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Vitreoretinal interface changes after uncomplicated phacoemulsification

HpOMeHe Ha HUBOY BUTPCOPCTUHAIIHC JOAUPHC MOBPINMHEC HAKOH HCKOMIIJIMKOBAHE

bakoemymn3udpukanyje

SUMMARY

Introduction/Objective The aim of this work was to
examine the incidence of posterior vitreous
detachment (PVD) after uncomplicated
phacoemulsification, as well as the importance of
optical coherence tomography (OCT) in detecting
early changes on vitreoretinal interface.

Methods PVD was evaluated in 120 eyes of 120
patients by the combination of OCT and
ultrasonography immediately prior and 1, 6, and 12
month after the phacoemulsification cataract surgery
with intraocular lens implantation.

Results The mean age was 57.0+8.8 years in female
and 58.6 = 8.8 years in male subjects. The progress
statuses of were compared after cataract surgery at
three time points: after 1, 6, and 12 months.
Significant progression of PVD in time was confirmed
(x’=78.32, p<0.001). The Wilcoxon test determined
that after 6 months (p<0.001) and 12 months
(p<0.001) the disease progression was statistically
significant in comparison to measurements after 1
month. Also, after 12 months, in relation to
progression status established after 6 months, there
was significant progression of the disease (p<0.001).
Conclusion Vitreous body detachment _after
phacoemulsification surgery is common, and OCT
plays a very important role in detecting initial changes
on vitroretinal interface.

Keywords: posterior vitreus detachment;
phacoemulsification; optical coherence tomography

INTRODUCTION

CAXKETAK

Yeoa/Ilnb L pana je 6HO UCIUTATH y4eCTaIOCT
3anme abnamuje crakmactor Ttena (3ACT) mocne
HEKOMIITHMKOBaHE Olepanuje KaTaKpakTe MeOTOA0M
¢dakoemymsupukanyje, Kao U BaXHOCT OITHYKE
koxpertHe Tomorpaduje (OKT) y neTekuuju panux
IIPOMEHA Ha BUTPEOPETHHATHO] TOBPIIHHH.

Metone 3ACT je eBamryupana kox 120 ounjy ox 120
6onecuuka komouHamujom OKT u ynrpacororpaduje
HernocpeaHo u nocie 1, 6 u 12 Mecenn. 0 omnepanuje
Karapakre MeToaoM  (pakoemym3UuKainuje  ca
MMIIJIaHTaljOM HHTPAOKYyJIapHUX COYMBA.

Pesynratn Cpenma crapoct. je Ouma 57.0£8.8 koj
AKeHCKUX U 58.6+8.8 rognHa KOA MyMKHX HCIUTAHU-
ka. Crame mporpecuje je nopel)eHo HakoH omnepauuje
KaTapakTe y TpH BpeMeHCKa nepuoza: mocue 1, 6 u 12
Mecelld. YOueHa je BUCOKa CTaTHCTUYKA 3HAYajHOCT y
HanpenoBamy | 3ACT TokoMm BpemeHa (y2=78.32,
p<0.001).. BUTKOKCOHOB TECT /je II0Ka3a0 BHCOKO
CTaTUCTUYKH 3HAYajHE pa3IMKe Yy JEeTeKTOBAaHUM
npoMeHama mocie 6 mecenu (p<0.001) u mocne 12
mecenu (p<0.001) y ogHocy Ha Hana3 nocie 1 mecena.
Takohe u mocne 12 Mecenu y ogHOCY Ha Hala3 mocie
6 mecenu (p<0.001).

3akmmygak 3ACT mocne onepamnuje KaTapakTe
MeTOoJoM ¢akoeMyn3upuKalyje je decra IojaBa U
OKT uma BaxkHY yJIOTy Y OTKpUBambY HWHUIIMjATHHUX
IIpOMEHA Ha HUBOY BHUTPEpPETHHAIHE TOBPIIUHE.
KibyuHne peun: 3agma abnanuja cTakjacTor Tena,
tbakoemymsupukayja; OITHYKA KOXEpEHTHa
ToMorpaduja

The vitreous/body is the clear gel that comprises more than % of the eye. It is a reservoir for

lens nutrients. Human vitreous body is composed mainly of water (99%), meshwork of collagen

fibrils with proteoglycans and glycosaminoglycans, among which hyaluronic acid is the most

important for/metabolism. These components at such a concentration form a gel-like structure of the

vitreous body, maintain viscosity and provide transparency necessary for achieving maximum visual

acuity [1]. In the middle of the last century the role of the vitreous body was minimally recognized,

but it is well known nowadays that in vitreous body, as well as in many other human tissues, intensive

chemical processes occur and cause the changes of its structure. Its structure is just seemingly simple,

but the tissue of the same structure has not been synthetized yet.

Hydrated molecules of hyaluronic acid are the primary location for accumulation of bonded

water in the vitreous body. Bonded water is converted into free water by aging process, resulting in
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reduced viscosity of hyaluronic acid, followed by reduced viscosity of the vitreous body. It is believed
that the process of liquefaction is more pronounced in individuals with nuclear cataract.

The outermost layer of the vitreous body is called the posterior vitreous cortex (PVC) and
completely adheres to internal limiting membrane (ILM) of the retina. Posterior vitreous detachment
(PVD) is defined as the detachment of posterior vitreous cortex from inner limiting membrane of the
retina and it is one of the most characteristic signs of the aging process of the eye [2]. PVD is a slow
progressive process induced by liquefaction of the vitreous gel in front of the macula [3]. It begins in
perifoveal macula, with posterior vitreous cortex separation from the retinal ILM, thus forming
lacunae spaces that coalesce and enlarge. Then, aqueous vitreous through hyaloid, Cloquet’s canal
causes hydrodissection of the posterior vitreous cortex from internal limiting membrane and, forms
retrohyaloid space [4].

At this phase the vitreous cortex is still attached in the foveal region and is defined as Foveal
adhesion. Foveal adhesion has clinical relevance for the conditions such as vitreomacular traction,
diabetic macular edema, macular holes, and exudative age-related macular degeneration, since they
have an impact on visual acuity and direct correlation with the pathogenesis of the pathological
process in the posterior pole of the eye [5].

In youth, collagen fibers are firmly attached to internal limiting membrane by macromolecules
such as laminin, fibronectin, and chrondoitin, thus/enabling a tight connection between the vitreous
body and the retina.

Besides increasing age, PVD may result from myopia, infections and inflammations,
intraocular drug application, laser treatment, eye trauma, and cataract surgery as well [6].

B-scan ultrasonography has long been considered a superior method for defining PVD,
especially in patients with blurred optical media. In patients with vitreous cortex with less distance
than 2mm from the retina, the resolution of standard devices of this kind does not grant the
visualization of the process and may be unrecognized at early stages. Today, the introduction of
optical coherence tomography method (OCT) not only enables more precisely the diagnosis of PVD,
but also determination of early, previously unrecognized vitreous body detachment, and determination
of the stages of the process occurring at PVC-ILM interface as well [7,8]. Hoehn reported in his study
that OCT showed early detachment stage in 27.7% of the eyes, although B-scan US showed normal
results.

There are 5 distinct stages of PVD ) stage 0 -characterized by no PVD, stage 1-focal
perifoveal posterior vitreous detachment involving 1-3 quadrants over the fovea, stage 2 - perifoveal
posterior vitreous detachment in all 4 quadrants over the fovea, stage 3 -complete detachment of the
posterior vitreous cortex from the fovea, with persistent attachment to the optic nerve head (ONH)
and midpheripheral retina and stage 4 - vitreus is completely detached from the fovea, as well as from

ONH and fundus mideperiphery.
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The aim of this work was to examine the incidence of PVD after uncomplicated
phacoemulsification, as well as the importance of OCT in detecting early changes on vitreoretinal

interface.

METHODS

All participants underwent complete ophthalmological examination from June 2014 to June
2016 at the Ophthalmology Eye Hospital-Clinic Maja, Nis, Serbia. This study was approved by the
Institutional Ethics Committee, following the tenets of the Declaration of Helsinki with informed
consent obtained from all the participants. The study comprised 120 eyes of 120 patients. aged
between 50 and 70 years. Before the operation all the patients signed the written informed.consent on
using their parametric values in the study and on potential intraoperative complications.

Preoperatively, all the patients underwent the same, routine procedure involving determination
of the best corrected visual acuity, measurement of intraocular pressute by applanation tonometry,
examination of anterior and posterior eye segment using .biomicroscopy with indirect
ophthalmoscopy. All the patients also underwent high resolution optical coherence tomography
(Cirrus; Carl Zeiss Meditec) and ultrasound by using 10MHzprobe (SONOMED E-Z).

Inclusion criteria were the presence of age-related cataract in patients over 50 years of age,
visual acuity greater than 0.1, axial length of the eye from 22mm to 25mm, absence of PVD, or the
presence of the initial stage of PVD. The patients excluded from the study had already present a)
macular pathologies, such as epiretinal membrane, macular holes, or age-related macular
degeneration, b) vascular occlusion of retinal blood vessels or retinal dystrophy, c) confirmed
presence of glaucoma or uveitis, d) amblyopic eyes, e) previous intraocular surgeries or laser
interventions, f) local or systemic therapy with corticosteroids or diuretics that can affect vitreoretinal
surface and macular thickness, g) diabetes and other systemic diseases that affect vision, h) patients in
whom the quality of the OCT scan was inadequate for interpretation, i) intraoperative complications
and j) incomplete follow-up.

On the ultrasound, detached posterior cortex is presented as low reflective membrane that floats
into-vitreous cavity. When interpreting OCT scan findings, discrete linear signal adjacent to inner
retina is defined as detachment of posterior vitreous cortex.

All the patients were operated by the same, experienced surgeon. Ultrasonography and OCT
examinations were performed by another surgeon in order to obtain objective findings.

One day prior to surgery, ofloxacin drops (Uniflox, Unimed Pharma) were applied to all the
patients. The surgery was performed under topical anaesthesia using tetracain 0.5% (Tetracaine
Hydrochloride 0.5% drops by Bausch & Lomb) after the patients received tropicamide 1% drops
(Mydriacyl 1%, Alcon) every 10 minutes for four times. The surgical method was stop and chop
phacoemulsification with OZIL probe on Infiniti Vision System apparatus (Alcon Inc), along with

flexible lens implantation into the capsular bag. Patients with any intraoperative complications, such
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as posterior capsule rupture, vitreous loss or prolapse, were not included in the results of the study.
The patients were scheduled for check-ups at days 1 and 7 after the intervention, then at 1, 6 and 12
months.

Biomicroscopy, optical coherence tomography and ultrasonography were performed
immediately prior the intervention, then according to the protocol at 1, 6 and 12 months after the

intervention.

Statistical analysis

Statistical data processing was performed in statistical software package SPSS 22 for Windows.
Primarily obtained results were analyzed using descriptive statistics methods and hypothesis tests
method. Descriptive statistical methods used included measures of central tendency, measures of
variability and structure indicators expressed in percentage. For determination of normal distribution,
coefficient of variation CV, values of scunis (“skewness”) and kurtosis (‘“peakedness/flatness”), the
Kolmogorov-Smirnov and the Shapiro-Wilk test were used. The Wilcoxon rank test was used to
analyze differences in the disease status at two time points. The Friedman test compared PVD

progression status after cataract surgery at three time points.

RESULTS

The study included 120 patients. Out of them, 45 patients were females and 75 males. Mean age
was 59.0 + 8.8years (mean age in females was 57.0 £ 8.8 years and in male 58.6 £ 8.8 years).
Prior to surgery, the patients were initially measured for the best corrected visual aquity
(BCVA) and axial length (Lax) — data has been presented in tablel.
Initially, 66 (55%) patients had some PVD

Table 1. Central tendency measures.
Variables Mean+SD Med (min—max) stage as follows: 40 patients (60.6%) with stage 1, 16

BCVA 04+02 0.4 (0.1-0.7) . o : .
Lax 236+ 1.0 235 (22.0-25.6) patients (24.2%) with stage 2, 10 patients (15.2%)
BCVA — best corrected visual activity; with stage 3 and in 54 patients (45%) PVD was not

Lax — axial length )
registered.

After‘one month; the disease progression was registered in 48 patients (40%), out of whom a
complete PVD was determined in 6 patients (in 3 patients with initial stage 1, in 2 patients with initial
stage 2, and in 1'patient with initial stage 3). In 72 patients (60%) the condition remained unchanged.
After 6 months, in 7 new patients complete PVD was reported, so there was a total of 13 patients with
complete PVD after 6 months (in 2 new patients with initial stage 2, in 2 patients with initial stage 3,
and in 3 patients with previously absent complete PVD that is present now). The disease progression
was registered in 76 patients (66.7%), and there were no changes in 38 patients (33.3%) (114 of them
now without complete PVD). After 12 months, complete PVD was established in 15 more patients (in
4 new patients with initial stage 1, in 2 new patients with initial stage 2, and in 11 patients with

complete PVD which was not present previously), which makes a total of 28 patients with complete
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PVD. The disease progression was seen in a total of 93 patients (86.9%), and in 14 (13.1%) the

condition remained unchanged (out of them, 107 is now without complete PVD) (Table 2).

Table 2. Illustration of PVD progression at 1, 6 and 12 months after cataract surgery

Initial PVD Progression after No progression after Complete PVD
stage before 1 6 12 1 6 12 1 6 12
the surgery month months months month months months month months months
NoPVD 54 17 34 44 37 20 7 0 3 14
Stage 1 40 19 23 33 21 14 4 3 3 7
Stage 2 16 8 10 9 8 4 3 2 4 6
Stage 3 10 4 9 7 6 0 0 1 3 3
Total 120 48 76 93 72 38 14 6 13 28

PVD - Posterior vitreous detachment.

By using the Friedman test of repeated measures, the progress statuses of were compared after
cataract surgery at three time points: after 1 month, 6 months, and 12 months. Significant progression
of PVD in time was confirmed (x2:78.32, df=2, p<0.001). The Wilcoxon test-determined that after 6
months (p<0.001) and 12 months (p<0.001) the disease progression was statistically significant in
comparison to measurements after 1 month. Also, after 12 months; in relation to progression status

established after 6 months, there was significant progression of the disease (p<0.001).

DISCUSSION

PVD is very common in patients who underwent cataract surgery with phacoemulsification.
There are many reasons for it, but the main ones are the potentials of greater fluctuation of the
vitreous body and greater anteroposterior traction enabled by less thickness of IOL in comparison to
natural lens [10]. Increased vitreous gel liquefaction caused by ultrasonography effects, as well as
fluid flow through the zonulae due to the surgery, are also the reasons for higher incidence of PVD
after phacoemulsification surgery [11; 12].

Other authors obtained’ the)results similar to ours. Ivastinovi¢ et al reported that PVD
developed in 71.9% _of patients.3.months postoperatively. Higher incidence of PVD in his findings in
comparison to our study is explained by the age of their patients, who were older on average than the
group of patients we followed [13]. The same author reported in the appendix to his study that 100%
of patients develop some stage of PVD one year postoperatively [14]. Unlike the authors of this study,
Mirashahi et al.also monitored PVD development exclusively by ultrasonography and reported that
58.6% of patients developed some PVD stage after a year [15].

It can be seen that OCT allows detection of early stages of PVD. OCT identifies more cases of
posterior vitreous detachment than other available methods. To the best of our knowledge so far, early
stages of PVD would have been unrecognized without utilization of OCT [13].

Complications associated with PVD were not common in our study, symptomatic PVD was

registered in 4 patient out of 120 (3.33%), which correlates with literature data [16].
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We believe that the inclusion of greater number of patients would provide a better insight into
potential risk factors, gender differences and age impact, but limitations in finding more patients to be
included in a study are preoperative media transparency, as well as preoperative nonexistence of PVD

in relatively older population.

CONCLUSION

Vitreous body detachment after phacoemulsification surgery is common, and OCT playsa very

important role in detecting initial changes on vitroretinal interface.

REFERENCES

1. Strotmann F, Wolf I, Galla HJ. The biocompatibility of a polyelectrolyte vitreous body substitute on a high
resistance in vitro model of the blood-retinal barrier. J Biomater Appl. 2013; 28(3): 334-42.

2. Foos RY. Wheeler. Posterior vitreous detachment. Trans Am Acad Ophthalmol Otolaryngol. 1972; 76: 480—
97.

3. Shechtman DL, Dunbar MT. The expanding spectrum of vitreonacular traction. Optometry 2007; 80: 681-7.

4. Foos RY, Wheeler NC. Vitreoretinal juncture: synchysis _senilis . and  posterior vitreous
detachment. Ophthalmology 1982; 89(12): 1502—12.

5. Johnson M. Posterior Vitreous Detachment: Evolution and Complications of its Early Stages. Am J
Ophthalmol 2010; 149(3): 371-82.

6. Ohno-Matsui K, Lai TY, Lai CC, Cheung CM. Updates of pathologic myopia. Prog Retin Eye Res. 2016;
52:156-87.

7. Mirza RG, Johnson MW, Jampol LM. Optical Coherence. Tomography Use in Evaluation of the
Vitreoretinal Interface: A Rewiew. Surv Ophthalmol/2007; 52(4): 397—-421.

8. van Velhoven M, Faber D, Verbraak F, Leeuwen T, de Smet M. Recent developments in optical coherence
tomography for imaging the retina. Prog Retin Eye Res 2007;26: 57-77.

9. Uchino E, Uemura A, Ohba N. Initial stages of posterior vitreous detachment in healthy eyes of older
persons evaluated by optical coherence tomography. Arch Ophthalmol 2001; 119(10): 1475-9.

10. Neal RE, Bettelheim FA, Lin C, Winn KC, Garland DL, Zigler JS. Alterations in human vitreous humour
following cataract extraction. Exp Eye Res 2005; 80(3): 337—47.

11. Lois N, Wong D. Pseudophakic retinal detachment. Surv Ophthalmol. 2003; 48(5): 467—-87.

12.Uchino E, Uemura A, Ohba N. Initial stages of posterior vitreous detachment in healthy eyes of older
persons evaluated by optical coherence tomography. Arch Ophthalmol. 2001; 119(10): 1475-9.

13. Ivastinovic D, Schwab C, Borkenstein' A, Lackner EM, Wedrich A, Velikay-Parel M. Evolution of early
changes at the vitreoretinal interface after cataract surgery determined by optical coherence tomography and
ultrasonography. Am J Ophthalmol. 2012; 153(4): 705-9.

14. Ivastinovic D, Péschl EM, Schwab C, Borkenstein A, Lackner EM, Wedrich A, Velikay-Parel M. Evolution
of early changes at the vitreoretinal interface after cataract surgery determined by optical coherence
tomography and ultrasonography . Am J Ophthalmol 2013; 155(2): 404-5.

15. Mirshahi A, Hoehn F, Lorenz K, Hattenbach LO. Incidence of posterior vitreous detachment after cataract
surgery. J Cataract Refract Surg 2009; 35(6): 987-91.

16. Sebag J. Anomalous posterior vitreous detachment: a unifying concept in vitreo-retinal disease. Graefes
Arch Clin Exp Ophthalmol 2004; 242(8): 690-8.

DOTI: https://doi.org/10.2298/SARH1711020017Z Copyright © Serbian Medical Society



