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The purpose of the study is to assess the retinal sensitivity, using microperimetry, before and after silicone removal. It included
22 patients admitted for silicone removal after vitrectomy for macula-off retinal detachment. Patients were divided into 2
groups according to the duration of silicone tamponade: Group A: <3 months (included 10 patients), and Group B: 3-6 months
(included 12 patients). Retinal sensitivity was tested, using microperimetry, one day before and one month after silicone
removal. The best-corrected visual acuity (in LogMAR) significantly improved postoperatively (0.69 versus 1.06 and 0.69 versus
1.07 in Groups A and B, respectively). The mean intraocular pressure (IOP) was 12.89 + 1.05 mmHg postoperatively versus
14.89+ 1.76 mmHg preoperatively in Group A (p=0.011) and was 13.33+1.30mmHg postoperatively versus
15.33 + 3.11 mmHg preoperatively in Group B (p = 0.008). In Group A, the mean postoperative overall retinal sensitivity was
8.70£2.56 dB versus 5.68+2.00dB preoperatively (p = 0.008). In Group B, it was 9.83+3.36dB versus 7.00+2.55dB
(p = 0.002). No statistically significant difference was found between the two groups as regards improvement in overall retinal
sensitivity. We concluded that the overall retinal sensitivity significantly increased following silicone removal in both groups.

This trial is registered with ISRCTN43187564.

1. Introduction

Silicone oil is a widely used tamponading agent in vitre-
oretinal surgery, especially in cases of complicated retinal
detachment [1]. However, it is often associated with com-
plications such as cataracts, glaucoma, and corneal de-
compensation [2, 3]. Moreover, silicone oil is potentially
retinotoxic [4, 5].

Visual loss associated with silicone use has been reported
either during the period of tamponade or suddenly at the
time of its removal [4, 6, 7]. Since the visual loss is often
unexplained, it may be attributed to the possible toxic effect
of silicone on the retina [4].

Microperimetry is a field test that allows simultaneous
fundus visualization, thus allowing correlation between
functional defects and underlying morphological changes
[8]. It has been used to detect the retinal toxicity in many
conditions such as in hydroxychloroquine therapy [9].

The aim of this work is investigating the effect of silicone
oil on the retina through assessment of retinal sensitivity,
using microperimetry, before and after silicone removal. As
a secondary outcome, the change in overall retinal sensitivity
will be correlated with change in the best-corrected visual
acuity (BCVA).

2. Materials and Methods

This prospective comparative study took place between
November 2016 and May 2017 and included 22 eyes of 22
patients admitted in the Department of Ophthalmology,
Cairo University, for silicone oil removal. It was approved
by our ophthalmology department, and a written in-
formed consent was obtained from all patients before
enrollment.

All patients underwent 23-guage pars plana vitrectomy
with silicone oil (BIOSIL silicone oil 5000 centistokes by
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OMNIA Fluid, Italy) injection for rhegmatogenous macula-
off retinal detachment.

Patients undergoing vitrectomies for proliferative di-
abetic retinopathy, recurrent retinal detachments, or mac-
ular holes, were excluded from the study. Patients with
chorioretinal degenerations involving the macula and those
who developed complications in the form of visually sig-
nificant cataract, secondary glaucoma with intraocular
pressure (IOP) exceeding 26 mmHg, silicone oil emulsifi-
cation, recurrent detachment, or hypotony following oil
removal were also excluded.

The preoperative data including age, gender, and
medical history were recorded for all patients. Three days
before and one month after silicone oil removal, all patients
underwent full ophthalmological examination in the form
of measurement of BCVA using Snellen charts and then
converted into logMAR for statistical analysis, IOP mea-
surement using Goldmann applanation tonometry, slit-
lamp examination, and dilated fundus examination. Pa-
tients were divided into 2 groups according to the duration
of silicone tamponade: Group A: silicone tamponade less
than 3 months, and Group B: silicone tamponade from
3-6 months.

2.1. Surgery Technique. The two-port (infusion-extraction)
technique was adopted for silicone oil removal, and two
standard sclerotomies were made over the temporal pars
plana. One was fitted with a standard infusion line con-
nected to the bottle containing BSS, and silicone oil was
extracted through the second sclerotomy using a 20-gauge
silicone injection/aspiration cannula.

The retinal sensitivity was evaluated by microperimetry
using the OPTOS Spectral OCT/SLO (scanning laser oph-
thalmoscope) Combination Imaging system (OPTOS, Inc.,
FL, USA).

2.2. Microperimetry Technique. The microperimetry ex-
amination was performed after explanation of the tech-
nique to all patients. To exclude the learning effect, patients
were examined 2days before silicone oil removal and
results of the first test were discarded. The second mea-
surement was performed on the next day, and the
third measurement one month after silicone oil removal.
The patients were examined in a dark room for 15 minutes
with occlusion of the nontested eye. They were asked
to maintain fixation on a central target. A customized
pattern centered on the central 11° was used, after auto-
correction of patient’s refractive error by the machine,
with the following features: Goldmann III stimulus size,
200 millisecond stimulus duration, a 1,500 millisecond
interval between stimuli, and a 4-2 strategy on a 1.27 cd/m?
background.

The retinal sensitivity was tested at 28 points: 4 stimuli at
2.3°, 12 stimuli at 6.6°, and 12 stimuli at 11°. The stimulus
level ranged between 0dB and 20dB. The total retinal
sensitivity and sensitivity of each layer (inner, middle, and
outer) were assessed.
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2.3. Statistical Analysis. Data were coded and entered using
the statistical package for the Social Sciences SPSS (IBM,
Armonk, NY) version 24. Data were summarized using
mean, standard deviation, median, and minimum and
maximum in quantitative data and using frequency (count)
and relative frequency (percentage) for categorical data.
Comparisons between quantitative variables were done
using the nonparametric Mann-Whitney test. For com-
parison of serial measurements within each patient the
nonparametric Wilcoxon signed-rank test was used. For
comparing categorical data, the chi-squared (x°) test was
performed. The exact test was used instead when the ex-
pected frequency is less than 5. p values less than 0.05 were
considered as statistically significant.

3. Results

Twenty-two eyes of 22 patients that fulfilled the inclusion
criteria were identified.

3.1. Epidemiology and Clinical Data. The mean age of the
patients in Group A was 36.7 +10.9 years (range: 19-49),
while in Group B, it was 39.4 + 8.8 years (range: 25-52).

Group A included 3 females and 7 males (10 patients).
Group B included 3 females and 9 males (12 patients). As
regards the lens status, Group A had 3 phakic patients and 7
pseudophakic patients, while in Group B, all patients were
pseudophakic.

The BCVA significantly improved postoperatively in
both groups. In Group A, BCVA (logMAR) was 0.69 versus
1.06 (p = 0.007). Also, it was 0.69 versus 1.07 (p = 0.002) in
Group B.

The IOP was significantly reduced postoperatively. The
mean IOP was 12.89 +1.05mmHg postoperatively versus
14.89 + 1.76 mmHg preoperatively in Group A (p = 0.011).
In Group B, it was 13.33+1.30mmHg postoperatively
versus 15.33 + 3.11 mmHg preoperatively (p = 0.008).

3.2. Microperimetry Data. The total retinal sensitivity
values were significantly increased postoperatively in both
groups. In Group A, the mean postoperative total retinal
sensitivity was 8.70+2.56 dB versus 5.68+2.00dB pre-
operatively (p =0.008). Similarly, in Group B, it was
(9.83+3.36dB) postoperatively versus (7.00+2.55dB)
preoperatively (p = 0.002).

The retinal sensitivity at the inner, middle, and outer
rings was significantly improved postoperatively when
compared to the preoperative values for both groups. This is
shown in Tables 1 and 2.

When comparing the preoperative and the postoperative
micro-perimetric values between the two groups, there was
no statistically significant difference found between the two
groups as regards the improvement in the average total
retinal sensitivity, as well as the sensitivity in the inner,
middle, and outer rings. This is shown in Table 3.

Improvement in the postoperative BCVA was positively
correlated with improvement in postoperative total retinal
sensitivity (r=0.060). This correlation did not reach the
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TaBLE 1: The preoperative and postoperative values of the inner,
middle, and outer rings of the retinal sensitivity at microperimetry
in Group A.

Mean SD p value
Pre-inner RS (dB) 4.63 1.76 0.012
Post-inner RS (dB) 6.97 2.25
Pre-middle RS (dB) 4.80 2.33 0.008
Post-middle RS (dB) 7.57 2.67
Pre-outer RS (dB) 6.30 2.34 0.008
Post-outer RS (dB) 8.94 2.72

SD: standard deviation; RS: retinal sensitivity.

TaBLE 2: The preoperative and postoperative values of the inner,
middle, and outer rings of the retinal sensitivity at microperimetry
in Group B.

Mean SD p value
Pre-inner RS (dB) 6.85 3.81 0.005
Post-inner RS (dB) 9.60 3.14
Pre-middle RS (dB) 6.65 2.81 0.003
Post-middle RS (dB) 8.95 3.42
Pre-outer RS (dB) 7.69 2.46 0.002
Post-outer RS (dB) 10.39 3.48

SD: standard deviation; RS: retinal sensitivity.

TaBLE 3: The values of improvement in the average total retinal
sensitivity as well as sensitivity in the inner, middle, and outer rings
in Group A and Group B.

Mean in  Mean in
Group A Group B P value
(dB) (dB)
Improvement in the total RS 3.02 2.83 0.569
Improvement in the inner RS 2.33 2.75 0.972
Improvement in the middle RS 2.77 2.30 0.499
Improvement in the outer RS 2.64 2.70 0.803

RS: retinal sensitivity.

statistical significance value (p = 0.796). However, one of the
limitations of our study was the small number of patients in
each group in order to yield a statistically significant result.

4. Discussion

Use of silicone oil (SO) tamponade, although a common
practice, may have a deleterious effect on retinal function.

In this study, we investigated the effect of silicone oil on
the retina by using microperimetry to assess retinal sensi-
tivity, before and after its removal. It was found that the
overall retinal sensitivity, as well as the sensitivity at inner,
middle, and outer rings, increased significantly following
silicone oil removal in both groups. Thus, the retinal sen-
sitivity improved after silicone oil removal.

However, the duration of the tamponade was not found
to significantly affect the retinal sensitivity. There was no
statistical significance between the 2 groups as regards the
improvement in the overall retinal sensitivity or the sensi-
tivity in the three rings unlike Scheerlinck et al., where the
duration of SO tamponade was the only statistically

significant factor related to the incidence of unexplained
visual loss (p = 0.001) [10]. On the contrary, no correlation
was revealed between retinal thinning and duration of sil-
icone tamponade in the study carried out by Lee and col-
leagues [11].

Improvement in the postoperative BCVA, in our study,
was positively but not significantly correlated with im-
provement in postoperative total retinal sensitivity (p =
0.796). In another study comparing the use of silicone oil
versus gas tamponade in retinal detachment, the retinal
sensitivity on microperimetry did not correlate well with
BCVA within individual patients. This was attributed to the
varied effect of intraocular SO on retinal functions (resolving
spatial patterns for acuity and sensitivity in microperimetry)
[12].

The improvement of retinal sensitivity following sili-
cone oil removal remains unexplained. Complications of
silicone oil include cataracts, silicone emulsification, and
secondary glaucoma, which can negatively affect vision and
retinal sensitivity, but could improve after silicone oil
removal. However, in our study, we strictly excluded these
patients.

Although we excluded patients with secondary glaucoma
and the mean preoperative IOP in our study was within
normal range, we reported significant decrease in IOP
postoperatively. It is known that increased IOP may cause
mechanical stress to the fovea, leading to loss of outer
nuclear layer cell bodies [13]. Thus, this decrease in IOP
(even though it remained within the normal range) could be
a possible explanation for improvement in retinal sensitivity.
More recently, a study on macula-on retinal detachment
found that increased IOP during SO endotamponade was
the most important risk factor for visual loss [14].

Several hypotheses have been proposed to explain the
pathophysiology of the potential toxic effects of silicone. The
dissolution of lipophilic macular pigments in silicone oil
may render the macula more susceptible to phototoxicity
[4, 15-17]. Another theory is the loss of the buffering ca-
pacity of vitreous, leading to impaired homeostasis and po-
tassium accumulating in the retina with silicone tamponade.
This may cause degeneration of Miiller cells [18]. Moreover,
the retro-oil fluid contains elevated levels of cytokines, which
may affect retinal function by inducing apoptosis and neu-
ronal degeneration, resulting in retinal thinning [19].

However, it is not well known which of these hypotheses
could be reversible, explaining the significant improvement
in retinal sensitivity that occurred after silicone oil removal
in our study. An earlier study, which reported improvement
in the visual function after silicone oil removal, attributed it,
in part, due to continued improvement in the retinal
function following successful retinal reattachment [20].

Several case reports and series have reported unexpected
visual loss in patients with macula-on retinal detachment
after vitrectomy and silicone oil injection. This could happen
either during silicone oil tamponade [4, 21, 22] or at time of
silicone removal [6, 7, 21, 23, 24]. This did not occur in our
study and on the contrary vision improved in both groups.

Our study differed from the aforementioned case series,
especially with regard to the study design and included



patients. Most of them were retrospective in nature, and
their cases were macula-on rhegmatogenous retinal de-
tachment (RRD). Our study was prospective and all pa-
tients had detached maculae prior to vitrectomy. Moreover,
the visual loss described in these series was found to be
permanent in most patients, while visual acuity and retinal
sensitivity in our study improved in all cases. Electro-
physiological studies in these patients did not show con-
sistent changes; however, some evidence of damage to
ganglion and bipolar cells in macular area was found
[4, 7, 10]. Based on these findings, macular dysfunction is
proposed as the most likely cause of silicone oil related
visual loss.

In 2018, Scheerlinck et al. proposed that cases with
silicone oil related visual loss and macula-off RRD may go
unnoticed because their poor vision is already explained by a
detached macula. However, against their theory, they did not
find any differences in retinal sensitivity between macula-on
and macula-oft RRD in their study [12].

However, Scheerlinck and colleagues tested retinal
sensitivity, using microperimetry, in 10 out of 20 patients
who experienced unexplained visual loss following vitrec-
tomy and silicone oil injection for macula-on detachment
(but not preoperatively). A severely reduced central sensi-
tivity on microperimetry was detected in these patients. This
central scotoma differed in patients of retinal detachment
with macular involvement, whose retinal sensitivity was
reduced at all stimuli, as detected in our patients [10], as
shown in Figures 1(a) and 1(b).

Macular dysfunction after the use of silicone oil, in
patients with unexplained visual loss after vitrectomy for
macula-on detachment, has been supported by changes on
optical coherence tomography (OCT). Patients showed
microcystic edema in the inner nuclear layer and thinning
of inner retinal layers [10, 21, 23]. In contrast, a more recent
study demonstrated that silicone oil caused significant
thinning of each retinal layer, not only the inner retinal
layers [11].

Likewise, patients with detached maculae showed central
foveal atrophy or thickening after pars planavitrectomy and
silicone oil injection [25, 26]. Unfortunately, we have not
included OCT in our study, which would have allowed the
correlation between functional and structural evaluation of
macula.

The main strength of this study is that it is the first to use
microperimetry to compare retinal sensitivity in the same
patients prior to and after silicone oil removal. Since all
secondary complications were excluded, we can conclude
that the improvement was most likely related to the removal
of the silicone oil. However, one of the limitations of our
study was the small number of patients in each group in
order to yield a statistically significant result.

5. Conclusion

In conclusion, with the use of microperimetry, we noticed
significant improvement of retinal sensitivity following
silicone oil removal. However, the pathogenesis of silicone
oil toxicity remains unclear.
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FIGURE 1: (a, b) Microperimetry polar 3-12° test (patient No. 5, left
eye) superimposed on scanning laser ophthalmoscope infrared
image. The test points were arranged within the macula showing
the sensitivity values in 3 concentric circles centered on the fovea
(a) with a preoperative mean retinal sensitivity of (4 dB) and (b)
with a postoperative mean retinal sensitivity of (9.6 dB).

Larger prospective studies are required for better un-
derstanding the potential toxic effect of silicone oil on the
retina and determining the proper timing of silicone oil
removal. Longer postoperative follow-up may allow us to
determine the degree of recovery from silicone oil toxicity.
These studies should combine both functional and structural
evaluation of macula. Microperimetry will remain a valuable
diagnostic tool in such studies.

Data Availability

All the data used and/or analysed during the current study
are available and can be presented by the corresponding
author upon a reasonable request.

Disclosure

This article has been presented in the Euretina Congress
2017 in Barcelona as an abstract.

Conflicts of Interest

The authors declare that they have no conflicts of interest
regarding the publication of this article.



Journal of Ophthalmology 5

aceite de silicona tras su utilizacion como sustitutivo vvtreo,”
Archivos de la Sociedad Espafiola de Oftalmologia, vol. 81,
[1] P. A. Cibis, B. Becker, E. Okun, and S. Canaan, “The use of no. 1, pp. 13-19, 2006.
liquid silicone in retinal detachment surgery,” Archives of [17] P. D. Williams, C. G. Fuller, I. U. Scott, D. G. Fuller, and
Ophthalmology, vol. 68, no. 5, pp. 590-599, 1962. H. W. Flynn, “Vision loss associated with the use and removal
[2] J. H. Yeo, B. M. Glaser, and R. G. Michels, “Silicone oil in the of intraocular silicone oil,” Clinical Ophthalmology, vol. 2,
treatment of complicated retinal detachments,” Ophthal- no. 4, pp. 955-959, 2008.
mology, vol. 94, no. 9, pp. 1109-1113, 1987. [18] M. Winter, W. Eberhardt, C. Scholz, and A. Reichenbach,
[3] G. Lesnoni, T. Rossi, A. Nistri, and B. Boccassini, “Long-term “Failure of potassium siphoning by Muller cells: a new hy-

References

prognosis after removal of silicone oil,” European Journal of
Ophthalmology, vol. 10, no. 1, pp. 60-65, 2000.

E. N. Herbert, M. Habib, D. Steel, and T. H. Williamson,
“Central scotoma associated with intraocular silicone oil
tamponade develops before oil removal,” Graefe’s Archive for
Clinical and Experimental Ophthalmology, vol. 244, no. 2,
pp. 248-252, 2006.

F. Jiang, M. Krause, K. W. Ruprecht, and K. Hille, “Risk
factors for anatomical success and visual outcome in patients
undergoing silicone oil removal,” European Journal of Oph-
thalmology, vol. 12, no. 4, pp. 293-298, 2002.

R. S. B. Newsom, R. Johnston, P. M. Sullivan, G. B. Aylward,
G. E. Holder, and Z. ]. Gregor, “Sudden visual loss after
removal of silicone oil,” Retina, vol. 24, no. 6, pp. 871-877,
2004.

S. Cazabon, I. A. Pearce, and D. Wong, “Visual loss following
removal of intraocular silicone oil,” British Journal of Oph-
thalmology, vol. 89, no. 7, pp. 799-802, 2005.

K. Rohrschneider, S. Biiltmann, and C. Springer, “Use of
fundus perimetry (microperimetry) to quantify macular
sensitivity,” Progress in Retinal and Eye Research, vol. 27,
no. 5, pp. 536-548, 2008.

M. L. Costa, M. Ibanez, C. Bello et al., “Use of microperimetry
to evaluate hydroxychloroquine and chloroquine retinal
toxicity,” Canadian Journal of Ophthalmology, vol. 48, no. 5,
pp. 400-405, 2013.

L. M. Scheerlinck, P. A. Schellekens, A. T. Liem, D. Steijns,
and R. van Leeuwen, “Incidence, risk factors, and clinical
characteristics of unexplained visual loss after intraocular
silicone oil for macula-on retinal detachment,” Retina, vol. 36,
no. 2, pp. 342-350, 2016.

S. H. Lee, J. W. Han, S. H. Byeon et al., “Retinal layer seg-
mentation after silicone oil or gas tamponade for macula-on
retinal detachmentusing optical coherence tomography,”
Retina, vol. 38, no. 2, pp. 310-319, 2018.

L. Scheerlinck, P. Schellekens, A. Liem, D. Steijns, and
R. Van Leeuwen, “Retinal sensitivity following intraocular
silicone oil and gas tamponade for rhegmatogenous retinal
detachment,” Acta Opthalmologica, vol. 96, no. 6, pp. 641-647,
2018.

I. Dooley, M. Treacy, M. O’Rourke, I. Khaild, and
D. Kilmartin, “Serial spectral domain ocular coherence to-
mography measurement of outer nuclear layer thickness in
rhegmatogenous retinal detachment repair,” Current Eye
Research, vol. 40, no. 10, pp. 1073-1076, 2015.

M. Marti, R. Walton, C. Boni, S. Zweifel, M. Stahel, and
D. Barthelmes, “Increased intraocular pressure is a risk factor
for unexplained visual loss during silicone oil endotampo-
nade,” Retina, vol. 37, no. 12, pp. 2334-2340, 2017.

M. FE. Refojo, F.-L. Leong, H. Chung, N. Ueno, B. Nemiroft,
and F. I. Tolentino, “Extraction of retinol and cholesterol by
intraocular silicone oils,” Ophthalmology, vol. 95, no. 5,
pp. 614-618, 1988.

[16] J. C. Pastor, M. J. Del Nozal, P. Marinero, and O. Diez,

“Concentraciones de colesterol, alfa -tocoferol y retinoides en

pothesis of perfluorocarbon liquid-induced retinopathy,”
Investigative Ophthalmology & Visual Science, vol. 41, no. 1,
pp. 256-261, 2000.

R. H. Y. Asaria, C. H. Kon, and C. Bunce, “Silicone oil
concentrates fibrogenic growth factors in the retro-oil fluid,”
British Journal of Ophthalmology, vol. 88, no. 11, pp. 1439-
1442, 2004.

W. A. Franks and P. K. Leaver, “Removal of silicone
oil—rewards and penalties,” Eye, vol. 5, no. 3, pp. 333-337,
1991.

Z. Shalchi, O. A. Mahroo, M. Shunmugam, M. Mohamed,
P. M. Sullivan, and T. H. Williamson, “Spectral domain
optical coherence tomography findings in long-term silicone
oil-related visual loss,” Retina, vol. 35, no. 3, pp. 555-563,
2015.

J. Tode, K. Purtskhvanidze, T. Oppermann, J. Hillenkamp,
F. Treumer, and J. Roider, “Vision loss under silicone oil
tamponade,” Graefe’s Archive for Clinical and Experimental
Ophthalmology, vol. 254, no. 8, pp. 1465-1471, 2016.

U. C. Christensen and M. la Cour, “Visual loss after use of
intraocular silicone oil associated with thinning of inner
retinal layers,” Acta Ophthalmologica, vol. 90, no. 8,
pp. 733-737, 2012.

A. Toso, E. Cappello, and S. Morselli, “Unexpected and
permanent central visual loss after removal of intraocular
silicone oil,” Clinical Ophthalmology, vol. 8, pp. 1831-1836,
2014.

T. Avitabile, V. Bonfiglio, M. Sanfilippo, B. Torrisi, and
A. Reibaldi, “Correlation of optical coherence tomography
pattern and visual recovery after vitrectomy with silicone oil
for retinal detachment,” Retina, vol. 26, no. 8, pp. 917-921,
2006.

U. Christensen, B. Sander, and J. Villumsen, “Retinal thick-
ening after successful surgery for macula-off retinal de-
tachment,” Current Eye Research, vol. 32, no. 1, pp. 65-69,
2007.



