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Abstract
Purpose To describe the characteristics, outcomes and complications of eyes after silicone oil removal.
Methods Retrospective case series of eyes that underwent oil removal between 2012 and 2016 at The Institute of Oph-
thalmology and Visual Science. Visual acuity (VA), intraocular pressure (IOP) and rates of retinal re-detachment, hypotony,
ocular hypertension, corneal decompensation, cystoid macular edema (CME) and cataract progression were evaluated.
Results Totally, 101 eyes of 99 patients (65% male, average age 47.2 years) were identified. Oil tamponade had been used
for retinal detachment (RD) repair in all eyes; 15 eyes had also undergone an open globe repair previously. The most
common vitreous substitutes used after oil removal were balanced salt solution (BSS) and air in 90% of eyes. The average
time of oil tamponade before removal was 9.46 months. The average logMAR VA before oil removal was 1.7 which
improved to an average of 1.4 post-operatively. The average IOP pre-operatively was 16.1 mmHg, which decreased to an
average of 14.8 mmHg post-operatively. Complications after oil removal, included retinal re-detachment (6.9%), hypotony
(7.9%), ocular hypertension (12.9%), corneal decompensation (9.9%), CME (2%) and cataract progression (68%).
Conclusion This study showed an overall improvement in VA and decrease in IOP after oil removal. Cataract progression
was the most common complication.

Introduction

Silicone oil (SO) was introduced in retina surgery by Cibis
et al. [1, 2] who reported a series of 33 eyes in which SO
was used as vitreous substitute in 1962 [3]. Its use was
popularised much later in 1970s with the advent of pars
plana vitrectomy and was approved by US Food and Drug
Administration for intraocular use in 1997.

SO tamponade has become a standard technique for repair
of complex retinal detachments (RDs) [4–14] with giant ret-
inal tears, proliferative vitreoretinopathy (PVR) [4–9], viral
retinitis and ocular trauma [15]. It is considered a better
internal tamponade than sulphur hexafluoride gas (SF6) in
eyes with advanced PVR, both for anatomic and functional
success [16, 17]. However, silicone oil can lead to long-

term complications, particularly glaucoma and keratopathy,
which limits its use to the most severe cases. Another
important consideration in the use of SO is the need for an
additional surgical procedure to remove the oil once stable
retinal anatomic status is achieved. Oil removal also is
associated with a risk of recurrent RD. The purpose of
this retrospective study is to describe and analyse the out-
comes and complications in eyes after SO removal at our
institution.

Methods

This is a retrospective case series of eyes that underwent SO
removal between January 2012 and June 2016 at the
Institute of Ophthalmology and Visual Science, Rutgers-
New Jersey Medical School, in Newark, NJ. This study was
approved by the institution’s investigational review board.
Patients whose complete records could not be located were
excluded. Only cases that had two or more months of follow
up were included.

Preoperative and postoperative data, including visual
acuity (VA), slit-lamp examination and fundus findings,
intraocular pressure (IOP) measured by Goldman applanation
tonometry or Tonopen and optical coherence tomography
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(OCT) results were recorded for analysis. Hypotony
was defined as IOP less than 6 mmHg on two or more
occasions. Lens opacity was recorded as 0–4+ in three main
categories—nuclear sclerosis, posterior subcapsular cataract
and cortical cataract [18]. Details of original RD repair sur-
gery, type of oil used, techniques used and details of SO
removal surgery were recorded. The Snellen chart for VA
measurement was used and converted to the logarithm of
the minimum angle of resolution (logMAR) for quantitative
analysis. Other variables, IOP, VA, onset of retinal re-
detachment, hypotony, ocular hypertension, corneal decom-
pensation, cystoid macular edema (CME) and cataract
progression were recorded at different time intervals.
Surgical procedures were performed by two retinal surgeons
(NB and MZ) at University Hospital in Newark, NJ.
Hypotony is defined as IOP < 6mmHg measured on two
or more office visits. Elevated IOP was defined as a
maximal value that reached >24mmHg despite an average
<24mmHg, or chronically in which the average pre-op IOP
was >24mmHg. Data are represented as mean with standard
deviation unless otherwise noted, and descriptive analysis
was performed on all variables.

Results

Totally, 101 eyes of 99 patients underwent SO removal
between January 2012 and June 2016. In all these cases,
anatomic success had been achieved, and oil tamponade
was deemed no longer necessary. The average age of the
subjects was 47.2 ± 15 years, with 4 being under the age
of 18 years. In all, 65% were male. Types of RDs
that required the use of SO tamponade were diabetic
tractional retinal detachments (TRDs) (21.7%) due to
multiple stretch holes and extensive TRDs, complex
rhegmatogenous retinal detachments (RRDs), including
combined RRD/TRD with PVR or giant retinal tears
(53.5%) and RDs associated with globe trauma, including
open globes (24.8%).

The average duration of SO tamponade before removal
was 9.46 months (Fig. 1). The oil was removed using either
20- or 23-gauge sclerotomies. Pre-operatively (prior to SO
removal), 61 eyes (60%) were phakic, 22 (22%) were
pseudophakic (all posterior chamber intraocular lens) and
18 (18%) were aphakic. Visually significant cataract was
noted in 26 eyes (26%) (at least 3+NS, and/or 2+ PSC, or
mature cataract) pre-operatively. Seven eyes (7%) under-
went pars plana lensectomy for visually significant cataract
when it limited the view to the posterior segment during SO
removal surgery.

Oil was noted in the anterior chamber in 12 of 101 (12%)
eyes, pre-operatively; emulsification of oil was noted in 10
eyes. Eight of 12 eyes with SO in the anterior chamber were

aphakic (n= 4) or pseudophakic (n= 4). No phacodenesis
was noted in any eye. Four eyes had corneal abnormalities:
a failing PKP graft, moderate corneal stromal haze with oil
in the anterior chamber, mild band keratopathy from oil in
the AC and a nonhealing epithelial defect. The average
duration of SO tamponade in these four eyes was
20.4 months.

Table 1 shows indications of oil insertion, VA and IOP
data pre- and post-SO removal. Overall VA at Pre-Op, Post-
op month 1, month 3 and month 6 were 1.7 ± 0.5, 1.6 ± 0.6,
1.6 ± 0.6 and 1.5 ± 1.7, respectively. Average pre-SO
removal IOP was 16.1 ± 5.8 mmHg; lowest recorded pre-
op IOP was 11.2 ± 6.1 mmHg; and highest recorded pre-op
IOP was 23 ± 8.4 mmHg. In addition, the percentage of
eyes that had ocular hypertension (defined as a maximal
value that reached >24 mmHg despite an average <24 mm
Hg, or chronically in which the average pre-op IOP was
>24 mmHg) was 29.7%. The average final post-op IOP was
14.8 mmHg at 6 months post-operatively. Table 2 shows the
percentage of eyes with at least two lines of improvement in
VA and at least 5 mmHg in IOP in eyes with last follow up
at 3, 6 and 12 months, respectively.

None of the eyes had hypotony (an average IOP < 6 mm
Hg) before SO removal, but 7 eyes (7%) had a minimum
measured IOP < 6 mmHg, which indicates an intermittent
IOP < 6 mmHg despite an average IOP ≥ 6 mmHg. The
average VA before SO removal was 1.7 ± 0.5 LogMAR
(~20/1000).

Vitreous substitutes used after SO removal were balanced
salt solution (BSS) or air in 90% of eyes; 10 (9.85%) eyes
received gas tamponade (SF6 18–20% or C3F8 12–15%).
Half of the eyes had 360° peripheral retinal laser performed
during the original RD repair; 13 (13%) eyes had an encir-
cling scleral buckle. All eyes but one had high viscosity SO
(5000 centistokes).

Figure 2 shows the distribution of post-operative com-
plications. Additional interventions required after SO
removal included two glaucoma drainage implants, three
penetrating keratoplasties and one enucleation and seven
PPVs.

Fig. 1 Time to oil removal by aetiology of retinal detachment (RD)
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Post-operatively, corneal complications occurred in 11
(11%) of eyes: 4 eyes had non-healing epithelial defects
(1 progressed to corneal ulcer and required penetrating
keratoplasty (PKP)), 2 failed PKs required repeat grafts, 2
eyes developed corneal oedema associated with ocular
hypertension and 3 eyes developed band keratopathy (BK).
Among the eyes with BK, two had SO in the anterior
chamber pre-SO removal and one had residual SO in the
anterior chamber after SO removal (<10%); one of the three
had mild BK before SO removal. Cystoid macular edema
was seen in two eyes (2%) that had undergone RD repair;
none of the patients was diabetic and none had CME pre-
operatively. Seven eyes (7%) underwent PPV after SO
removal: five for recurrent RD, one for full thickness
macular hole without RD and one for hypotony (and
underwent two PPV for this condition).

Hypotony, defined as IOP < 6 mmHg on two or more
occasions was observed in 8 (8%) eyes after SO removal.
Average IOP pre-oil removal surgery was 16.1 mmHg.
None of the eyes had an average IOP < 6 mmHg prior to
SO removal, but 7 eyes had random measurements of IOP

< 6 mm Hg before SO removal. Of these seven eyes,
hypotony was seen in four eyes (57%) after SO removal.
The average IOP in the four eyes that had lower IOP pre-SO
removal and developed hypotony, was 7.4 mmHg. Of the
eight eyes developing hypotony after SO removal, four
had open globe injury, three had advanced diabetic TRD
and one had RRD with PVR. Of these hypotonus eyes, three
had undergone retinotomy and retinectomy: two had 360°
of retinotomy and retinectomy; one had a 90° retinotomy.
Late hypotony (i.e., onset more than 6 months after SO
removal) occurred only in one case, whereas seven eyes
developed hypotony immediately after SO removal that
persisted until last follow-up. One eye required reinsertion
of oil for hypotony management. Pre-operative average VA
of these eight hypotonus eyes was finger counting. No eyes
progressed to phthisis.

Ocular hypertension, defined as IOP > 24 mmHg on 2 or
more occasions, was noted in 13 (13%) of eyes after SO
removal. Two had Ahmed tubes inserted eventually after
maximal therapy was reached at 15.2 and 4.3 months,
respectively.

Retinal re-detachment occurred in seven eyes (7%),
requiring a repeat vitrectomy with gas or oil tamponade:
two were macular hole-related RDs. Recurrent RD occurred
at an average of 5.6 months (range: 1–16 months) after SO
removal. Five of the seven eyes that re-detached had
received supplementation of demarcation laser at the time of
SO removal. The indication for the initial PPV in these
seven eyes included open globe injury (two eyes), diabetic
TRD (one eye), combined RRD/TRD with PVR (one eye)
with history of a failed PPV/gas and RRD (three eyes).
Vitreous substitute used included one C3F8, one SF6 and
rest with water.

One diabetic eye had new onset rubeosis after SO
removal and underwent one anti-VEGF injection with
rubeosis resolution.

Three eyes (3%) underwent membrane peel at the time of
SO removal. The pre- and post-SO removal visual acuities
in these three eyes were CF, 20/80, HM, and HM, 20/30,
LP, respectively. The eye with final VA of LP vision
developed hypotony after SO removal.

A total of 68% had cataract progression SO removal. A
cataract was considered significant if lens had at least 3+
NS or 2+ PSC, or if the lens was described as mature,

Fig. 2 Post-operative complications after SO removal

Table 1 Indications of SO
insertion, VA and IOP pre- and
post-SO removal

Indications of SO
insertions

N (%) Pre-op VA
(logMAR ± SD)

Pre-op IOP
(mmHg ± SD)

Post-op VA
(logMAR ± SD)

Post-op IOP
(mmHg ± SD)

OGI 15 (15) 2.0 ± 0.4 12.2 ± 4.3 2.0 ± 0.8 15.3 ± 8.6

RRD 64 (63) 1.6 ± 0.5 15.7 ± 5.1 1.4 ± 0.7 15.0 ± 5.8

TRD 22 (22) 1.6 ± 1.6 17.8 ± 8.2 1.3 ± 1.0 13.8 ± 5.0

SO silicone oil, VA visual acuity, IOP intraocular pressure, OGI open globe injury, RRD rhegmatogenous
retinal detachment, TRD tractional retinal detachment

Table 2 Percentage of eyes with VA improvement by two lines and
percentage of eyes with a 5 mmHg decrease in IOP after oil removal
surgery

Months Percentage of eyes with VA
improvement of at least two
lines of (%)

Percentage of eyes with at
least 5 mmHg decrease in
IOP (%)

3 40 73

6 53 47

12 59 81
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brunescent or white. Significant cataract progression was
seen in 68 eyes (68%) in our series; 8 were described as
mature, including 3 white and 5 brunescent cataracts.

Discussion

SO tamponade achieves better anatomic and functional
success than SF6 tamponade when used in repair of
advanced complex RDs [16]; it also enables more rapid
visual rehabilitation in the immediate post-operative period,
relieves the need for strict face down positioning in patients
with neck or back disorders and permits high altitude (e.g.,
air) travel [19]. SO has also been shown to decrease the risk
of neovascular glaucoma, by compartmentalising pro-
angiogenic factors, as well as tamponade recurrent vitr-
eous haemorrhage in patients with proliferative diabetic
retinopathy [3, 12, 14, 20]. One of the biggest drawbacks of
using SO, however, is the need for a second procedure to
remove the oil. Some clinicians recommend removing SO
as quickly as possible once the retina heals to prevent oil-
related complications [14, 21]; others have shown that
prolonged SO tamponade does not increase those risks
significantly [22–24]. Overall, though, the most common
recommendation is to remove SO within 3–6 months after
insertion [25, 26], but each eye needs to be evaluated for SO
removal on an individual basis. In this study, the average
time of SO tamponade before removal was 9.46 months.
This series, however, had a higher proportion of traumatic
cases compared to other reports, which may have con-
tributed to the decision to retain SO tamponade for a longer
period of time. All the cases (except one) employed SO with
higher viscosity, 5000cs.

Initial rapid improvement in VA was noted during the
first 6 months after SO removal, followed by a slower,
progressive improvement. Only two of these eyes had cat-
aract extraction within the first 6 months after SO removal.
There was also a steep decline in IOP during the initial
month after SO removal that plateaued thereafter. Some
studies [27, 28] have reported significant decrease in IOP
with SO removal while others have not [29]. Increased IOP
and peripheral anterior synechiae formation can occur with
SO in the anterior chamber [28].

The reported rate of recurrent RD after SO removal
ranges between 0 and 33% [7, 22, 23, 25, 30–43] with
majority of studies reporting in the 8–12% range. In the
present study, the rate of re-detachment was 7%. Recurrent
RD was seen at an average of 5.6 months (range:
1–16 months) after SO removal. Many variables affecting
re-detachment were similar between the re-detached group
and the overall group, including use of 360° peripheral
retinal laser demarcation at the initial RD repair (n= 3),
use of supplemental demarcation laser during SO removal

(n= 5), presence of scleral buckle (n= 1), or use of gas as
vitreous substitute instead of BSS or air (n= 7). The eyes
that re-detached had history of open globe injury or com-
plex RRD/TRD with PVR. This result is similar to other
studies that have shown a higher rate of re-detachment in
eyes with PVR or giant tear [25, 39, 44].

Routine use of 360° peripheral demarcation laser during
SO insertion or removal is a controversial topic. Many
studies have shown that prophylactic 360° peripheral laser
at the time of vitrectomy may be beneficial in lowering the
risk of re-detachment [23, 30, 33, 38, 39, 41] showing rates
from 3 to 12% compared to up to 33% in those who did not
receive 360° laser treatment. In the present series, 50% eyes
had received 360° peripheral laser treatment (anterior to the
equator) at the original surgery, and 59% underwent sup-
plemental laser at the time of SO removal; 36 of the original
51 eyes that underwent 360° peripheral retinal laser at the
original PPV had additional laser at SO removal.

The reported range of hypotony (some of which was
transient and recovered within weeks) following SO
removal is 2–39% with the majority of studies noting it in
3–7% of eyes [25, 32, 38, 42, 43, 45]. Many studies have
also noted that eyes with preoperative hypotony were sig-
nificantly more likely to have persistent hypotony after SO
removal. In the present study, hypotony, which was defined
as IOP < 6 mmHg on two or more occasions, was observed
in 8% of eyes after SO removal. Four of the eight of the
eyes had low-IOP pre-operatively with at least one instance
of IOP < 6 mmHg, but none met the definition of hypotony.
This result suggests there may be a higher risk of devel-
oping chronic hypotony after SO removal in such eyes. We
discuss the increased risk of hypotony (as well as the risk of
recurrent RD) to patients before SO is removed. The
eyes that developed hypotony were all open globe injured
eyes; two had undergone 360° retinotomy and retinectomy
and one underwent 90° retinotomy during previous retina
surgeries.

The rate of cataract formation or progression, generally
reported up to 90% [46], was seen in 68% of our patients,
ranking it as our most common complication after SO
removal. Three eyes developed a white cataract; in two eyes
it was noted within a month after SO removal even though
there was no history of lens touch during oil removal sur-
gery. Overall, cataract extraction was performed in 41% of
the eyes with cataract progression on an average of
335 days from date of SO removal (median: 270 days). In
addition, aphakic (18) and pseudophakic (22) eyes pre-
operatively were not included in the percentage calculated
for eyes with progression of cataract. This would also
explain the lower rate of cataract progression in our cohort
compared to that reported in the literature. Lastly, since
cataract progression is very common after SO tamponade
usage, combined phaco-cataract removal and silicone oil
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removal is frequently performed. Xu et al. reports transpu-
pillary SO removal vs. pars plana SO removal combined
with standard phaco-cataract removal. The study found that
early IOP was lower with transpupillary approach however
this approach does not allow management of new posterior
segment pathology found intraoperatively [47].

The rate of ocular hypertension after SO removal
reported in other studies is 9–16% [38, 43]. In the present
study, ocular hypertension, defined as IOP > 24 mmHg on
two or more occasions, was noted in 13% of eyes. Two eyes
(2%) needed glaucoma drainage implants after SO removal,
which is lower than the 7% reported in another study in eyes
requiring glaucoma surgery after SO removal [48].

The rate of corneal complications after SO removal
ranges from 3 to 11% [38, 42, 43]. In the present study,
corneal complications (which included corneal oedema,
band keratopathy, failed graft and non-healing epithelial
defects) after SO removal occurred in 11% of eyes. One
theory for progressive graft failure or corneal edema after
SO removal in eyes with SO in the anterior chamber is that
oil may act as a barrier against stromal hydration, and once
the oil barrier is removed, the compromised endothelium
permits development of corneal oedema. Of those with
corneal complications, five eyes (45%) required corneal
transplant.

OCTs (pre or post) of the macula were not regularly
performed in all patient in this cohort. OCT data were
available in 3% of the cases with epiretinal membrane that
underwent membrane peeling with SO removal. Studies
have shown mild disruption of macula structure on OCT in
25–30% of all eyes and severe disruption in 75% of eyes
with BCVA > 1 logMAR 6 months after PPV for RRD [49].
In addition, clinicopathological features of these epiretinal
membranes after SO tamponade for RRD show these ERMs
to be significantly larger than idiopathic ERMs with fragile
underlying retina due to inflammation [50].

This study has limitations. As it is a retrospective study,
there are many confounding variables that prevent firm
conclusions regarding the various risk factors for re-
detachment, hypotony or the other complications. The small
number of eyes with complications prevents any useful
statistical analysis, rendering the conclusions observational.
Finally, the time of follow-up is not standardised as some
patients were lost to follow-up after few months. These
limitations of retrospective consecutive case series are well
recognised [51–53].

In conclusion, this large retrospective case series shows
an overall improvement in VA and decrease in IOP after SO
removal. Cataract progression was the most common
complication. Half of the eyes with oil in the AC developed
corneal oedema after oil removal; overall one-tenth of cases
in the series developed corneal decompensation. Open
globe injuries and PVR seemed to be associated with a

higher risk of recurrent RD. We also found that eyes that
developed hypotony after oil removal, either transiently or
chronically had an IOP < 6 mmHg. These important fea-
tures should possibly be discussion points in pre-operative
evaluation of patients undergoing oil removal. A larger
cohort with a longer follow-up period will shed more light
in management of such eyes.

Summary

What was known before

● Complications of eyes after silicone oil removal,
including retinal re-detachment, hypotony, ocular hyper-
tension, corneal decompensation, CME, cataract pro-
gression and others

What this study adds

● This 5-year retrospective review evaluates the character-
istics, outcomes and complications of eyes after silicone
oil removal. Complications after oil removal included
retinal re-detachment (6.9%), hypotony (7.9%), ocular
hypertension (12.9%), corneal decompensation (9.9%),
CME (2%) and cataract progression (68%). This study
showed an overall improvement in VA and decrease in
IOP after oil removal.
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