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Macular edema risk factors after vitrectomy
for rhegmatogenous retinal detachment complicated
by proliferative vitreoretinopathy
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BACKGROUND: Despite significant advances in the technology of surgical treatment of regmatogenous retinal detachment,
a certain proportion of patients with emerging macular edema against the background of silicone oil tamponade remains.

AIM: To evaluate the risk factors of macular edema development and to work out a mathematical model for its prediction
based on a retrospective analysis of clinical data of patients with rhegmatogenous retinal detachment complicated by prolifera-
tive vitreoretinopathy.

MATERIALS AND METHODS: A retrospective case series of 64 patients (64 eyes) with regmatogenous retinal detach-
ment complicated by grade CP proliferative vitreoretinopathy who underwent primary retinal detachment repair. Patients were
divided into two groups: with the presence of macular edema in the postoperative period and without it (32 patients in each
group). In all cases, at the initial examination, retinal detachment involved the macular area.

RESULTS: Using regression analysis, two significant factors were identified: the sum of the 8 meridians of the visual field
before surgery (p = 0.015) and the number of detached quadrants (p = 0.021). Based on the identified factors, a model for pre-
dicting macular edema occurrence in the postoperative period in the surgical treatment of regmatogenous retinal detachment
was obtained.

CONCLUSIONS: The investigation results allowed establishing that the retinal detachment area and the sum of the 8 me-
ridians of the visual field are significant pre-operative factors for macular edema development in retinal detachments with
proliferative vitreoretinopathy of CP 1-2 degree. The developed mathematical model based on these indicators is characterized
by significant information content and allows predicting macular edema occurrence in the postoperative period. The use of the
proposed prognostic model determines a differentiated approach to surgical prevention of macular edema and allows making
a decision on the removal of internal limiting membrane at the preoperative stage.
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AxkmyaneHocms. HecMoTpsi Ha 3HaumMTeNbHbIE LOCTUXKEHWUS B TEXHONOMMM XUPYPrUYECKOTO JIEYEHUS PperMaToreHHoi oT-
C/I0MKM CETHaTKM, COXPaHAETCS onpefeNnéHHas [0S NaUMEHTOB C BO3HUKAOLLMM MaKyNSAPHbIM OTEKOM Ha (OHEe TaMMoHaAb
CU/IMKOHOBBLIM MacmoM.

Lleny — Ha ocHoBe PeTpPOCMEKTVUBHOMO aHanM3a KIMHUKO-MHCTPYMEHTaNbHbIX AaHHbIX Y MaUMEHTOB C perMaToreHHou
OTC/IOMKOW CETYATKM, OCNOXHEHHONM NponudepaTUBHON BUTPEOPETUHONATUEN, U3YYUTb NPeLUKTOPbl Pa3BUTUS MaKyNSpPHOTo
0TEKa M pa3paboTaTb MaTeMaTUYeCKyto MOLeNb ero MPOrHO3MpoBaHMUS.

Mamepuanel u Memodel. [Ins n3yyeHnst HaKTOPOB PUCKA BO3HUKHOBEHWS! MaKyNAPHOIo OTEKA Dbl 0TOOPaHbI 64 nauu-
eHTa (64 rnasa) ¢ perMaToreHHOM OTCOMKOW CETYaTKM, OCNOXHEHHON NPONMGepaTUBHON BUTpeOpeTUMHONaTHel cTenexmn CP
1-2-ro TMna, NpoBeLEH PETPOCNEKTUBHBINA aHANM3 Pe3ysbTaToB XMPYPruYecKoro neveHns 6onbHbIx. Bo3pact naumeHToB Ba-
poupoBan ot 30 go 81 rofa, cpeam HUX — 28 XeHLWMH 1 36 My 4mMH. Bo Bcex criyqasx npu nepBMYHOM 0bpaLLeHnn 0TCIoMKa
CeTYaTKW pacnpoCTpaHAIach Ha MaKyNsAPHYHO 30Hy.

Pe3ynsmamei. C noMoLLbO perpeccMoHHOro aHanu3a bbiin BbigeneHbl Ba 3HaUMMbIX daKTopa: cyMMa 8 MepuamMaHoB
nons 3peHus fo onepauu (p = 0,015) 1 KonudyecTBo 0TCNOEHHBIX KBaapaHToB (p = 0,021). Ha ocHoBe BblAeNeHHbIX haKTopoB
bbina nonyyeHa Moenb MPOrHO3MPOBaHMS BO3HUKHOBEHWUA MaKyNIAAPHOO O0TEKA B NOCNeonepaLy oHHOM Nepuosie Npu Xupyp-
TMYECKOM JIEYEHUM PErMaToreHHoM OTCIONKM CETYaTKU.

Boigodel. Pe3ynbrathl NpoBeAEHHOT0 MCCNEL0BaHMS MO3BOAMIM YCTAHOBUTb, YTO 3HAYMMbIMU MPeAonepaLMoHHbIMM
(aKTopamMu B pa3BUTUM MaKyNApPHOTO OTEKA MpU OTC/OWKAaX CETYaTKU C NposiudepaTMBHOW BUTPEOPETMHONATHEN CTENEHM
CP 1-2-ro TMna ABNAIOTCA NAOLWaLb OTC/IOEHHOW CETYATKM W Noje 3peHns no cymme 8 MepuamaHos. PaspaboTaHHas mare-
MaTU4YecKas MoJeNb, OCHOBaHHas Ha 3TUX MOKA3aTeNsX, XapaKTepu3yeTcs BbICOKON MH(DOPMATUBHOCTBLIO U MO3BOMISET NPO-
THO31pOBaTb BO3HWKHOBEHWE MaKy/IAPHOrO OTEKA B MOCNeonepauMoHHOM nepuoge. [lpuMeHeHne NpeasioeHHoNn Mofenu
NpOrHo3upoBaHus 0bycnosnuBaeT AudQepeHUMPOBaHHBIA MOAXOL K XUPYPruyeckoid npodunakTKe MaKynspHOro OTEKa
1 N03BONSET NPUHATL PeLleHne 06 yaaneHun BHYTPEHHEN NOrpaHNiHoN MeMbpaHbl Ha L00NepPaLMOHHOM 3Tare.

KnioueBble cnoBa: oTcoOiKa ceTyaTku; GaKTOpbl pUCKa MaKyNAPHOro OTEKa; BUTPIKTOMMS; NponindepaT1BHas BUTpeo-
peTuHonaTus.
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BACKGROUND

Over the past decades, the technology of surgical treat-
ment of rhegmatogenous retinal detachment has evolved
significantly. Currently, most surgeons prefer vitrectomy to
episcleral buckling in the treatment of retinal detachment,
especially in cases complicated by severe proliferative
vitreoretinopathy.

Despite the seemingly complete removal of the vitreous
body along with the hyaloid membrane, a certain propor-
tion of postoperative complications persist, one of which is
macular edema (ME) associated with silicone oil tamponade.
According to some authors, the probability of this complica-
tion in cases where vitrectomy was the treatment for retinal
detachment varies from 6% to 31% [1-3]. Among the risk
factors for this complication, the authors identify the number,
size of breaks and their localization, as well as the degree of
proliferative vitreoretinopathy (PVR) expanse [1, 3, 4].

The pathophysiological aspects of the ME occurrence
after vitrectomy for rhegmatogenous retinal detachment re-
main unelucidated.

This study aimed to investigate the predictors of ME de-
velopment and to work out a mathematical model based on
a retrospective analysis of clinical and investigational data
in patients with rhegmatogenous retinal detachment com-
plicated by PVR.

MATERIALS AND METHODS

To study the risk factors for ME, 64 patients (64 eyes)
with rhegmatogenous retinal detachment (RD) complicated
by type 1-2 SR degree PVR were selected, and a retrospec-
tive analysis of the surgical treatment results in patients was
performed. The study cohort consisted of 32 patients with
ME in the postoperative period (main group) and 32 patients
without ME (control group). The age of patients ranged from
30 to 81 years, there were 28 women and 36 men among
them. On presentation, RD involved the macular area in
all cases.

Exclusion criteria were diabetes mellitus, aphakia, uveitis,
post-traumatic conditions, a combination of RD with a macu-
lar hole, cataracts, age-related macular degeneration, and
repeated revisions of the vitreal cavity with re-tamponade.

In addition to the standard ophthalmological examina-
tion, all patients in the postoperative period underwent
B-scan ultrasonography, optical coherence tomography with
an assessment of thickness and volume of the macular
area of the retina using the Spectralis device (Heidelberg
Engineering, Germany).

Surgical procedure was performed in all patients un-
der mask anesthesia and included total vitrectomy using
25-gauge instruments combined with cerclage, laser co-
agulation in the tear zone, and tamponade with silicone oil
of 1,300 cSt. All surgeries were performed by one surgeon.
Silicone oil was removed after 2.5-3.5 months.
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In the postoperative period, local therapy was used in
the form of antibiotic instillation (moxifloxacin 0.5%) q.i.d. for
7 days, dexamethasone 0.1% q.i.d. for 14 days, and bromf-
enac 0.09% b.i.d. for 1 month.

Clinical and instrumental monitoring was performed in
the first 3 days after the surgery, before the silicone oil re-
moval, during 1 month after silicone oil removal, or at other
timepoints if complaints appeared. The follow-up in the post-
operative period was 6—18 months.

Statistical processing of the study results was performed
using Microsoft Excel 2016 statistical software. Differences
were considered to be significant at p < 0.05. Binary logistic
regression was used to assess the probability of edema de-
velopment in each patient based on preoperative and many
postoperative parameters. To study the predictors of ME,
factors, such as sex, age, duration of RD, best corrected
visual acuity before and after surgery, the anteroposterior
axis length, the presence of inherent lens or intraocular lens,
intraocular pressure (P)), visual field by the sum of eight me-
ridians, the expanse of PVR in quadrants, the number of de-
tached quadrants, the maximum height of RD, the predomi-
nance of RD in upper or lower quadrants, and the number of
tears and their localization were evaluated.

RESULTS

In all patients, the anatomical result of complete retinal re-
attachment was achieved after the completion of a single sili-
cone oil tamponade with a mean duration of 97.4 + 11.1 days.
The average period of ME detection in the main group was
48.8 + 26.2 days.

Table 1 presents that, according to preoperative indica-
tors, the main and control groups did not have statistically
significant differences and were comparable.

Table 2 presents the data of clinical factors characterizing
RD in patients of the studied groups.

According to Table 2, a significant dependence of ME
probability on the number of retinal tears was revealed
(p=0.014). Thus, in the control group, only single breaks
were noted in 100% of cases, and in the main group,
10 patients (31.25%) had >2 breaks.

No association was found on the predominant localization
of RD (upper or lower quadrants), the location of peripheral
retinal tears (in the upper or lower halves), as well as on the
number of detached quadrants, the maximum height of RD,
and the expanse of PVR in quadrants (p > 0.05 in all cases).

Analysis of the functional results of treatment of patients
with RD in the study groups is presented in Table 3.

Data presented in Table 3 reveal that the indicators of
best corrected visual acuity despite being higher in the main
group, and the visual field by the sum of eight meridians af-
ter surgery in both groups were not statistically significantly
different (p > 0.05) and prominently exceeded those before
surgery (Tables 1 and 2). Intraocular pressure levels in the
study groups (15.12 + 2.89 mm Hg in the control group vs.
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Table 1. Indicators of the studied factors and their significance in groups of patients with regmatogenous retinal detachment in the pre-

operative period

Tabnuua 1. lokasatenu uccnenyembix GakTopoB M MX 3HAYMMOCTb B Fpynnax MauMeHTOB C PErMaTtoreHHoW OTC/OMKOW CETHaTKM

B foonepalMoHHOM nepuoae

Factor Control group, Main group, Significance of testing  Level of significance
M+m(n=32) M+m(n=32) the hypothesis of ho- obtained within the
mogeneity of groups, p BLR model, p
Age. years 58.12 + 13.26 60.52 + 11.25 0.57
Gender K —15, K—13, 0,75
M—17 M—19
Duration of retinal detachment. days 52.53 £ 57.57 62.04 +53.66 0.34
Maximum corrected visual acuity 0.08 + 0.08 0.14+0.18 0.40
Length of the anteroposterior axis. mm 25.04 +1.96 24.66 +1.65 0.55 >0.05
Anterior chamber depth 3.87 £0.83 371 +£0.69 0.64
Intraocular pressure (P;), mmHg 14.18 + 3.91 15.39 + 3.66 0.81
Phakic eye 15 14 0.82
Pseudophakic eye 17 18 0.82

Note. M + m, the mean value and error of the mean; BLR, binary logistic regression

Table 2. Characteristics of retinal detachment in patients of the studied groups in the preoperative period
Ta6nuua 2. XapaKTepucTuKa OTCNOKM CEeTYaATKM NaLMEeHTOB UCCeyeMbIX MpynM B 400MNePaLMOHHOM Nepuoae

Index Control group, Main group, Significance of testing  Level of significance
M+tm@=32) M+m({n=32) the hypothesis of ho- obtained within the
mogeneity of groups, p BLR model, p

Number of detached quadrants 294 +0.97 3.22+0.74 0.43 0.021
Maximum height of retinal detachment. mm  4.59 + 2.02 430+ 1.70 0.83 >0.05
PVR extense. quadrants 1.47 + 0.87 1.43 + 0.66 0.87 >0.05
Visual field by the sum of 8 meridians. deg. ~ 174.41 + 154.64  232.26 + 127.09 0.21 0.015
Extense of retinal detachment:
upper quadrants 9 (28.13%) 4 (12.50%) 0.25 >0.05
lower quadrants 23 (71.87%) 28 (87.50%) 0.25 >0.05
Localization of the tear(s):
upper quadrants 21 (65.62%) 26 (81.25%) 0.27 >0.05
lower quadrants 11 (34.38%) 6 (18.75%) 0.27 >0.05
Number of retinal tears:
single 32 (100%) 22 (68.75%) 0.014 >0.05
2 or more 0 10 (31.25%) 0.014 >0.05

Note. M + m, the mean value and error of the mean; BLR, binary logistic regression; PVR, proliferative vitreoretinopathy.

16.74 + 3.20 mm Hg in the main group) in the postoperative
period did not reveal statistical differences (p = 0.11).

Table 4 presents the results of the morphometric study.

Analysis of the maximum retinal height in the center and
the volume of the macular area according to optical coher-
ence tomography data indicates that the groups significantly
differ in the retinal volume in the macular area and the retinal
height in the center of the foveolar zone (Table 4).

A qualitative assessment of the macular area of the main
group showed the presence of predominantly diffuse edema
in 93.7% of cases with cystic cavities (Fig. 1).

As a result of the regression analysis, significant indica-
tors were identified, such as the sum of eight meridians of
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the visual field before surgery (p = 0.015) and the number of
detached quadrants (p = 0.021) (Table 2).

A mathematical model was obtained for predicting the
macular edema probability (MEP):

MEP = 1 /(1 + 2_72—(—12.637+D.U17-8M+2.978-N))'
where 8M is the sum of eight meridians of the visual field
before surgery, and N is the number of detached quadrants.

The resulting mathematical model for the assessment of
the ME probability in a patient enables measuring the severity
of his condition based on the data obtained before surgery.
This model has a sensitivity of 84.6%, specificity of 81.8%,
and test accuracy of 83.3%, which indicates the sufficient
reliability of the model [5].
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Table 3. Functional results of the studied groups in the postoperative period
Tabnuua 3. OyHKUMOHaNbHBIE Pe3yNbTaTbl UCCIEAYEMbIX TPYNN B NOCIE0NepaLMoHHOM Nepuose

Index Control group, Main group, Significance of postoperative
M+m(n=232) M+m(n=32) parameters, p
Best corrected visual acuity 0.25+0.10 0.32+0.17 0.23
Visual field by the sum of 383.24 + 67.73 378.26 +71.18 0.61

8 meridians, deg.

Note. M + m, the mean value and error of the mean.

Table 4. Morphometric characteristics of the macular zone of the studied groups in the postoperative period according to optical coherence
tomography

Ta6nuua 4. MopdoMeTpuyecKkne XapaKTepuCTUKM MaKyNSPHOM 30HbI MCCNeyeMbIX TPynn B NOCNeonepalMoHHOM Nepuofe Nno AaHHbIM
ONTMYECKOI KOrepeHTHON ToMorpadum

Parameters Control group, Main group, Significance
M+m(n=32) M+m(n=32) of indicators, p
Central retinal thickness, pm 237.35+29.72 346.78 +71.73 <0.0001
Volume of macular retina, mm? 8.22 +0.87 975+ 1.70 0.003

Note. M + m, the mean value and error of the mean.
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Fig. 1. Optical coherence tomogram of the macular area of patient I., 64 years old, 47 days after surgery. Significant cystoiod macular
edema

Puc. 1. OnTuyeckas KorepeHTHas ToMorpaMma MaKynspHOI 30HbI naumeHTky W., 64 ropa, yepes 47 pHeii nocne onepaumnu. OTMevaeTcs
BbIPAXKEHHbI KUCTO3HbIN MaKyNAPHbINA OTEK

To assess the predictive value of the proposed logistic 1.0 |
regression model, receiver operator characteristic (ROC)
analysis was performed. The quality of the prognosis is de- 05
termined by the area under the characteristic curve. In our '
case, the area under the curve was 0.86 (Fig. 2). For values
from 0.8 to 0.9, the quality of the model is defined as very _ 067
good [6]. E

£ 04

DISCUSSION

The development of ME after successful surgery for 021
rhegmatogenous RD, as in any other condition, is a negative
factor for the functional outcome. Several studies show that ) , ] i
the removal of the internal limiting membrane (ILM) at vitrec- 0.0 0.2 0.4 0.6 0.8 1.0
tomy for rhegmatogenous RD reduces the probability of ME Specificity

[1, 7-12]. However, ILM removal becomes a traumatic pro-  Fig, 2. ROC-curve for the proposed model
cedure for the retina since the latter is part of the structure of  Puc. 2. ROC-kpuBas ana npeanoxexHoin Moaenu
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the Miiller cell and can cause a decrease in visual acuity, the
appearance of metamorphopsia, and a decrease in sensitivity
in the central parts of the retina, according to microperimetry
[13-16]. This warrants the expedience to study the necessity
of the ILM removal [3, 17].

The risk factors for the development of ME and epiretinal
membranes in endovitreal treatment of RDs have been ac-
tively discussed.

H. Kunikata and K. Nishida [18] showed that the involve-
ment of the macula in RD is already such a factor. Moreover,
some studies have shown that a long duration of retinal de-
tachment, which includes the central zones, increases the risk
for ME [19, 13, 20]. However, M.J. Blanco-Teijeiro et al. [21]
showed an inverse relationship in groups with and without
ILM peeling, and the duration of RD was a statistically insig-
nificant factor (p = 0.141). The results of our study demon-
strate that the risk for ME does not depend on the duration
of RD (p = 0.34).

According to various authors, another significant risk
factor for ME formation is the number of peripheral retinal
tears [13, 20]. M.J. Blanco-Teijeiro et al. [21] showed that
the presence of two or more tears is a risk factor for ME and
the epiretinal membrane. R.C. Katira et al. [17], in their pub-
lication, explain the mechanism of ME and the formation of
epiretinal membranes by the migration of pigment epithelial
cells and other progenitor cells from the subretinal space
through retinal breaks. This study also revealed that the risk
for ME occurrence depended on the number of peripheral
tears (p = 0.014), which may indicate a more pronounced
tendency for vitreoretinal proliferation. It cannot be ruled out
that the presence of several breaks requires a larger amount
of laser photocoagulation, which may determine a more pro-
nounced inflammatory reaction; this was confirmed by some
Russian studies [22].

When assessing the impact of the expanse of prolifera-
tive vitreoretinopathy on the risk of ME occurrence, no re-
lationship was found (p = 0.87). In their study, I. Chatziralli
et al. [23] revealed that PVR is a significant risk factor for
the occurrence of ME compared with the group without PVR.
However, the study did not consider the degree of expanse
by quadrant. According to previous studies, such criterion as
“the number of detached quadrants,” is indirectly a significant
factor in the development of PVR [24-26].

Evaluation of the data obtained using regression analy-
sis established the high significance of such indicator as the
number of detached quadrants (p = 0.021). A large area of
the detached retina may lead to an immense release and mi-
gration of pigment epithelial cells from the subretinal space,
which causes ME [24].

This study, as well as other publications, showed that fac-
tors, such as age, gender, best corrected visual acuity, length
of the anteroposterior axis, intraocular pressure, and the
presence of an inherent or artificial lens, are considered sta-
tistically insignificant in the occurrence of ME [13, 19-21, 27].
According to R. Sella et al. [20] and N. Shiraki et al. [28],
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the location of retinal tears and topography of detached
quadrants are not statistically significant factors in the de-
velopment of ME, which was confirmed in our study.

The main aim of this study was the creation of a math-
ematical model for predicting the probability of ME at the
preoperative stage. Using regression analysis, two significant
factors were identified, namely the sum of eight visual field
meridians before surgery (p = 0.015) and the number of de-
tached quadrants (p = 0.021). Based on the identified factors,
a model for predicting the occurrence of ME in the postopera-
tive period in the surgical treatment of rhegmatogenous RD
was obtained. Sensitivity (84.6%), specificity (81.8%), and ac-
curacy (83.3%) were indicators that confirm the significance
of this predictive model. The ROC analysis of the proposed
model showed a good prognostic quality (0.86).

One would think that since the number of detached quad-
rants and the sum of visual fields are interrelated, one could
rely on only one of the factors. However, when creating a
logistic regression model with the forced inclusion of the in-
dicator “visual field by the sum of eight meridians” only, the
model turns out to be significant (p = 0.030); but the accuracy
decreases to 68.6%, while sensitivity was 80% and specific-
ity decreased to 53.3%. With the forced inclusion into the
model of the indicator “number of detached quadrants” only,
the model turns out to be insignificant (p = 0.343). There-
fore, in the initially obtained model, the factor “number of
detached quadrants” complements the factor, “visual field
by the sum of eight meridians,” and improves the prognostic
quality. H. Noda et al. [29] showed that when microperimetry
data were compared with the optical coherence tomogra-
phy data of a partially detached macular area, the function
of the detached retina weakened gradually, suggesting the
significance of the indicator “visual field by the sum of eight
meridians.”

Thus, at the preoperative stage, it became possible to
apply a differentiated approach for ILM removal to prevent
the development of ME in the surgical treatment of rheg-
matogenous RD.

CONCLUSIONS

The results of the carried-out study allowed to establish
that significant preoperative factors in the development of
ME in RDs with PVR SR1-2 include the area of the detached
retina and the visual field by the sum of eight meridians.

The mathematical model developed, which was based on
the indicators of the detached retina area and the visual field
by the sum of eight meridians, is characterized by the high
information content (sensitivity of 84.6%, specificity of 81.8%,
and test accuracy of 83.3%) and enables the prediction of ME
in the postoperative period.

The use of the proposed prediction model determines a
differentiated approach to the surgical prevention of ME and
enables decision-making of ILM removal at the preoperative
stage.
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