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Abstract
Background To investigate the anatomical and functional results of silicone oil (SO) removal after an extended period of SO
tamponade in eyes having received vitrectomy for proliferative diabetic retinopathy (PDR).
Methods From May 2009 to August 2017, clinical records of patients who had vitrectomy for PDR and underwent SO
removal were retrospectively reviewed. SO was in principle left in the eye for an extended period of time and would be
removed promptly when complications relevant to SO rose, or at the same setting when other intraocular surgeries were
performed. Main outcome measures include anatomical outcome, functional outcome, and postoperative complications.
Results Seventy-four eyes of 64 patients (31 males and 33 females) were analysed. The mean follow-up duration was
35.6 months (ranging from 6 to 99 months, median 32 months). The duration of SO tamponade ranged from 3 to 116 months
(mean 26.89 months, median 16 months). Anatomical success was achieved in 95.9% at the last follow-up with best-
corrected visual acuity (BCVA) becoming better or unchanged in 81.1%. Postoperative complications included ocular
hypertension (>25 mmHg; > 4 weeks) in three eyes (4.1%), macular hole in two eyes (2.7%), transient choroidal detachment
in one eye (1.4%), vitreous haemorrhage in four eyes (5.4%) and hyphaema in two eyes (2.7%).
Conclusions The rate of retinal redetachment after an extended period of SO tamponade and removal was low and the
majority of eyes obtained final visual acuity improvement. SO removal after an extended period of tamponade in PDR seems
to be safe under proper indications and case selection.

Introduction

In the surgical treatment of complicated proliferative dia-
betic retinopathy (PDR), silicone oil (SO) may be used for
long-term tamponade. In addition to early visual rehabili-
tation, the use of SO in PDR has the advantages of main-
taining retinal attachment, lowering the rate and severity of
recurrent bleeding and reducing the possibility of rubeosis
iridis [1–10]. However, SO may also be associated with
adverse effects including glaucoma, corneal oedema, cat-
aract formation and peri-SO reproliferation [11–19]. Thus,
it is a common practice to remove SO when an eye stays

attached for a few months after operation. However, early
SO removal may run the risk of recurrent detachment, and
inflammation induced by SO removal procedure may sti-
mulate the development of rubeosis iridis [20, 21].
Although there are some studies on strategies of SO
removal and on the rate of complications [6, 16, 17, 22–26],
most of the reports focused on rhegmatogenous retinal
detachment (RD) with proliferative vitreoretinopathy
(PVR). The literature regarding SO removal in PDR is
scanty and most studies were conducted decades ago
[2, 6, 10, 19, 27, 28]. The proper timing for SO removal
after diabetic vitrectomy has not been well established.
Strategies to reduce the complications after SO removal are
also lacking. One reasonable approach is to withhold early
SO removal, but to remove it promptly when complications
relevant to SO rise, or at the same setting when other
intraocular surgeries are performed. We adopted this strat-
egy for SO removal after diabetic vitrectomy. Anatomical
and functional outcomes and complications after SO
removal are presented.
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Materials and methods

Medical records were retrospectively reviewed on con-
secutive patients with severe proliferative diabetic retino-
pathy who had previous pars plana vitrectomy (PPV) and
had SO removed by the third author at National Taiwan
University Hospital during the period of May 2009 to
August 2017. We identified 74 eyes of 64 patients who had
a minimum follow-up of 6 months after SO removal. All
eyes were filled with 5000-centistoke (cs) SO in the pre-
vious surgery during the period of March 2003 to February
2017. Indications of SO injection were: (1) severe pro-
liferation in four quadrants with fibrovascular tissue
extending beyond the equator in more than two quadrants,
and (2) the presence of residual traction or multiple breaks
in different quadrants with suspected missed breaks after
membrane dissection. Under these conditions, we believed
that without long-term tamponade, the possibility of rede-
tachment was high [29]. There were 105 eyes, which
received diabetic vitrectomies with SO tamponade during
the study period, and in 31 eyes (29.5%), SO was left
in situ. The reasons for retaining SO include: the retina was
judged not suitable for SO removal for fear of redetachment
or hypotony; prominent rubeosis with or without neovas-
cular glaucoma was present; the visual potential was light
perception or less; the duration of SO tamponade was
<9 months; and finally, the patients opted not to have fur-
ther surgery. This study was approved by the Research
Ethics Committee of National Taiwan University Hospital
and was conducted in accordance with the Declaration of
Helsinki. Indications for SO removal were as follows: (1)
massive preretinal blood or fibrin in the early post-operative
period, (2) significant preretinal membrane causing macular
structural changes and affecting central vision, (3) mature
cataract or cataract causing progressive vision decrease, (4)
intraocular pressure (IOP) higher than 25 mmHg lasting for
more than 4 weeks despite maximal antiglaucomatous eye
drops, (5) progressive corneal endothelial cell loss, (6)
significant emulsified SO in the anterior chamber (AC)
causing decreased vision or increased IOP, (7) macular
hole, and (8) on patient’s request in a stable condition. As a
principle, unless early intervention within a short period of
time was required, at least 9 months was allowed before
removing SO. Demographics (age, gender, and comorbid-
ity), and ophthalmologic status before and after SO injec-
tion including best-corrected visual acuity (BCVA), IOP,
lens status (phakic, pseudophakic, or aphakic), extent of
fibrovascular proliferation (FVP) and RD were recorded.
We defined FVP severity into four grades based on the
severity of vitreoretinal adhesion: multiple-point adhesions
with or without 1-site plaque-like broad adhesion (Grade 1),
broad adhesions in more than 1 but fewer than three sites,
located posterior to the equator (Grade 2), broad adhesions

in more than three sites, located posterior to the equator or
extending beyond the equator within 1 quadrant (Grade 3),
and broad adhesions extending for more than 1 quadrant
anterior to the equator (Grade 4) [30]. Broad adhesion is
defined as fibrovascular proliferative membrane having
multiple point adhesions and occupying more than two-disc
areas (Fig. 1) [31]. The vitreoretinal status was assessed
preoperatively with indirect ophthalmoscope or intraopera-
tively when media opacity obscured ophthalmoscopic
examination.

Surgical procedure

Informed consent was obtained preoperatively. All surgeries
were performed by the third author. SO removal of all
patients was done by using a standard three-port PPV. AC
irrigation to remove SO droplets was done if necessary.
Visually significant cataract was removed, and intraocular
lens was implanted when indicated. Retina was carefully
examined after SO removal and supplement endolaser was
performed if previous panretinal photocoagulation was
judged insufficient. Epiretinal membrane (ERM) and inter-
nal limiting membrane (ILM) in the macular area were
removed for premacular membrane causing structural
changes. Repeated air–fluid exchange was done to remove
residual SO followed by intravitreal injection (IVI) of
bevacizumab 1.25 mg in all eyes.

Main outcome measures

Anatomical and functional outcomes

Initial, early and final anatomical successes were defined
and recorded respectively as complete retinal attachment at
the first and third postoperative months and at the last
follow-up. Functional outcomes were assessed by BCVA

Fig. 1 Broad adhesion of fibrovascular proliferative membrane.
The representative fundus photograph showing broad adhesion of
fibrovascular proliferative membrane (arrows).
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measured preoperatively, at the first and third months
postoperatively, and at the last follow-up. Ambulatory
vision was defined as BCVA ≥ 20/1000.

Complications

Ocular hypertension was defined as IOP > 25 mmHg and
recorded as early postoperative (within 2 weeks after sur-
gery), late-onset (after 2 weeks postoperatively), and pro-
longed ocular hypertension (>4 weeks of IOP elevation
despite full medication). Hypotony was defined as IOP <
5 mmHg for more than 1 week. Keratopathy, macular hole
(MH), cataract progression, posterior capsular opacity,
vitreous haemorrhage (VH), significant preretinal haemor-
rhage, and hyphaema were recorded.

Statistical analysis

Means and standard deviations were calculated for quanti-
tative variables. Frequencies and percentages were calcu-
lated for categorical variables. Multivariate analysis of
factors for the final visual outcome was performed. Logistic
regression was used for investigating factors relevant to
anatomical outcome. P < 0.05 was considered statistically
significant. The statistical analysis of the data was done by
the software Statistical Package for Social Sciences (SPSS)
version 22. Descriptive statistics was calculated in terms of
mean, standard deviation, minimum, maximum and range.

Results

Demographics

Seventy-four eyes of 64 patients (31 males and 33 females)
were analysed in this study. Patient ages ranged from 26 to
70 years (mean: 44.1 ± 10.2 years). Four patients were type
1 diabetes mellitus (DM), 55 patients were type 2 DM and 5
were not documented. Three most common comorbidities
were hypertension, diabetic kidney disease and heart dis-
ease in 42 patients (48 eyes), 14 patients (14 eyes), and 8
patients (8 eyes), respectively. Initially, 52 eyes had grade 4
FVP, 13 eyes had grade 3 FVP, 5 eyes had grade 2 FVP, 2
eyes had no FVP but macular hole, and 2 eyes had no
documentation of FVP severity. Before SO injection, pan-
retinal photocoagulation was performed for 53 eyes (71.6%)
and IVI bevacizumab 1.25 mg was performed for 27 eyes
(36.5%). Tractional retinal detachment (TRD) in 31 eyes
(41.9%) and combined RD in 43 eyes (58.1%) were initially
diagnosed. Primary vitrectomy with SO injection was per-
formed for 71 eyes and secondary vitrectomy with SO
injection was performed for the other 3 eyes with failed
initial vitrectomy with gas tamponade.

Indications for SO removal

Twenty-one eyes (28.4%) were pseudophakic, and all the
others were phakic. Before SO removal, retina was attached
in all eyes. The duration of SO tamponade ranged from 3 to
116 months (mean: 26.89 ± 25.45 months, median:
16 months). Kaplan–Meier plot for SO removal is demon-
strated in Fig. 2. Indications for SO removal are listed in
Table 1. Only one eye (1.4%) had a SO tamponade duration
<6 months and in this case, SO removal was indicated due
to massive preretinal fibrin from recurrent preretinal hae-
morrhage after initial surgery, along with hyphaema and
persistent ocular hypertension. The follow-up duration after
SO removal ranged from 6 to 99 months (mean: 35.55 ±

Fig. 2 Kaplan-Meier plot. Kaplan–Meier plot for silicone oil removal.

Table 1 Indications for silicone oil removal.

No. of
eyesa (n)

Average duration
(months)

Massive preretinal blood or fibrin in
the early post-operative period

1 3.0

Macular pucker causing structural
changes

25 31.3

Along with cataract operation 51 16.7

Ocular hypertension 5 36.2

Significant amount of emulsified
oil in AC

23 40.9

Macular hole 2 13.5

On patient’s request with stable
retinal conditionsb

2 15.5

AC anterior chamber, SO silicone oil.
aThe total number of eyes exceeds 74 because some patients had
multiple reasons for SO removal.
bStable retinal conditions are defined as complete flat retina for more
than 9 months without vitreoretinal traction or residual preretinal
membrane with surrounding laser scars and no retinal folding.
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21.82 months, median: 32 months). As for indications,
those with significant emulsified oil in AC had a longer
duration of SO tamponade before removal, while those
receiving SO removal due to cataract progression had a
shorter duration of SO tamponade before removal (p=
0.019 by ANOVA).

Main outcome measures

Anatomical outcomes

Anatomical success was achieved in 72 eyes (97.3%) at one
month and three months after SO removal and in 71 eyes
(95.9%) at the last follow-up visit. Retinal redetachment
after SO removal occurred in 3 eyes (4.1%); two of them
had recurrent FVP and TRD at, respectively, 1 month and
7 months after SO removal, and SO was reinjected in both
cases. The other one had macular hole with retinal detach-
ment (MHRD) immediately after SO removal, and it then
received PPV along with ILM removal and inverted ILM
flap insertion procedures 1 month later. All of these three
eyes with retinal redetachment after SO removal had
attached retina after the secondary operations. Logistic
regression models were used to evaluate the risk factors for
redetachment of retina after SO removal, and a lower IOP
before SO removal was identified as the only variable
relevant to final anatomical success (OR= 0.775, p=
0.038) (Table 2). Overall, SO free with reattached retina
was achieved in 72 eyes (97.3%).

Visual outcomes

After SO removal, BCVA improved significantly from
LogMAR 1.53 ± 0.54 to 1.18 ± 0.58 at 1 month (p < 0.001),
1.14 ± 0.62 (p < 0.001) at 3 months after SO removal and
1.01 ± 0.61 (p < 0.001) at the last follow-up visit. The cor-
relation between preoperative and final BCVAs is demon-
strated in Fig. 3. In eyes without combined cataract
operation, BCVA also improved significantly from log-
MAR 1.46 to 1.15 (p < 0.001) at the last follow-up visit.
Forty-nine eyes (66.2%) achieved a final visual acuity of
20/200 or better. BCVA improved or was stable in 56 eyes
(75.7%) 3 months postoperatively and in 60 eyes (81.1%) at
the last follow-up. Seven eyes (9.5%) had worsened vision
but maintained an ambulatory vision, and 1 eye (1.4%) had
no light perception at the last follow-up.

Under univariate analysis, initial FVP grade 3 (p=
0.009), initial RD in three quadrants (p= 0.049) and in all
four quadrants (p < 0.001), BCVA before SO injection (p=
0.021), and BCVA before SO removal (p < 0.001) were
identified as variables associated with final BCVA
(Table 3). For multivariate analysis of the five variables,
only BCVA before SO injection (beta = 0.294, p= 0.005)

and BCVA before SO removal (beta= 0.466, p < 0.001)
were identified as variables associated with visual outcome.

Complications

Two eyes (2.7%) had immediate postoperative ocular
hypertension (>25 mmHg) while eight eyes (10.8%) had
late-onset IOP elevation after SO removal. Three eyes

Table 2 Correlating factors for retinal attachment after silicone oil
removal by using logistic regression analysis.

P value OR CI 95%

Lower Upper

Age 0.388 0.946 0.835 1.073

Gender 0.563 0.057 0.042 5.606

Combined RD 0.803 1.366 1.118 15.798

FVP grade 0.840 1.180 0.238 5.842

RD quadrants 0.365 0.529 0.134 2.095

Pre-op PRP 0.149 0.163 0.014 1.917

Pre-op IVIA 0.908 0.865 0.075 10.014

BCVA before SO injection 0.220 0.216 0.019 2.502

IOP before SO injection 0.828 0.963 0.685 1.354

CMT before SO injection 0.409 0.980 0.933 1.029

BCVA before SO removal 0.992 1.011 0.117 8.772

IOP before SO removal 0.038 0.775 0.608 0.986

Macular oedema before SO
removal

0.320 0.289 0.025 3.343

CMT before SO removal 0.395 0.979 0.932 1.028

Lens status (pseudophakia) 0.889 1.190 0.102 13.850

SO amount 0.238 2.420 0.558 10.489

Duration of SO tamponade 0.752 0.991 0.935 1.049

Combine with cataract operation 0.931 0.898 0.077 10.433

Combine with ERM/ILM
peeling

0.973 0.958 0.083 11.121

Emulsified oil in AC 0.213 4.762 0.409 55.402

BCVA 1 month after SO
removal

0.595 0.547 0.059 5.051

IOP 1 month after SO removal 0.433 0.897 0.683 1.177

Final BCVA 0.969 0.963 0.140 6.638

BCVA change 0.962 0.954 0.139 6.553

CMT at last follow-up 0.297 1.016 0.986 1.046

Hyphaema 0.999 0.000 0.000 –

VH 0.074 11.333 0.789 162.743

Follow-up duration 0.384 0.968 0.899 1.042

AC anterior chamber, BCVA best-corrected visual acuity, CI confidence
interval, CMT central macular thickness, ERM epiretinal membrane,
FVP fibrovascular proliferation, ILM internal limiting membrane, IOP
intraocular pressure, IVIA intravitreal injection of Avastin, OR odds
ratio, Pre-op preoperative, PRP panretinal photocoagulation, RD retinal
detachment, SO silicone oil, VH vitreous haemorrhage.

P < 0.05 was considered statistically significant and values which
achieved statistical significance were marked in bold types.
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(4.1%) developed de novo long-term ocular hypertension
(lasting for more than 4 weeks despite full medication),
among which one received peripheral iridectomy and the
other two were controlled with medications. No eye had
hypotony (<5 mmHg) postoperatively, but transient low
IOP (<10 mmHg) was found in six eyes (8.1%). Both of the
only two phakic eyes showed cataract progression and
received cataract operation 11 months and 57 months after
SO removal, respectively. Posterior capsular opacity
developed in 24 (33.3%) of the 72 pseudophakic eyes.
Immediately after SO removal, one eye (1.4%) had transient
choroidal detachment, which resolved on postoperative day
4 under oral and topical steroid. Two eyes (2.7%) had full
thickness macular hole (FTMH) after SO removal; one of
them had FTMH with RD immediately after SO removal
and received PPV along with ILM removal, inverted ILM
flap insertion procedures 1 month postoperatively as
described previously; the other had FTMH without RD
2 weeks after SO removal and received PPV and posterior
lens capsule insertion 16 months after SO removal. Macular
hole closure was achieved postoperatively and the retina
remained attached in both cases. Four eyes (5.4%) had
recurrent VH immediately after SO removal and received
IVI bevacizumab with or without cryotherapy at 1, 1, 4,
5 months, respectively. Among them, one had complicated
recurrent FVP and TRD and received PPV again with SO
reinjection. The fundus was clear in these four eyes post-
operatively and remained clear until the last follow-up visit.
Two eyes (2.7%) had recurrent hyphaema and received AC
irrigation at 1 week and 2 months, respectively. None of the
74 eyes developed keratopathy.

Discussion

In this study, results of SO removal after an extended period
of SO tamponade were analysed. We withheld SO removal
for at least 9 months and until other intraocular procedures

were indicated. The anatomical results were favourable
(more than 95% of eyes had attached retina after SO
removal); functional results and complications were also
acceptable as compared with other available study results.
The reason we adopted the time period of at least 9 months
after surgery to remove SO in uncomplicated cases instead
of 3–6 months as advocated by other investigators
[17, 26, 32] is that after intraocular surgeries in eyes with

Fig. 3 Preoperative and final best-corrected visual acuity. The
correlation of preoperative and final best-corrected visual acuity of the
total 74 eyes in this study.

Table 3 Correlating factors for final best-corrected visual acuity after
silicone oil removal by using linear regression analysis.

Beta P value

Age 0.202 0.084

Gender −0.099 0.401

Combine RD 0.126 0.291

FVP grade

Grade 2

Grade 3 −0.595 0.009

Grade 4 −0.138 0.307

RD extent

2 quadrants

3 quadrants 0.306 0.049

4 quadrants 0.089 <0.001

Pre-op PRP −0.189 0.112

Pre-op IVIA −0.147 0.212

BCVA before SO injection 0.272 0.021

IOP before SO injection 0.067 0.579

CMT before SO injection −0.092 0.589

BCVA before SO removal 0.454 <0.001

IOP before SO removal 0.084 0.481

Macular oedema before SO removal 0.117 0.387

CMT before SO removal 0.077 0.598

Lens status (pseudophakia) 0.023 0.846

SO amount 0.200 0.093

Duration of SO tamponade −0.004 0.970

Combine with cataract operation −0.113 0.338

Combine with ERM/ILM peeling 0.181 0.330

Emulsified oil in AC 0.079 0.608

CMT at last f/u −0.183 0.180

Recurrent RD −0.005 0.970

Hyphaema 0.110 0.350

VH 0.076 0.517

Laser capsulotomy −0.218 0.062

Follow-up duration −0.021 0.857

AC anterior chamber, BCVA best-corrected visual acuity, CMT central
macular thickness, FVP fibrovascular proliferation, f/u follow-up,
ERM epiretinal membrane, ILM internal limiting membrane, IOP
intraocular pressure, IVIA intravitreal injection of Avastin, Pre-op
preoperative, PRP panretinal photocoagulation, RD retinal detach-
ment, SO silicone oil, VH vitreous haemorrhage.

P < 0.05 was considered statistically significant and values which
achieved statistical significance were marked in bold types.
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PDR, postoperative inflammation was strong [33] and it
usually took a prolonged period of time to obtain a complete
subsidence of inflammation [34, 35]. Our results indicate
that this strategy of timing for SO removal from eyes with
PDR may be desirable in the modern surgical era.

Retinal redetachment is one of the most serious com-
plications after SO removal. Literature review showed in
different underlying conditions, the rate of retinal rede-
tachment varied widely and appeared to correlate with the
underlying disease process and its severity. In RD with
PVR eyes, retinal redetachment rate occurred in 20% [36]
and up to 51.5% of cases [27]. Redetachment following the
removal of SO was less common in diabetic eyes, ranging
from 11 to 31%, with an average duration of SO tamponade
being 19 weeks to 13.5 months [2, 10, 19, 27, 28]. In our
study, three eyes (4.1%) had retinal detachment after SO
removal with an average tamponade duration of
26.9 months, and this rate is much less than those reported
in previous studies. Improvements in surgical techniques
and instruments, as well as the use of anti-vascular endo-
thelial growth factor agents may play important roles in
lowering the redetachment rate since most of the other
studies were conducted decades ago. Further, the mean
duration of SO tamponade in our study was 26.9 ±
25.4 months (ranging from 3 to 116 months, median
16 months), which was by far the longest duration of SO
tamponade among the relevant studies. We believe that an
extended period of SO tamponade may have the following
advantages after SO removal surgery: stabilising the retina,
reducing the possibility of excessive post-operative
inflammation, and rendering the residual fibrotic tissue
less contractile. These advantages may decrease the like-
lihood of redetachment. In our study, it is found that IOP
before SO removal is the only variable relevant to the final
anatomical success. Eyes with low IOP before SO removal
had a higher risk of recurrent retinal detachment. Two of the
three retinal redetachments occurred in the first month after
SO removal. These three cases with redetachment were
manageable and the retinas remained attached after opera-
tion. The functional prognosis of recurrent detachment was
satisfactory with a mean BCVA of logMAR 1.0, and is
superior to that previously reported [36–38].

Under our indications for SO removal with a relatively
extended period of tamponade, we found that there is no
correlation between the duration of SO tamponade and the
incidence of redetachment. Those three cases with RD after
SO removal had SO tamponade for 14, 20, and 33 months,
respectively. Two eyes had incomplete FVP removal during
the two previous operations, and the other had MHRD.

In our study, patients’ vision improved significantly after
SO removal. Sixty eyes (81.1%) had improved or stable
BCVA at the last follow-up, and 49 eyes (66.2%) achieved
a final visual acuity of 20/200 or better. These results

compare favourably with those of other previous studies.
Again, these results indicate the benefit of improved sur-
gical techniques and instruments. To the best of our
knowledge, the data we present are the first surgical results
in the modern era of micro-invasive surgery. In addition, we
did not find any association between the final BCVA and
the duration of SO tamponade in this study, and this sug-
gests that an extended period of SO tamponade in the
vitreous cavity may not cause retinal toxicity. However, we
identified BCVA before SO injection and BCVA before SO
removal as the variables associated with visual outcome
through multivariate analysis. This result implies that the
primary vitrectomy should be performed promptly once a
patient has FVP and TRD threatening central vision.

In this study, one eye had early SO removal because of
massive preretinal haemorrhage/fibrin. The fibrin clot was
extensive and adherent to the vessels. Our previous
experience suggests massive preretinal haemorrhagic
mound should be removed promptly because if removal of
SO and fibrin was delayed, TRD may develop in a short
period of time.

One of the concerns of an extended period of SO tam-
ponade in the vitreous cavity is the possibility of ocular
hypertension secondary to SO droplets obstructing the tra-
becular meshwork. We removed SO once the anti-
glaucomatous medications failed to bring the IOP down to
the normal range for more than one month. Overall,
IOP decreased significantly from 18.3 ± 6.4 mmHg to
14.5 ± 4.5 mmHg after SO removal (p < 0.001) in this study.
Of the five eyes that had IOP elevation before SO removal,
all experienced a decrease in IOP after SO removal. How-
ever, one of the five eyes had an increase of IOP 15 months
after SO removal and underwent successful trabeculectomy.
The patient had been diagnosed as primary open-angle
glaucoma, and the use of SO might also play some role in
the impaired aqueous outflow system. Two eyes (2.7%) had
immediate postoperative IOP elevation (>25 mmHg), and
one of them was associated with hyphaema. Eight eyes
(10.8%) had late-onset transient IOP elevation, and among
them, one was accompanied with hyphaema, and two were
due to pupillary block. Three eyes (4.1%) developed de
novo long-term ocular hypertension (lasting for more than
4 weeks despite medication), and this rate is comparable
with previous study [17]. For these three eyes, SO was
removed at 15, 54, and 61 months, respectively, after SO
injection. It is suspected that the high IOP was caused by
the damage of trabecular meshwork by the SO droplets,
although no grossly visible SO emulsification in the AC
was noted.

In this study, significant emulsification of SO in the AC
was found in 23 eyes (31.1%) before SO removal in this
study. Emulsification of the SO has been associated with a
rise in IOP [39, 40]. However, only 2 of the 23 eyes (8.7%)
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with emulsification of SO developed persistent IOP eleva-
tion before SO removal in this study, and this suggests our
timing of SO removal seems to be adequate.

Intraocular bleeding including vitreous haemorrhage and
hyphaema is an infrequent but significant complication after
SO removal, since it would affect IOP and markedly delay
the visual recovery. In our study, 5.4% of eyes had VH and
2.7% had hyphaema. Patients with VH and hyphaema after
SO removal in our series had a significantly shorter duration
of SO tamponade than those without. This suggests that an
extended duration of SO tamponade may prevent post-
operative hyphaema and VH. Furthermore, some believed
that SO had a positive effect against iris neovascularization
[7–9]. Although no neovascularization was found in our
study, it may be an important factor of postoperative VH
and hyphaema. An extended duration of SO tamponade
should be considered for patients with high ischaemic drive
which makes neovascularization more likely to occur.

FTMH was found in two eyes (2.7%) after SO removal
in this study and in both cases, no detectable FVP was noted
at the time of SO removal or after SO removal. Several
studies reported MHs in diabetic retinopathy (DR) with or
without FVP [41, 42]. To the best of our knowledge, we are
the first to report development of MH after SO removal in
DR. During reoperation, both of the two eyes had foveal
thinning, and ERM in the upper and lower arcades and
connected with vessels was found in one of them. We
believe that the tangential traction from foveal thinning and
ERM were responsible for the MH formation.

We acknowledge the limitations associated with a ret-
rospective review of cases, including a lack of study control
and standardised reporting of cases. In addition, it is diffi-
cult to distinguish whether most complications arising from
SO removal, the previous use of SO, or the underlying
retinal diseases. However, because there is no such study in
modern micro-invasive surgery era, our study may be used
as a base for future comparison. Our study shows a stable
visual outcome throughout an extended follow-up, and
minor and manageable complications associated with long-
term SO usage and after SO removal. With understanding of
possible complications and careful case selection, it is
concluded that SO removal after a relatively extended per-
iod of SO tamponade and under proper indications after
diabetic vitrectomy may be an acceptable option.

Summary

What was known before

● Silicone oil (SO) may be used for long-term tamponade
in complicated proliferative diabetic retinopathy (PDR)
but it may also be associated with adverse effects.

● The proper timing for SO removal after diabetic
vitrectomy has not been well established and strategies
to reduce the complications after SO removal are
lacking.

● The literature regarding SO removal in PDR is scanty
and most studies were conducted decades ago.

What this study adds

● The rate of retinal redetachment after an extended period
of SO tamponade and removal was low and the majority
of eyes obtained final visual acuity improvement.

● To withhold SO removal until other intraocular surgeries
are performed or complications related to SO rise may
be an acceptable option in the modern surgical era.

● As no study of SO removal in PDR in modern micro-
invasive surgery era has been reported, our study may be
used as a base for future comparison.
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