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ABSTRACT.
Silicone oil (SO) still represents the main choice for long-term intraocular tamponade in
complicated vitreoretinal surgery. This review compared the complications associated with
the use of SO and other vitreous substitutes after pars plana vitrectomy in patients with
different underlying diseases. Meta-analysis was conducted in accordance with PRISMA
guidelines. We retrieved randomized clinical trials (RCTs), retrospective case–control and
cohortstudiesevaluatingtheriskofusingSO,publishedbetween1994and2020,conductinga
computer-based search of the following databases: PubMed, Web of Science, Scopus and
Embase. Primary outcome was the rate of complications such as intraocular hypertension,
retinal re-detachment, unexpected vision loss or hypotony. Secondary outcome was to
compare the rate of adverse events of different SO viscosities, especially emulsification.
Forty-three articles were included. There were significant differences in intraocular
hypertension (p = 0.0002, OR = 1.66; 95% CI = 1.27–2.18) and the rate of retinal re-
detachment (p < 0.0009,OR = 0.65; 95%CI = 0.50–0.64) between SOand other agents,
includingplacebo.However, therewerenodifferences inothercomplicationrates.Siliconeoil
(SO)-emulsification rate was non-significantly higher in low than high SO viscosity, and
results fromother complicationswere comparable inbothgroups.Thehighqualityofmostof
the studies included in this study is noteworthy, which provides some certainty to the
conclusions.Among themis thehighvariabilityof theSOresidence time.Thefact thatocular
hypertensionandnothypotension is related toSOuse.Aclear relationship isnotfoundfor the
so-called unexplained vision loss, which affects a significant percentage of eyes. Re-
detachment cases are less if SO is used and that surprisingly there does not seem to be a
relationship in thepercentage of emulsification between the low-and high-viscosity silicones.
All these data warrant more standardized prospective studies.

Key words: complications – intraocular tamponade and pars plana vitrectomy – Silicone

oil – vitreous substitute

The authors thank the researchers of the primary studies identified for this meta-analysis.

The above information has not been presented previously in any meeting. The author CAI receives funding

from AJL Ophthalmic S.A. The authors JCP and CAI are members of the ISO Technical Committee

involved in ISO 16672:2020 ‘Ophthalmic Implants–Ocular endotamponades’. Author JCP is also vice-chair

of the Expaned Committee of the European Union for ‘ocular medical devices’.

Acta Ophthalmol.
ª 2021 The Authors. Acta Ophthalmologica published by John Wiley & Sons Ltd on behalf of Acta Ophthalmologica
Scandinavica Foundation
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs
License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non-
commercial and no modifications or adaptations are made.

doi: 10.1111/aos.15055

Introduction

Silicone oil (SO) (polydimethylsilox-
ane) is a liquid synthetic hydrophobic
polymer composed of repeating units
of siloxane and oxygen bonds (Klein-
berg et al. 2011; Ni et al. 2019). This
polymer is of ophthalmological interest
as a vitreous substitute, and it was
firstly introduced into vitreoretinal
surgery by Cibis et al. (1962), by its
properties. Silicone oil (SO) is chemi-
cally inert, stable for an extended
period of time, with a specific gravity
(slightly less than water), transparent,
with a refractive index similar to that of
the vitreous and easy to remove with
high surface tension and viscosity
(Alovisi et al. 2017; Ni et al. 2019).
For these reasons, SO has been widely
accepted as a long-term vitreous
replacement after pars plana vitrec-
tomy (PPV) for the last 50 years (Cibis
et al. 1962; Kleinberg et al. 2011;
Alovisi et al. 2017; Feng et al. 2017;
Ni et al. 2019).

Although the use of SO is widely
accepted for complicated vitreoretinal
cases such as those with proliferative
vitreoretinopathy (PVR), tractional
retinal detachment (RD), severe cases
of diabetic retinopathy, repair of giant
retinal tears, ocular trauma and perfo-
rating injuries, and less commonly
acute retinal necrosis, endophthalmitis
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and hypotony (Schwartz et al. 2014), the
efficacy of SO after PPV is limited by the
occurrence of several complications
mainly emulsification, which can lead to
postoperativeanteriorsegmentproblems,
particularly secondary glaucoma, catar-
act and keratopathy (Toklu et al. 2012;
Miller et al. 2014;Alovisi et al. 2017;Feng
et al. 2017; Abu-Yaghi et al. 2020), and
also, with the possibility of having the so
named silicone retinotoxicity with
reported cases of central visual loss,
decreased choroidal thickness, subretinal
and even intracranial migration (Toklu
et al. 2012;Miller et al. 2014;Grzybowski
& Ascaso 2016; Alovisi et al. 2017; Feng
et al. 2017;Ni et al. 2019;Abu-Yaghi et al.
2020). Silicone oil (SO) is strongly lipo-
philic, and it is capable of dissolving the
lipidsof thecellmembranes inside theeye,
with which its long-term toxicity seems
out of the question (Pastor Jimeno et al.
2007). Furthermore, even the appearance
of anti-SO antibodies in patients with SO
implants after RD surgery has been
reported (Carlos Pastor et al. 2001).

Therefore, the removal of SO
(ROSO) is usually recommended as
soon as possible to avoid or reverse
these complications (Ni et al. 2019;
Abu-Yaghi et al. 2020). However, in
certain cases, ROSO is also associated
with complications including recurrent
RD and hypotony (Issa et al. 2020).
Typically, recommendations range
from 3 to 6 months of its placement.
However, there is still no consensus
about the optimal silicone removal
time and the decision of maintaining
SO for a longer period of time depends
on several factors such as unsatisfac-
tory retinal reattachment (RRD), the
elevation of intraocular pressure or lens
status. One of the major reasons for the
absence of definitive agreement is the
lack of knowledge about in vivo emul-
sification process of SO intraocularly
and its variations among patients (Ni
et al. 2019). In fact, some clinicians
have shown that prolonged SO tam-
ponade does not increase those risks
significantly (Pavlovic et al. 1995; Lam
et al. 2008; Rhatigan et al. 2018).

Although it has been reported that
the use of other intraocular tampon-
ades such as perfluoropropane (C3F8)
or hexafluoroethane (C2F6) could be
reasonable choices for patients with
complicated RD (Schwartz et al. 2014;
Banerjee et al. 2017; Neffendorf et al.
2018), they can also lead to postoper-
ative complications. Studies assessing

the outcomes of long-term SO and
specifically comparing the extended
complications and outcomes between
other vitreous tamponades and SO are
currently limited, and the published
results are not in accordance with a
variety of limitations and different
methods. Therefore, we have con-
ducted a systematic review and meta-
analysis to summarize the data
extracted from including studies with
the aim to analyse the clinical compli-
cations associated with the use of SO.
This may be useful for surgeons to
decide among different tamponades
agents used in complex RD surgery
and provide precautions for patients
with higher risks.

Materials and methods

Search strategy

This systematic review andmeta-analysis
was conducted in accordance with the
PRISMA guidelines (Moher et al. 2009).
We retrieved randomized clinical trials,
retrospective case–control and cohort
studies evaluating the risk of SO pub-
lishedbetween1994 and2020.To identify
eligible studies, we conducted computer-
basedsearchesof the followingdatabases:
PubMed, Web of Science, Scopus and
Embase electronic databases. Biblio-
graphic research was conducted by two
independent reviewers (FJVB andLGO).
Combinations of the following search
with Medical Subject Headings (MeSH)
terms were used to identify potentially
relevant articles: ‘Silicone oil complica-
tions’, ‘comparison silicone oil’, ‘silicone
oil versus gas’, ‘giant retinal tear’, ‘retinal
re-detachment’, ‘ocular hypertension’,
‘migration’, ‘vision loss’, ‘emulsification’,
‘inflammation’, ‘anterior chamber’, ‘ker-
atopathy’, ‘macular hole’, ‘epiretinal
membrane’ and ‘cataract’. The search
was performed between 1994, when
FDA approved SO for the purpose of
intraocular tamponade, and November
2020. The language was restricted to
English,andthesearchwassupplemented
using the Medline option ‘Related Arti-
cles’ and consulting review articles on the
topic. Any disagreements were resolved
through discussion.

Selection criteria

The full texts of potentially relevant
articles were reviewed to identify stud-
ies that met the inclusion and exclusion

criteria. For the primary outcome, the
articles were considered eligible if they
are based on case–control or cohort
studies and RCTs comparing the out-
comes and evaluating the risk of SO
versus other vitreous tamponades such
as air, sulphur hexafluoride (SF6), hex-
afluoroethane (C2F6), octafluoro-
propane (C3F8), heavy SO or others.
For the secondary outcome, only stud-
ies comparing the risk of high (5000
cst) vs low (1000–2000 cst) viscosity
SOs were considered eligible. Studies
with overlapping data were excluded
(only the study with the largest popu-
lation was included). The clinical com-
plications included in the systematic
review and meta-analysis were ocular
hypertension (OHT), PVR, RRD,
emulsification, macular pucker or
epiretinal membrane (ERM), corneal
decompensation, unexplained vision
loss, hypotony and/or cataract. Non-
comparative studies were excluded, as
well as editorials, expert opinions, let-
ters to the editor and case reports. Any
disagreements were resolved by con-
sensus between the investigators.

Quality assessment

Two reviewers independently rated the
quality of each case–control or cohort
studies by assessing its methodology
with the Newcastle–Ottawa Quality
Assessment Scale (NOS) (Stang 2010).
Three main parameters are assessed to
evaluate each study’s quality, including
patient selection, comparability of the
study groups and outcome assessment.
A star system is used to qualify the
studies with a maximum of 9 stars.
Study quality was ranked as high,
moderate or low (score categories 7–9,
4–6 and 0–3, respectively). The risk of
bias of each RCTs was assessed with
the Cochrane Collaboration’s tool
(“Cochrane Handbook for Systematic
Reviews of Interventions | Cochrane
Training” n.d.). Study quality was
ranked as low, high and unclear risk
of bias. Any discrepancy was resolved
through discussion.

Data extraction

Two authors (FJVB and LGO) inde-
pendently extracted and summarized
the relevant characteristics of each
eligible study. The searches for titles
and abstracts were executed electroni-
cally, and records were managed by
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Microsoft Excel software�. Data
extracted the following information
for each publication: the author’s
name, date of publication, country,
age and gender of case and control
subjects, number of participants, type
of vitreous substitutes and the compli-
cations reported. Then, outcomes were
extracted from the data. The outcomes
were related the final follow-up exam-
ination in each study. The primary
outcome was the adverse events (e.g.
retinal re-detachment, PVR, ERM. . .)
associated with the use of SO in com-
plex retinal surgeries compared to
other vitreous tamponades in both
observational and RTCs studies. The
secondary outcome was the analysis of
complications between the use of high-
and low-viscosity SOs as vitreous tam-
ponade and the rate of emulsification
between them. The comparisons among
different outcomes in this meta-analysis
were only made when three or more
studies were available. Disagreements
or discrepancies between reviewers
regarding data extraction were resolved
with the senior investigators (RUM and
SPI).

Statistical analysis

Random-effects model was applied to
calculate the odds ratio (OR) and its
95% confidence interval (CI). Statisti-
cal significance was considered with p-
value < 0.05. The between-study vari-
ance was estimated by DerSimonian &
Laird method (DerSimonian & Laird
1986). Q statistic was used to evaluate
heterogeneity. The significance level
chosen to declare heterogeneity was
0.10 given the low power of this test
(Hardy & Thompson 1998). Besides I2

was calculated to evaluate the magni-
tude of heterogeneity (Grant & Hunter
2006). Funnel plot and Begg’s test were
used to assess publication bias. Sensi-
tivity analysis was performed by
excluding individual studies. The
meta-analysis was performed using
RevMan 5.0 software (Review Man-
ager (RevMan) [Computer Program]
2014).

Results

Selection of relevant studies

Forty-three eligible articles were
included in the final analysis. For the
primary outcome, 35 eligible articles

met the inclusion criteria (Pertile &
Claes 1999; Kapran et al. 2001; Taban-
deh et al. 2000; Lu et al. 2002; Schmidt
et al. 2003; Tafoya et al. 2003;
Ghosh et al. 2004; Yang et al. 2008;
Wong et al. 2009; Romano et al. 2010;
Mete et al. 2011; Christensen & La
Cour 2012; Kocak & Koc 2013; Caiado
et al. 2015; Lumi et al. 2016; Scheer-
linck et al. 2016; Fang et al. 2017; Lee
et al. 2018; Cankurtaran et al. 2017;
Rodriguez et al. 2018; Scheerlinck et al.
2018; Semeraro et al. 2019; Lyssek-
Boro�n et al. 2019; Hammer et al. 1997;
Batman & Cekic 1999; Azad et al.
2003; Boscia et al. 2008; Teresio
Avitabile et al. 2011; Joussen et al.
2011; Nagpal et al. 2012; Do et al.
2014; Kakinoki et al. 2019; Moharram
et al. 2020; Banerjee et al. 2017; Murat
n.d.). Of these, 26 articles reporting on
case–control and cohort studies (Ban-
erjee et al. 2017; Pertile & Claes 1999;
Kapran et al. 2001; Tabandeh et al.
2000; Lu et al. 2002; Schmidt et al.
2003; Ghosh et al. 2004; Yang
et al. 2008; Wong et al. 2009; Romano
et al. 2010; Mete et al. 2011; Chris-
tensen & La Cour 2012; Kocak & Koc
2013; Caiado et al. 2015; Lumi et al.
2016; Scheerlinck et al. 2016; Fang

et al. 2017; Lee et al. 2018; Cankur-
taran et al. 2017; Rodriguez et al. 2018;
Scheerlinck et al. 2018; Semeraro et al.
2019; Lyssek-Boro�n et al. 2019;
Moharram et al. 2020; Kakinoki et al.
2019; Murat n.d.) and eight articles
reporting on 8 RCTs (Hammer et al.
1997; Batman & Cekic 1999; Do
et al. 2014; Azad et al. 2003; Nagpal
et al. 2012; Boscia et al. 2008; Joussen
et al. 2011; Teresio Avitabile et al.
2011) were included. For the secondary
outcome, only eight eligible articles met
the inclusion and were included for the
analysis. Of these, six articles (Valone
& McCarthy 1994; Davis et al. 1995;
Scott et al. 2005; Soheilian et al. 2006;
Oh et al. 2015; Yas�a & Alkın 2018)
reporting on cohort, case–control stud-
ies and two articles reporting on two
RCTs (Zafar et al. 2016; Ratana-
pakorn et al. 2020) were included.
Figure 1 summarizes the detailed flow
diagram of the study identification
process. The included studies were
published from 1994 (FDA approved
SO as intraocular tamponade) to 2020.
Finally, this systematic review and
meta-analysis included 4783 patients
(4854 eyes). In 2379 patients (2392
eyes) from 21 articles, the eyes were
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Fig. 1. Flow chart of the selection of studies for inclusion in the meta-analysis.
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filled with SO or gases: (Hammer et al.
1997; Batman & Cekic 1999; Pertile &
Claes 1999; Tabandeh et al. 2000;
Kapran et al. 2001; Lu et al. 2002;
Schmidt et al. 2003; Tafoya et al. 2003;
Ghosh et al. 2004; Yang et al. 2008;
Christensen & La Cour 2012; Do et al.
2014; Caiado et al. 2015; Lumi et al.
2016; Scheerlinck et al. 2016; Banerjee
et al. 2017; Cankurtaran et al. 2017;
Lee et al. 2018; Rodriguez et al. 2018;
Scheerlinck et al. 2018; Moharram
et al. 2020).

Supporting information: (Soheilian
et al. 2006; Romano et al. 2010; Mete
et al. 2011; Christensen & La Cour
2012; Kocak & Koc 2013; Lumi et al.
2016; Lee et al. 2018; Cankurtaran
et al. 2017; Lyssek-Boro�n et al. 2019;
Yas�a & Alkın 2018; Davis et al. 1995;
Valone & McCarthy 1994; Oh et al.
2015; Caiado et al. 2015; Scott
et al. 2005; Fang et al. 2017; Rodriguez
et al. 2018; Kakinoki et al. 2019;
Moharram et al. 2020; Tabandeh
et al. 2000; Schmidt et al. 2003; Lu
et al. 2002; Murat n.d.), in 715 patients
(715 eyes) from five articles, the eye was
filled with SO or placebo (Azad et al.
2003; Nagpal et al. 2012; Fang et al.
2017; Kakinoki et al. 2019; Lyssek-
Boro�n et al. 2019); in 634 patients (634
eyes) from nine articles, the eye was
filled with SO or heavy SO (Wong et al.
2009; Romano et al. 2010; Mete et al.
2011; Kocak & Koc 2013; Semeraro
et al. 2019; Boscia et al. 2008; Joussen
et al. 2011; Teresio Avitabile et al.
2011; Murat n.d.) and for the sec-
ondary outcome, 1055 patients (1113
eyes) from eight articles (Valone &
McCarthy 1994; Davis et al. 1995;
Scott et al. 2005; Soheilian et al. 2006;
Oh et al. 2015; Zafar et al. 2016; Yas�a
& Alkın 2018; Ratanapakorn et al.
2020) the eyes were filled with SO 1000,
2000 cst or 5000 cst.

Quality assessment and risk of bias

Case–control and cohort studies have a
reasonable methodological quality,
since 10 studies were ranked as moder-
ate quality (Wong et al. 2009; Scheer-
linck et al. 2018; Banerjee et al. 2017;
Semeraro et al. 2019; Scheerlinck et al.
2016; Kapran et al. 2001; Ghosh et al.
2004; Yang et al. 2008; Pertile & Claes
1999; Tafoya et al. 2003), and 23 were
classified as high quality (Soheilian
et al. 2006; Romano et al. 2010; Mete
et al. 2011; Christensen & La Cour

2012; Kocak & Koc 2013; Lumi et al.
2016; Lee et al. 2018; Cankurtaran
et al. 2017; Lyssek-Boro�n et al. 2019;
Yas�a & Alkın 2018; Davis et al. 1995;
Valone & McCarthy 1994; Oh et al.
2015; Caiado et al. 2015; Scott
et al. 2005; Fang et al. 2017; Rodriguez
et al. 2018; Kakinoki et al. 2019;
Moharram et al. 2020; Tabandeh et al.
2000; Schmidt et al. 2003; Lu et al. 2002;
Murat n.d.) with scores of 7 and over
based on NOS. Of note, we decided to
evaluate the outcome category taking
into account if the follow-up time was
long enough to detect the included
outcomes. Therefore, investigations in
which the intraocular pressure was
evaluated were awarded a start if the
follow-up time was at least 6 months
after the last surgical intervention. In
contrast, studies assessing visual acuity
or retinal re-detachment were awarded
a start if the follow-up time was at least
2 months after the last surgical inter-
vention. Regarding the risk of bias
(selection bias, attrition bias, and other
bias), all the included studies reporting
on RCTs had a low risk. For allocation
concealment, the majority of studies
(Hammer et al. 1997; Azad et al. 2003;
Teresio Avitabile et al. 2011; Joussen
et al. 2011; Nagpal et al. 2012; Do et al.
2014; Zafar et al. 2016; Ratanapakorn
et al. 2020) were rated as low risk.
However, the study made by Batman
and Cekic (Batman & Cekic 1999) was
ranked as an unclear risk since the
method of concealment is not described
in sufficient detail to permit a definitive
judgment, and the investigation by
Boscia et al. (2008), in which the
patients were alternatively assigned,
was ranked as high risk. Since surgeons
can rarely be blinded in studies with
different tamponades, we rated the per-
formance bias as unclear (Hammer
et al. 1997; Batman & Cekic 1999;
Joussen et al. 2011; Nagpal et al. 2012;
Do et al. 2014; Zafar et al. 2016) or high
risk (Azad et al. 2003; Boscia et al. 2008;
Teresio Avitabile et al. 2011). However,
Ratanapakorn et al. (2020) incorpo-
rated an alternative blinding technique
in which neither did surgeons nor
researchers know the viscosity of SO
used, unblinding it at the end of the
study. Three trial were rated as low risk
(Azad et al. 2003; Teresio Avitabile
et al. 2011; Ratanapakorn et al. 2020) of
detection bias, as they had masked
outcome assessors, while the others
were rated as unclear risk (Hammer

et al. 1997; Batman & Cekic 1999;
Boscia et al. 2008; Joussen et al. 2011;
Nagpal et al. 2012; Do et al. 2014; Zafar
et al. 2016). For reporting bias (Ham-
mer et al. 1997; Batman & Cekic 1999;
Azad et al. 2003; Boscia et al. 2008;
Teresio Avitabile et al. 2011; Nagpal
et al. 2012; Do et al. 2014; Zafar et al.
2016; Ratanapakorn et al. 2020) it was
rated as low risk in all included RCTs,
except for one study (Joussen et al.
2011) rated as a high risk for lack of
data. Details of the methodological
quality of the included case–control
and cohort studies and the risk of bias
assessment of the 10 RCTs are provided
in Tables S1 and S2.

Study characteristics and outcomes

The details of the included patients,
retinal conditions before surgery and
interventions are provided in Table 1.
The vitreoretinal diseases included in
this meta-analysis are summarized in
Table S3. The number of eyes enrolled
per study ranged from 11 to 677, with a
median of 70. The mean age of the
subjects included was 52.51 � 14.
01 years with a range from 0 to
90 years. The studies showed a higher
prevalence of men than women
(59.65% versus 40.35%). However,
seven articles did not report the age
or the sex of the subjects (Valone &
McCarthy 1994; Hammer et al. 1997;
Tabandeh et al. 2000; Christensen & La
Cour 2012; Lee et al. 2018; Lyssek-
Boro�n et al. 2019; Murat n.d.). The
mean duration follow-up time after
surgery was 15.47 � 13.52 months
(median: 12; range: [1–120]). Only six
articles did not specify the follow-up
time (Davis et al. 1995; Schmidt et al.
2003; Oh et al. 2015; Lee et al. 2018;
Kakinoki et al. 2019; Semeraro et al.
2019). The mean duration time before
the ROSO was only detailed in 19
studies (Ghosh et al. 2004; Soheilian
et al. 2006; Boscia et al. 2008; Romano
et al. 2010; Mete et al. 2011; Nagpal
et al. 2012; Christensen & La Cour
2012; Do et al. 2014; Oh et al. 2015;
Zafar et al. 2016; Scheerlinck et al.
2016; Banerjee et al. 2017; Lee et al.
2018; Cankurtaran et al. 2017; Yas�a &
Alkın 2018; Semeraro et al. 2019;
Scheerlinck et al. 2018; Lyssek-Boro�n
et al. 2019; Murat n.d.), and it was
4.35 � 3 months (median: 3.15 months;
range2–45.98).The54.67%(n = 1461)of
the eyes included in the meta-analysis
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Table 1. General characteristics of the studies included in the meta-analysis.

Study Country Subject group N Age, year

Sex

(F/M)

Tamponade,

months

Follow-up,

months

Phakia/

pseudophakia

/aphakia

Valone et al. (1994) UK Silicone oil 1000 cst 8 47.6 � 20.0 33.2 � 14.4 28/20

Silicone oil 5000 cst 40 47.6 � 20.0 33.2 � 14.4

Davis et al. (1995) USA Silicone oil 1000 cst 286 40 30/320 258/7/12

Silicone oil 5000 cst 121 100/9/6

Hammer et al. (1997) USA Silicone Oil 18 62.9 (23–82) 6

SF6 16 68.9 (12–90)
Batman & Cekic

(1999)

Turkey Silicone Oil 25 45 (18–73) 8/17 48–60
C3F8 22 40 (15–62) 6/16 60

Pertile et al. (1999) Netherlands Silicone Oil 35 66 (54–76) 41/11 6.2 (3–13)
SF6 19 13.7 (5–19)

Kapran et al. (2001) Turkey Silicone Oil 40 51.2 (�7.7) (15–78) 27/34 7 (4–24)
C3F8 or other 21 7 (4–24)

Tabandeh et al.

(2000)

UK Silicone Oil 7 60.9 � 13.8 (38–80) 7.5 (2–24)
Gas 4 7.5 (2–24)

Lu et al. (2002) China Silicone Oil 7 54.3 � 7.6 5/2 27.6

Gas 58 52.1 � 14.8 49/9 27.6

Schmidt et al. (2003) Germany Silicone Oil 129 54 (18–84) 67/137

Gas 76

Azad et al. (2003) India Silicone Oil 12 13.66 � 6.82 2/22 10.08 � 3.70

Placebo 12 10.08 � 3.70 13.66 � 6.82

Tafoya et al. (2003) USA Silicone oil 5000 cst 21 66 (62–72) 15/6 11.8 11/0/10

C3F8 14% 45 64 (61–70) 29/16 11.8 28/0/17

Ghosh et al. (2004) UK Silicone Oil 28 35.05 (7–60) 24/5 2–10 5–84 23/5/01

C3F8 16% 1

Scott et al. (2005) USA Silicone Oil 1000 cst 82 53.3 (5–86) 45/37 1–12 42/29/11

Silicone Oil 5000 cst 243 55 (0–93) 153/90 131/78/34

Murat (n.d.) Turkey Silicone Oil 24 3.16 (2–6) 6–13
HSO (Densiron) 21

Soheilian et al.

(2006)

Iran Silicone Oil 1000 cst 29 30/52 10 � 6.5 4 to 120 0/0/82

Control 5000 cst 53 23.9 � 15.1 4 to 120

Yang et al. (2008) Taiwan Silicone Oil 5000 cst 23 54.7 (25–70) 13/10 6 21/2

C3F8 17 12/15 6 14/3

Boscia et al. (2008) Italy Silicone Oil 1300 cst 10 59.6 � 10.7 3/7 3 6 3/7

HSO 10 65.3 � 9.5 3/7 3 6 4/6

Wong et al. (2009) UK Silicone Oil 57 54.8 � 18.4 (15–81) 20/37 1 25/25/7

HSO (Densiron-68) 71 58.1 � 17.9 ( 13–87) 29/42 1 29/37/5

Romano et al. (2010) Italy Silicone Oil 105 64 � 21 (15–81) 73/34 6 12 65/35/5

HSO (Densiron-68) 75 58 � 15 (13–90) 30/45 3 12 57/15/3

Mete et al. (2011) Italy Silicone Oil 17 60.4 � 10.1 31/10 2–4 12

HSO 25 64.6 � 11.3 2–4 12

Joussen et al. (2011) Germany Silicone Oil 47 61.87 � 15.69 28/19 12 18/27/2

HSO 46 65.54 � 12.20 11/35 12 19/23/4

Avitaible et al.

(2011)

Italy Silicone Oil 15 64 (42–79) 8/7 6 6/9

HSO (Densiron) 15 60 (40–77) 9/6 6 9/6

Nagpal et al. (2012) India Silicone Oil 64 40 (6–81) 15/49 6 6 16

Placebo 65 42.5 (6–80) 21/44 6 6 15

Christensen et al.

(2012)

Denmark Silicone Oil 5500 cst 162 51 (33–69) 4.83(3.1–10.2) 46 (34–58)
C3F8 54 62 (47–72) 51 (35–70)

Kocak et al. (2013) Turkey Silicone Oil 1000 cst 30 56 � 15.6 11/19 13/15/2

HSO 31 57.9 � 14.6 12/19 15/11/5

Do et al. (2014) Vietnam Silicone Oil 55 32.64 � 16.72 (3–64) 22/33 3 9

SF6 or Placebo 53 31.72 � 14.92 (8–69) 18/35 9

Oh et al. (2015) South Korea Silicone Oil 1000 cst 17 49.05 � 22.86 6/11 10.53 � 7.50 1/14/2

Silicone Oil 5700 cst 5 49.80 � 10.04 1/4 26.89 � 7.30 0/5/0

Caiado et al. (2015) Brazil Silicone Oil 32 14/18 6 7/25/0

C3F8 15% 65 31/54 6 21/44/0

Zafar et al. (2016) Pakistan Silicone Oil 1000 cst 44 33/52 44.43 � 16.8 18

Silicone Oil 5000 cst 41 45.98 � 15.6

Scheerlinck et al.

(2016)

Netherlands Silicone Oil 44 59 (36–82) 11/33 4 1.83 (0–3) 2/35/0

C3F8, SF6, air 151 60 (32–83) 63/88 1.73 (0–5.16) 65/85/1

Lumi et al. (2016) Slovenia Silicone Oil 2000 cst 28 61.15 � 13.65 8/20 12 13/15/0

C3F8 10–15% 89 60.6 � 11.85 32/57 12 46/43/0
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were phakic, 968 were pseudophakic
(36.22%) and 243 aphakic (9.09%); how-
ever, 18 studies did not provide this
information (Hammer et al. 1997; Bat-
man & Cekic 1999; Pertile & Claes 1999;
Kapran et al. 2001; Tabandeh et al. 2000;
Lu et al. 2002; Schmidt et al. 2003; Azad
etal. 2003;Meteetal. 2011;Christensen&
La Cour 2012; Do et al. 2014; Zafar et al.
2016; Fang et al. 2017; Lee et al. 2018;
Yas�a & Alkın 2018; Scheerlinck et al.
2018; Cankurtaran et al. 2017; Murat
n.d.).

Primary outcome: Adverse events

associated with the use of SO compared

to other vitreous tamponades

The included studies (Valone &
McCarthy 1994; Davis et al. 1995;
Hammer et al. 1997; Batman & Cekic
1999; Pertile & Claes 1999; Kapran
et al. 2001; Tabandeh et al. 2000; Lu
et al. 2002; Schmidt et al. 2003; Azad

et al. 2003; Tafoya et al. 2003 Ghosh
et al. 2004; Scott et al. 2005; Soheil-
ian et al. 2006; Yang et al. 2008;
Boscia et al. 2008; Wong et al. 2009;
Romano et al. 2010; Mete et al. 2011;
Joussen et al. 2011; Teresio Avitabile
et al. 2011; Nagpal et al. 2012; Chris-
tensen & La Cour 2012; Kocak & Koc
2013; Do et al. 2014; Oh et al. 2015;
Caiado et al. 2015; Zafar et al. 2016;
Scheerlinck et al. 2016; Lumi et al.
2016; Banerjee et al. 2017; Fang et al.
2017; Lee et al. 2018; Cankurtaran
et al. 2017; Rodriguez et al. 2018;
Yas�a & Alkın 2018; Semeraro et al.
2019; Scheerlinck et al. 2018; Lyssek-
Boro�n et al. 2019; Kakinoki et al.
2019; Moharram et al. 2020; Ratana-
pakorn et al. 2020; Murat n.d.)
reported a total of 1024 adverse events
associated with the use of SO. A
detailed summary of clinical complica-
tions associated with the use of SO is
shown in Table 2.

Intraocular pressure changes with vitreous

endotamponade

The intraocular pressure (IOP) changes,
either hypertension or hypotension, with
the use of SO compared to other vitreous
tamponades were analysed by 22 studies
in the meta-analysis (Davis et al. 1995;
Hammer et al. 1997; Batman & Cekic
1999; Pertile & Claes 1999; Scott et al.
2005; Soheilian et al. 2006; Boscia
et al. 2008; Wong et al. 2009; Romano
et al. 2010; Mete et al. 2011; Teresio
Avitabile et al. 2011; Nagpal et al. 2012;
Kocak&Koc 2013; Do et al. 2014; Zafar
etal.2016;Fangetal.2017;Leeetal.2018;
Yas�a&Alkın 2018; Semeraro et al. 2019;
Lyssek-Boro�n et al. 2019; Moharram
et al. 2020; Murat n.d.). A total of 332
patients (332 eyes) were enrolled in 17
studies (Hammer et al. 1997; Batman &
Cekic 1999; Pertile & Claes 1999; Boscia
et al. 2008; Wong et al. 2009; Romano
et al. 2010; Mete et al. 2011; Teresio
Avitabile et al. 2011; Nagpal et al. 2012;

Table 1 (Continued)

Study Country Subject group N Age, year

Sex

(F/M)

Tamponade,

months

Follow-up,

months

Phakia/

pseudophakia

/aphakia

Banerjee et al. (2017) UK Silicone Oil 49 45.5 3/49 3–5 24 (2–72) 38/14

C3F8 or SF6 15 45.5 3/13 24 (2–72) 11/5

Fang et al. (2017) China Silicone Oil 81 46.3 � 13.3 19/31 12

Other 175 50.8 � 16.6 81/125 12

Lee et al. (2018) South

Korea

Silicone

Oil 1300 cst

367 46.83 � 15.00 3.36 � 1.4

C3F8 310 45.01 � 20.11

Cankurtaran et al.

(2017)

Turkey SiO 5000 cst or

oxane 5700 cst

39 60.15 � 10.84 7/32 3 33.95 � 23.58

C3F8 or scleral

buckling

62 60.91 � 9.79 43/29 32.62 � 10.95

Rodr�ıguez et al.

(2018)

USA Silicone Oil 54 48.1 � 16 (4–71) 18/62 10.3 � 9 61/17/2

Gas 23 10.3 � 9

Yasa et al. (2018) Turkey Silicone

Oil 1000 cst

22 54 (13–79) 1/21 6.1 12 (12–20)

Silicone

Oil 5000 cst

22 22 (4–68) 1/21 7.2 14 (12–24)

Semeraro et al.

(2019)

Italy Silicone Oil 15 58.9 (12.8) 4/11 3.07 � 0.2 6/9

HSO 20 62.3 (16.7) 5/15 3.25 � 0.4 13/7

Scheerlinck et al.

(2018)

Netherlands SiO 2000 cst 20 62 (30–74) 2/18 3.15 2

Gas 20 62 (45–75) 6/14 2

Lyssek-Boron et al.

(2019)

Poland Silicone

Oil 1000 cst

96 63.5 (15–86) 1–12 24 17/179

SF6 or BSS 100

Kakinoki et al.

(2019)

USA Silicone Oil 33 68 (43 a 87) 90/20 67/40/3

Other 77

Moharram et al.

(2020)

Egypt Silicone Oil 40 39.2 � 12 12/28 6 32/4/4

C3F8 15% 48 39.3 � 9.5 28/20 6 36/11/1

Ratanapakorn et al.

(2020)

Thailand Silicone Oil

1000 or 1300 cst

50 52.96 19/32 12 34/12/4

Silicone Oil

5000 or 5700 cS

50 54.26 17/31 12 33/15/2

BSS = balanced salt solution, C3F8 = octafluoropropane, cS = centistokes, F = female, HSO = heavy silicone oil, M = male, N = number of

subjects included, SF6 = sulphur hexafluoride.
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Table 2. Clinical complications described in the studies included in the meta-analysis.

Study Subject group OHT

Vision

loss PVR Hypotony RRD

Macular

Pucker

Corneal

decompensation Emulsification Cataract

Valone et al. (1994) Silicone Oil 1000 cst 4

Silicone Oil 5000 cst 23

Davis et al. (1995) Silicone Oil 1000 cst 0 5 6 1 87

Silicone Oil 5000 cst 0 2 0 2 21

Hammer et al. (1997) Silicone Oil 2 8 1 12 2

SF6 1 8 0 12 0

Batman et al. (1999) Silicone Oil 1 12 2 2 3

C3F8 0 12 4 3 1

Pertile et al. (1999) Silicone Oil 25

SF6 3

Kapran et al. (2001) Silicone Oil 11

C3F8 or Other 6

Tabandeh et al.

(2000)

Silicone Oil 2

Gas 1

Lu et al. (2002) Silicone Oil 3 0 1

Gas 8 2 7

Schmidt et al. (2003) Silicone Oil 2

Other 27

Azad et al. (2003) Silicone Oil 3 2 3 2

Placebo 7 3 4 1

Tafoya et al. (2003) Silicone Oil 5000 cst 1 4

C3F8 14% 1 17

Ghosh et al. (2004) Silicone Oil 4 4 7

C3F8 16% 0 0 0

Scott et al. (2005) Silicone Oil 1000 cst 9 7 3 11 3 3

Silicone Oil 5000 cst 17 44 19 27 33 4

Murat (n.d.) Silicone Oil 4 8

HSO (Densiron) 3 2

Soheilian et al.

(2006)

Silicone Oil 1000 cst 2

Silicone Oil 5000 cst 6

Yang et al. (2008) Silicone Oil 5000 cst 2 13

C3F8 1

Boscia et al. (2008) Silicone Oil 1300 cst 3 0 0 3

HSO 4 3 0 4

Wong et al. (2009) Silicone Oil 13 0

HSO 30 11

Romano et al. (2010) Silicone Oil 15 0

HSO 15 10

Mete et al. (2011) Silicone Oil 1000 cst 5 2 1

HSO 4 4 2

Joussen et al. (2011) Silicone Oil 8 0 2

HSO 6 0 3

Avitabile et al.

(2011)

Silicone Oil 2 5 2 9 3

HSO (Densiron) 4 2 6 4 7

Nagpal et al. (2012) Silicone Oil 7 1 4 4 2

Placebo 5 11 16 3 1

Christensen et al.

(2012)

Silicone Oil 9 1

C3F8 7 0

Kocak et al. (2013) Silicone Oil 1000 cst 1 1 6 8 1 2 9

HSO (Densiron) 4 1 5 5 2 3 13

Do et al. (2014) Silicone Oil 1 33 3

SF6 or Placebo 0 41 36

Oh et al. (2015) Silicone Oil 1000 cst 1

Silicone Oil 5700 cst 0

Caiado et al. (2015) Silicone Oil 4

C3F8 15% 8

Zafar et al. (2016) Silicone Oil 1000 cst 11 1 6

Silicone Oil 5000 cst 9 1 2

Scheerlinck et al.

(2016)

Silicone Oil 20 4 0

Gas 21 1 1

Lumi et al. (2016) Silicone Oil 2000 cst 5 35

C3F8 10–15% 2

Banerjee et al. (2017) Silicone Oil 25 18
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Kocak &Koc 2013; Do et al. 2014; Fang
et al. 2017; Lee et al. 2018; Semeraro et al.
2019; Lyssek-Boro�n et al. 2019; Mohar-
ram et al. 2020; Murat n.d.) that showed
OHT with the use of SO (15%, n = 157/
1048) vs other vitreous tamponades (in-
cludingplacebo) (10.87%,n = 116/1067).
There was a significant difference in the
risk of OHT (p = 0.0002, OR = 1.66;
95% CI = 1.27–2.18, I2 = 66%) (Fig-
ure 2A) by using SO. Hypotony was
analysed only in four studies (Hammer
et al. 1997; Batman & Cekic 1999; Azad
et al. 2003; Christensen &LaCour 2012).
Although the results showed that only
2.76% (n = 6/217) of the eyes developed
hypotony after filling with SO, the risk of
hypotony was not significant lower in
comparison with other tamponades (in-
cluding placebo) (p = 0.48 OR = 0.67;
95% CI = 0.22-2.03, I2 = 0%) (Fig-
ure 2B).

Unexplained visual loss after intraocular

tamponades

A total of 12 studies provided data
regarding the visual loss after the use of
vitreous endotamponades at the final
follow-up examination (Tabandeh

et al. 2000; Yang et al. 2008; Chris-
tensen & La Cour 2012; Nagpal et al.
2012; Kocak & Koc 2013; Scheerlinck
et al. 2016, 2018; Banerjee et al. 2017).
Data were provided in the form of
number of patients whose visual acuity
declined 2 Snellen lines. There was not
significant difference in patients with
SO vs other tamponades (including
placebo) (p = 0.96, OR = 1.02; 95%
CI = 0.42–2.49, I2 = 78%) (Fig-
ure 2C). The risk of poor vision was
comparable after the use of other
tamponades (25%, n = 128/510) or
SO (24.78%, n = 113/456).

Rate of retinal re-detachment

The rate of RRD after the use of
intraocular endotamponades was anal-
ysed in 22 studies (Hammer et al. 1997;
Batman & Cekic 1999; Kapran et al.
2001; Lu et al. 2002; Kakinoki
et al. 2019; Schmidt et al. 2003; Azad
et al. 2003; Ghosh et al. 2004; Mete
et al. 2011; Moharram et al. 2020;
Joussen et al. 2011; Teresio Avitabile
et al. 2011; Nagpal et al. 2012; Kocak
& Koc 2013; Do et al. 2014; Caiado
et al. 2015; Scheerlinck et al. 2016;

Lumi et al. 2016; Cankurtaran et al.
2017; Rodriguez et al. 2018; Semeraro
et al. 2019; Murat n.d.). The results
showed a lower rate of RRD with the
use of SO (14.6%, n = 118/807) than
with other tamponades (including pla-
cebo) (17.81%, n = 178/999): There
was a significant difference in patients
with SO versus other endotamponades
(including placebo) (p = 0.0009,
OR = 0.65; 95% CI = 0.50–0.84, I2 =
78%) (Figure 2D).

Anterior segment complications

Anterior segment complications,
mainly corneal abnormalities, includ-
ing corneal oedema, opacity or band
keratopathy, were reported in five
studies (Hammer et al. 1997; Batman
& Cekic 1999; Teresio Avitabile et al.
2011; Nagpal et al. 2012; Yas�a & Alkın
2018). The results showed that 8.27%
of the eyes filled with SO (n = 12/145)
reported corneal decompensation.
There was no significant difference
after undergoing PPV with SO and
other endotamponades (p = 0.89,
OR = 1.08; 95% CI = 0.38-3.05, I2 =
14%) (Figure 2E).

Table 2 (Continued)

Study Subject group OHT

Vision

loss PVR Hypotony RRD

Macular

Pucker

Corneal

decompensation Emulsification Cataract

Gas 2 4

Fang et al. (2017) Silicone Oil 23

Other 27

Lee et al. (2018) Silicone Oil 5

C3F8 1

Cankurtaran et al.

(2017)

Silicone oil

5000 cst or

oxane 5700 cst

9

C3F8 or

scleral buckling

14

Rodr�ıguez et al.

(2018)

Silicone Oil 4

Gas 7

Yasa et al. (2018) Silicone Oil 1000 cst 1 5 4 3 2 4

Silicone Oil 5000 cst 3 6 2 3 1 5

Semeraro et al.

(2019)

Silicone Oil 9 2 10

HSO 0 3 20

Scheerlinck et al.

(2018)

Silicone Oil 2000 cst 12

Gas 1

Lyssek-Boron et al.

(2019)

Silicone Oil 1000 cst 37

SF6, or BSS 11

Kakinoki et al.

(2019)

Silicone Oil 9

Other 7

Moharram et al.

(2020)

Silicone Oil 4 2 9

C3F8 15% 5 0 10

Ratanapakorn

et al. (2020)

Silicone Oil

1000 cst or 1300 cst

9 6 28

Silicone Oil

5000 cst or 5700 cst

7 5 18

BSS = balanced salt solution, C3F8 = octafluoropropane, cS = centistokes, F = female, HSO = heavy silicone oil, M = male, N = number of

subjects included, OHT = ocular hypertension, PVR = proliferative vitreoretinopathy, RRD = retinal re-detachment, SF6 = sulphur hexafluoride.
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Cataracts

The rate of cataract progression was
clearly reported in five studies (Tafoya
et al. 2003; Ghosh et al. 2004; Teresio
Avitabile et al. 2011; Kocak &Koc 2013;
Banerjee et al. 2017). Visually significant
cataract was noted in the 45%of SO eyes
(40/88) and in the 70% of the eyes filled
with other endotamponades (28/40). The
mean of SO tamponade duration and
follow-up time in the involved studies
was, respectively, 4.33 months (range: 2–
10) and 15.26 months (range: 2 months
to 7 years). There was no significant
difference in cataract complication
between patients with SO and the other

group (p = 0.57, OR = 0.76; 95%
CI = 0.76–1.98, I2 = 0%) (Figure 2F).

Regarding SO 1000 cst and SO 5000
cst, it was not possible to carry out the
statistical analysis since there were only
two studies with enough data (Davis
et al. 1995; Zafar et al. 2016).

Posterior segment complications

Retinal complications such as macular
puckerorPVRwerereported inseven(Lu
et al. 2002; Azad et al. 2003; Boscia et al.
2008; Nagpal et al. 2012; Kocak & Koc
2013; Scheerlinck et al. 2016; Moharram
et al. 2020) and three (Ghosh et al. 2004;
Kocak & Koc 2013; Yas�a & Alkın 2018)

studies, respectively.Macular puckerwas
observed in the 6.7% of cases with SO
affecting16of238eyesandPVRin18.7%
(n = 15/80) of the eyes filled with SO.
However, the results were no significant
(p = 0.80, OR = 0.95; 95% CI = 0.48–
1.87, I2 = 0%) and (p = 0.99, OR =
0.98;95%CI = 0.39–2.44,I2 = 0%)(Fig-
ures 2G andH).

Emulsification

Emulsification between conventional
SO and heavy SO was analysed in nine
reports (Boscia et al. 2008; Wong et al.
2009; Romano et al. 2010; Mete et al.
2011; Joussen et al. 2011; Teresio

Fig. 2. Meta-analysis of the clinical complications associated to the use of silicone oil (SO) as a vitreous substitute. (A) Risk of ocular hypertension

associated to the use of SO. Test for overall effect: Z = 3.68 (p = 0.0002). Test for heterogeneity: v2 = 47.53 (p < 0.001), I2 = 66%. (B) Risk of ocular

hypotony associated to the use of SO. Test for overall effect: Z = 0.72 (p = 0.47). Test for heterogeneity: v2 = 1.16 (p = 0.76), I2 = 0%. (C) Risk of

loss of vision associated to the use of SO. Test for overall effect: Z = 0.04 (p = 0.96). Test for heterogeneity: v2 = 49.41 (p < 0.001), I2 = 78%. (D)

Risk of retinal re-detachment associated to the use of SO. Test for overall effect: Z = 3.33 (p < 0.001). Test for heterogeneity: v2 = 95.21 (p < 0.001),

I2 = 78%. (E) Risk of corneal decompensation associated to the use of SO. Test for overall effect: Z = 0.14 (p = 0.89). Test for heterogeneity:

v2 = 4.65 (p = 0.33), I2 = 14%. (F) Risk of cataract associated to the use of SO. Test for overall effect: Z = 1.22 (p = 0.22). Test for heterogeneity:

v2 = 3.15 (p = 0.53), I2 = 0%. (G) Risk of macular pucker associated to the use of SO. Test for overall effect: Z = 0.06 (p = 0.95). Test for

heterogeneity: v2 = 3.05 (p = 0.80), I2 = 0%. (H) Risk of proliferative vitreoretinopathy associated to the use of SO. Test for overall effect: Z = 0.01

(p = 0.99). Test for heterogeneity: v2 = 0.40 (p = 0.94), I2 = 0%. (I) Risk of emulsification associated to the use of SO. Test for overall effect:

Z = 1.36 (p = 0.17). Test for heterogeneity: v2 = 17.65 (p = 0.001), I2 = 77%.
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Avitabile et al. 2011; Kocak & Koc
2013; Semeraro et al. 2019; Murat
n.d.); however, four articles did not
provide enough data and were not
included in the comparisons. Nine
(9.45%) per cent of eyes filled with
conventional SO showed emulsifica-
tion, but there was no significant
difference (p = 0.17, OR = 4.50; 95%
CI = 0.52–39.02 I2 = 77%) compared
to heavy SO (Figure 2I).

After sensitivity analysis, the exclu-
sion of individual studies did not alter
the significant results in the study for
OH. However, meta-analysis after the
exclusion of the by Scheerlinck et al.
(2016) yielded no significant differences
in the comparison for loss of vision. In
addition, the exclusion of the study by
Schmidt et al. (2003) or Do et al. (2014)
showed no significant differences for
the analysis of RRD. However, the I2

analysis in the majority of the compar-
isons showed moderate heterogeneity
in the pooled studies, indicating the
effect of different tamponades in con-
trol groups.

In an attempt to reduce the hetero-
geneity, we also performed a subgroup
analysis, using only the patients enrolled
in RCTs. In Table 3 is summarized the
meta-analysis of the adverse events after
the use of SO including only the patients
enrolled in RCTs. The use of SO was
associated with a significant lower risk of
RRD compared to other endotampon-
ades (including placebo) (p < 0.0001,
OR = 0.38; 95% CI = 0.25-0.59,
I2 = 78%). There were no significant
differences in the analysis of other com-
plications. After sensitivity analysis, the
exclusion of the study by Do et al. (2014)
yielded no significant differences, but the
I2value showedhigherheterogeneity.The
effect of different surgical histories might
have also contributed to increasing the
heterogeneity.

Secondary outcome: Adverse events and

rate of emulsification associated with the

use of low and high SO viscosity

Intraocular pressure (IOP) changes
including OH and hypotony were anal-
ysedbyeightstudies (Valone&McCarthy
1994; Davis et al. 1995; Scott et al. 2005;
Soheilian et al. 2006;Oh et al. 2015; Zafar
et al. 2016; Yas�a & Alkın 2018; Ratana-
pakorn et al. 2020) that showed no
significant differences with the use of low
and high SO viscosity. (p = 0.10,
OR = 1.67; 95% CI = 0.91–3.08,
I2 = 23%) and (p = 0.68, OR = 0.84;
95%CI = 0.38–1.89,I2 = 0%)(Table 4).
The risk of RRD between different SO
viscosities was assessed by four studies
(Davis et al. 1995; Scott et al. 2005; Zafar
et al. 2016;Ratanapakornet al. 2020).We
found no significant differences between
lowandhighSOviscosity (OR,0.68; 95%
CI, 0.38–1.22, I2 = 0) (Table 4), and we
found no significant differences between
low and high SO viscosity (p = 0.19,
OR = 0.68; 95% CI = 0.38–1.22,
I2 = 23) (Table 4). Five studies reported
the emulsification of low and high SO
viscosity (Davis et al. 1995; Scott et al.
2005; Soheilian et al. 2006; Zafar et al.
2016; Yas�a&Alkın 2018); our results did
not show significant differences
(p = 0.56, OR = 1.19, 95% CI = 0.67–
2.11, I2 = 0%) (Table 4). There was no
enough information about the rest of the
outcomes; thus, a comparison of the
tamponade effects on the risk of vision
loss, PVR andmacular pucker formation
was not possible. The I2 value in this
subgroup analysis showed low hetero-
geneity in the pooled studies.

Discussion

In this analysis, we examined the
adverse events in 4.717 patients who
underwent SO and other vitreous tam-
ponades, including placebo in

performing PPV, have been examined.
Forty-two studies indexed in databases
were identified for inclusion in this
analysis (Valone & McCarthy 1994;
Davis et al. 1995; Hammer et al. 1997;
Batman & Cekic 1999; Pertile & Claes
1999; Z. Kapran et al. 2001; Tabandeh
et al. 2000; Lu et al. 2002; Schmidt
et al. 2003; Azad et al. 2003;
Ghosh et al. 2004; Scott et al. 2005;
Soheilian et al. 2006; Yang et al. 2008;
Boscia et al. 2008; Wong et al. 2009;
Romano et al. 2010; Mete et al. 2011;
Joussen et al. 2011; Teresio Avitabile
et al. 2011; Nagpal et al. 2012; Chris-
tensen & La Cour 2012; Kocak & Koc
2013; Do et al. 2014; Oh et al. 2015;
Caiado et al. 2015; Zafar et al. 2016;
Scheerlinck et al. 2016; Lumi et al.
2016; Fang et al. 2017; Lee et al. 2018;
Cankurtaran et al. 2017; Rodriguez
et al. 2018; Yas�a & Alkın 2018; Semer-
aro et al. 2019; Scheerlinck et al. 2018;
Lyssek-Boro�n et al. 2019; Kakinoki
et al. 2019; Moharram et al. 2020;
Ratanapakorn et al. 2020; Banerjee
et al. 2017; Murat n.d.). Despite that
there is a likelihood of inputting mod-
erate heterogeneity when non-RCT
studies are entered in the comparisons,
we believe that all the included studies
represent a piece of adequate and
valuable information regarding SO
and other tamponade agents in retinal
surgery and a broad comparison might
be possible. Eight articles reporting on
eight RCTs (Hammer et al. 1997;
Batman & Cekic 1999; Do et al. 2014;
Azad et al. 2003; Nagpal et al. 2012;
Boscia et al. 2008; Joussen et al. 2011;
Teresio Avitabile et al. 2011) were
included in the analysis. However, our
data were collected from studies pub-
lished after 1994, when the FDA
approved the use of SO as a vitreous
substitute. All included studies made
comparisons between SO and other

Table 3. Summary of the meta-analysis of the clinical complications associated with the use of silicone oil as a vitreous substitute including only

clinical trials.

Comparison N OR 95% CI

p (random

effects model) I2 (%) p (heterogeneity)

Risk of ocular hypertension associated with the use of SO 9 1.27 0.56–2.90 0.57 52 0.04

Risk of loss of vision associated with the use of SO 5 0.76 0.46–1.26 0.29 64 0.02

Risk of retinal re-detachment associated with the use of SO 8 0.38 0.25–0.59 <0.001 78 <0.001
Risk of ocular hypotony associated with the use of SO 3 0.61 0.18–2.12 0.44 0 0.58

Risk of macular pucker associated with the use of SO 3 0.68 0.18–2.62 0.58 12 0.32

Risk of corneal decompensation associated with the use of SO 4 1.23 0.28–5.29 0.78 35 0.25

CI = confidence interval, N = number of studies included, OR = odds ratio, SO = silicone oil.
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tamponades, such as gases (SF6, C2F6,
C3F8), heavy SO or placebo. In addi-
tion, for our secondary outcome, 1055
patients from eight studies were anal-
ysed to compare complication rates
regarding oil viscosity used (1000–
2000 cst versus 5000 cst SO viscosity).

Those patients with SO tamponade
were followed for at least 3 months
with the SO in situ, and long-term
outcomes of both groups were
observed and compared. Although
long-term complications of SO tam-
ponade after PPV (Morphis et al. 2012;
Feng et al. 2017; Abu-Yaghi et al.
2020) have been known for quite time,
SO remains one of the favourites
agents for long-standing vitreous
replacement (Saleh et al. 2020). How-
ever, when discussing the safety of SO
as endotamponade, the risk of compli-
cations cannot be neglected. A total of
921 adverse events associated with the
use of SO were reported in our analy-
sis. Most surgeons advocate ROSO
after 3–6 months due to the increased
rate of complications with persistent
tamponades. The mean duration time
before the ROSO in the included stud-
ies (Soheilian et al. 2006; Boscia et al.
2008; Romano et al. 2010; Mete et al.
2011; Christensen & La Cour 2012;
Nagpal et al. 2012; Do et al. 2014; Oh
et al. 2015; Scheerlinck et al. 2016,
2018; Zafar et al. 2016; Banerjee et al.
2017; Cankurtaran et al. 2017; Lee
et al. 2018; Yas�a & Alkın 2018; Lyssek-
Boro�n et al. 2019; Semeraro et al. 2019)
was 4.35 � 3 months in our review.

The true incidence of HTO after SO
injection is difficult to ascertain because
the baseline and intraoperative charac-
teristics are diverse among patients
included in the different analysis. The
reported incidence of raised IOP varies
from 3% to 40% in patients receiving
conventional SO tamponade (Morphis
et al. 2012; Dooley et al. 2016) and
from 14% to 30.7% in patients with
Heavy SO (Tognetto et al. 2005; Wolf
et al. 2003; David Wong et al. 2005). In

this study, the risk of raised IOP after
surgery in the SO group and in the
other tamponades was 15% and
10.87%, respectively. We found that
SO has a statistically significant greater
effect on raising IOP than other agents.
This outcome was different from that
reported by a recent meta-analysis by
Feng et al. (2017). We supposed that
the differences might be attributable to
a small sample size that may have
limited its result since the subgroup
analysis of RCTs also failed to demon-
strate significance in raised IOP in this
review.

It has been hypothesized that SO
long-term increased IOP depends on an
open-angle mechanism and the pres-
ence of SO in the anterior chamber
may contribute significantly to IOP
increase, blocking the outflow pathway
through the trabecular meshwork
(Nguyen et al. 1992; Honavar et al.
1999; Romano et al. 2010). Although it
has been reported that low-viscosity
SO may trigger a greater emulsification
tendency compared to high-viscosity
SO (Crisp et al. 1987; Heidenkummer
et al. 1991; Zafar et al. 2016; Ratana-
pakorn et al. 2020; Nakamura et al.
n.d.), especially when the oil is intended
to serve as a prolonged tamponade, the
current clinical evidence in the litera-
ture from RCTs is limited and scarce.
This analysis did no show differences in
the rate of emulsification regardless of
oil viscosity used. It is obvious that the
higher the viscosity, the lower the
dispersion capacity, but the existence
of emulsification requires the presence
of surfactant agents that do not always
depend on the SO used (Nazir et al.
2012). This lack of correlation between
emulsification and viscosity is not new
and it was supported by recent studies
(Scott et al. 2005; Abu-Yaghi et al.
2020; Ratanapakorn et al. 2020). How-
ever, findings of eyes with SO emulsi-
fication without IOP elevation
(Nguyen et al. 1992; Barr et al. 1993;
Gonvers 1996; Honavar et al. 1999)

may suggest different etiological mech-
anisms and warrant further studies to
resolve this controversy. There were no
enough data to examine the effect of
duration of SO as tamponade among
different SO viscosities and the effect of
different underlying diseases.

Ocular hypotony is a noted compli-
cation in the use of SO for the tam-
ponade of complicated RD with PVR
(Leaver et al. 1979; Jonas et al. 2001a;
Song et al. 2010; Issa et al. 2020; Kim
et al. 2010). In addition, after ROSO,
the incidence of hypotony ranges from
2% to 40% of cases (Casswell &
Gregor 1987a, 1987b; BASSAT et al.
2000; Kim et al. 2010; Moisseiev et al.
2013; Al-Wadani et al. 2014a; Zafar
et al. 2016; Issa et al. 2020). Our
analysis concluded that although there
was a difference between the hypotony
in both groups, 2.76% of eyes filled
with SO, it was no statistically signif-
icant. This trend was supported by
previous studies (Barr et al. 1993; Feng
et al. 2017). We believe that their
retrospective nature and the relatively
small number of cases included may
have limited this result. In addition,
there were no data about the average
IOP preoil removal surgery, the onset
of hypotony after ROSO and whether
reinsertion of oil for hypotony man-
agement was required.

The subgroup analysis between low
and high SO viscosity also failed to
show differences (3.25% and 5.97% of
patients reported hypotony, respec-
tively). This result was in the same line
as recent studies (Scott et al. 2005;
Abu-Yaghi et al. 2020; Ratanapakorn
et al. 2020).

Although cataract development is
one of the commonest causes of visual
loss after vitrectomy, its pathogenesis is
still unclear, and several hypotheses
have been formulated without any
conclusions. This complication can be
corrected with further surgical proce-
dure (Do et al. 2014; Post-Vitrectomy
Cataract Acceleration in Phakic Eyes:

Table 4. Summary of the meta-analysis of the clinical complications associated with the use of high or low viscosity silicone oil as a vitreous

substitute.

Comparison N OR 95% CI p (random effects model) I2 (%) p (heterogeneity)

Risk of ocular hypertension associated with the use of HSO 5 1.19 0.67–2.11 0.56 0 0.60

Risk of ocular hypotony associated with the use of HSO 5 0.84 0.38–1.89 0.68 0 0.70

Risk of retinal re-detachment associated with the use of HSO 4 0.68 0.38–1.22 0.19 0 0.59

Risk of emulsification associated with the use of HSO 5 1.67 0.91–3.08 0.10 23 0.27

CI = confidence interval, HSO = high silicone oil, N = number of studies included, OR = odds ratio, SO = silicone oil.

11

Acta Ophthalmologica 2021



A Review - Khusbu Keyal - Discovery
Medicine n.d.), but phacoemulsifica-
tion with intraocular lens implantation
in vitrectomized eyes could be chal-
lenging and may have a high risk of
complications (Do et al. 2014; Fenberg
et al. 2016). In this sense, many sur-
geons decide to perform phacovitrec-
tomy in a single procedure. Despite
that it has some advantages, a higher
chance of anterior segment inflamma-
tion must be taken into consideration,
especially when it is performed in eyes
with diabetic tractional retinal detach-
ment (Yorgun et al. 2016; Tayyab et al.
2017).

Prolonged direct contact of SO with
the posterior part of the lens could be
an important cause accelerating the
development of cataracts after PPV
compared to other endotamponades
(Titiyal et al. 2017; Schwartz et al.
2020). However, we found cataract
progression in 42.70% of the eyes filled
with SO, slightly lower than literature
reported, which varies widely from
55% to 80% (Scholda et al. 1997;
Tafoya et al. 2003; Badrinath et al.
2004; Shah et al. 2008; Li et al. 2010;
Ozdek et al. 2011; Antoun et al. 2016;
Br�anis�teanu et al. 2017; Issa et al.
2020). This result could be explained by
the heterogeneity in the pooled studies,
the lack of cataract data collection in
comparative studies between SO and
other endotamponades and the vari-
ability in the residence time of SO
tamponade before ROSO.

Although lower mean interval time
between PPV and cataract surgery has
been reported in eyes filled with SO
(Abu-Yaghi et al. 2020), there were not
enough data in the included studies to
verify it, so it could be interesting to
carry out future studies being rigorous
in data collection.

Since SO leads to long-term compli-
cations and the rate of RRD is not
influenced by the duration of intraoc-
ular SO (Falkner et al. 2001; Issa et al.
2020), the ROSO from the eye is
recommended as early as possible to
avoid the initiation or worsening of oil
associated complications.

The recurrence rate of RRD after
ROSO in the literature varies widely
from 0% to 35.5% (McCuen et al.
1985; Casswell & Gregor 1987a, 1987b;
Federman & Schubert 1988; Lean et al.
1992; Hutton et al. 1994; Pavlovic S
et al. 1995; Scholda et al. 1997; Scott
et al. 1999; BASSAT et al. 2000;

Scholda et al. 2000; Jonas et al.
2001b; Sharma et al. 2002; Wolf et al.
2003; David Wong et al. 2005; Tog-
netto et al. 2005; Ziya Kapran & Acar
2007; Avitabile et al. 2008; Lam et al.
2008; Falkner-Radler et al. 2011; Mor-
phis et al. 2012; Moisseiev et al. 2013;
Al-Wadani et al. 2014b; Ghoraba et al.
2014; Tavares et al. 2015; Dooley
et al. 2016; Zafar et al. 2016; Dhalla
et al. 2017; Li et al. 2020) with majority
of studies reporting values in the 8%–
12% range (Issa et al. 2020). The risk
factors of retinal re-detachment after
ROSO include the presence of PVR,
new retinal breaks, the absence of an
encircling band or no relaxing retino-
tomy performed during the primary
procedure, the number of previous
unsuccessful RD surgeries or the
incomplete removal of the vitreous
base or posterior hyaloid membrane
(Goezinne et al. 2007; Moisseiev et al.
2013; Al-Wadani et al. 2014b).

We found that retinal re-detachment
occurred in 14.6% of eyes filled with
conventional SO and in 17.81% in the
other agents. The risk of RRD was
statistically significant lower in the SO
group than in the other tamponades.
This result was different from that
reported by recent meta-analysis by
Feng et al. (2017) and Schwartz et al.
(2014). We supposed that the difference
might be attributable to a larger num-
ber of studies (22 studies) included in
the analysis and the underlying causes
for RD. Furthermore, the subgroup
analysis, using only RCTs, also noted
that eyes filled with other tamponade
agents may need more operations. This
not being the case in the analysis
between low and high SO viscosity
did not show differences as in other
previous studies (Scott et al. 2005;
Abu-Yaghi et al. 2020; Ratanapakorn
et al. 2020).

The advances in PPV instrumenta-
tion in the last decade, the use of wide-
field viewing systems, which allow an
aggressive removal of the vitreous base,
and better identification of iatrogenic
breaks, in combination with the appli-
cation of different surgical techniques,
might have a notorious impact on the
low re-detachment rate in present days
when compare with series made
20 years ago (Jonas et al. 2001b).
However, there were no enough data
to assess the effect of prophylactic
surgical manoeuvres such as 360°
retinopexy, the use of perfluorocarbon

liquids, internal limiting membrane
peeling, or encircling buckles on the
rate of RRD at the time of ROSO
surgery. Thus, more RCTs comparing
anatomical and functional outcomes
after different ROSO strategies need to
be conducted to guide surgeon’s selec-
tion of surgical technique.

SO-related visual loss (>2 Snellen
lines) during SO tamponade or at the
time of ROSO is one of the recent issues
that have provoked rising concern and
led surgeons to reconsider the use of SO
as tamponade. Although its prevalence
and the exact aetiology remain still
unclear, there is a rising number of series
reporting central visual loss without any
apparent explanation in uncomplicated
surgeries with SO as tamponade (La
Cour et al. 2010; Moya et al. 2015;
Scheerlinck et al. 2016; Chen et al. 2020).
It has also been reported in cases of
macular sparing RD, up to 50%, where
patients had seemingly a good VA
potential (Moya et al. 2015). However,
the underlying mechanisms need further
investigations as poor visual acuity has
also been documented with other tam-
ponades and successful macula-on RD
surgery (Lai et al. 2011;Mitry et al. 2011;
Li 2003; Okamoto et al. 2013; Di Lauro
et al. 2015).

We found no significant difference in
patients with SO and with others, but
approximately 25% of cases can lose
vision after PPV with any vitreous
tamponade agent.

In addition, the subgroup analysis
between low and high SO viscosity and
RCTs did not show differences as well.
Similar results have been reported in
previous studies (Scott et al. 2005; Feng
et al. 2017; Abu-Yaghi et al. ; Ratana-
pakorn et al. 2020). Therefore, further
studies are needed to evaluate the risk
of SO-related visual loss and other
explanations in macula on RD such
as the effect of released factors pro-
duced by retinal ischemia on the mac-
ula area or the ability to dissolve lipids
from membrane cells (Pastor Jimeno
et al. 2007) need to be considered.
Finally, as in other reviews (Cox et al.
1995; Feng et al. 2017) other compli-
cations such as corneal abnormalities,
ERM, or PVR did not show significant
differences between SO and other
agents. Thus, it is no clear whether
the risk of these common complica-
tions is higher with SO than with other
tamponades. Clarifying this issue
requires further prospective studies.
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Limitations and strengths

It is necessary to emphasize the limita-
tions of this meta-analysis. First, the
retrospective nature of some studies
with many confounding variables
might increase the risk of bias. Second,
the heterogeneity in some cases was
moderate in the pooled studies that
prevent firm conclusions in the com-
parisons and might also increase the
risk of bias. Third, the number of
studies and the quantity of data about
some endpoints were insufficient and
inconsistent between studies, increasing
again the risk of bias. Fourth, English
language bias may be present in this
meta-analysis as only studies reported
in English have been included; how-
ever, its significance in meta-analysis
research is unclear at present (Egger
et al. 1997). Finally, the time of follow-
up, baseline features, surgical strategies
and type of endotamponade agent are
not standardized between studies mak-
ing challenging the assessment based
on unified endpoints. In addition to the
limitations described above, it must be
taken into account that the quality of
the different SO used is not the same
and that can determine the results. As
an example, emulsification can be
influenced by different brands based
on the different degrees of purification.
There are multiple factors of the
patient himself that can favour it, but
also the concentration of low molecular
weight components (LWMC) and
polydispersity (Nakamura et al. 1991;
Pastor et al. 1998), and this may have
an obvious influence on some of the
results of clinical studies (Dresp, 2021).

Despite the majority of the results of
this review are supported by previous
studies in the literature, we express
reservations regarding some conclu-
sions, especially in membrane forma-
tion or rate of emulsification.
Nevertheless, this review has also sev-
eral strengths. We believe that it is the
largest comparison made regarding SO
and other vitreous tamponade agents,
faithfully representing real clinical
data. We have applied strict criteria in
the identification and assessment of
included studies. Also, we have pro-
vided different subgroup analyses
strategies (RCTs and low and high
SO viscosity) and sensitivity analysis to
minimize the heterogeneity. Even with
these limitations, this review counted
with enough and updated data to

examine broadly the differences
between SO and other vitreous tam-
ponades, including placebo. Also, it
contributes significantly to a better
understanding of risk complications
with the use of different endotampon-
ade agents in performing PPV.

Conclusions

Among the available studies, we can
conclude that the risk of raised IOP is
higher with SO in different surgical
histories and this result should be more
of a consideration when selecting SO as
an endotamponade in patients with a
history of glaucoma. It also demon-
strates that SO has favourable out-
comes in terms of lower risk of retinal
re-detachment. In the risk of bad out-
comes that can cause severe visual
impairment, we did not find any differ-
ences. However, it is still unclear when
the SO is required and how to use it
efficiently to minimize the related com-
plications. Prospective RCTs with large
sample sizes are required to clarifying
current controversies between different
tamponade agents.
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