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Purpose: To determine the physiological status of the retina by electroretinography (ERG) using skin electrodes and the RETeval™
system in eyes that had undergone pars plana vitrectomy (PPV) with silicone oil (SO) tamponade. The vitrectomy was performed for
a retinal detachment and proliferative diabetic retinopathy (PDR).

Design: Retrospective case series.

Methods: ERGs were recorded with the RETeval™ system (LKC Technologies Inc. Gaithersburg, MD; Welch Allyn, Inc. Skaneateles
Falls, NY) from eight eyes with PDR before and after the SO removal. The amplitudes and implicit times of the a- and b-waves of the ERGs
before the SO removal were compared to that after the SO removal.

Results: ERGs were recordable in four eyes before and after the SO removal and the a- and b-amplitudes improved in three eyes and
worsened in one eye after the SO removal. In the remaining four eyes, ERGs were non-recordable both before and after the SO removal.
Conclusion: These results indicate that ERGs picked up by skin electrodes can be used to assess the physiology of the retina in eyes
with a SO tamponade. The flat ERGs in the SO-filled eye indicated the presence of diffuse retinal damage which was confirmed by the
flat ERGs after the SO removal.

Plain Language Summary: There has been an increasing number of reports on evaluating the retinal function using electroretinography
(ERG) with skin electrodes. The main advantage of this system is the ability to record ERGs with a skin electrode that does not touch the
cornea and ocular surface. This reduces the risk of infection especially in the postoperative period and in clinical situations where infection
is suspected. In addition, there have been only a few reports evaluating the function of the retina by ERG in SO-filled eyes.

We recorded ERGs with the RETeval (LKC Technologies Inc. Gaithersburg, MD; Welch Allyn Inc. Skaneateles Falls, NY) device,
a relatively new ERG recording system that uses skin electrodes and is less invasive. We recorded ERGs from eight SO-filled eyes with
proliferative diabetic retinopathy (PDR). In 4 SO filled eyes, the amplitudes increased in three eyes after the SO removal. In the other four eyes,
ERGs were non-recordable before and after the SO removal. These results suggest that the RETeval system that uses skin electrodes can be used
to assess the retinal function in PDR eyes with a SO tamponade. We suggest that the absence of ERGs in the SO filled eyes was not due to the

electrical non-conductive effects of SO but may indicate the presence of diffuse retinal damage which was confirmed after the SO removal.
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Introduction

Silicone oil (SO) has been widely used to tamponade the retina in complicated vitreoretinal disorders such as proliferative
vitreoretinopathy (PVR),' giant retinal tears,' traumatic injuries,™* proliferative diabetic retinopathy (PDR),'* and viral
retinitis.'> SO is an electrically non-conductive compound, and its optical clarity allows clinicians to examine the retina by

ophthalmoscopy and optical coherence tomography in eyes with a SO tamponade.
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Electroretinography (ERG) has been used to determine the physiological status of the retina in eyes with suspected retinal
pathology. However, ERGs are generally not recorded after intraocular surgeries especially in eyes with a filtering bleb,
corneal pathology, and infectious diseases. In addition, ERGs are not recorded from eyes that have the vitreous cavity filled
with air, gas, or SO because the contact lens electrodes that are used to pick up the ERGs can expose the intraocular chambers
to infectious microorganisms.

The RETeval™ system (LKC Technologies Inc., Gaithersburg, MD; Welch Allyn, Inc., Skaneateles Falls, NY) is
a handheld, portable ERG device that uses skin electrodes to pick up the ERGs.® The recordings can be done rapidly, and
the skin electrodes reduce the risk of corneal abrasion and extra- and intraocular infections. It has been reported that
ERGs recorded with the RETeval system under both photopic and scotopic conditions according to ISCEV standards’
were comparable to the ERGs recorded with contact lens electrodes.® In addition, the amplitudes and the implicit times of
the a- and b-waves recorded with skin electrodes were significantly correlated with those components of the ERGs
recorded with corneal contact lens electrodes.® Thus, the RETeval system allows clinicians to assess the physiological
status of the retina quickly and safely soon after intraocular surgery.” !

It has been reported that the ERGs in SO filled eyes after vitrectomy for complicated retinal pathology, such as retinal
detachment and giant retinal tears, were markedly reduced or even absent. Interestingly, an ERG was present after the SO
removal.'?'* These ERGs were recorded using corneal contact lens electrodes or DTL electrodes, and only limited
information is available on studies using skin electrodes in eyes with a SO tamponade.' In addition, there have not been
any reports on eyes with vascular occlusive diseases such as PDR that had a SO tamponade.

Thus, the purpose of this study was to determine the physiological status of the retina in eyes with a SO tamponade
after vitrectomy for PDR. To accomplish this, we recorded ERGs before and after the SO removal, and determined the
correlation of the amplitudes and implicit times of the a- and b-waves before and after the SO removal. The ERGs were
recorded with skin electrodes.

Methods

Subjects
All the participants had undergone pars plana vitrectomy (PPV) with a SO tamponade at the Saitama Medical University
Hospital in Saitama, Japan, from March 20XX to June 20XX+2 (28 months). All the patients had signed a written informed
consent form that included the nature of the disorder and the possible complications of the surgery and ERG recordings. This
was a retrospective study that was conducted in accordance with the tenets of Declaration of Helsinki, and the procedures were
approved by the Ethics Committee of Saitama Medical University, Saitama, Japan (ID number: 18067.01).

Eight eyes of eight patients with PDR with RD that had undergone pars plana vitrectomy (PPV) with purified SO as
a tamponade (SILIKON® 1000, Alcon Japan Ltd, Tokyo, Japan). There were 6 men and 2 women, and the mean + standard
deviation age was 57.6 = 7.5 years. The SO was removed when the retinal reattachment appeared to be stable with no signs of
active vitreoretinal pathology. The medical records were reviewed to determine the vitreoretinal pathology that necessitated
the PPV with a SO tamponade, the ERG findings, and the best-corrected visual acuity (BCVA). In addition, information was
obtained on whether the retina was attached or detached retina before and after the SO removal.

ERG Recordings

ERGs were recorded with the RETeval™ system, and the recording conditions conformed to the standards of the
International Society for Clinical Electrophysiology of Vision (ISCEV).” ERGs were recorded before and after the SO
removal in all eyes. The ERGs were recorded after 20 minutes of dark-adaptation, and the combined rod-cone responses,
DA 3.0, were picked up by a sensor strip skin electrode affixed to the lower eyelid. The strips contained the active,
reference, and ground electrodes. A mini Ganzfeld dome was placed in front of the eye, and a 3.0 cd-s/m? flash without
background illumination was used to elicit the ERGs. The patients were instructed to fixate a point within the dome, and
the fixation was monitored by an infrared camera. The amplitudes and the implicit times of the a- and b-waves of the
ERGs were automatically analyzed by the software embedded in the RETeval ™ system.
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Statistical Analyses

The amplitudes and implicit times before and after the SO removal were compared using Wilcoxon signed rank test. The decimal
BCVA was converted to the logarithm of minimum angle of resolution (logMAR) for the statistical analyses. The visual acuities
of “counting fingers”, “hand movements”, “light perception”, and “no light perception” were assigned values of 2.0, 2.4, 2.7, and
3.0 logMAR units, respectively.'® The significance of the differences in the amplitudes and implicit times before and after the SO
removal was determined by Wilcoxon signed rank tests. A P < 0.05 was taken to be statistically significant.

Results
The demographics and clinical information of the patients are summarized in Table 1. The vitreoretinal pathologies leading to the
vitrectomy with SO tamponade were tractional retinal detachment (RD; n = 7) or combined rhegmatogenous and tractional RD
involving the macula (n = 1, Table 2). The retina remained attached after the SO removal in all eight eyes. The mean duration of
the SO tamponade was 210.5 = 159.3 days. The mean interval between the first surgery and the first ERG recordings was 233.8 +
129.9 days and that between the SO removal surgery and the second ERG recordings was 93.8 + 96.9 days. The interval between
the first surgery and the first ERG recordings was not statistically significantly correlated with the ERG amplitudes (P = 0.7190
for the a-wave and P = 0.7190 for the b-wave). The interval between the SO removal surgery and the second ERG recordings was
not statistically significantly correlated with the ERG amplitudes (p = 0.461 for the a-wave and p = 0.461 for the b-wave).

None of the eyes had a posterior synechia which would have prevented a maximum dilation of the pupils before the SO
removal.

The mean + SD of the BCVA was 1.05 £ 0.59 logMAR units with a range of 0.40 to 2.00 logMAR units before the SO removal,
and it improved to 0.56 + 0.32 logMAR units with a range of 0.22 to 1.22 logMAR units after the SO removal (P = 0.008).

Information on the time of ERG recordings and each ERG parameter of each patient is presented in Table 2. ERGs were
recordable in four eyes (Group 1) and non-recordable in the other 4 eyes (Group 2) before the SO removal. In Group 1, the a-
and b-wave amplitudes improved in three eyes and worsened in one eye after the SO removal. All four eyes in Group 2 still had
a flat ERG after the SO removal. In total, the a-wave amplitude changed before and after the SO removal from —0.8 (=8.5, 0.0)
puV [median (interquartile)] to —3.2 (—11.1, 0.0) uV (P = 0.875), respectively. The b-wave amplitude changed before the SO
removal was 1.4 (0.0, 8.7) uV [median (interquartile)] to 7.8 (0.0, 18.9) uV after the SO removal (P = 0.250), respectively. The
a-wave amplitude before the SO removal was significantly and positively correlated with the amplitude after the SO removal
(rho = 0.8108, P = 0.015; Spearman’s rank correlation coefficient). The b-wave amplitudes before and after the SO removal
were significantly and positively correlated (tho = 0.9730, P <0.0001; Spearman’s rank correlation coefficient). All eyes were
classified into those that had a detectable ERG response (Group 1) and those that had a flat ERG response (Group 2) ERGs
before the SO removal (Table 2). Representative cases of Groups 1 and 2 are shown in Figures 1 and 2, respectively.

Table | Demographics of Patients

Age (Years) 576 £ 75

Sex (F/M) 276

Visual acuity (log MAR units)

Before SOR 1.05 £ 0.59

After SOR 0.56 + 0.32

Duration of SO tamponade (days) | 210.5 + 159.3

Vitreoretinal pathology*

TRD 7

Combined TRD and RRD |

Notes: Data is shown as mean # standard deviation. *All eyes had
proliferative diabetic retinopathy. *RD involved macula in all eyes.
Abbreviations: F, female; M, male; SOR, silicone oil removal; log
MAR, logarithm of the minimum angle of resolution; TRD, tractional
retinal detachment; RRD, rhegmatogeneous retinal detachment.
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Table 2 The Visual Acuity and Electroretinographic Parameters Before and After Silicone Oil Removal

Case Visual Acuity ERG Parameter
Amplitude (uV) Implicit Time (msec)
Before SOR After SOR Before SOR After SOR Before SOR After SOR
Decimal VA logMAR Decimal VA logMAR a Wave b Wave a Wave b Wave a Wave b Wave a Wave b Wave

| 0.1 1.00 0.4 0.40 =77 8.2 -10.9 18.7 12.1 40.1 19.7 64.9
2 0.2 0.70 0.3 0.52 -1.6 2.7 -11.8 15.6 243 60.9 20.5 51.5
3 0.01 2.00 0.06 1.22 0 0 0 0 n.a. n.a. n.a. n.a.
4 0.4 0.40 0.6 0.22 —-18.6 19.8 —6.4 19.6 19.6 50.3 16.5 59.2
5 0.09 1.05 0.15 0.82 0 0 0 0 na. n.a. n.a. n.a.
6 0.0l 2.00 0.2 0.70 0 0 0 0 n.a. n.a. n.a. n.a.
7 0.2 0.70 0.4 0.40 0 0 0 0 n.a. n.a. n.a. n.a.
8 0.3 0.52 0.6 0.22 -10.8 10 -17.8 28.9 229 51.5 20.1 62
Average* 0.09 1.05 0.273 0.56 —4.84 5.09 —5.86 10.35 19.73 50.70 19.20 59.40
Standard deviation 0.587 0.318 6.493 6.704 6.528 10.93 4.721 7.369 1.584 4.986

Notes: *Geometric mean is shown as an average for decimal VA.

Abbreviations: SOR, silicone oil removal; n.a., not applicable; VA, visual acuity; log MAR, logarithm of minimal angular resolution.
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Figure | Findings in a 53-year-old woman who had ERG responses in her silicone (SO) filled eye. (A) Fundus photograph of the left eye after the SO removal. (B) Optical
coherence tomographic (OCT) image of the left eye after the SO removal. (C) Combined rod-cone response before SO removal. (D) Combined rod-cone response after
SO removal. The decimal visual acuity improved from 0.3 to 0.6 (from 0.52 to 0.22 logarithm of the minimum angle of resolution; logMAR units) after the SO removal.
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Figure 2 Representative ERGs of a 49-year-old man whose ERG was flat in the SO filled eye. (A) Fundus photograph of the right eye after the SO removal. (B) OCT image
of the right eye after the SO removal. (C) Combined rod-cone responses before the SO removal. (D) Combined rod-cone responses after the SO removal. The decimal
visual acuity improved from 0.2 to 0.4 (from 0.70 to 0.40 logarithm of the minimum angle of resolution; logMAR units) after the SO removal.
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Discussion

Our results showed that the amplitudes of the ERGs recorded in a SO-filled eye were significantly and positively
correlated with the amplitudes after the SO removal. These findings suggested that the amplitudes of the ERGs in a SO-
filled eye can be used to predict the amplitudes of the ERGs after the SO is removed. This is clinically important because
the physiological status of the entire retina can be assessed objectively using the ERGs even in a SO-filled eye.

In a previous laboratory study, bilateral PPV was performed followed by an injection of SO into the vitreous cavity of one
eye of rabbits. The a- and b-wave amplitudes of the ERGs of both eyes were reduced during the early postoperative period."”
With time, there was a recovery of the amplitudes to the baseline values in both eyes.'” These findings indicated that the SO
was not toxic to the retina, although in clinical studies it has been reported that the ERGs were reduced or flat in SO-filled
eyes.'® 121820 According to the results of previous studies, one possible explanation for the reduction is that the SO was
toxic.'®?!*? Some authors stated that the absence of ERGs in the SO filled eyes was attributed to the electrical non-conductive
property of SO.'***** We used skin electrodes to record the ERGs in PDR eyes with SO tamponade. In three of four eyes
where sizable response was recorded, the amplitudes increased after the SO removal. In the four eyes where no response was
recorded before the SO removal had no response after the SO removal. We suggest that the absence of an ERG response before
the SO removal was mainly due to a severely damaged retina by the PDR and surgery, although there was an insulation effect
of the SO. Flat ERGs after the SO removal strongly suggest retinal damage. These findings are consistent with previous studies
in which ERG recordings were made using contact lens electrodes in diseased eyes without vascular occlusion.'*'*

Studies on the non-conducting effects of SO were performed on a theoretical model, and the results showed that the ERGs
did not decrease until at least 50% of the vitreous were replaced by SO.'” When more SO was injected into the vitreous cavity,
the ERG responses were reduced. If the replacement was large and the thickness of the remaining vitreous layer was reduced to
0.24-mm, the ERGs could not be detected even if the retina was functioning.'® In our patients, it was possible to record ERGs
even in the presence of a large amount of SO was present which is in agreement line with previous studies.*'*** Frumar et al*®
explained this by stating that a small but significant conducting path was present between the retinal surface and the cornea
which allowed the electrical signals from the retinal neurons to pass to the pick-up electrodes. They assumed that the path is
a thin film of fluid between the retina and the tamponading SO bubble. Our results agree with their findings in that ERGs can
be recorded even from SO-filled eyes.

When recording ERGs with the RETeval™, the skin electrodes are placed 2 mm below the lower margin of the eyelid.
Therefore, the skin electrode is placed close to the aqueous humor when the patient is seated during recordings. In contrast,
contact lens electrodes are placed relatively far from the conducting fluid and close to the SO further isolating the ERG signals.

Chen et al conducted a head-to-head comparison of the skin electrodes used for RETeval and regular ERG-jet corneal
contact lens electrodes and LKC.® They concluded that ERG waveforms recorded with skin electrodes were comparable
to the contact lens electrode ERG waveforms. They further stated on a quantitative level that their analysis showed that
skin electrode-based ERG implicit times were nearly identical, and amplitudes were approximately 1/3 of those obtained
with traditional corneal electrodes during simultaneous recordings. Therefore, we believe that the non-recordable ERG in
Group 2 was less likely to be due to the SO non-conduction and more likely to reflect severe retinal damage.

Our study has several limitations. First, this was a retrospective study with its inherent drawbacks. Second, the sample size
was small, and statistical analysis on the relationship between the ERG parameters before and after SO removal could not be
done. Thus, it will be necessary to verify these findings in a larger number of patients to determine whether the response
always remains flat after SO removal when the eyes showed no response before SO removal. Third, no information was
obtained about ERG data recorded with conventional contact lens electrode. It would be interesting to compare the ERG
responses between skin electrode and corneal contact lens electrodes. Fourth, the amplitudes of the full-field ERGs are not
always significantly correlated with the visual acuity. Therefore, a study on the relationship between the ERGs and visual field
may be more relevant to determine if the ERGs before the SO is removed can predict the visual fields after the SO is removed.

In conclusion, the removal of SO can increase the amplitudes of the ERGs when a response is present in SO-filled
eyes with PDR. The absence of the ERGs in the SO filled eyes may be due to the electrical non-conductive effects of SO.
We conclude that ERG recordings with skin electrodes will allow a functional evaluation of SO-filled eye.
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Patient Consent
Written consent for surgery and ERG recordings has been obtained. This report does not contain any personal identifying
information.
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