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Purpose: Silicone oil intraocular retinal tamponade is a useful adjunct to pars plana vitrect-
omy (PPV) in the treatment of complex vitreoretinal conditions. Siluron2000, a modified 
silicone oil product containing an additional small, high molecular weight and low viscosity, 
very-long-chain silicone molecule, was developed to reduce post-operative silicone oil emul-
sification, a non-infrequent complication that occurs with low molecular weight silicone oil. 
This study was designed to assess the safety and efficacy of long-term Siluron2000.
Patients and Methods: This was a single-center, retrospective, observational study. All 
consecutive patients undergoing PPV with intravitreal Siluron2000 injection between 
January 2017 and September 2019 with at least 6-month follow-up were identified based 
on billing codes.
Results: A total of 57 eyes of 57 consecutive patients comprising 51 cases of proliferative 
vitreoretinopathy and 6 cases of recurrent full thickness macular hole were included. Median 
follow-up was 18 months. Emulsification occurred in 9 patients (15%). Retinal re-attachment 
was achieved in 47 patients (82%). The median time without silicone oil emulsification was 
17 months. Of the cases with residual retinal detachment (RD) despite intravitreal 
Siluron2000, 4 (7%) were total RDs and 6 (10%) were inferior RDs with attached macula. 
The most common complications were glaucoma 12 (21%), cataract 11 (19%), and epiretinal 
membrane 2 (3.5%). There was no association between the duration of Siluron2000 and 
visual outcomes.
Conclusion: Siluron2000 is an effective long-term tamponade agent in the treatment of 
complex vitreoretinopathy. Visual and anatomical outcomes are similar to those reported 
with higher mw silicone oil tamponade agents but with a lower emulsification rate.
Keywords: emulsification, proliferative vitreoretinopathy, silicone oil, tamponade, 
vitreoretinal surgery, long-term oil

Introduction
Silicone oil is commonly used as a vitreous substitute to provide retinal tamponade 
in the short- and long-term management of recurrent rhegmatogenous retinal 
detachments (RD) associated with giant retinal tears (GRT), viral retinitis, prolif-
erative vitreoretinopathy (PVR), proliferative diabetic retinopathy (PDR) with 
tractional RD (TRD), chronic macular hole, and vitreoretinopathy secondary to 
trauma. It is also used as a primary retinal tamponade agent in patients who must 

Correspondence: Mark S Mandelcorn  
Tel +1 416 603 5885  
Fax +1 416 603 5834  
Email mark.mandelcorn@utoronto.ca

Clinical Ophthalmology 2021:15 4373–4379                                                                  4373
© 2021 Arjmand et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Ophthalmology                                                                        Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 8 September 2021
Accepted: 15 October 2021
Published: 2 November 2021

C
lin

ic
al

 O
ph

th
al

m
ol

og
y 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0002-0927-3086
mailto:mark.mandelcorn@utoronto.ca
http://www.dovepress.com/permissions.php
https://www.dovepress.com


return home by air travel shortly after surgery or are 
unable to comply with the positioning requirements of 
intraocular gas tamponade.1–3

A major barrier to long-term use of silicone oil is 
emulsification. Defined as the presence of small, non- 
coalescent oil bubbles in the vitreous cavity that also 
migrate into the anterior segment, emulsification may 
result in secondary open-angle glaucoma, hyperoleon for-
mation, persistent inflammation, and band keratopathy that 
may continue to worsen even after removal of oil. Silicone 
oil emulsification may also mediate a pro-inflammatory 
milieu resulting in the recurrence of PVR, pre- and sub- 
retinal scarring, and possible retinal toxicity.1,2,4,5

Traditionally, silicone oils with a higher molecular 
weight (mw) and viscosity were believed to result in less 
emulsification. Thus, the use of these oils, such as Silicone 
Oil 5000 centistoke (cSt), was favored for long-term or 
indefinite retinal tamponade. However, with the advent of 
minimally invasive vitrectomy surgery (MIVS), the use of 
higher viscosity oils has somewhat fallen out of favor due 
to the significantly higher injection and removal time 
required.4–6 As well, there is a paucity of evidence to 
indicate a clinically significant difference in emulsification 
rates, for example, between 5000 cs and 1000 cs silicone 
oil.4–7

To address these issues, a derivative of traditional 
silicone oil was manufactured in which a small amount 
of a very-long-chain silicone molecule was added to create 
what is commercially known as Siluron2000 (Labtician 
Ophthalmics, Oakville, Ontario, Canada). This product is 
purported to behave like a higher viscosity silicone pro-
duct with less tendency to emulsify than other silicone oils 
with a similar viscosity due to its higher extensional visc-
osity. To-date, there are only a handful of publications 
reporting real-life data with the use of Siluron2000 for 
either short- or long-term internal retinal tamponade.7 

The purpose of this study is to assess the long-term safety 
and efficacy of Siluron2000 in patients undergoing poster-
ior segment surgical treatment of complex 
vitreoretinopathy.

Materials and Methods
Institutional Ethics Review Board approval was obtained for 
this retrospective observational review at Toronto Western 
Hospital, University Health Network, Toronto, Ontario. As 
per requirement from the Research Ethics Board at our institu-
tion, patient consent was not required due to the retrospective 

nature of the study. The study was compliant with confidenti-
ality and compliance with the Declaration of Helsinki.

The charts of all consecutive patients who underwent 
23-gauge pars plana vitrectomy (PPV) with intravitreal 
Siluron2000 between January 2017 and September 2019 
were reviewed. Charts were identified based on the 
Ontario Health Insurance Plan (OHIP) billing code E148 
(PPV), E142 (membrane stripping/peeling) and/or E151 
(laser retinopexy). Patients were only included if 
Siluron2000 was used as part of PPV based on the opera-
tive record. Patients were excluded if they had less than 6 
months of follow-up, or if the study eye had undergone 
prior PPV with the use of other types of oil. All surgical 
cases and follow-up visits were performed by a single 
vitreoretinal surgeon (MSM). Evidence of emulsification 
for all surgical patients was documented at each visit (ie 
post-operative day 1, week 1, week 4, and then every 4–6 
weeks for up to 6–12 months post-operatively as part of 
standard of care) by one examiner (primary surgeon) as the 
presence of oil bubbles in anterior chamber, clinically 
detectable bubbles on posterior capsule surface, or on the 
edges of the main bubble in the vitreous cavity.

Surgical Technique
PPV was performed using a standard 3-port 23-gauge sys-
tem using a combination of macular contact lens viewing 
plus non-contact wide-angle viewing system (Resight 700, 
Carl Zeiss Meditec; Oberkochen, Germany). In all cases, 
patients received Siluron2000 (Labtician Ophthalmics, 
Oakville, Ontario, Canada) as a tamponade agent and 90– 
95% oil fill was achieved. When removing silicone oil, 3–6 
fluid–air exchanges were performed until no residual float-
ing oil bubbles were observed intra-operatively.

Data Collection
Compiled data including age, gender, initial diagnosis 
prior to Siluron2000 insertion, number of months with 
intact intravitreal Siluron2000, duration of follow-up, 
logarithm of minimum angle of resolution (logMAR) of 
corrected distance visual acuity (VA) at baseline, and at 
the last follow-up were documented. The logMAR values 
for visual acuity of “hand motion” and “counting fingers” 
were assigned 2.2 and 1.8, respectively, based on pre-
viously published literature.8

Outcome Measures
The primary outcome measures were as follows: (1) emul-
sification rates as measured by the appearance of 
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emulsified oil droplets in the anterior chamber or on the 
posterior lens capsule, or on the edges of the main bubble 
in the vitreous (2) change in visual acuity (VA) in logMAR 
at first and last follow-up, and (3) anatomical outcome 
measures such as the state of retinal attachment or macular 
hole closure at the final follow-up visit. Complications 
were recorded, namely, elevation of intraocular pressure 
(IOP), development of macular pucker, cataract, develop-
ment of glaucoma as measured by progressive optic nerve 
thinning requiring drops, and presence of corneal haze or 
band keratopathy.

Statistical Analysis
Distribution of continuous variables was examined using 
histograms, box-whisker plots and Kolmogorov–Smirnov 
tests. Numerical variables were summarized using descrip-
tive measures using counts and percentages, means and 
standard deviation for normally distributed continuous 
variables as well as median and interquartile range (IQR) 
for not normally distributed data. Baseline and follow-up 
visual acuity were not normally distributed and analyzed 
using the Wilcoxon Signed Ranks test. Linear regression 
analysis was used to determine the association between 
final visual acuity with baseline visual acuity and duration 
of Siluron2000 in the vitreous cavity. The SPSS 27 
(Chicago, IL) software was used for the data analysis. 
A p value of less than 0.05 was considered for statistical 
significance.

Results
A total of 57 eyes of 57 patients met the study criteria. The 
baseline demographics of these 57 eyes are listed in 
Table 1. The average patient age was 63 (SD 13.1, range 
26–89) years; 35% of patients were female. 43 eyes (75%) 
had a prior history of ocular surgery: 13 eyes (23%) had 
a scleral buckle (SB), 23 eyes (40%) had pars plana 
vitrectomy (PPV), and 7 eyes (12%) had combined SB- 
PPV. Fourteen eyes (24.5%) had no prior posterior seg-
ment surgery. Thirty-three eyes (58%) had a diagnosis of 
rhegmatogenous RD. Other preoperative preceding diag-
noses were PVR with retinal detachment in 5 eyes (8.7%), 
GRT in 6 eyes (10%), full thickness macular hole (FTMH) 
in 6 eyes (10%), and tractional retinal detachment (TRD) 
in 7 (12%). Siluron2000 was used in 51 eyes (89%) that 
had PVR, and 6 eyes that had a large or recurrent stage 4 
FTMH.

Three cohorts of eyes were identified: (1) eyes in 
which Siluron2000 was removed prior to 6 months (4/57, 

7%), (2) eyes in which Siluron2000 was removed after 6 
months, but before the end of their follow-up period (5/57, 
9%), and (3) eyes with retained Siluron2000 for the dura-
tion of the follow-up period (48/57, 84%). The average 
follow-up time was 18 months (range 6 to 30 months). 
Emulsification occurred in 9 patients (16%, Table 2), and 
the median time with non-emulsified intravitreal 
Siluron2000 was 17 months (IQR 12–21).

The median logMAR VA at baseline was 2.2 (IQR 1.7– 
2.5), which significantly improved to 1.6 (IQR 1.2–1.7) at 
last follow-up (z = −2.93, p = 0.003, Table 2). At the last 
follow-up, 53% (30/57) of patients had ambulatory vision of 
at least counting fingers. Retinal re-attachment was achieved 
in 47 eyes (82%). Among the cases with residual or recur-
rent RD despite intravitreal Siluron2000, 4 eyes (7%) 
experienced total RD and 6 eyes (10%) experienced inferior 
RD with attached macula. Five of the 6 eyes (83.3%) with 
FTMH were able to achieve closure. The most common 
complications were glaucoma in 12 eyes (21%) requiring 
long-term glaucoma drops, cataract in 11 eyes (19%), tran-
sient elevation of intraocular pressure (IOP) in 4 eyes (7%), 
and epiretinal membrane formation in 2 eyes (3.5%).

There was no association between the duration of 
Siluron2000 in the vitreous cavity and visual acuity at 

Table 1 Baseline Patient and Clinical Characterises Prior to 
Siluron2000 Insertion

Patient and Clinical Characteristics n/Mean %/SD

Mean age, years 63.1 13.1

Female 20 35

Prior retinal surgery 43 75

SB 13 23

PPV 23 40
SB/PPV 7 12

No previous surgery 14 24

Initial Diagnosis

RRD 33 58
PVR-RD 5 9

GT-RD 6 10

FTMH 6 10
TRD 7 12

Pre-Siluron2000 Diagnosis
FTMH 6 11

PVR 51 89

Abbreviations: SB, scleral buckle; PPV, pars plana vitrectomy; RRD, rhegmatogen-
ous retinal detachment; PVR-RD, proliferative vitreoretinopathy – retinal detach-
ment; GT-RD, giant-tear with retinal detachment; FTMH, full-thickness macular 
hole; TRD, tractional retinal detachment; PVR, proliferative vitreoretinopathy.
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last follow-up after adjusting for baseline visual acuity 
using linear regression analysis (Table 3).

Discussion
In the surgical management of complex vitreoretinopa-
thies, silicone oil tamponade is often desirable due to its 
long-term stability. Excellent functional and anatomic out-
comes are reported with the use of silicone oil in RDs 
complicated by PVR, GRT, penetrating ocular trauma, and 

chronic FTMHs.9–13 However, gradual oil emulsification 
in the vitreous cavity with or without other complications, 
such as corneal decompensation, early cataract formation, 
and uncontrolled glaucoma, may prompt earlier oil 
removal surgery.14–18

Silicone oils with higher viscosities are thought to be 
more resistant to emulsification and are preferred for long- 
term tamponade.18 Viscosity is reported in units of 
millipascal second (mPas) or centistoke (cSt), which are 
measurements of dynamic vs kinematic viscosity, respec-
tively. For a given oil with a specific gravity close to 1 
(mPas/cSt or g/cm3), 1 mPas is the equivalent of 1 cSt. 
Siluron2000 is a lower viscosity silicone oil (2000–2400 
mPas, specific gravity 0.97 g/cm3), consisting of 95% 
Siluron 1000 with additive high-molecular-weight compo-
nents (5% Polydimethylsiloxane, PDMS), which has been 
reported to have comparable anatomical and functional 
outcomes to Siluron5000 (5500 mPas) with better ease of 
surgical injection and removal.2,18 Currently, no published 
studies address the long-term tolerability, safety, and effi-
cacy of Siluron2000. In this study, we attempted to address 
the long-term anatomical and functional outcomes and 
complications associated with Siluron2000.

Our findings suggest that 84% of eyes had intact 
Siluron2000 over the duration of the follow-up period (6 
to 31 months). Of the 16% of eyes, which required oil 
removal prior to the end of the follow-up period, 11% 
underwent oil removal prior to 6-months’ follow-up post 
Siluron insertion, while 5% required removal after 6 
months, but before the end of the follow-up period. This 
is a lower rate compared to reports using similar viscosity 
oils, namely, Densiron 68 (Fluoron Co, Neu-Ulm, 
Germany) (1400 mPas) with an emulsification rate of 
42% in 33 eyes by 12 weeks,19 and OxaneHD (3300  
mPas) with a 52% emulsification rate over 26 months in 
52% of 25 eyes with RDs.20–22 Variable rates of emulsifi-
cation have also been reported for oils such as Silicone 
1000 and 5000 cSt ranging from 4% to 56% measured by 
the presence of oil droplets in the vitreous cavity or the 

Table 2 Summary of Primary Outcomes and Long-Term 
Complications Following Siluron2000 Insertion

Variable n/ 
Median

%/IQR

Follow-up duration, months 18 15–22

Duration with intact Siluron2000, months 17 12–21

Anatomical Outcomes
Proliferative vitreoretinopathy (n=51)

Retinal reattachment 47 82
Recurrent detachment under oil 10 17

Inferior RD 6 10

Total RD 4 7

Full thickness macular hole (n=6)

Macular hole closure 5 83

Visual acuity at last follow-up, logMAR 1.6 1.2–1.7

Time to Siluron2000 removal

≤ 6 months 6 11

> 6 months 3 5

Complications

Silicone oil emulsification 9 16
Corneal haze 1 2

Epiretinal membrane 2 4

Cystoid macular edema 1 2
Cataract 11 19

Elevated intraocular pressure (IOP, >20) 4 7

Patient requiring glaucoma drops to 
control IOP

12 21

Abbreviations: RD, retinal detachment; logMAR, logarithm of the minimum angle 
of resolution.

Table 3 Linear Regression Analysis of the Association of Visual Acuity at Last Follow-Up with Other Variables in Eyes with 
Siluron2000 Insertion

Variable* Beta (Standardized Coefficients) 95% CI p value**

Visual acuity at baseline, logMAR −0.004 −0.22–0.021 0.977

Duration of intact Siluron2000 in the vitreous cavity 0.162 −0.105–0.42 0.233

Notes: Results are reported from general linear regression model. **All variables used in the linear regression model are continuous variables, including the visual acuity at 
last follow-up. A larger logMAR is suggestive of worse vision. *Statistically significant (p < 0.05). 
Abbreviation: logMAR, logarithm of the minimum angle of resolution.
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anterior segment or complications secondary to emulsifi-
cation such as corneal decompensation and poorly con-
trolled IOP.3,21,22

Anatomical re-attachment was achieved in 82% of eyes 
in our series with siluron-in-situ, which is comparable to 
that achieved with higher viscosity silicone oils.23,24 

Morphis et al23 have reported 74% anatomic success 
with Oxane5700 (5000 mPas oil) in 50 eyes followed for 
at least 12 months. Lam et al24 reported 83% anatomic 
success with OxaneHD (3300 mPas) in 147 eyes with 
grade C PVR. We report a 17% retinal re-detachment 
under oil. FTMH closure was achieved in 83%, and only 
one patient experienced an inferior recurrent retinal 
detachment. Prior ocular surgery has been found to be 
a significant predictor of long-term anatomic success 
after silicone oil removal. Each subsequent recurrent 
detachment lowers the success rate of anatomical re- 
attachment following silicone removal by 61%.24 In our 
study, 75% of patients had undergone prior unsuccessful 
RD repair surgery.

The final ambulatory visual outcomes were similar in 
this study to previously described literature with similar 
viscosity oils. There was a statistically significant 
improvement in vision from median baseline logMAR 
VA was 2.2 to 1.6 at last follow-up. Others have also 
reported severe-to-moderately low baseline visual acuity, 
as would be expected with complex and complicated cases 
of vitreoretinopathy requiring silicone oil 
tamponade.19,20,23–25 In other studies, using Oxane570023 

or Densiron 68,25 40–61% of eyes had ambulatory vision 
or better at last follow-up. Furthermore, we found that 
final VA was not associated with the duration of 
Siluron2000 tamponade, which suggests that long-term 
oil may not necessarily prognosticate worse visual 
outcomes.

The most common complications in our study were 
glaucoma in 21% of eyes, cataract progression in 19% of 
eyes, and transiently elevated intraocular pressure (>20 
mmHg) in 7% of eyes. Cataract progression is the most 
common complication observed in other studies examining 
high and low viscosity silicone oils. Densiron 6819,26 and 
HWS 46–3000 (3000 msPas) oils27 were reported to cause 
cataract progression in all phakic eyes by 6 months. 
(100%). This rate is about 38% with OxaneHD,28 and 
90% with very low viscosity silicone oil.29 Similarly, 
Scott et al22 reported new cataract formation in 50% and 
56%, glaucoma in 11% and 7%, and corneal 

decompensation in 6% ad 11% of patients with silicone 
oil 1000 and 5000%, respectively, at 1-year follow-up.

Transient IOP changes are a common complication of 
silicone oil use. One study26 with Densiron 68 found an 
8% elevation in IOP in 42 eyes with complicated RRD, 
although elevated IOP was defined as an IOP > 30mmHg. 
We defined elevated IOP as >20 mmHg. Another study of 
Densiron 6819 that defined elevated IOP as >20 mmHg 
found 30% elevation in 33 eyes with complicated RDs. In 
another study, Oxane HD27 was reported to result in ele-
vated IOP in 14% of 28 eyes with complicated RRD. 
Overall, the rate of transient or controlled IOP elevation 
in this study is comparable to previous reports. Despite 
lower IOP in comparison to other studies,19,26,28 we 
observed a greater incidence of glaucoma requiring IOP- 
lowering drops, defined as progression of visual field loss 
and retinal nerve fibre thinning. Several factors can indeed 
contribute to IOP elevation and glaucoma following PPV 
with or without the use of silicone oil: PPV has long been 
known to be an independent risk factor for glaucoma.30 

Chronic inflammation, and the use of short- or long-term 
steroids for the management of post-operative inflamma-
tion are amongst other factors that could contribute to 
elevated IOP.31 Studies by Sandner and colleagues32,33 

on Densiron 68 found glaucoma in 10% of eyes initially 
and in 17% of eyes with complicated RRDs after a 12- 
month follow-up. Wickham et al34 found glaucoma in 6% 
of 18 eyes that had an OxaneHD tamponade for 3 months 
over a 6-month follow-up period.

Other less common complications observed in our 
study were epiretinal membrane formation in 4% of eyes, 
corneal haze in 2%, and cystoid macular edema (CME) in 
2%, which were comparable or lower than complications 
found in studies examining silicone oils. Epiretinal mem-
brane formation was seen in Rizzo et al27 in HWS 46– 
3000 oil in 9% of 32 eyes with complicated RD. Majid 
et al35 observed increased membrane formation and 
cystoid macular edema with emulsification of Densiron 
68. A study using F6H8 found corneal opacification in 1/ 
5 cases36 with inferior RDs. Another study37 using 
C10F18 found corneal opacification in 9% of 33 eyes 
with complicated RD. Our data suggest that apart from 
the long-term complication of glaucoma secondary to ele-
vated IOP (>20 mmHg), Siluron2000 might be safe both in 
the short and long terms.

There are several limitations in this study. First, silicone 
oil emulsification was identified by the appearance of oil 
particles in the anterior chamber, on the surface of the IOL, 
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or as particles on the larger posterior vitreous bubble. 
Previous studies have used ultrasound to identify and quan-
tify the degree of oil emulsification.4 Secondly, our relatively 
small sample size carries a limited statistical power in the 
detection of additional predictors, and the power of regres-
sion analysis for this data is therefore low. The retrospective 
nature of this study as well as the relatively small sample size 
conferred inter-sample variability in the characteristics of 
RDs. As with other retrospective RD studies, cases varied 
in duration, severity of PVR, number of detached quadrants, 
and factors, such as patient compliance with post-operative 
positioning that could not be controlled for. Future studies 
involving a control group are required in order to compare 
the results with cases in which conventional low molecular 
weight silicone oil is adopted.

Conclusion
Overall, Siluron2000 is a promising alternative to higher 
viscosity silicone oils in complex vitreoretinopathies requir-
ing long-term internal silicone oil tamponade. Glaucoma 
requiring IOP lowering drops and cataract progression 
were the most common adverse events in the long-term 
use of intraocular Siluron2000. Nevertheless, long-term 
Siluron2000 achieves similar retinal reattachment and func-
tional visual outcomes for higher viscosity oils.

Disclosure
The authors report no conflicts of interest in this work.
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