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Abstract
Purpose To determine the effect of intravitreal
silicone oil (SO) on multifocal electroretinogram
(mfERG) and the changes in mfERG following SO
removal.
Methods Twelve eyes of 12 patients with SO in
vitreous cavity with corrected distance visual acuity
(CDVA) [ 20/200 were prospectively enrolled as
cases over a period from July 2016 to June 2018.
The fellow normal eyes served as control. The eyes
were evaluated with P1 and N1 wave amplitude and
implicit time on mfERG at baseline, 1 and 4 weeks
after SO removal.
Results The mean age was 44.9 ± 18.9 (range
18–74) years. The indication for SO injection was
retinal detachment (n = 9, three macula-on eyes, six
macula-off eyes) and endophthalmitis (n = 3). The
median (range) LogMAR CDVA at baseline was 0.54
(0.18–0.78) in cases and did not change post-SO
removal (p = 0.29). There was a significant decrease

in average P1 and N1 wave amplitude (p = 0.0001 and
0.0001, respectively) and delay in average P1 and N1
wave implicit time (p = 0.0002 and 0.021, respectively) in cases as compared to controls. The macular
status and duration of SO tamponade did not have a
significant correlation with mfERG parameters. There
was a significant increase in average P1 and N1 wave
amplitude (p = 0.009 and 0.003, respectively) at
1 week following SO removal but no change in
average P1 and N1 wave implicit time (p = 0.41 and
0.37, respectively).
Conclusion mfERG may be reliably performed for
the assessment of macular function in SO-filled eyes.
Intravitreal SO exerts an insulating effect on the
density of the electric potentials.
Keywords Multifocal electroretinogram  Retinal
detachment  Silicone oil  Visual acuity
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Silicone oil (SO) has been extensively used in the
management of vitreoretinal disorders [1]. It has
known complications such as secondary glaucoma,
corneal decompensation, band-shaped keratopathy,
and cataract [2]. With the advent in vitreoretinal
surgeries, the use of SO is getting limited to complicated retinal detachments (RD). Unexplained visual
loss or functional retinopathy is an uncommon
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complication of long-standing intravitreal SO [3–7].
Histological and ultrastructural studies with optical
coherence tomography (OCT) have shown degeneration of the inner retinal layers particularly ganglion
cell layer with long-term SO endotamponade [5–12].
However, these studies are limited by their crosssectional analysis and lack of correlation with the
electrophysiological parameters.
Full-field electroretinogram (ffERG) has long been
performed in SO-filled eyes in animal models and
human studies [8, 13–17]. The amplitude of ‘a’ and ‘b’
wave is reduced in SO-filled eyes as compared to the
controls. However, the amplitude recovers shortly
after silicone oil removal (SOR). Intravitreal SO
seems to interfere with the propagation of the electrical impulses. A few studies have evaluated ffERG
after SOR in cases with unexplained visual loss
following uneventful vitrectomy and SO injection for
rhegmatogenous retinal detachment (RRD) [3, 4, 18].
Although these studies report reduced amplitude of ‘a’
and ‘b’ wave as compared to the controls, the results
may be confounded by the RD itself. Prospective
human studies evaluating the ffERG changes in SOfilled eyes are lacking.
While the ffERG measures the summed electrophysiological activity of the entire retina [19], the
multifocal electroretinogram (mfERG) detects local
responses from the macula and is sensitive in the
detection of various acquired retinal disorders affecting predominantly the macula [20]. There are no
studies on the effect of SO on mfERG in the literature.
A few studies have evaluated mfERG after SOR in
cases of unexplained visual loss following uneventful
vitrectomy and found a decreased amplitude of N1 and
P1 wave of mfERG, which may be consequent to the
retinal detachment itself and not due to silicone oil
[3, 4]. Also, it is not known whether mfERG may be
reliably performed in SO-filled eyes.
This study was performed to determine if mfERG
may be reliably obtained in SO-filled eyes, compare
the changes in amplitude and latency with normal
fellow eyes and see if changes occur after SOR.

Materials and methods
It was an observational study of patients who underwent SOR after successful vitreoretinal surgery and
had mfERG performed before and after removal of
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SO, over a period of 2 years (June 2016 to May 2018)
at our tertiary eye care center. The study was
performed in accordance with the tenets of Declaration of Helsinki. A formal institute ethical committee
clearance was obtained for the study.
The inclusion criteria were patients with intravitreal
SO in one eye for any vitreoretinal pathology, attached
retina with normal macular morphology, an absence of
emulsification of SO, adequate fill of SO, corrected
visual acuity in both eyes better than 20/200, clear
media in both eyes, and lack of vitreoretinal pathology
in the fellow eye. The exclusion criteria were the
emulsification of SO, under-fill of SO, media opacity
such as corneal scarring, nuclear sclerosis, posterior
capsular opacification in either eye or presence of
primary or secondary glaucoma in either eye. All the
cases had 1000 centistokes SO (Aurosil, Aurolab,
India) in the vitreous cavity. Patients who underwent
additional cataract surgery along with SOR or had
redetachment within a month after SOR were
excluded from the study. The eyes with SO in situ
were taken as cases, and the fellow normal eyes were
taken as controls.
The demographic information, ophthalmic history,
slit-lamp examination, dilated fundus examination and
ocular biometry were recorded. The indication for SO
injection and the duration of SO tamponade were
noted. The ocular examination details included corrected distance visual acuity (CDVA), intraocular
pressure (IOP), the status of the lens (clear crystalline
or pseudophakic or aphakic), and the retinal status.
Macular spectral-domain OCT was performed to
confirm a normal macular morphology (absence of
epiretinal membrane/retinal thinning/neurosensory
detachment).
The patients underwent mfERG a day prior to SOR
and at 1 week and 1 month after SOR. The mfERG
was performed on Vision monitor, Monopack 3,
Metrovision. The procedure for mfERG was as
follows [21]: The eyes were light-adapted for at least
15 min in room light, and pupils were fully dilated
with tropicamide 1% eye drop before the test.
Refractive correction was provided at the time of test.
The corrective lenses were placed in the holder
positioned in front of the eye with proper centration.
A 61-scaled hexagonal stimulus pattern with central
fixation point at a viewing distance of 33 cm (corresponding to a field of ± 30° horizontally and ± 24°
vertically) was used. The luminance of bright hexagon
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was maintained at 100 cd/m2 while that for dark
hexagon was \ 1 cd/m2 and for background cover
was 30 cd/m2. The stimulus frequency was set at
17 Hz. The recording was done using contact lens
electrodes (ERG jetÒ, Fabrinal SA) after anesthetizing
the cornea with proparacaine 0.5% eye drop.
The standard parameters that were recorded at
baseline and follow-up included P1 and N1 wave
amplitude and their implicit time. Both the waves were
evaluated in five rings in the macular region with ring
1 representing \ 2° field, ring 2 representing 2–5°
field, ring 3 representing 5–10° field, ring 4 representing 10–15° field and ring 5 representing[ 15° field. In
each ring, the trace arrays were assessed (Fig. 1). In
addition, the visual acuity, retinal status, and macular
morphology were also evaluated on follow-up.
The data were entered into an Excel sheet and
analyzed using STATA SE 12.1 software. For
descriptive purposes, the nonparametric data were
expressed as median (range), the parametric qualitative data as a percentage and the quantitative data as
mean ± standard deviation (SD). The group averages
of P1 and N1 wave amplitude and implicit time were
analyzed in each retinal ring and compared between
cases and controls as well as in the cases before and

Fig. 1 The multifocal electroretinogram (mfERG) of the
normal eye of an 18-year-old male patient (case 4). The trace
arrays of local responses are shown in the five rings in the
macular region with ring 1 representing \ 2° field, ring 2
representing 2–5° field, ring 3 representing 5–10° field, ring 4
representing 10–15° field and ring 5 representing [ 15° field.
The responses are valid, and the noise level is acceptable

after SOR. The parametric data were compared
between the groups with ‘Student t test,’ and to see
the changes after surgery in cases, ‘Repeated measure
analysis’ was used. The nonparametric data were
compared between the groups with ‘Mann–Whitney
test,’ and to see the changes after surgery in cases,
‘Friedman test’ was used. A p value B 0.05 was
considered statistically significant.

Results
Twelve patients (10 males, two females) were
included in this study. The mean ± SD (median,
range) age was 44.9 ± 18.9 (50, 18–74) years. The
indication for SO injection was rhegmatogenous
retinal detachment (n = 9, three macula-on eyes, six
macula-off eyes) and endophthalmitis (n = 3). The
median duration of detachment in macula-off cases
was 45 (range 7–60) days. The SO was injected in
RRD cases due to the presence of proliferative
vitreoretinopathy or inferior breaks or repeat surgery
for failed initial vitrectomy. The median duration of
SO tamponade was six (range 3–15) months. The
baseline characteristics are presented in Table 1.
The lens status of the cases was as follow: aphakia
in four eyes, pseudophakia in seven eyes and clear
crystalline lens in one eye. The mean axial length of
the cases and controls was 23.3 ± 0.86 mm and
23.1 ± 0.91 mm, respectively (p = 0.47). The median
spherical equivalent of the cases was 4.375 D (range
1.5–11 D). The baseline central macular thickness in
cases was 229.7 ± 20.6 lm.
At baseline, the mean log MAR CDVA in cases and
controls was 0.5 ± 0.19 (median 0.54, range
0.18–0.78) and 0.06 ± 0.08 (median 0, range
0–0.18), respectively (p = 0.0001). The CDVA at
1-week and 1-month visit post-SOR in cases was
0.47 ± 0.21 (median 0.54, range 0.18–0.78) with no
difference as compared to the baseline (p = 0.29). The
median spherical equivalent of the cases at 4 weeks
postoperative follow-up was 1.125 D (range
- 1.5–13.5 D).
MfERG
The mfERG trace arrays could be obtained and
recognized in all the rings in all cases at baseline as
well as on follow-up. The mfERG trace arrays before
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3
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3
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6

4

7
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0.6

0.6

0.3

0.3

0.78

0.6

0.78

0.48

0.3
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Clear lens
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3
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201
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Affected eye central
macular thickness (lm)
before silicone oil removal

CDVA corrected distance visual acuity; VR vitreoretinal; RRD rhegmatogenous retinal detachment; GRT giant retinal tear; PVR proliferative vitreoretinopathy; N/A not applicable

Ageyears/sex

Case

Table 1 Baseline characteristics of cases with silicone oil in the vitreous cavity
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Fig. 2 The multifocal electroretinogram (mfERG) of the
affected eye in case 4, who had undergone vitreoretinal surgery
and silicone oil tamponade for posttraumatic endophthalmitis.
a Before silicone oil removal, the trace arrays show depressed

peaks of the responses in all the rings. b Four weeks postsilicone
oil removal, the trace array waveforms have improved in the
amplitude. The responses are valid, and the noise level is
acceptable at both the visits

and after SOR of two representative cases (case 4 and
case 10) are being shown in Figs. 2 and 3,
respectively.

(51.4 ± 2.9 ms at 1 week and 50.8 ± 1.7 ms at
4 weeks) (p = 0.41).
N1 wave

P1 wave
Considering the average of all the retinal rings, the
baseline amplitude and implicit time in cases were
321.4 ± 116.3 nV
(median
348.1,
range
155.6–483.2 nV) and 52.2 ± 2.9 ms, respectively,
and that in the control eyes were 919.9 ± 259.5
(median 920.6, range 571.0–1325.0) nV and
47.1 ± 2.6 ms, respectively. The decrease in amplitude and delay in implicit time in cases was statistically different from the controls at baseline
(p = 0.0001 and 0.0002, respectively). At 1 week
post-SOR, the amplitude in cases improved significantly from baseline to 531.2 ± 267.5 nV (median
409.5, range 254.0–1028.8 nV) (p = 0.009). The
average amplitude improved by 65% from baseline
at 1 week. There was no further change noted in the
average
amplitude
at
4-week
follow-up
(504.9 ± 266.8 nV
[median
412.3,
range
254.8–1124.2]) (p = 0.30). However, the implicit time
in cases did not improve significantly on follow-up

Considering the average of all the retinal rings, the
baseline amplitude and implicit time in cases were
- 207.3 ± 31.6 nV (median - 210.7, range - 156.7
to - 273.1 nV) and 31.7 ± 2.1 ms, respectively, and
that in the control eyes were - 433.9 ± 122.8 nV
(median - 407.0, range - 282.6 to - 716.4 nV) and
29.2 ± 2.7 ms, respectively. The decrease in amplitude (absolute values) and delay in implicit time in
cases were statistically different from the controls at
baseline (p = 0.0001 and 0.021, respectively). At
1 week post-SOR, the amplitude in cases improved
(absolute value) significantly from baseline to
- 329.9 ± 116.1 nV (median - 299.5, range
- 194.4 to - 599.2 nV) (p = 0.003). The average
amplitude improved by 59% from baseline at 1 week.
There was no further change noted at 4-week followup (- 336.8 ± 137.9 nV [median - 274.6 range
- 179.0 to - 666.6 nV]) (p = 0.58). However, the
implicit time in cases did not improve significantly on
follow-up
(32.8 ± 2.3 ms
at
1 week
and
31.9 ± 2.2 ms at 4 weeks) (p = 0.37).
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Fig. 3 The multifocal electroretinogram (mfERG) of the
affected eye in case 10, who had undergone vitreoretinal
surgery and silicone oil tamponade for macula-off rhegmatogenous retinal detachment with multiple inferior breaks. a Before
silicone oil removal, the trace arrays show depressed peaks of

the responses in all the rings. The waveform shapes are not as
good as seen in case 4 in Fig. 2. b Four weeks postsilicone oil
removal, the trace array waveforms have improved in the shape
as well as the amplitude. The responses are valid and the noise
level is acceptable at both the visits

The baseline mfERG parameters did not have a
significant correlation with baseline CDVA in both the
cases and controls and the duration of macular
detachment and duration of SO tamponade in the
cases (see Online Resource ESM_1, which shows the
Spearman correlation of baseline parameters with
mfERG variables).
The macula-on cases (n = 6) and macula-off cases
(n = 6) were compared regarding the average P1 and
N1 wave amplitude and implicit time at baseline and
on follow-up (see Online Resource ESM_2, which
shows the comparison of mfERG variables between
macula-on and macula-off eyes). The baseline amplitude and implicit time were comparable for P1 wave
(p = 0.33 and 0.99, respectively) and N1 wave
(p = 0.14 and 0.63, respectively). However, at 1-week
follow-up, the amplitude of P1 and N1 wave was
significantly greater in macula-on cases as compared
to macula-off cases (p = 0.037 and 0.003, respectively). At 4-week follow-up, this difference in P1 and
N1 wave amplitude between the macula-on and
macula-off cases was maintained (p = 0.003 and
0.010, respectively).

Discussion
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In the recent years, silicone oil-related visual loss
(SORVL) has been reported during SO tamponade
after uncomplicated vitrectomy or shortly following
SOR, wherein there occurs unexplained profound
visual loss in the absence of clinically visible retinal
changes [3–7]. SORVL occurs in up to 30% of eyes
with macula-on RRD [7]. However, the majority of
eyes do not have clinical SO retinopathy and the
pathophysiological mechanisms of this phenomenon
are not clear [9].
Electrophysiology has long been evaluated in SOfilled eyes in animal models [8, 17]. However, the
limiting factor is the effect of silicone oil itself on the
measurement of the variables. Assessment may be
difficult to perform and interpret in SO-filled eyes. A
few animal studies have reported early and lasting
reduction in ‘b’ wave amplitudes of ffERG after
vitrectomy and SO injection [8], while others report no
significant decline in ffERG responses in the first
several weeks after SO injection into vitrectomized
animal eyes [13]. Human studies are also limited to the
evaluation of ffERG after long-term tamponade in
vitreoretinal surgeries [14–17]. The ffERG responses
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in such eyes are markedly diminished as compared to
the controls. Some believe it to be due to an insulating
effect of the SO, while others think it to be due to
retinal dysfunction.
The insulating effect of SO can be best understood
with studies evaluating the electrophysiology just
before and after SOR. It has been observed that the
ffERG response increase significantly after SOR and
this puts a question on the possible functional
retinopathy [14–16]. The ffERG measures the mass
potential of the entire retina and may not be representative of the macular changes [19]. MfERG overcomes
this shortcoming of ffERG as it gives a topographic
measure of the electrophysiological activity at the
macula [22]. MfERG gets affected early in the course
of various acquired retinal disorders affecting predominantly the macula and therefore is more sensitive
than ffERG in these disorders [20]. However, the
cellular contributions to the human mfERG are not
very well understood [22, 23].
The present study shows that reliable mfERG trace
arrays could be obtained in the presence of intravitreal
silicone oil. It also demonstrates how the presence of
SO in the vitreous cavity affects the measurement of
mfERG parameters. At baseline, there was a significant decrease in amplitude and delay in implicit time
of mfERG in SO-filled eyes as compared to the normal
fellow eyes. The results are similar to the ffERG
changes reported in the literature [16, 17]. The reduced
amplitude and prolonged implicit time may result
from the RD/endophthalmitis or vitrectomy itself and
not per se due to silicone oil alone.
The amplitude of N1 and P1 waves improved
shortly after SOR and remained stable after that. The
second postoperative visit (at 4 weeks) was chosen to
remove any short-term electrophysiological fluctuations immediately following SOR. The implicit time
did not change significantly after SOR. Intravitreal SO
appears to have an insulating effect on the propagation
of electric potentials. It may interfere with the
measurement of the density of electrical potentials
generated from the retina. But, it may not affect the
synaptic transmission within the retina and therefore
the implicit time is not changed.
Striking results were noted regarding the correlation of the macular status with the mfERG parameters.
We believe that the intravitreal SO may have a
differential interference with the propagation of electric potentials from different layers of the retina. The

contribution to the density of electrical potentials from
the outer retinal layers at the macula may be interfered
more by the intravitreal SO. It may be due to this
reason that the macular-on and macula-off cases did
not differ in terms of N1 and P1 amplitude and latency
at baseline, but macula-on cases had greater amplitudes after SOR. However, this is just a hypothesis and
needs to be studied at length.
The duration of SO tamponade did not have a
significant correlation with any mfERG parameter in
our study. Similarly, Lee et al. [9] did an ultrastructural study with OCT and found that the SO tamponade duration did not have a significant correlation with
the degree of retinal thinning. However, Lou et al. [24]
had previously reported that the duration of SO
endotamponade has a significant effect on the retinal
saturation measured with oximetry. Intravitreal SO for
more than 9 months was found to alter the retinal
saturation and cause narrowing of the retinal arterioles. Perhaps the duration of tamponade was much less
in our study (median 6 months) and the study by Lee
et al. (mean 101 days). Histological studies have also
shown retinal changes to appear only after 6 months to
1 year after SO tamponade [12, 25].
The present study carries useful practical implications. Since the implicit time did not vary with the
presence of intravitreal SO, it may reliably be used as a
marker of retinal function in SO-filled eyes. MfERG
can be performed prospectively in eyes with intravitreal SO to see if any electrophysiological changes
occur with increasing duration of the tamponade.
Although we did not have eyes with SORVL in our
study, mfERG may provide better insights into the
occurrence of this phenomenon. This will improve our
understanding regarding the questionable maculopathy in these eyes. However, certain precautions need to
taken while performing mfERG. The investigation
needs to be performed as per the standard guidelines
[21]. Factors such as pupil diameter and media
opacities affect the stimulus luminance and can
influence the amplitude of electrical activity but not
the implicit time [21].
The study had important limitations. Multiple
variables could have confounded the electrophysiological function such as the indication for surgery
(retinal detachment or endophthalmitis), duration of
macular detachment, duration of SO endotamponade,
amount of SO fill, difference in refractive correction
and retinal illumination before and after SOR and its
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effect on mfERG, duration from vitrectomy to mfERG
and from SOR to repeat mfERG. As the amount of SO
fill increases, the ERG amplitudes become smaller as
shown by Doslak in a model-based study [26]. Since
we excluded the cases with under-fill of SO and the
axial length in affected eyes was nearly similar (mean
23.3 mm with a small SD of 0.86 mm), the fill may
have been same in our study. Full refractive correction
is usually required to negate the effect of optical blur
on mfERG [21]. But, when high, the refractive error
from intravitreal SO may affect the image size and
hence the mfERG results [21]. The retinal illumination
is also different (usually higher for high energy blue
light) in eyes with intravitreal SO [27]. However, there
seems to be no alternative way while comparing data
before and after silicone oil removal to avoid these
factors. Another important limitation was that the
mfERG changes were not correlated with the ultrastructural changes on OCT.
To conclude, this study lays the foundation for
future prospective electrophysiological projects in
SO-filled eyes that may provide better insight into
the possible physiological dysfunction occurring in
these eyes.
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