVI KUCTO3HBbIN MaKynFIprIVI OTEK; HecTepouaHble NPOTUBOBOCNANINTENIbHbIE MpenapaTtbl; KOHCEPBAaHT;
0nTUYyeCKad KorepeHTHas TOMOFpadJVIFI.
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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.
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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 Petershurg city
budget health care institution “City multifunctional hos-
pital No. 2" for cataract surgery. Patients were divided
into 3 groups: group | (21 patient, 27 eyes, mean age
74.5 + 6.9 years), and group Il (21 patient, 23 eyes,
mean age 75.2 + 6.1 years) — primary open-angle glau-
coma patients using non-prostaglandin medications with
preservative; group Il — 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 | patients received antibacterial medica-
tions and steroids, group Il and group Il patients received
the same therapy and non-steroidal anti-inflammatory
drugs.
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Fig. 1. The pathogenesis of “pseudophakic preservative maculopathy” by K. Miyake [35]
Puc. 1. MaToreHes passutus «nceBaohaKUIHOIM KOHCEpPBaHTHOM Makynonatuu» no K. Miyake [35]. HMBIM — HecTepouaHble npoTmBoBoC-

nanuTesibHble Nnpenaparbl

Inclusion criteria:

« cataract of various density;

+ compensated primary open-angle glaucoma sta-
ges I-Ill 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 I0L implantation.

The I0P measurement was performed using the iCare
TAO1i device (ICare, Finland), the visual field testing
(static threshold automated perimetry) was performed

DOl https://doi.org/10.17816/0V409745

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 T 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
| and group Il 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 | and group Il 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 (RMANQOVA).
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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 | — 84% (Fig. 2),
in the group Il — 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 I0P 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).

Table 1. The phacoemulsification parameters in studied groups, M + SD, n = 108
Tabnuua 1. Mokasatenu napameTpoB GakoamMynbcudukaumumn B uccnesyemolx rpynnax, M + S0, n = 108

Group | CDE, kJ | BSS, ml Time of the procedure, min
l,n=27 11.1+£10.1 59.1+ 143 85+2.4
I, n=23 10.2 + 6.1 55.4+13.9 68+1.1
[l (control), n = 58 10377 523+ 127 7.1+23
Note. CDE — Cumulative dissipated energy; BSS — balanced salt solution (irrigation solution).
Table 2. Visual acuity testing data in studied groups, M + SD, n = 108
Tabnuua 2. [laHHble BU30MeTpUM B UccnemyeMblx rpynnax, M + SO, n = 108
Group Before surgery : After Suroery -
in 2 weeks in 2 months in 6 months
l,n=27 02+0.2 08+0.2 0.9+0.2 0.9+0.1
Il,n=23 02+0.2 08+0.2 0.9+0.2 08+0.2
1l (control), n = 58 0.3+0.2 0.9+0.1 0.9+0.1 0.9+0.1

Dorzolamide, 8%
Betaxolol, 8%

Brinzolamide +
timolol, 4%

Timolol, 19%

Dorzolamide +
timolol, 61%

Fig. 2. Analysis of medications used in the first
group (non-prostaglandin hypotensive drops with
preservative)

Puc. 2. AHanu3 npumeHseMbIx npenapaTos
B | rpynne (HempocTarnaHauHoBble npenaparbl
C KOHCEPBaHTOM)

Beta>§olol,

DOl https://doi.org/10.17816/0V409745

Dorzolamide + timolol +
brimonidin, 5%

Dorzolamide +

Dorzolamide, 23% timolol, 32%

4%

Brinzolamide +
timolol, 9%

Timolol, 27%

Fig. 3. Analysis of medications used in the second group
(non-prostaglandin hypotensive drops with preservative +
nonsteroidal anti-inflammatory drops)

Puc. 3. AHanus npumeHsieMbix npenapatoB Bo Il rpynne
(HenpocTarnaHaMHOBbIE MPenapatbl C KOHCEPBAHTOM + He-
CTepouaHble NPOTUBOBOCMAMTE bHBIE Npenapathl)
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Table 3. Intraocular pressure (mm Hg) data in studied groups measured with ICare tonometer, M + SD, n = 108
Tabnuua 3. Pe3ynbTathl BHyTpUrna3Horo AaeneHus no ICare B uccnepyemsix rpynnax, M + SD, n = 108

Before surgery,

After surgery, mm Hg

Group ) - -

mm Hg in 2 weeks in 2 months in 6 months
l,n=27 142 +2.4 14.1+29 12.6 +2.5 12.8 +3.1
Il,n=23 15.9+4.7 13.3+25 13.3+35 13.9+3.0
Il (control), n = 58 15.2+38 145+ 3.2 13.1£3.2 13.1+£34

Table 4. Central retinal thickness (um) in studied groups, M + SD, n = 108
Tabnuua 4. TonwmHa LEHTPaNbHOM 30HbI CETYATKM B UccefyeMblx rpynnax, M + SD, n = 108
After surgery, um
Group Before surgery, um - - -
in 2 weeks in 2 months in 6 months
l,n=27 242.0 + 18.4 2437 £16.3 248.1 £19.3 258.0 + 16.1
Il,n=23 246.1 +22.4 250.0 + 20.9 254.8 + 18.9 250.2 + 21.7
1l (control), n = 58 253.1 +18.1 2535+ 19.7 259.6 +18.2 258.3 + 16.6
265
260 2594 2583
255
250
E 2500 >
245 | e
........ 248.1
@ &
240 22.0 31 -4+ Group |
235 —@— Group |l
230 T T T r —l— Group lll
Before surgery 2 weeks 2 months 6 months
After surgery
Fig. 4. Dynamics of the central retinal thickness change in studied groups
Puc. 4. [InHaMyKa n3MeHeHUs TOJLLMHBI LLEEHTPAsIbHOM 30HbI CETYATKM B UCCIeAYeMbIX Tpynnax
18.0 160
16.0
14.0
g 120
=
g 100
g 8.0
= 60 B Group|
40
20 = Groupll
0.0 - W Group lll

2 months
After

2 weeks

6 months
surgery

Fig. 5. Dynamics of the central retinal thickness change in studied groups compared to preoperative values at different observation periods
Puc. 5. [IMHaMMKa M3MeHEeHWUs! TONLLUMHBI LIeHTPaNbHOM 30HbI CETYATKW B UCCNELyeMbIX rpynnax no CpaBHEHWHO C A00MepaLMoHHbIMM

3Ha4yeHNAMN B Pa3Hble CPOKKU HabnoaeHus

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).

DOl https://doi.org/10.17816/0V409745

In OCT data, between pre- and postoperative results,
the following statistically significant differences were
found: in the group | — in 2 and 6 months (p = 0.033,
p = 0.002, respectively), in the group Il — in 2 weeks,
2 and 6 months (p=0.015 p=20.008 p=0.029,
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respectively), in the group Il (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 | 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 Il and Ill 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
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