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Risk factors for epiretinal membrane in eyes with
primary rhegmatogenous retinal detachment that
received silicone oil tamponade

Qintuo Pan
Zong-Duan Zhang

ABSTRACT

Background/aims This study investigated the risk
factors for epiretinal membrane (ERM) in eyes with
primary rhegmatogenous retinal detachment (RRD) that
received silicone oil (SO) tamponade.

Methods This retrospective analysis included 1140
patients (1140 eyes) with RRD who underwent primary
vitrectomy and SO tamponade. The prevalence of

ERM was estimated and possible risk factors (eg, type
2 diabetes, proliferative vitreoretinopathy (PVR), SO
tamponade time (SOTT), photocoagulation, vitreous
haemorrhage, choroidal detachment, cryotherapy and
retinal tear size) were analysed via multiple logistic
regression.

Results The prevalence of ERM was 12.3% (140/1140),
and the accuracy of preoperative ERM diagnosis was
40.5%. Multivariate logistic regression analysis showed
that risk factors for ERM in eyes with SO tamponade
included preoperative PVR (OR=4.336, 95% Cl 2.533
to 7.424, p<0.001), type 2 diabetes (OR=3.996, 95%
C12.013 to 7.932, p<0.001), photocoagulation energy
(OR=1.785, 95% Cl 1.306 to 2.439, p<0.001) and
SOTT (OR=1.523, 95% Cl 1.261 to 1.840, p<0.001).
No statistically significant associations were observed
between the incidence of ERM and other risk factors.
Preoperative PVR showed the strongest association with
risk of ERM. The risk of ERM was positively associated
with SOTT, photocoagulation energy and preoperative
PVR grade.

Conclusion In eyes with RRD that received SO
tamponade, the prevalence of ERM was 12.3%, while
the accuracy of preoperative ERM diagnosis was low.
Preoperative PVR, type 2 diabetes, photocoagulation
energy and SOTT were the main risk factors for ERM.

INTRODUCTION

Silicone oil (SO) is a tamponade for retinal detach-
ment repair that helps to heal detached retinas.
Unlike long-acting gases, SO does not spontaneously
reabsorb; therefore, it requires a second surgery for
removal. However, the advantages of SO over long-
acting gases include no air travel restriction and
avoidance of the requirement for strict prone posi-
tioning." Because of SO pressure, the detached retina
can be appropriately reattached for an extended
duration after surgery; this approach is now widely
used in various vitreoretinal surgeries. During SO
tamponading, patients can experience hyperopia, as
well as various pathological complications, such as
epiretinal membrane (ERM), SO maculopathy, SO
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emulsification, SO migration, cataracts, glaucoma,
corneal lesions, or re-detachment of the retina.>™®
Corneal oedema is noted after SO removal in eyes
with SO touch when the aqueous layer comes back
into contact with the damaged corneal endothe-
lium.” Sachdeva et al reported that SO is involved
in the formation of proliferative vitreoretinopathy
(PVR) as an adjunct to retinal detachment repair.®
Because there is increasing evidence of possible
detrimental effects caused by SO endotamponade,
a safety study is required.” ™2

Importantly, we speculate that the onset of ERM
is not solely caused by SO. Age, smoking and other
factors have also been identified as risk factors for
ERM. Although there is no obvious explana-
tion, we have encountered many patients with
retinal detachment on whom SO was used to help
the retina heal; the SO tamponade generated the
preretinal proliferating membrane. However, the
operative and baseline characteristics (eg, age,
diabetes and hypertension) conditions can differ
among SO tamponading procedures; thus, there is
a need to analyse the operative and basic conditions
of patients who have eyes with SO tamponade and
ERM, enabling acquisition of desired results.

The formation of a proliferative membrane in
front of the retina is generally not well understood.
Here, we compared the basic and operative condi-
tions of patients who had eyes with SO tamponade,
without and with ERM. The purpose of this study
was to determine the risk factors for ERM in eyes
with primary rhegmatogenous retinal detachment
(RRD) that received SO tamponade.

MATERIALS AND METHODS

In this retrospective cohort study, we reviewed all
medical records of patients with primary RRD who
underwent vitrectomy and SO tamponade in our
hospital from June 2017 to February 2020. Patients
with varying degrees of PVR were also included.
Exclusion criteria included history of trauma, history
of severe eye infections or inflammatory disease,
diabetic retinopathy, type 1 diabetes and severe data
loss. Preoperative data were obtained from medical
records, including name, age, gender, medical history,
visual acuity, preoperative vitreous haemorrhage
(VH), PVR grade, lens status, surgical procedure and
surgical parameters, SO tamponade time (SOTT),
best-corrected visual acuity before and after surgery,
preoperative choroidal detachment (CD), preop-
erative and postoperative intraocular pressure, and
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perioperative complications. Postoperative data included visual
acuity, intraocular pressure, morphology of the macular area and
postoperative complications at 3 months after SO removal.

The surgery was performed by two experienced vitreoretinal
surgeons. We used a 23-gauge vitrectomy system to remove SO
from the vitreous cavity. If an ERM was present, we used 23-gauge
pincers to remove the ERM. Furthermore, if the ERM was
involved in the macular area, we also removed the internal limiting
membrane with the aid of indocyanine green staining. In accor-
dance with the surgeon’s judgement, RT SIL-OL 5000 (5000 cm;
Carl Zeiss Meditec AG company, Germany) SO was used for retinal
detachment. If a patient was required to undergo multiple vitreo-
retinal surgeries, all surgeries were performed by the same surgeon.

The primary endpoint of measurement was the macular condi-
tion at 3 months after the last SO removal. The presence of a
proliferative membrane in front of the retina was determined
during the oil extraction surgery. In eyes with SO tamponade,
the following factors were evaluated: SOTT, preoperative CD,
presence of VH before and after the first surgery, photocoagula-
tion energy during surgery, number of photocoagulation points,
whether electrocoagulation was performed, and whether cryo-
therapy was performed.

We classified PVR into grades A, B, C1, C2, C3, D1, D2 and
D3, in accordance with the 1983 International Retinal Associa-
tion classification guidelines. Grades B, C1, C2, C3, D1, D2 and
D3 were regarded as higher grades.

The SOTT was divided into five groups according to length:
level 1, 2-3 months; level 2, 4-6 months; level 3, 7-9 months;
level 4, 10-12 months; and level 5, >12 months.

Photocoagulation energy was divided into four groups
according to the energy used during the first operation: first
level, 120-165mV; second level, 166-210mV; third level,
211-255mV and fourth level, 256-300mV.

The condition of the retina after SO tamponading was eval-
uated by a trained professional. Proliferative membrane found
in the macular area of the fovea, the peripheral retina, and
any other areas was defined as ERM. Before and after surgery,
macular optical coherence tomography was used to observe the
morphology of the macular area. A panoramic 200 scanning
laser ophthalmoscope (Opel) was used to observe the state of the
retina, and a B-ultrasound scan was used to confirm the retinal
morphology and eyeball state after surgery. All patients under-
went medical optometry and intraocular pressure examinations
before and after surgery.

Statistical analysis was performed using SPSS Statistics V.24.0.
The Kolmogorov-Smirnov test was used to determine whether
continuous numerical variables exhibited normal distributions.
Univariate analysis of categorical variables was performed by the
x” test or Fisher’s exact test. Univariate analysis of continuous vari-
ables was performed using the Wilcoxon rank-sum test; Student’s
t-test was used to compare the mean values of normally distributed
variables. Logistic regression analysis was used to determine the risk
factors for ERM formation. Stepwise regression analysis was used
to rule out the effects of collinearity of related factors, prior to the
final multivariate logistic regression analysis. Statistical significance
was determined using a threshold of p<0.05.

RESULTS

General results

In total, 1446 eyes with SO tamponade in 1446 patients were
reviewed. Sixty eyes were excluded because of a history of trauma,
144 eyes were excluded because of diabetic retinopathy and 102
eyes were excluded because of a history of serious eye infections

| Study population (n=1,446) |

Exclusion criteria (n=306)

60 eyes were excluded because of
history of trauma.

144 eyes were excluded because of
diabetic retinopathy.

102 eyes were excluded due to a
history of serious eye infections or
inflammatory diseases.

;l Partial data lack (n=457)

\4

Data available for analysis
(n=1,140)

v v

Baseline data analysis (n=683), a
total of 683 eyes were included
in univariate analysis

A total of 1,140 eyes were
included in multivariate logistic
regression analysis

Figure 1  Flow chart of patient inclusion.

or inflammatory diseases. Thus, 1140 eyes with primary RRD
were included in the analysis. The incidence of ERM in all 1140
eyes with SO tamponade was 12.3% (140/1140). The success
rate of the first operation was 94.1% (1073/1140), and recurrent
retinal detachment was found in 67 eyes (5.9% of 1140) during
SO removal surgery. After the recurrent retinal detachment had
been repaired, gas (C,F,) tamponade was performed in 60 eyes
(90.0% of 67), and all eyes were cured. The remaining seven
eyes (10.0% of 67) received SO tamponade; all eyes were cured
after SO removal 3 months later.

Baseline data analysis results

Because some data were missing for 457 eyes, 683 eyes were
included in the baseline data analysis (figure 1). The mean
follow-up interval for all patients was 12+6 months. Further-
more, 79 eyes with ERM (11.6% of 683) were intraoperatively
diagnosed using the operating room microscope, while only 32
eyes with ERM (4.7% of 683) were preoperatively diagnosed
using optical coherence tomography and Opel (online supple-
mental table 1). The incidence of ERM significantly differed
between the operating room microscope and the optical coher-
ence tomography/Opel diagnostic methods (x* test, p<0.001).

Among the 184 eyes (26.9% of 683) that underwent preop-
erative VH, 20 (25.0% of 184) exhibited ERM during SO
removal surgery. Among the 683 eyes, 499 (73.0% of 683) did
not exhibit preoperative VH before the first surgery. Notably, 59
eyes (11.8% of 499) exhibited ERM during the second opera-
tion. The incidence of ERM significantly differed between first
and second surgeries (3> test, p<0.001).

Among the 683 patients, 154 (22.5% of 683) had type
2 diabetes and received SO tamponade; 17 eyes (11.0% of
154) exhibited ERM during SO removal surgery. Among the
remaining 529 patients (ie, patients without diabetes; 77.5% of
683), only 62 (11.7% of 529) exhibited ERM. The incidence of
ERM significantly differed between patients with type 2 diabetes
and patients without diabetes (x> test, p<0.001).

Among 97 eyes (14.2% of 683) with preoperative PVR (all
grades) before the first vitrectomy, proliferative membranes
were found in 49 eyes (50.5% of 97) during SO removal surgery.
Among 586 eyes (85.8% of 683) without PVR before the primary
surgery, 30 (5.1% of 586) exhibited ERM during SO removal
surgery. The incidence of ERM significantly differed between
eyes with and without PVR (x” test, p<0.001).

Among 97 eyes (14.2% of 683) with preoperative PVR before
the first vitrectomy, 76 eyes (78.4% of 97) underwent ILM
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peeling during the original operation due to ERM involved the
macula. Recurrent macular ERM were found in five eyes (6.6%
of 76) during SO removal surgery. Among the other 21 eyes
(21.6% of 97) without peeling ILM during the original opera-
tion, only 1 eye (4.8% of 21) exhibited macular ERM during SO
removal surgery. The incidence of recurrent macular ERM was
similar between the two groups (Fisher’s exact test, p=0.357).

SOTT, photocoagulation energy and number of photocoag-
ulation points were all positively associated with the incidence
of ERM (p<0.001). There were no statistically significant asso-
ciations of ERM with postoperative VH, preoperative CD or
retinal tear size (table 1).

Multivariate logistic regression analysis results

To identify risk factors for the formation of ERM, 1140 eyes
were included in the logistic regression analysis. Collinearity was
suspected among diabetes, preoperative VH, preoperative PVR
and other factors; therefore, we used stepwise regression analysis
to rule out the effects of collinearity among potentially related
factors prior to the final multivariate logistic regression analysis.
Finally, preoperative VH was excluded because it demonstrated
collinearity with diabetes.

The results showed that ERM in eyes with SO tamponade was
associated with preoperative PVR (p<0.001), type 2 diabetes
(p<0.001), photocoagulation energy (p<0.001) and SOTT
(p<0.001). There were no statistically significant associations
of ERM with other risk factors (table 2). The risk of ERM
was positively associated with preoperative PVR grade, type
2 diabetes, photocoagulation energy and SOTT. Preoperative
PVR showed the strongest association with risk of ERM. Eyes
with preoperative PVR had a 1.467-fold increased risk of ERM
(Exp(B)=4.336) (figure 2).

DISCUSSION

Complications after retinal detachment surgery and the rela-
tionship with SO have been extensively investigated, and the
incidence of SO-related visual loss is reportedly 30%.'¢ SO
tamponade may cause ERM formation, leading to recurrent
retinal detachment or macular occlusion, which can progress
to vision loss.* ©® Xiao et al reported that 9.1% of the general
population had some forms of ERM.” However, the present
study showed that this proportion increased to 12.3% in eyes
with SO tamponade. Although we cannot yet explain the mech-
anism underlying ERM formation in SO-filled eyes, our findings
indicated that diabetes, preoperative PVR, SOTT, and photoco-
agulation energy were significant risk factors for ERM.

Previous studies generally focused on the progression of
diabetes toward diabetic retinopathy and fibroproliferative
membrane formation, but did not address the relationship
between diabetes as a systemic disease and the formation of
ERM.'"" Patients with diabetic retinopathy were excluded
from this study, and the results showed that type 2 diabetes was a
significant risk factor for ERM in eyes with SO tamponade. The
pathogenesis of ERM may be related to fibrocyte infiltration into
vitreous fluid; fibrocytes and tenascin-C reportedly participate
in ERM formation in patients with diabetes.'” ' Hyperglycaemia
causes a chain of events that leads to retinal vascular endothelial
dysfunction, thus increasing the risk of ERM.?° Stabilisation of
glycaemia with medication, combined with dietary and lifestyle
modifications, may reduce this risk.?!

For patients with preoperative PVR before SO tamponade,
the reported incidences of postoperative ERM and recurrent
retinal detachment are significantly increased.® ? In this study,

Table 1 The baseline data of silicone oil tamponaded eyes

Eyes with ERM Eyes without ERM P

Category (n=79) (n=604) value
Gender (%) 0.041
Male 36 (46) 327 (54)
Female 42 (54) 277 (46)
Age (%) 0.359
1<40 12 (15) 91 (15)
1141-50 17 (22) 111 (18)
11151-60 32 (41) 218 (36)
IV61-70 13 (16) 153 (26)
V>70 5 (6) 31 (5
Follow-up time (month, 12+6.3 12+5.8 0.998
median +IQR)
SOTT (%) <0.001
1(2-3) 55 (70) 341 (57)
Il (4-6) 14 (18) 195 (32)
111 (6-9) 5 (6) 32 (5)
IV (9-12) 1(1) 18 (3)
V (>12) 4(5) 18(3)
Photocoagulation energy (mV, %) <0.001
1(120-165) 7(9) 94 (16)
11 (166-210) 61 (77) 420 (69)
11l (211-255) 8(10) 78 (13)
IV (256-300) 3(4) 12 (2)
Photocoagulation points (NO, %) <0.001
1(120-200) 19 (24) 115 (19)
11 (201-400) 2127) 149 (25)
11 (401-600) 12 (15) 82 (14)
IV (601-800) 11(14) 68 (11)
V (>800) 16 (20) 190 (31)
Electric coagulation (%) 0.001
Yes 23(29) 246 (40)
No 56 (71) 358 (60)
Cryotherapy (%) 0.156
Yes 13 (16) 142 (24)
No 66 (84) 462 (76)
Preoperative VH (%) <0.001
Yes 20 (25) 164 (27)
No 59 (75) 440 (73)
Postoperative VH (%) 0.989
Yes 1(1) 6 (1)
No 78 (99) 598 (99)
Type 2 diabetes (%) <0.001
Yes 17 (22) 137 (23)
No 62 (78) 467 (77)
Hypertension (%) 0.016
Yes 22 (28) 167 (28)
No 57 (72) 437 (72)
Retinal aperture size (%) 0.435
H<2 52 (66) 423 (70)
2<H<4 21 (27) 127 (21)
4<H<6 6(7) 42(7)
H>6 0(0) 12 (2)
Preoperative PVR (%) <0.001
No 30 (38) 556 (92)
PVR(A) 0(0) 0(0)
PVR(B) 1(1) 0(0)
Continued
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Table 1 Continued
Eyes with ERM Eyes without ERM P
Category (n=79) (n=604) value
PVR(C1) 4(5) 3(1)
PVR(C2) 16 (20) 8(1)
PVR(C3) 12 (15) 17 (2)
PVR(D1) 10 (13) 7(1)
PVR(D2) 4(5) 10(2)
PVR(D3) 2(3) 3(1)
Preoperative CD (%) 0.522
Yes 17 (22) 30 (5)
No 62 (78) 574 (95)
ERM diagnostic method (%) <0.001
Intraoperative diagnosis 47 (59) 0(0)
Preoperative diagnosis 32 (41) 604 (100)

CD, choroidal detachment; ERM, epiretinal membrane; PVR, proliferative
vitreoretinopathy; SOTT, silicone oil tamponade time; VH, vitreous haemorrhage.

the incidence of ERM in eyes with SO tamponade was strongly
positively associated with preoperative PVR grade. ERM forma-
tion may be a continuation of previous PVR diseases.”* Extra-
vascular leakage of various growth factors might also contribute
to ERM recurrence.” Moreover, CD, pigment release during
endodrainage, inflammation and other factors are report-
edly associated with the incidence of ERM.**™** Most of these
factors are clearly associated with inflammation. Thus, anti-
inflammatory strategies (eg, steroid use) may be effective in the
prevention of ERM.> 2¢

Previous studies reported ILM peeling is associated with a
reduction of recurrence rate of ERM.*”?’ However, ILM peeling
may damage the Miiller cells which connected to the ILM’s basal
lamina.**? Ultrastructural damage to the inner retina caused by
ILM peeling may be responsible for the increased macular thick-
ness and reduced foveal light sensitivity.** In this study, the ILM
was removed only when ERM involved the macula to prevent
recurrence. But the recurrence of macular ERM in eyes under-
went ILM peeling during SO removal surgery was similar to
that without peeling ILM (6.6% vs 4.8%). Therefore, routinely
peeling ILM is not recommended in cases with preoperative

OR(95%)CI P
Preoperative PVR(%) +——— 4.336(2.533,7.424) <0.001
Type 2 di (%) 3.996(2.013,7.932) <0.001
Photocoagulation energy(%) bl gl 1.785(1.306,2.439) <0.001
SOTT(%) e 1.523(1.261,1.840) <0.001
T

[ 5 10 15 20 25

Figure 2  Forest plot of the results of multifactor analysis. PVR,
proliferative vitreoretinopathy; SO, silicone oil tamponade time.

PVR, and its risks may outweigh the benefits. However, this
conclusion needs to be further verified by more rigorously
designed controlled studies.

SO tamponade facilitates the gradual formation of firm retinal
adhesions around tears and prevents fluid from flowing into the
breaks.”® Some researchers presume that SO can temporarily
resist retinal contact-induced proliferation and may slow ERM
recurrence by limiting dissemination and circulation of related
cells and factors.?* ** However, other studies have suggested that
SO stimulates the release of various mitotic factors.”” However,
SO bubbles occupy most of the vitreous cavity and may increase
proliferation by concentrating active factors near the retina.”* 3¢
The results of our study showed that longer SOTT was associated
with greater incidence of ERM. Prolonged tamponading causes
SO to move into the retina and other ocular tissues, leading to
intraocular inflammation and increased intraocular pressure.”**®
Furthermore, prolonged SOTT leads to greater abundance of
retinoblasts in the RPE, thus increasing the likelihood of ERM
formation. We suspect that SO removal at an appropriate time
(eg, <3 months after the initial surgery) may reduce the inci-
dence of ERM.

Retinal laser photocoagulation has been widely used for
several decades because it is minimally invasive and can rapidly
enhance retinal choroidal adhesion.’” The laser can effectively
stabilise the retina and allow gradual SO removal.*® A previous
study indicated that broad application of photocoagulation can
enhance intraocular inflammation and stimulate intravitreal
proliferation, thus aggravating PVR.* ERM formation with ILM
wrinkling may occur as a late complication of laser photocoag-
ulation*’; however, the contributing roles of photocoagulation

Table 2  The outcome of logistic analysis of SO-tamponaded eyes with or without epiretinal membrane

Univariate analysis

Multi-factor analysis

Category OR (95% CI) P value OR (95% CI) P value
Gender 1.143 (1.021 to 1.855) 0.045 1.117 (0.761 to 1.640) 0.573
Age 0.951 (0.878 to 1.166) 0.936 1.034 (0.870 to 1.228) 1.034
SOTT 1.503 (1.331 to 1.656) <0.001 1.523 (1.261 to 1.840) <0.001
Preoperative VH 2.744 (2.036 to 3.563) <0.001 1.083 (0.577 to 2.035) 0.803
Postoperative VH 0.536 (0.183 to 2.336) 0.604 0.854 (0.130 to 5.613) 0.869
Cryotherapy 0.685 (0.583 to 0.938) 0.009 1.354 (0.830 to 2.209) 0.224
Electric coagulation 1.514 (1.036 to 1.882) 0.007 0.838 (0.552 to 1.272) 0.406
Photocoagulation energy 2.154 (1.682 to 2.783) <0.001 1.785 (1.306 to 2.439) <0.001
Photocoagulation points 1.383 (1.131 to 1.413) <0.001 1.033 (0.890 to 1.200) 0.668
Retinal aperture size 0.934 (0.783 t0 1.138) 0.525 0.959 (0.718 to 1.281) 0.776
Type 2 diabetes 4.125 (3.144 to 5.458) <0.001 3.996 (2.013 to 7.932) <0.001
Hypertension 1.525 (1.124 to 2.086) 0.003 1.208 (0.783 to 1.854) 0.396
Preoperative PVR 12.74 (9.342 to 17.53) <0.001 4.336 (2.533 to 7.424) <0.001
Preoperative CD 1.142 (0.786 to 1.613) 0.555 1.579 (0.946 to 2.635) 0.080

CD, choroidal detachment; PVR, proliferative vitreoretinopathy; SOTT, silicone oil tamponade time; VH, vitreous haemorrhage.
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energy and the number of photocoagulation points remain
controversial. Our findings indicate that ERM formation is
positively associated with photocoagulation energy, rather than
the number of photocoagulation points. We hypothesise that,
during retinal self-repair, the accompanying mitosis and energy-
induced damage will cause more extensive cell repair, leading to
a macrophage-mediated inflammatory response, retinal pigment
epithelium proliferation and a substantial Miiller cell response;
accordingly, proliferative lesions form at photocoagulation
sites.**! Therefore, we recommend the avoidance of intraopera-
tive high-energy photocoagulation in eyes with RD.

Other risk factors for PVR (eg, cryotherapy, retinal tear size
and CD) have been reported,*** but they were not associated
with ERM in this study. These discrepancies are presumably
because ERM in this study occurred in eyes with SO tamponade,
and the inclusion criteria and intraocular environment differed
with respect to the previous studies.

Gupta et al® demonstrated that a complete set of preoper-
ative eye examinations is often insufficient to make an accu-
rate diagnosis; this influences the choice of surgical method.
In our study, the accuracy of preoperative ERM diagnosis was
only 40.5% (32/79). This low accuracy might be attributed to
preoperative refractive media opacity in some parts of eyes with
SO tamponade, which affects fundus observations. We recom-
mend that surgeons carefully examine the entire retina after SO
removal (during the operation) to avoid missing instances of
ERM.

The main advantages of this study were its large sample size
and the comprehensive analysis of multiple factors. The find-
ings provide insights for the diagnosis and treatment of ERM in
eyes with SO tamponade. The major limitation of this study was
its retrospective design. Further prospective clinical studies are
needed to determine when ERM occurs and elucidate its under-
lying pathogenesis. Additionally, the mean follow-up interval in
this study was short (12+6 months). Retinal detachment may
recur several years after the initial surgery in some people because
ERM can occur several years after SO extraction.*® Beyond this,
due to lack of glycosylated haemoglobin (HbA1c) data in non-
diabetic patients, the effect of hyperglycaemic on ERM forma-
tion cannot be further analysed based on HbA1c¢ level.

In conclusion, the prevalence of ERM was 12.3% in eyes with
primary RRD that received SO tamponade, and the accuracy
of preoperative ERM diagnosis was only 40.5%. The main risk
factors for ERM in eyes with SO tamponade were preoperative
PVR, type 2 diabetes, photocoagulation energy, and SOTT.
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