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ABSTRACT
Background: Pars plana vitrectomy (PPV) with silicone oil (SO) injection for rhegmatogenous retinal 
detachment (RRD) repair may adversely affect electroretinographic responses. This study was aimed at 
assessing retinal function using electrodiagnostic testing after successful PPV with SO tamponade in the eyes 
with macula-off RRD.
Methods: In this interventional comparative study, eligible participants were recruited prospectively over 
1 year. We included the eyes that underwent a single successful three-port PPV with SO tamponade for the 
primary repair of macula-off RRD. Full-field electroretinogram (ff ERG) and multifocal electroretinogram 
(mf ERG) were recorded 1 day before and 3 days after SO removal. The amplitude and implicit time of the 
a- and b-waves for ff ERG and P1 and N1 waves for mf ERG were evaluated. The unaffected fellow eyes of 
the patients were selected as controls. 
Results: We included the ten eyes of ten patients (seven men and three women) with a mean (standard 
deviation) age of 58.8 (6.2) years. The mean (SD) interval between the diagnoses of macula-off RRD and 
PPV was 11.7 (3.6) days. The mean (SD) duration of SO tamponade was 147.8 (34.9) days. Using ff ERG, 
significantly lower a- and b-wave amplitudes were found in the eyes before and after SO removal or compared 
to the unaffected fellow eyes (all P < 0.05). Using the mf ERG, treated eyes had significantly lower P1 
amplitudes in the central R1+R2+R3 rings and in the R4 and-R5 peripheral rings of the macular area in the 
eyes before and after SO removal or compared to the unaffected fellow eyes (all P < 0.05). The wave implicit 
time in ff ERG and mf ERG did not differ significantly in the eyes before and after SO removal or compared 
to the unaffected fellow eyes (all P > 0.05). 
Conclusions: The electrical retinal response density in ERG waveforms increased following SO removal, 
indicating amelioration of the electrical activity of the retina and macula. These results indicate that the 
adverse effects of SO tamponade on electroretinography responses may be reversible with removal. In 
addition, ff ERG and mf ERG can be used to monitor retinal function in the eyes with macula-off RRD and 
SO tamponade. Further clinical trials are required to verify the preliminary findings of this study.

KEYWORDS
multifocal ERG, electroretinogram, electroretinography, retinal detachments, silicone oil, vitrectomies, 
vitrectomy, macula luteas

Copyright © Author(s). This is an open-access article distributed under the terms of the Creative Commons 
Attribution-NonCommercial 4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/) 
which permits copy and redistribute the material just in noncommercial usages, provided the original work is 
properly cited. 

Medical hypothesis, discovery & innovation in optometry

Med Hypothesis Discov Innov Optom. 2022; 3(3)

mailto:evitachristou%40gmail.com?subject=
https://orcid.org/0000-0002-7959-4854
https://doi.org/10.51329/mehdioptometry160 
https://doi.org/10.51329/mehdioptometry160 
http://www.ivorc.com
https://creativecommons.org/licenses/by-nc/4.0/
https://mehdijournal.com/index.php/mehdioptometry


ff ERG and mf ERG changes before and after SO removal in eyes with macula-off RRD

Med Hypothesis Discov Innov Optom. 2022; 3(3)120

INTRODUCTION
Silicone oil (SO) is extensively used as a retinal tamponade medium to manage complicated vitreoretinal 
conditions [1]. Its use is typically limited to complex cases, including proliferative vitreoretinopathy (PVR), 
giant retinal tears, and trauma [2-4]. Longstanding intravitreal SO may lead to visual impairment due to anterior 
segment complications, such as secondary glaucoma, keratopathy, and cataract formation. It may adversely affect 
retinal function [5-8]. 

Electroretinography (ERG) has been extensively used to assess retinal function [9-14]. Full-field 
electroretinography (ff ERG) evaluates the electrophysiological activity of the entire retina [15], whereas 
multifocal electroretinography (mf ERG) is better suited to evaluate the macular area [16]. Electrophysiological 
examination of the retina may determine the functional status of this tissue in cases of suspected pathology and 
unexplained visual loss after intraocular surgery [6-8]. 

Only a few studies have evaluated electroretinographic changes following retinal detachment repair with 
temporary SO tamponade for any vitreoretinal pathology [17-20], although with contradictory theories 
explaining their results. According to this limited body of evidence, pars plana vitrectomy (PPV) with SO 
injection may adversely affect electroretinographically determined responses of the retina [17-19]. A hypothesis 
states that SO itself may cause retinal dysfunction characterized by a decline in electrophysiological responses 
[17-20]. Other explanations regarding reduced electroretinographic responses include insulating properties of 
the SO itself, surgical intervention per se, or potential for retinal degeneration [17-20]. To date, no study has 
investigated the effects of SO on electrical retinal response density using ff ERG or mf ERG exclusively in the 
eyes with macula-off rhegmatogenous retinal detachment (RRD) that underwent a single successful three-port 
PPV with SO tamponade.

The present study was aimed at evaluating the retinal function in the eyes that underwent PPV with SO 
tamponade for macula-off RRD. ff ERG and mf ERG responses were recorded before and after SO removal and 
compared with those of the unaffected fellow eyes and between the eyes before and after SO removal.

METHODS 
This prospective, interventional, comparative study was conducted at the University Hospital of Ioannina, 
Greece, from September 2017 to October 2018, and approved by the Institutional Ethics Committee of the 
University of Ioannina. This study adhered to the tenets of the Declaration of Helsinki. Written informed consent 
was obtained from all participants.

Patients who underwent three-port PPV with SO tamponade for macula-off RRD were recruited. For 
inclusion, patients should have undergone a single successful three-port PPV with SO tamponade for primary 
macula-off RRD. The eyes with a history of trauma or previous ocular surgery other than phacoemulsification, 
RRD duration > 3 months, coexistent macular and vitreoretinal pathologies, or current medications that can 
affect retinal function, such as phenothiazine, quinine sulfate, clofazimine, chlorpromazine, desferrioxamine, 
and chloroquine, were excluded. Furthermore, we excluded eyes with postoperative complications, such as SO 
emulsification, secondary glaucoma, epiretinal membrane, macular hole, cystoid macular edema, and retinal re-
detachment, or low-quality electrophysiological test recordings. We considered the operated eyes as cases and 
unaffected fellow eyes as controls.

The indication for the SO injection was macula-off RRD with multiple giant breaks or proliferative 
vitreoretinopathy (PVR). Surgical procedures were performed by a single experienced vitreoretinal surgeon 
using the 23-gauge PPV Alcon Constellation Vision System (Alcon Laboratories Inc., Fort Worth, TX, USA). 
After core vitrectomy, peripheral vitreous removal with a 360° scleral indentation was performed. Vitreous 
traction was released from the retinal tear, and almost all PVR membranes were peeled from the retinal surface. 
Perfluorocarbon liquid (PFCL) was used to flatten the retina. After flattening, the retinal endolaser was applied, 
followed by direct PFCL / SO (1,300 centistokes) exchange. The SO was removed within 4 – 6 months after the 
initial surgery. 

All participants underwent a comprehensive eye examination preoperatively and postoperatively. The 
examination included best-corrected distance visual acuity measurement using a Snellen chart (auto chart projector 
CP 670; Nidek Co., Ltd, Gamagori, Japan), intraocular pressure measurement using the Goldmann applanation 
tonometer (AT900, Haag-Streit, Koeniz, Switzerland), detailed anterior segment assessment with slit-lamp 
biomicroscopy (Photo-Slit Lamp BX 900; Haag-Streit, Koeniz, Switzerland), and dilated fundus examination using 
a 78 D non-contact fundus lens (Volk Optical Inc., Mentor, OH, USA) which is used with the slit-lamp. Patients were 
followed-up regularly for at least 12 months after SO removal. No recurrence or other complications were observed.
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ff ERG and mf ERG were conducted 1 day before and 3 days after SO removal in both treated and unaffected 
fellow eyes of all participants, based on the following protocols. ff ERGs and mf ERGs were recorded using 
an EP-1000 PRO electrophysiology system (TOMEY, Nagoya, Japan). The principal structure of this system 
and recording conditions conform to the general concepts of electrophysiology diagnostic procedures and the 
International Society for Clinical Electrophysiology of Vision (ISCEV) standards [21, 22]. 

The ISCEV standards were followed for ff ERG recordings [22]. The recorded parameters in ff ERG included 
the a- and b-wave of the dark-adapted 0.01, dark-adapted 3.0, and light-adapted 3.0 ERG amplitudes and implicit 
times [22]. The pupils were fully dilated with tropicamide 0.5% (Tropixal, DEMO SA Pharmaceuticals, Kryoneri, 
Greece) and phenylephrine 5% (phenylephrine, Cooper AE, Greece) before the test. Scotopic (dark-adapted 
0.01) ERGs were recorded after the patient was dark-adapted for 20 min. Dark-adapted 3.0 (combined rod and 
cone system responses) ERGs were recorded directly after dark-adapted 0.01 ERG. Photopic (light-adapted 3.0) 
ERG was recorded after the patient was light-adapted for 10 min. 

The ISCEV standards were followed for the mf ERG recording [21]. The mf ERG produces visually evoked 
signals with spatial differentiation, and its stimuli, composed of 241 elements that subtended 1.7° [23], were 
separately determined for the appropriate reaction signal. The stimulus field consisted of a hexagonal array with 
a fixation point at the center. During the recording, the patient’s visual field from each eye was stimulated using 
a 22″ thin-film transistor monitor at a distance of 30 cm. In our examination, the field contained 103 hexagons 
within a field diameter of 40 – 50° (20 – 25° radius from the fixation point to the edge of the display) and included 
the blind spot. The main waveform of mf ERG was a biphasic wave consisting of an initial negative deflection 
(N1) followed by a positive peak (P1) [21]. The through-to-peak (P1) amplitude was measured and expressed 
in nano volts per square degree of visual field (nV/deg2). The P1 implicit time was measured and expressed in 
milliseconds (ms). As available from the machine software, the N1 implicit time was also recorded and expressed 
in ms. 

The patient concentrated on a fixation point throughout the measurement procedure with a continuous 
reaction signal without fluctuations or interruptions. The patients were under ordinary room illumination 
before the test, and the pupils were fully dilated [21] with tropicamide 0.5% and phenylephrine 5%. Refractive 
correction for near vision was provided such that the patients could clearly see the small fixation spot at the 
center of the stimulus matrix. The ‘Rings’ analysis was used to interpret circular changes in reaction signals from 
the inside outwards. 

Response densities of mf ERG were analyzed by grouping 103 responses into six concentric rings. Wave 
amplitudes were evaluated in all rings of the macular region, and trace arrays were assessed in each ring. At the 
center, the approximate mf ERG stimulus locations and corresponding anatomic areas were as follows: ring 1, 
< 2° field, corresponding to the fovea; ring 2, 2° – 7° field, corresponding to the parafoveal region; and ring 3, 
7° – 13° field, corresponding to the perifoveal region. In the periphery, the respective stimulus locations and 
corresponding anatomic areas were as follows: ring 4, 13° – 20° field; ring 5, 20° – 31° field; and ring 6, 31° – 44° 
field.

Data were analyzed using a statistical software package (IBM SPSS Statistics for Windows, version 22.0, IBM 
Corp., Armonk, NY, USA). Normality of data distribution was assessed with the Shapiro – Wilk test. Continuous 
data are expressed as mean (standard deviation [SD]). The paired t-test or non-parametric Wilcoxon signed-rank 
test was used to compare the a- and b-wave amplitudes and implicit times for ERG waveforms, amplitude and 
implicit time of P1, and implicit time of N1 for mf ERG waveforms between the eyes before and after SO removal 
and treated and unaffected fellow eyes. Categorical data are expressed as count (percentage). The P-values 
obtained were two-tailed and were determined to be significant at 0.05.

RESULTS
The ten eyes of ten patients (seven men and three women) with a mean (SD) age of 58.8 (6.2) years were 
included. Table 1 shows the baseline characteristics of the participants. The retina remained attached after SO 
removal in all eyes.  

The a- and b-wave amplitudes and implicit times for the ff ERG waveforms were evaluated. The amplitudes 
of the a- and b-waves after SO removal were significantly higher than those before SO removal (both P < 0.05) 
(Table 2). Moreover, the eyes treated before SO removal had significantly lower a- and b-wave amplitudes 
than the unaffected fellow eyes (both P < 0.05) (Table 2). After SO removal, differences in the a- and b-wave 
amplitudes compared with the unaffected fellow eyes were smaller, with the b-wave amplitude remaining 
significantly different (P < 0.05) but the a-wave amplitude becoming comparable (P > 0.05) (Table 2, Figure 1).
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The mean (SD) a-wave (before SO removal: 23.9 [3.3] ms; after SO removal: 24.0 [3.4] ms; unaffected 
fellow eyes: 21.5 [4.7] ms) and b-wave (before SO removal: 53.3 [7.0] ms; after SO removal: 54.1 [6.8] ms; 
unaffected fellow eyes: 51.3 [6.3] ms) implicit times did not differ significantly before SO removal from that after 
SO removal (P = 0.974 for a-wave and P = 0.426 for b-wave) or compared to the unaffected fellow eyes before 
(P = 0.014 for a-wave and P = 0.677 for b-wave) and after (P = 0.209 for a-wave and P = 0.305 for b-wave) SO 
removal.  

The P1 amplitude and implicit time and N1 implicit time for the mf ERG waveforms were evaluated. The P1 
amplitudes after SO removal were significantly higher than those before SO removal in the R4, R5, and R6 rings 
(all P < 0.05) (Table 3, Figure 2). After SO removal, the P1 amplitudes increased in the R1, R2, and R3 central 
rings, although without statistical significance (all P > 0.05) (Table 3). However, evaluating the macular area as a 
whole by analyzing the mean P1 amplitude derived from the three central rings (R1, R2, and R3) before and after 
SO removal revealed a significant increase in the P1 amplitude after SO removal (P < 0.05) (Table 3).  

Table 1. Baseline characteristics of the study participants

Variable Value

Sex (Male / Female), n (%) 7 (70) / 3 (30)

Age (y), Mean ± SD, Median (Range) 58.8 ± 6.2, 59.5 (47 to 67)

Macula-off RRD duration (d), Mean± SD, Median (Range) 11.7 ± 3.6, 12.0 (7 to 18)

Duration of SO tamponade (d), Mean ± SD, Median (Range) 147.8 ± 34.9, 148.5 (97 to 205)

Vitreoretinal pathology Multiple retinal breaks, n (%) 4 (40)

Giant retinal breaks, n (%) 4 (40)

Stage 3 PVR, n (%) 2 (20)
Abbreviations: n, number; %, percentage; y; years; SD, standard deviation; RRD, rhegmatogenous retinal detachment; d, days; SO, 
silicone oil; PVR, proliferative vitreoretinopathy.

Table 2. Changes in a- and b-wave amplitudes of ff ERG waveforms

Variable Before SOR – 
After SOR

P Before SOR – 
Fellow eye

P After SOR – 
Fellow eye

P

a-wave (μV), Mean 
difference ± SD

- 58.3 ± 46.9 0.003 - 90.1 ± 46.8 < 0.001 - 31.9 ± 46.6 0.059

b-wave (μV), Mean 
difference ± SD

- 107.6 ± 76.7 0.002 - 173.4 ± 83.6 0.005 - 65.8 ± 74.8 0.037

Abbreviations: ff ERG, full-field electroretinography; μV, microvolt; SD, standard deviation; SOR, silicone oil removal. P, P-values 
< 0.05 are shown in bold.

Table 3. Changes in the P1 amplitude of mf ERG waveforms

Ring Before SOR – 
After SOR

P Before SOR – 
Fellow eye

P After SOR –
Fellow eye

P

R1 (nV/deg²), Mean difference ± SD - 37.5 ± 68.3 0.116 - 107.5 ± 132.0 0.005 - 70.00 ± 118.1 0.059

R2 (nV/deg²), Mean difference ± SD - 15.9 ± 35.7 0.192 - 12.2 ± 41.6 0.378 3.7 ± 39.1 0.772

R3 (nV/deg²), Mean difference ± SD - 4.6 ± 23.5 0.552 - 22.7 ± 19.9 0.017 - 18.1 ± 21.9 0.037

R4 (nV/deg²), Mean difference ± SD - 8.1 ± 9.4 0.023 - 15.6 ± 8.4 0.001 - 7.5 ± 8.6 0.023

R5 (nV/deg²), Mean difference ± SD - 7.8 ± 10.4 0.042 - 9.30 ± 5.7 0.001 - 1.5 ± 8.4 0.587

R6 (nV/deg²), Mean difference ± SD - 6.1 ± 10.2 0.039 - 9.4 ± 6.0 0.012 - 2.8 ± 13.6 0.400

R1+R2+R3 (nV/deg²), Mean 
difference ± SD

- 19.3 ± 22.2 0.022 - 47.5 ± 43.7 0.005 - 28.1 ± 44.7 0.093

Abbreviations: mf ERG, multifocal electroretinography; nV/deg2, nano volts per square degree of the visual field; SD, standard de-
viation; SOR, silicone oil removal. P, P-values < 0.05 are shown in bold. Note: Ring 1, < 2° field, corresponding to the fovea; Ring 2, 
2° – 7° field, corresponding to the parafoveal region; Ring 3, 7° – 13° field, corresponding to the perifoveal region. In the periphery, 
the respective stimulus locations and corresponding anatomic areas were as follows: Ring 4, 13° – 20° field; Ring 5, 20° – 31° field; 
and Ring 6, 31° – 44° field.
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Moreover, the treated eyes before SO removal had significantly lower P1 amplitudes compared to the 
unaffected fellow eyes in five of the six rings (all P < 0.05), except R2 (P > 0.05) (Table 3). However, after SO 
removal, these differences in P1 amplitudes between the treated and unaffected fellow eyes became smaller in all 
rings and were not significant for most rings (P > 0.05, for R1, R2, R5, and R6), except for R3 and R4 (both P < 
0.05) (Table 3).
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Figure 2. Multifocal electroretinography (mf ERG) waveform amplitude (vertical axis in µv and horizontal axis in ms) recordings 
from the treated eyes for macula-off rhegmatogenous retinal detachment (A) before SO removal and (B) after SO removal. (A1) 
mf ERG waveform amplitude recordings before SO removal in all 60 sectors and (A2) the summation response are decreased. (B1) 
mf ERG waveform amplitude recordings after SO removal in all 60 sectors and (B2) the summation response are close to normal.

Figure 1. Full-field electroretinography (ff ERG) a- and b-wave amplitudes (vertical axis in µv and horizontal axis in ms) recordings 
from the treated eyes for macula-off rhegmatogenous retinal detachment (A) before silicone oil (SO) removal and (B) after SO 
removal. (A1) ff ERG waveform amplitude recordings before SO removal of rod responses (scotopic), (A2) combined rod and cone 
responses (mesopic), and (A3) cone responses (photopic) are barely detectable. (B1) ff ERG waveform amplitude recordings after 
SO removal of rod responses (scotopic), (B2) combined rod and cone responses (mesopic), and (B3) cone responses (photopic) 
are close to normal.
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The mean (SD) N1 implicit time before SO removal (24.8 [10.0] ms), after SO removal (20.1 [7.7] ms), 
and in the unaffected fellow eyes (17.4 [3.7] ms), and the mean (SD) P1 implicit time before SO removal (50.91 
[11.0] ms), after SO removal (52.9 [10.9] ms), and in the unaffected fellow eyes (50.1 [10.6] ms) were recorded. 
The P1 or N1 implicit time before SO removal did not differ significantly from that after SO removal (P = 0.257 
for N1; P = 0.579 for P1) or in comparison with the unaffected fellow eyes before (P = 0.045 for N1; P = 0.519 
for P1) and after (P = 1.000 for N1; P = 0.671 for P1) SO removal.

DISCUSSION
This study revealed an increased retinal response density in electroretinographic recordings following the 
removal of intravitreal SO from the eyes operated for macula-off RRD. This outcome suggests an amelioration of 
the electrical activity of the retina and macular area. 

Unexplained visual impairment after uncomplicated RRD repair with temporary SO tamponade has been 
associated with structural [24-26] and functional [27-30] retinal deteriorations. Electrophysiological responses 
in the SO-filled eyes have been evaluated [17-20, 31, 32]. Several studies have analyzed electroretinographic 
recordings of the eyes with intravitreal SO under different vitreoretinal conditions, such as primary, recurrent, or 
posttraumatic RRD, myopic degeneration, and endophthalmitis [19, 33, 34]. To the best of our knowledge, this 
is the first study focusing exclusively on the eyes with macula-off RRD repaired successfully with a single surgical 
procedure accompanied by intravitreal SO tamponade using both ff ERG and mf ERG recordings.

A few studies have demonstrated early deterioration with a lasting effect on ERG amplitude after SO injection 
[17, 20, 35]. A study suggested retinal degeneration or a nerve impulse insulating effect due to the presence of 
intravitreal SO [20]. In contrast, ERG measurements showed a comparable decline in the vitrectomized eyes 
irrespective of SO implantation. This decline was followed by a recovery to normal recordings over 20 months 
[33]. These symmetrically affected amplitudes in the early postoperative period suggest that surgical intervention 
in the vitreous cavity may be responsible for electroretinographic changes. An experimental study revealed no 
difference with the scotopic b-wave of the ERG waveform in the SO-filled eyes injected with ganciclovir [35]. 
We observed an improvement in the electrical function of the retina after SO removal. The explanation for these 
ERG changes remains unclear and requires evaluation in large-scale clinical trials.

The explanations regarding electrophysiologic findings following vitreoretinal surgery with SO tamponade 
are conflicting [18, 19, 32, 34]. Previous studies mainly referred to the impact of intravitreal SO on the 
characteristics of ff ERG waveforms [27, 28, 30, 32, 35], with limited reference to mf ERG [33]. After retinal 
reattachment surgery, ERG responses tended to improve, although they did not reach normal values. The latter 
indicates a potentially incomplete functional recovery of the retina [36, 19]. ERG waveforms can be recorded 
even in the presence of a non-conductive agent [34]. Some studies have suggested that ff ERG responses are 
diminished or even unrecordable in the SO-filled eyes compared to the healthy eyes [19, 37]. Some authors 
have suspected deteriorative effects of SO on the retina and suggested that the reduction in ERG waveform 
amplitudes results from impaired retinal function caused by intravitreal SO [38, 20]. Nevertheless, conclusive 
evidence for purported SO-related retinal dysfunction has not been reported. However, the evidence provided 
by our study may indicate that the impaired electrical retinal response density is reversible after SO removal.

Considering the findings of the aforementioned studies, the decline in the ERG waveform parameters may be 
a consequence of the nerve-conduction insulating effect [37, 39]. An increase in the waveform amplitude after 
SO removal has been reported [19, 37, 40], similar to the present study. This finding may support the hypothesis 
that the retina tolerates intraocular SO well [19, 37, 40]. 

Ozaki et al. [34] reported that ERG waveforms before and after SO removal were significantly and positively 
correlated. Therefore, they proposed that the wave amplitude in the SO-filled eyes could be used to predict the 
amplitude and, in turn, retinal function after SO removal. In the present study, the amplitudes of the a- and b-waves 
in ff ERG of the SO-filled eyes decreased but returned to near-normal limits after SO removal. Nonetheless, 
whether the decline in ERG values in the SO-filled eyes is related to SO itself, the surgical procedure, or both 
remains unclear [19, 20, 36, 38]. However, ERG values improved shortly after SO removal from the vitreous 
cavity, possibly reflecting its conduction-impeding effect [37]. Consistent with other published reports, our data 
imply a nonconductive effect of SO on the retina.

ff ERG assesses the entire retinal electrical function and may not detect damage to the macula. In contrast, 
mf ERG assesses electrophysiological activity predominantly in the macula [41]. Functional mapping of the 
macula may be described in detail using mf ERG [16]. Macular responses in the SO-filled eyes have not been 
studied extensively. Kumawat et al. [33] evaluated the effect of SO on mf ERG after RRD repair. Their results 
indicate that the wave amplitude in the SO-filled eyes may be reduced, although it recovers shortly after SO 
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removal and remains stable during a 4-week follow-up period [33]. The conduction-insulating effect of SO may 
interfere with the density of electric potentials from the retina, thus explaining the wave amplitude improvement 
after SO removal from the vitreous cavity [33, 37]. 

The data presented in our study show that mf ERG can detect functional defects in the SO-filled eyes after 
macula-off RRD surgery, followed by a subsequent improvement in retinal response density in all regions after 
SO removal. The retinal response density decreased at the center and to a lesser degree in the peripheral region of 
the macular area, reflecting the functional decline of photoreceptors. The central part of the fovea is more densely 
populated by cone photoreceptors than the peripheral part [42]; thus, the central area may be more severely 
affected. We evaluated the N1 amplitude in each macular ring and found a lower P1 amplitude 1 day before SO 
removal compared to 3 days after SO removal or in comparison with the unaffected fellow eyes. We considered 
the sum of the central R1+R2+R3 rings corresponding to the foveal, parafoveal, and perifoveal areas. The mf ERG 
waveform amplitude of the central rings of the macula significantly decreased after macula-off RRD repair with 
SO use. The P1 amplitude in the R1, R2, and R3 central rings before SO removal did not differ significantly from 
the respective amplitudes after SO removal. In contrast, the P1 amplitudes in the R4, R5, and R6 peripheral 
rings before SO removal were significantly lower than the respective amplitudes after SO removal. A hypothesis 
states that, in our patients, the fovea, parafovea, and perifovea were more affected than the eccentric regions of 
the macula. Consistent with previous studies [33, 37, 39], we suggest a substantial functional alteration of the 
macula underlying the SO, assuming that the observed increase in macular response density after its removal may 
be attributed to an insulating effect [37, 39]. 

The wave implicit time was previously evaluated in ff ERG and mf ERG studies. A prolonged wave implicit 
time may be attributed to vitreoretinal pathology or the surgical procedure [37, 44]. The insulating effect of SO 
may not affect synaptic transmission within the retina, leading to implicit time stability after SO removal from the 
vitreous cavity. Based on this hypothesis, Kumawat et al. [33] recently suggested that implicit time is a predictive 
factor for retinal function in the eyes with intravitreal SO after surgical repair. In the present study, the wave 
implicit time in ff ERG and mf ERG did not differ between the eyes before and after SO removal. Additionally, 
we hypothesized that the implicit time measurement could be inaccurate because of the low ERG waveform 
amplitude before SO removal. This hypothesis should be verified through correlational studies [44, 45]. 

Alterations in retinal oxygen saturation may occur 9 months after SO tamponade [46]. ERG responses may 
gradually decrease if SO remains in the vitreous cavity for a long time [46]. We should consider that photoreceptor 
recovery after retinal reattachment requires approximately 4 weeks [17, 47-49]. In our series, the SO tamponade 
duration was shorter than 9 months but significantly longer than 4 weeks (mean [SD]: 147.8 [34.9] days). Thus, 
ERG responses were unaffected by retinal saturation changes or photoreceptor recovery. 

Unlike previous studies that analyzed electroretinographic findings in the SO-filled eyes for diverse vitreoretinal 
conditions, we included only macula-off RRD cases that successfully underwent PPV. This can be considered as a 
strength of our study. Some limitations of the present study should be considered. First, the unaffected fellow eye of 
each patient was used as the control. The eyes that underwent vitrectomy without SO tamponade would be a better 
group for comparison. However, the control group consisted of the eyes of different patients, possibly with significant 
(and unaccounted for) physiological differences. The normal eyes were used as controls in previous clinical studies 
[50]. Second, the sample size was relatively small. Nonetheless, even this small sample size enabled the detection 
of significant differences, at least in waveform amplitudes. More statistically significant differences could be found 
using a larger sample. Finally, our patients were examined shortly after SO removal. Therefore, our results may not 
accurately reflect the long-term ERG characteristics of these eyes. Additional prospective longitudinal studies are 
warranted to validate our findings and address the limitations and gaps in the present and previous studies.

CONCLUSIONS
The data of our study indicate an increase in the electrical retinal response density after SO removal, which in 
turn may imply amelioration of the electrical activity of the retina and macular area. ff ERG and mf ERG can be 
used to assess retinal function after vitrectomy in the eyes treated for macula-off RRD with SO tamponade. Our 
preliminary outcomes should be verified in large-scale clinical trials to establish real-life practice guidelines for 
electrophysiological test applications in retinal detachment surgeries.

ETHICAL DECLARATIONS
Ethical approval: The study was conducted at the University Hospital of Ioannina, Greece, and approved by the 
Institutional Ethics Committee of the University of Ioannina. This study adhered to the tenets of the Declaration 
of Helsinki. Written informed consent was obtained from all participants.



ff ERG and mf ERG changes before and after SO removal in eyes with macula-off RRD

Med Hypothesis Discov Innov Optom. 2022; 3(3)126

Conflict of interest: None.

FUNDING
None.

ACKNOWLEDGMENTS
None.

REFERENCES
1.	 Barca F, Caporossi T, Rizzo S. Silicone oil: different physical proprieties and clinical applications. Biomed Res Int. 2014;2014:502143. 

doi: 10.1155/2014/502143 pmid: 25013785
2.	 Vidne-Hay O, Platner E, Alhalel A, Moisseiev J. Long-term silicone oil tamponade in eyes with complicated retinal detachment. Eur J 

Ophthalmol. 2022;32(3):1728-1734. doi: 10.1177/11206721211019551 pmid: 34109851
3.	 Kralinger MT, Hamasaki D, Kieselbach GF, Voigt M, Parel JM. Intravitreal acetylsalicylic acid in silicone oil: pharmacokinetics 

and evaluation of its safety by ERG and histology. Graefes Arch Clin Exp Ophthalmol. 2001;239(3):208-16. doi: 10.1007/
s004170100255 pmid: 11405070

4.	 Michel G, Meyer L, Naoun O. Perte brutale d’acuité visuelle post-ablation de silicone: à propos de trois patients traités pour 
déchirure géante [Sudden visual loss following silicone oil removal: three patients treated for giant retinal tear]. J Fr Ophtalmol. 
2009;32(2):104-11. French. doi: 10.1016/j.jfo.2009.01.003 pmid: 19515323

5.	 Christou EE, Stavrakas P, Georgalas I, Batsos G, Christodoulou E, Stefaniotou M. Macular microcirculation changes after macula-
off rhegmatogenous retinal detachment repair with silicone oil tamponade evaluated by OCT-A: preliminary results. Ther Adv 
Ophthalmol. 2022;14:25158414221105222. doi: 10.1177/25158414221105222 pmid: 35734223

6.	 Herbert EN, Habib M, Steel D, Williamson TH. Central scotoma associated with intraocular silicone oil tamponade develops before 
oil removal. Graefes Arch Clin Exp Ophthalmol. 2006;244(2):248-52. doi: 10.1007/s00417-005-0076-6 pmid: 16047183

7.	 Toso A, Cappello E, Morselli S. Unexpected and permanent central visual loss after removal of intraocular silicone oil. Clin 
Ophthalmol. 2014;8:1831-6. doi: 10.2147/OPTH.S67760 pmid: 25246762

8.	 Miller JB, Papakostas TD, Vavvas DG. Complications of emulsified silicone oil after retinal detachment repair. Semin Ophthalmol. 
2014;29(5-6):312-8. doi: 10.3109/08820538.2014.962181 pmid: 25325856

9.	 Kominami A, Ueno S, Kominami T, Nakanishi A, Piao CH, Ra E, et al. Restoration of Cone Interdigitation Zone Associated 
with Improvement of Focal Macular ERG After Fovea-Off Rhegmatogenous Retinal Reattachment. Invest Ophthalmol Vis Sci. 
2016;57(4):1604-11. doi: 10.1167/iovs.15-19030 pmid: 27050879

10.	 Gong Y, Wu X, Sun X, Zhang X, Zhu P. Electroretinogram changes after scleral buckling surgery of retinal detachment. Doc 
Ophthalmol. 2008;117(2):103-9. doi: 10.1007/s10633-007-9109-2 pmid: 18188628

11.	 Hayashi M, Yamamoto S. Changes of cone electroretinograms to colour flash stimuli after successful retinal detachment surgery. Br J 
Ophthalmol. 2001;85(4):410-3. doi: 10.1136/bjo.85.4.410 pmid: 11264128

12.	 Kim IT, Ha SM, Yoon KC. Electroretinographic studies in rhegmatogenous retinal detachment before and after reattachment surgery. 
Korean J Ophthalmol. 2001;15(2):118-27. doi: 10.3341/kjo.2001.15.2.118 pmid: 11811579

13.	 Moschos M, Mallias J, Ladas I, Theodossiadis P, Moschou M, Theodossiadis G. Multifocal ERG in retinal detachment surgery. Eur J 
Ophthalmol. 2001;11(3):296-300. pmid: 11681511

14.	 Wu D, Gao R, Zhang G, Wu L. Comparison of pre- and post-operational multifocal electroretinograms of retinal detachment. Chin 
Med J (Engl). 2002;115(10):1560-3. pmid: 12490111

15.	 Scholl HP, Zrenner E. Electrophysiology in the investigation of acquired retinal disorders. Surv Ophthalmol. 2000;45(1):29-47. doi: 
10.1016/s0039-6257(00)00125-9 pmid: 10946080

16.	 Lai TY, Chan WM, Lai RY, Ngai JW, Li H, Lam DS. The clinical applications of multifocal electroretinography: a systematic review. 
Surv Ophthalmol. 2007;52(1):61-96. doi: 10.1016/j.survophthal.2006.10.005 pmid: 17212991

17.	 Kosacki J, Gallice M, Palombi K, Labarere J, Creuzot-Garcher C, Berthemy-Pellet S, et al. Multifocal Electroretinography and Spectral-
Domain Optical Coherence Tomography in Macula-Off Rhegmatogenous Retinal Detachment: A Prospective Cohort Study. Retina. 
2021;41(4):744-752. doi: 10.1097/IAE.0000000000002939 pmid: 32773606

18.	 Al-Nashar HY, Dabbour SA, Alnaimy MA. Retinal electrophysiological changes related to early versus late silicone oil removal. Int 
Ophthalmol. 2021;41(12):4075-4082. doi: 10.1007/s10792-021-01980-1 pmid: 34297302

19.	 Azarmina M, Soheilian M, Azarmina H, Hosseini B. Electroretinogram Changes following Silicone Oil Removal. J Ophthalmic Vis 
Res. 2011;6(2):109-13. pmid: 22454719

20.	 Ahn JH, Chang MH, Kyung SE. Multifocal Electroretinography After Reattachment of Macula-Off Retinal Detachment. Journal of the 
Korean Ophthalmological Society. 2008;49(3):479-86. doi: 10.3341/jkos.2008.49.3.479 

21.	 Hood DC, Bach M, Brigell M, Keating D, Kondo M, Lyons JS, et al; International Society for Clinical Electrophysiology of Vision. 
ISCEV standard for clinical multifocal electroretinography (mf ERG) (2011 edition). Doc Ophthalmol. 2012;124(1):1-13. doi: 
10.1007/s10633-011-9296-8 pmid: 22038576

22.	 McCulloch DL, Marmor MF, Brigell MG, Hamilton R, Holder GE, Tzekov R, et al. ISCEV Standard for full-field clinical 
electroretinography (2015 update). Doc Ophthalmol. 2015;130(1):1-12. doi: 10.1007/s10633-014-9473-7. Erratum in: Doc 
Ophthalmol. 2015;131(1):81-3. pmid: 25502644

23.	 Noel JM, Fernandez de Castro JP, Demarco PJ Jr, Franco LM, Wang W, Vukmanic EV, et al. Iodoacetic acid, but not sodium iodate, 
creates an inducible swine model of photoreceptor damage. Exp Eye Res. 2012;97(1):137-47. doi: 10.1016/j.exer.2011.12.018 pmid: 
22251455

https://doi.org/10.1155/2014/502143
https://pubmed.ncbi.nlm.nih.gov/25013785/
https://doi.org/10.1177/11206721211019551
https://pubmed.ncbi.nlm.nih.gov/34109851/
https://doi.org/10.1007/s004170100255
https://doi.org/10.1007/s004170100255
https://pubmed.ncbi.nlm.nih.gov/11405070/
https://doi.org/10.1016/j.jfo.2009.01.003
https://pubmed.ncbi.nlm.nih.gov/19515323/
https://doi.org/10.1177/25158414221105222
https://pubmed.ncbi.nlm.nih.gov/35734223/
https://doi.org/10.1007/s00417-005-0076-6
https://pubmed.ncbi.nlm.nih.gov/16047183/
https://doi.org/10.2147/opth.s67760
https://pubmed.ncbi.nlm.nih.gov/25246762/
https://doi.org/10.3109/08820538.2014.962181
https://pubmed.ncbi.nlm.nih.gov/25325856/
https://doi.org/10.1167/iovs.15-19030
https://pubmed.ncbi.nlm.nih.gov/27050879/
https://doi.org/10.1007/s10633-007-9109-2
https://pubmed.ncbi.nlm.nih.gov/18188628/
https://doi.org/10.1136/bjo.85.4.410
https://pubmed.ncbi.nlm.nih.gov/11264128/
https://doi.org/10.3341/kjo.2001.15.2.118
https://pubmed.ncbi.nlm.nih.gov/11811579/
https://pubmed.ncbi.nlm.nih.gov/11681511/
https://pubmed.ncbi.nlm.nih.gov/12490111/
https://doi.org/10.1016/s0039-6257(00)00125-9
https://doi.org/10.1016/s0039-6257(00)00125-9
https://pubmed.ncbi.nlm.nih.gov/10946080/
https://doi.org/10.1016/j.survophthal.2006.10.005
https://pubmed.ncbi.nlm.nih.gov/17212991/
https://doi.org/10.1097/iae.0000000000002939
https://pubmed.ncbi.nlm.nih.gov/32773606/
https://doi.org/10.1007/s10792-021-01980-1
https://pubmed.ncbi.nlm.nih.gov/34297302/
https://pubmed.ncbi.nlm.nih.gov/22454719/
https://koreamed.org/SearchBasic.php?RID=2211322
https://doi.org/10.1007/s10633-011-9296-8
https://doi.org/10.1007/s10633-011-9296-8
https://pubmed.ncbi.nlm.nih.gov/22038576/
https://doi.org/10.1007/s10633-014-9473-7
https://pubmed.ncbi.nlm.nih.gov/25502644/
https://doi.org/10.1016/j.exer.2011.12.018
https://pubmed.ncbi.nlm.nih.gov/22251455/
https://pubmed.ncbi.nlm.nih.gov/22251455/


ff ERG and mf ERG changes before and after SO removal in eyes with macula-off RRD

Med Hypothesis Discov Innov Optom. 2022; 3(3) 127

24.	 Christensen UC, la Cour M. Visual loss after use of intraocular silicone oil associated with thinning of inner retinal layers. Acta 
Ophthalmol. 2012;90(8):733-7. doi: 10.1111/j.1755-3768.2011.02248.x pmid: 21914150

25.	 Caramoy A, Droege KM, Kirchhof B, Fauser S. Retinal layers measurements in healthy eyes and in eyes receiving silicone oil-based 
endotamponade. Acta Ophthalmol. 2014;92(4):e292-7. doi: 10.1111/aos.12307 pmid: 24238324

26.	 Purtskhvanidze K, Hillenkamp J, Tode J, Junge O, Hedderich J, Roider J, et al. Thinning of Inner Retinal Layers after Vitrectomy with 
Silicone Oil versus Gas Endotamponade in Eyes with Macula-Off Retinal Detachment. Ophthalmologica. 2017;238(3):124-132. doi: 
10.1159/000477743 pmid: 28719903

27.	 Newsom RS, Johnston R, Sullivan PM, Aylward GB, Holder GE, Gregor ZJ. Sudden visual loss after removal of silicone oil. Retina. 
2004;24(6):871-7. doi: 10.1097/00006982-200412000-00005 pmid: 15579983

28.	 Cazabon S, Groenewald C, Pearce IA, Wong D. Visual loss following removal of intraocular silicone oil. Br J Ophthalmol. 
2005;89(7):799-802. doi: 10.1136/bjo.2004.053561 pmid: 15965152

29.	 Scheerlinck LM, Schellekens PA, Liem AT, Steijns D, Leeuwen Rv. Incidence, Risk Factors, and Clinical Characteristics of 
Unexplained Visual Loss After Intraocular Silicone Oil for Macula-On Retinal Detachment. Retina. 2016;36(2):342-50. doi: 
10.1097/IAE.0000000000000711 pmid: 26308530

30.	 Moya R, Chandra A, Banerjee PJ, Tsouris D, Ahmad N, Charteris DG. The incidence of unexplained visual loss following removal of 
silicone oil. Eye (Lond). 2015;29(11):1477-82. doi: 10.1038/eye.2015.135 pmid: 26248526

31.	 Parvaresh MM. Electroretinography and Rhegmatogenous Retinal Detachment. J Ophthalmic Vis Res. 2018;13(3):217-218. doi: 
10.4103/jovr.jovr_145_18 pmid: 30090174

32.	 Meshi A, Friehmann A, Sella S, Gepstein R, Armarnik S, Assia EI, et al. Intravitreal Administration of Antiviral Agents in Silicone Oil-
Filled Human Eyes. Ophthalmol Retina. 2017;1(4):288-293. doi: 10.1016/j.oret.2016.12.006 pmid: 31047514

33.	 Kumawat D, Sahay P, Mahalingam K, Vikas SJ, Sen S, Banerjee M, et al. Multifocal electroretinogram in eyes with intravitreal silicone 
oil and changes following silicone oil removal. Doc Ophthalmol. 2019;139(3):197-205. doi: 10.1007/s10633-019-09710-w pmid: 
31327119

34.	 Ozaki K, Yoshikawa Y, Ishikawa S, Katsumoto T, Shibuya M, Shoji T, et al. Electroretinograms recorded with skin electrodes in 
silicone oil-filled eyes. PLoS One. 2019 May 31;14(5):e0216823. doi: 10.1371/journal.pone.0216823. Erratum in: PLoS One. 
2020;15(11):e0242757. pmid: 31150414

35.	 Eng KT, Lam WC, Parker JA, Yücel YH. Retinal toxicity of intravitreal ganciclovir in rabbit eyes following vitrectomy and insertion of 
silicone oil. Can J Ophthalmol. 2004;39(5):499-505. doi: 10.1016/s0008-4182(04)80138-8 pmid: 15491033

36.	 Schatz P, Holm K, Andréasson S. Retinal function after scleral buckling for recent onset rhegmatogenous retinal detachment: 
assessment with electroretinography and optical coherence tomography. Retina. 2007;27(1):30-6. doi: 10.1097/01.
iae.0000256659.71864.83 pmid: 17218912

37.	 Shibuya M, Yoshikawa Y, Katsumoto T, Shoji T, Kondo H, Miyakoshi H, et al. Electroretinographic recordings with skin electrodes 
to assess effects of vitrectomy with gas tamponade on eyes with rhegmatogenous retinal detachment. Sci Rep. 2019;9(1):19948. doi: 
10.1038/s41598-019-56307-z. Erratum in: Sci Rep. 2020;10(1):4539. pmid: 31882665

38.	 Azarmina M, Moradian S, Azarmina H. Electroretinographic changes following retinal reattachment surgery. J Ophthalmic Vis Res. 
2013;8(4):321-9. pmid: 24653819

39.	 Cobos E, Rubio MJ, Arias L, Caminal JM, Garcia-Bru P, Català J, et al. Incidence and Relation with Anatomical and Functional 
Variables of Postoperative Macular Displacement In Rhegmatogenous Retinal Detachment. Retina. 2016;36(5):957-61. doi: 
10.1097/IAE.0000000000000807 pmid: 27115857

40.	 Schatz P, Andréasson S. Recovery of retinal function after recent-onset rhegmatogenous retinal detachment in relation to type of 
surgery. Retina. 2010;30(1):152-9. doi: 10.1097/IAE.0b013e3181b32ed4 pmid: 19940806

41.	 Berrow EJ, Bartlett HE, Eperjesi F, Gibson JM. The electroretinogram: a useful tool for evaluating age-related macular disease? Doc 
Ophthalmol. 2010;121(1):51-62. doi: 10.1007/s10633-010-9226-1 pmid: 20232109

42.	 Wells-Gray EM, Choi SS, Bries A, Doble N. Variation in rod and cone density from the fovea to the mid-periphery in healthy human 
retinas using adaptive optics scanning laser ophthalmoscopy. Eye (Lond). 2016;30(8):1135-43. doi: 10.1038/eye.2016.107 pmid: 
27229708

43.	 Herbert EN, Liew SH, Williamson TH. Visual loss after silicone oil removal. Br J Ophthalmol. 2005;89(12):1667-8. doi: 10.1136/
bjo.2005.082610 pmid: 16299158

44.	 Bennett LD, Klein M, Locke KG, Kiser K, Birch DG. Dark-Adapted Chromatic Perimetry for Measuring Rod Visual Fields in Patients 
with Retinitis Pigmentosa. Transl Vis Sci Technol. 2017;6(4):15. doi: 10.1167/tvst.6.4.15 pmid: 28798898

45.	 Cabral T, Lima de Carvalho JR Jr, Kim J, Oh JK, Levi SR, Park KS, et al. Comparative Analysis of Functional and Structural Decline in 
Retinitis Pigmentosas. Int J Mol Sci. 2020;21(8):2730. doi: 10.3390/ijms21082730 pmid: 32326409

46.	 Lou B, Yuan Z, He L, Lin L, Gao Q, Lin X. The Changes of Retinal Saturation after Long-Term Tamponade with Silicone Oil. Biomed 
Res Int. 2015;2015:713828. doi: 10.1155/2015/713828 pmid: 26557694

47.	 Sakai T, Calderone JB, Lewis GP, Linberg KA, Fisher SK, Jacobs GH. Cone photoreceptor recovery after experimental detachment 
and reattachment: an immunocytochemical, morphological, and electrophysiological study. Invest Ophthalmol Vis Sci. 
2003;44(1):416-25. doi: 10.1167/iovs.02-0633 pmid: 12506104

48.	 Lumi X, Petrovic Pajic S, Sustar M, Fakin A, Hawlina M. Autologous neurosensory free-flap retinal transplantation for refractory 
chronic macular hole-outcomes evaluated by OCT, microperimetry, and multifocal electroretinography. Graefes Arch Clin Exp 
Ophthalmol. 2021;259(6):1443-1453. doi: 10.1007/s00417-020-04981-5 pmid: 33090282

49.	 Akiyama K, Fujinami K, Watanabe K, Noda T, Miyake Y, Tsunoda K. Macular dysfunction in patients with macula-on 
rhegmatogenous retinal detachments. Br J Ophthalmol. 2019;103(3):404-409. doi: 10.1136/bjophthalmol-2018-312153 pmid: 
29858185

50.	 Lim JW, Cho JH, Kim HK. Assessment of macular function by multifocal electroretinography following epiretinal membrane surgery 
with internal limiting membrane peeling. Clin Ophthalmol. 2010;4:689-94. doi: 10.2147/opth.s12042 pmid: 20689783

https://doi.org/10.1111/j.1755-3768.2011.02248.x
https://pubmed.ncbi.nlm.nih.gov/21914150/
https://doi.org/10.1111/aos.12307
https://pubmed.ncbi.nlm.nih.gov/24238324/
https://doi.org/10.1159/000477743
https://doi.org/10.1159/000477743
https://pubmed.ncbi.nlm.nih.gov/28719903/
https://doi.org/10.1097/00006982-200412000-00005
https://pubmed.ncbi.nlm.nih.gov/15579983/
https://doi.org/10.1136/bjo.2004.053561
https://pubmed.ncbi.nlm.nih.gov/15965152/
https://doi.org/10.1097/iae.0000000000000711
https://doi.org/10.1097/iae.0000000000000711
https://pubmed.ncbi.nlm.nih.gov/26308530/
https://doi.org/10.1038/eye.2015.135
https://pubmed.ncbi.nlm.nih.gov/26248526/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6058544/pdf/JOVR-13-217.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6058544/pdf/JOVR-13-217.pdf
https://pubmed.ncbi.nlm.nih.gov/30090174/
https://doi.org/10.1016/j.oret.2016.12.006
https://pubmed.ncbi.nlm.nih.gov/31047514/
https://doi.org/10.1007/s10633-019-09710-w
https://pubmed.ncbi.nlm.nih.gov/31327119/
https://pubmed.ncbi.nlm.nih.gov/31327119/
https://doi.org/10.1371/journal.pone.0216823
https://pubmed.ncbi.nlm.nih.gov/31150414/
https://doi.org/10.1016/s0008-4182(04)80138-8
https://pubmed.ncbi.nlm.nih.gov/15491033/
https://doi.org/10.1097/01.iae.0000256659.71864.83
https://doi.org/10.1097/01.iae.0000256659.71864.83
https://pubmed.ncbi.nlm.nih.gov/17218912/
https://doi.org/10.1038/s41598-019-56307-z
https://doi.org/10.1038/s41598-019-56307-z
https://pubmed.ncbi.nlm.nih.gov/31882665/
https://pubmed.ncbi.nlm.nih.gov/24653819/
https://doi.org/10.1097/iae.0000000000000807
https://doi.org/10.1097/iae.0000000000000807
https://pubmed.ncbi.nlm.nih.gov/27115857/
https://doi.org/10.1097/iae.0b013e3181b32ed4
https://pubmed.ncbi.nlm.nih.gov/19940806/
https://doi.org/10.1007/s10633-010-9226-1
https://pubmed.ncbi.nlm.nih.gov/20232109/
https://doi.org/10.1038/eye.2016.107
https://pubmed.ncbi.nlm.nih.gov/27229708/
https://pubmed.ncbi.nlm.nih.gov/27229708/
https://doi.org/10.1136/bjo.2005.082610
https://doi.org/10.1136/bjo.2005.082610
https://pubmed.ncbi.nlm.nih.gov/16299158/
https://doi.org/10.1167/tvst.6.4.15
https://pubmed.ncbi.nlm.nih.gov/28798898/
https://doi.org/10.3390/ijms21082730
https://pubmed.ncbi.nlm.nih.gov/32326409/
https://doi.org/10.1155/2015/713828
https://pubmed.ncbi.nlm.nih.gov/26557694/
https://doi.org/10.1167/iovs.02-0633
https://pubmed.ncbi.nlm.nih.gov/12506104/
https://doi.org/10.1007/s00417-020-04981-5
https://pubmed.ncbi.nlm.nih.gov/33090282/
https://doi.org/10.1136/bjophthalmol-2018-312153
https://pubmed.ncbi.nlm.nih.gov/29858185/
https://pubmed.ncbi.nlm.nih.gov/29858185/
https://doi.org/10.2147/opth.s12042
https://pubmed.ncbi.nlm.nih.gov/20689783/

	Electroretinogram changes before and after silicone oil removal in eyes with macula-off rhegmatogeno
	ABSTRACT
	KEYWORDS
	INTRODUCTION
	METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	ETHICAL DECLARATIONS 
	Ethical approval
	Conflict of interest

	FUNDING
	ACKNOWLEDGMENTS
	REFERENCES


