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Section 3 Special Adjuncts to Treatment I 
Chapter Silicone Oil in Vitreoretinal Surgery 

INTRODUCTION 

Ron P. Gallemore 
Brooks W Mccuen II 

Since the US FederaJ Drug Administration approved the use of 
silicone oil as an intraocular tamponade in 1996, this agent has 
been used with increasing frequency in the USA and elsewhere 
as an adjunct in vitreoretinal surgery. Silicone oil has been used 
most commonly in the management of complex rhegmatogenous 
retinal detachments due to severe proliferative vitreoretinopathy 
(PVR), giant retinal tears, viral retinitis, trauma, and proufera­
t ive diabetic retinopathy (PDR). Additional applications now 
include idiopathic, myopic, and traumatic macular holes, colobo­
matous retinal detachments, and chronic uveitis with severe 
hypotony. In this chapter, we review the unique surgical tech­
niques associated with silicone oil usage, the clinical settings in 
which silicone oil tamponade may be used, the advantages and 
disadvantages of silicone otl compared with other tamponades 
and the complications associated with its use. 

HISTORICAL PERSPECTIVE 

Based on the experimental work of Stone1 and Armaly,Z Paul 
Cibis3-6 introduced liquid silicone oil for use in retinal reattach­
ment surgery in the early 1960s. This initial clinical application of 
silicone oil came before the advent of modem pars plana vitreous 
surgery.7 Utilizing both its relatively high interracial tension with 
water as well as its hydraulic capabilities, Cibis envisioned silicone 
oil both as an extended intraocular tamponade as well as a surgical 
instrument. Silicone was utilized as a tamponade for pushing 
back the retina against the force of preretinal membranes8 and 
as an intrument to separate preretinal membranes. With these 
approaches, previously inoperable retinal detachments could be 
treated with significant anatomical and visual success. 

Despite initial success and excitement with the use of liquid 
stlicone oil, the combination of the untimely death of Cibis in 
1965 and the increasing reports of complications associated 
with prolonged silicone tamponade9-17 led to near abandonment 
of the use of silicone oiJ in retinal surgery. Only a few retinal 
surgeons, most notably John Scott in England, IK--Z l continued to 
use liquid silicone oil, thus extending the work of Cibis and 
providing additional experience with silicone oil as a long-acting 
tamponade. 

With the advent of modern vitreous microsurgery in the 
1970s, several investigators, including Jean Haut in France,22- 26 

Relja Zivojnovic in the Netherlands, 27-m and Peter Leaver in 
England, 30-Js successfully combined pars plana vitrectomy 
techniques with the use of silicone oil as an internal tamponade. 
As the use of silicone oil spread, other advances, such as the 
inferior peripheral iridectomy39,40 and relaxing retinotomy41-"3 

in selected cases reduced the complication rates and further 
increased the likelihood of successful retinal reattachment.«-W 

While in Europe silicone oil was used with increasing frequency 
in the treatment of complex retinal detachments, retinal surgeons 
in the USA focused their attention on improving fluid-gas 
exc.hange techniques10-73 and on the development of longer-acting 
gases74,75 for extended intraocular tamponade ( see Chapter 127 
for review). By the mid- l 980s, the relative safety and efficacy 
of these two tamponades had not been defined. Uncontrolled 
clinical studies suggested that the guaranteed and extended nature 
of the silicone oil tamponade might improve the anatomic 
results for complex cases, but that the ultimate visual results 
might be compromised by complications related to its use.76 

Thl!.IS was born the SiJicone Study, organi7.ed by Stephen Ryan, 
which sought to compare the safety and efficacy of stlicone oil 
to long-acting gas as a tamponade in the repair of complex 
rhegmatogenous retinal detachments with severe PVR. 76.77 

INDICATIONS FOR SILICONE OIL TAMPONADE 

Silicone oil tamponade is now utilized in the management of a 
wide variety of vitreoretinal problems. Here we review some 
specific indications for the use of silicone oil. 

Retinal detachment complicated by severe 
proliferative vitreoretinopathy 
The Silicone Study was a prospective, multicentered, randomized, 
controlled clinical trial comparing silicone oil and long-acting 
gases in the management of eyes with severe PVR. 76 In this 
study, eyes were divided into two groups: group 1 ( eyes with no 
previous history of vitreous surgery) and group 2 ( eyes with a 
previous history of at least one vitrectomy with gas for PVR). 
This study concluded that overall, siJicone oil was superior to 
sulfur hexafluoride gas78 and roughly equivalent to perfluoro­
propane (C:iF8) gas79,so in the management of retinal detachment 
with severe PVR. Despite their overall equivalence, however, 
certain subgroups of eyes appeared to do better with silicone oil 
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than with C3F8. Relative indications for the use of silicone oil
include the need to travel by air or on land to higher elevations
and anticipated difficulty with postoperative prone positioning
(children, and those who are mentally or physically impaired).81,82

Eyes with severe anterior PVR also did better with silicone oil
than with C3F8.83 In group 1, patients undergoing relaxing
retinotomy, whose eyes were treated with silicone oil did better
both anatomically and visually than eyes receiving C3F8 gas.84

Relative indications for the use of gas rather than silicone oil
include: a high probability of corneal tamponade touch (such as
when there is a poor iris diaphragm); the presence of superior
retinal breaks on the posterior slope of a high scleral buckle (since
gas conforms better than silicone to the slopes of the buckle);
and the presence of a silicone intraocular lens with an open
posterior capsule (see Complications, below).82 An interesting
cost–benefit analysis revealed that silicone oil was slightly more
cost-effective than C3F8 gas in eyes with PVR without previous
vitrectomy, whereas C3F8 gas was more cost-effective than
silicone oil with previous vitrectomy and PVR.85 The study also
concluded that PVR surgery on eyes with either tamponade
was cost-effective when compared with other widely accepted
intravitreal therapies across diverse medical specialties.

Complications of severe proliferative diabetic
retinopathy
The use of silicone oil in the management of patients with severe
PDR remains controversial. In Europe, silicone oil is often used
during the initial vitrectomy for severe diabetic traction retinal
detachment as well as for recurrent diabetic vitreous hemor-
rhage following previous vitrectomy surgery.86–89 The rationale
for silicone oil use in PDR is based on a potential reduction in
postoperative hemorrhage, a more rapid recovery of visual
function (for example, in one-eyed patients, in contrast with gas
tamponade) and reduced postoperative positioning require-
ments.90–93 A downside of the use of silicone oil in diabetic
patients is the necessity for a second operation to remove it.
Unlike in eyes with PVR, there has been no prospective, ran-
domized clinical trial comparing silicone oil with extended gas
tamponade in eyes with severe PDR.

Silicone oil may be of potential use in diabetic patients with
severe anterior-segment neovascularization or anterior hyaloidal
fibrovascular proliferation.94,95 A silicone oil tamponade may
suppress anterior-segment neovascularization by impeding the
movement of vasoproliferative factors from the posterior segment
to the anterior segment or by increasing oxygen tension in the
aqueous by preventing diffusion of oxygen-enriched aqueous to
the posterior segment.96,97 In an uncontrolled series, we per-
formed revision of vitrectomy and silicone oil injection in 18
eyes that developed advanced iris neovascularization or anterior
hyaloidal fibrovascular proliferation complicated by retinal detach-
ment or media opacity after vitrectomy for the complications
of PDR.95 Stabilization or regression of the anterior ocular
neovascular changes was noted in 83% of the eyes. Sustained
retinal reattachment was achieved in 56% of eyes, with visual
acuity improving to 20/400 or better in 28% of eyes. Posterior-
segment vascular or avascular reproliferation was the main cause

for anatomic failure, while generalized retinal vascular ischemia
was felt to be the main cause for poor visual results despite
retinal reattachment.

Douglas et al.98advocate the use of pars plana resection, vitrec-
tomy, and silicone oil in eyes with severe PDR and combined
traction/rhegmatogenous retinal detachment involving the macula.
In a retrospective, noncomparative consecutive series of 22 eyes
in 22 patients, the authors observed macular attachment in
91% of eyes at the final follow-up visit (average of 15 months).
In the 64% of patients who underwent silicone oil removal,
visual acuity of 20/400 or better was found in 93% of cases. In
contrast, in those patients who did not undergo silicone oil removal,
only one case (8.3%) achieved a visual acuity of 20/400.

We also advocate the use of silicone oil after failure of con-
ventional vitreous surgery for PDR due to the development of
severe PVR.99 While these eyes have a very poor anatomical and
visual prognosis, at least some could be salvaged by reoperation with
a silicone oil tamponade. A randomized, controlled clinical trial
would be required to assess the relative contribution of silicone
oil to the success or failure in these complicated diabetic cases.

Selected cases of macular hole
Silicone oil tamponade has been used in the repair of macular
holes in several settings: retinal detachment caused by macular
holes, idiopathic macular holes, and traumatic macular holes.
Macular holes causing retinal detachments usually occur in eyes
with pathologic myopia, often in patients of Asian or Middle
Eastern descent. Modern pars plana vitrectomy techniques,
accompanied by the use of a gas tamponade and prone posi-
tioning, have been of value in the management of these macular
hole-detachment cases.100–102 Silicone oil may be advantageous
in patients for whom postoperative positioning is impaired by
physical or psychological factors or in whom traveling at high
altitudes is required. In addition, silicone oil remains a reasonable
approach in eyes failing attempts with a gas tamponade.100,103

Its principal disadvantage with respect to gas is the necessity for
a second operation to remove the oil 4 to 8 weeks after the
initial surgery.

In an initial study of silicone oil as a temporary tamponade in
eyes with idiopathic macular holes, results were promising.104

In this retrospective consecutive series including 40 eyes and
employing autologous serum but no internal limiting membrane
peeling, we found that 80% of the holes could be sealed with
one operation and that the overall success rate increased to
92.5% with a second procedure. Visual acuity improved an
average of 2.6 lines in all eyes. More recently, Lai et al. found a
lower anatomic macular hole closure rate with silicone oil com-
pared with gas.105 The rate of hole closure with one operation
was 65% with oil versus 91% with gas. The reoperation rate was
also significantly higher with oil: 35% versus 4% with gas. The
final closure rate with more than one operation was not statis-
tically significant between the two groups: 90% with oil versus
96% with gas (P = 0.628). The final median visual acuity, however,
was significantly better for gas than oil (20/50 versus 20/70,
respectively. There were no differences in the prevelance of
internal limiting membrane peeling or the use of indocyanine
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green dye between the two groups. Factors proposed to account
for the greater success rate with gas versus oil include the greater
buoyancy force with gas, the unproven possibility of silicone oil
toxicity, and a glial response with gas which has not yet been
evaluated for silicone oil. Other factors could include the higher
surface tension of gas versus oil which may facilitate isolation of
the hole from fluid currents as it heals, and the occurrence of
emulsification with oil which may lead to droplets in the hole
itself impeding hole closure.

While our enthusiasm for silicone oil has waned, we still con-
sider the use of silicone oil for selected cases in the treatment
of idiopathic macular holes when problems with postoperative
positioning are anticipated, rapid return to normal function is
required, air travel is necessary, or the patient is monocular.

The use of silicone oil in traumatic macular hole repair may
also be considered. Again, the ability and willingness to maintain
face-down postoperative positioning is of primary importance.
Traumatic holes occur more often in young males and children
in whom postoperative positioning may be less reliable. Overall,
gas remains our tamponade of choice for nearly all cases of
macular hole.

Silicone oil allows clear visualization of the macula and we
have observed the time course and properties of macular hole
closure utilizing optical coherence tomography.106 By the first
postoperative day, the macular hole was flat with resolution of
parafoveal cysts. Complete hole closure was observed at 1 month
in successful cases. Persistent retinal separation at 1 month was
indicative of failure in all cases.

Giant retinal tears
Silicone oil may be used in the repair of giant retinal tears in
two different ways: (1) as an instrument to facilitate unfolding
and flattening of the retinal detachment and tear; and (2) as a
long-term tamponade. The advent of liquid perfluorocarbons
(PFCs) has allowed less traumatic flattening of retinal detach-
ments caused by giant retinal tears and has led to PFCs largely
replacing silicone oil techniques for intraoperative flattening of
the retina.

The use of silicone oil in cases of giant retinal tear without PVR
remains controversial. It is still widely used for this purpose in
Europe, while extended intraocular tamponade with gas remains
more popular in the USA. Reports of excellent anatomical and
visual success with either technique are available,34,35,38,107–109

but there are no randomized controlled studies directly comparing
results with silicone to gas. We may select oil over gas when
positioning is a concern, particularly when the tear extends to
the 6 o’clock position.

Retinal detachment associated with choroidal
coloboma
A choroidal coloboma is a congenital lesion characterized by
absence of the normal retina, retinal pigment epithelium, and
choroids. These lesions are most commonly located in the infero-
nasal fundus and are associated with an incidence of retinal
detachment of 23 to 42%.110,111 Colobomatous retinal detach-
ments are often caused by small, atrophic retinal breaks located

in or near the base of the coloboma. Scleral buckling techniques
for the repair of these detachments result in low rates of
success of 35 to 55%,110.,111 but it is still advocated for select
patients by some authors.112 Vitrectomy surgery has increased
the success rate of repair of these rare and unusual detachments
and is often used in combination with long-term silicone oil
tamponade.113–115 We achieved retinal reattachment in five of
five eyes with choroidal colobomas utilizing silicone oil as an
extended intraocular tamponade.114 Adjunctive surgical techniques
to vitrectomy included retinectomy in two eyes and cyanoacry-
late retinopexy in one eye. In four of the five eyes, the silicone
oil was removed after several months. Retinal redetachment was
observed following silicone oil removal in one eye, suggesting
the need for prolonged intraocular tamponade in at least some
of these cases.

Chronic uveitis with profound hypotony
Hypotony associated with chronic, intractable uveitis can be an
important cause of severe vision loss in these patients. Vitreous
surgery has been used to clear the ocular media, to remove
inflammatory byproducts, and for diagnostic purposes.116–121 We
hypothesized that the space-occupying and compartmentalizing
qualities of silicone oil might provide additional benefits in eyes
with profound hypotony associated with scleral infolding
and/or serous retinal detachment and reported on our use of
vitrectomy with silicone oil tamponade in a series of five such
eyes.122 The silicone oil facilitated anatomic reattachment in
three of five eyes, improved visual acuity in all five eyes, and
increased intraocular pressure in four of five eyes at 6 months.
At the final follow-up, the intraocular pressure was still improved
or maintained in four eyes and the visual acuity, though poor,
was improved over the baseline level in three eyes. Overall, the
use of silicone oil appeared at least partially to benefit these
extremely poor prognosis eyes.

Infectious retinitis
Silicone oil has been used with increasing frequency for the
management of complex retinal detachments associated with
infectious retinitis. The most common scenario is rhegmatoge-
nous detachment associated with retinitis due to cytomegalovirus
infection in immunologically compromised patients.107,123–129 In
these patients, the widespread and occult nature of the pathology,
together with the potential for recurrence, make the use of a
permanent silicone oil tamponade attractive.

Long-lasting ganciclovir implants, combined with silicone oil
tamponade, have also been effective for some patients with
cytomegalovirus-related retinal detachments (DF Martin,
personal communication). In these cases, the implant is placed
in a dependent quadrant to maximize access of the drug to the
aqueous phase. A detailed review of the management of these
detachments, with and without silicone oil, is provided in
Chapter 156.

Trauma
Pars plana vitreous surgical techniques have increased the rate
of successful repair of severely traumatized eyes. Silicone oil

Chapter 130
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has been used as an adjunct to vitreoretinal surgery in severe
cases of penetrating ocular trauma, both as part of the initial
vitrectomy and in later reoperations after initially unsuccessful
surgery. Advocates of the use of silicone oil during the initial
vitrectomy for severe penetrating ocular trauma believe that
silicone oil helps to minimize intra- and postoperative hemor-
rhage, which are known risk factors for the development of
PVR.130 The extended nature of the silicone oil tamponade may
also help to maintain retinal reattachment and avoid phthisis in
such severely traumatized eyes.

In a recent retrospective case series, Spiegel and colleagues131

reviewed the outcomes of severe ocular trauma managed with
primary vitrectomy and silicone oil within 24 h of injury. Of
435 eyes with severe trauma, only 13 patients underwent imme-
diate intervention with vitrectomy and silicone oil. This approach
was restricted to eyes with extensive retinal lacerations greater
than 4 disc diameters, retinal detachment, and/or substantial
intraocular bleeding that had occurred during surgery. After a
mean follow-up of 30 months, 11 eyes achieved a visual acuity
ranging from 20/25 to 20/200. Silicone oil was removed in 11
of 13 eyes at an average of 6 months. Recurrent PVR developed
in two eyes. While these results are encouraging and suggest
that early vitrectomy with silicone oil may be of value in the
recently injured eye, the study is uncontrolled. In addition, it is
very hard to match eyes undergoing vitrectomy for trauma accu-
rately because of the great degree of variability from case to case;
consequently, assessing the actual benefits of silicone oil over
modern gas techniques in primary trauma is extremely difficult.

When conventional vitreous surgery fails in cases of severe
penetrating ocular trauma, repeat vitrectomy with long-term
silicone oil tamponade may be used to improve the anatomic and
visual outcomes.27,56,132–134 Despite reasonable initial anatomic
and functional success, ultimate visual and anatomic outcomes
are often quite poor in these eyes. We utilized a silicone oil tam-
ponade after failed primary vitreous surgery with intraocular
gas in 42 cases of complicated retinal detachment following
severe ocular trauma.132 At 6-month follow-up, we achieved
successful reattachment of the macula in 50% of cases and 28%
of eyes had a visual acuity of 5/200 or better. By 2-year follow-
up, however, only 33% were still completely attached posterior
to the scleral buckle and only 12% were 5/200 or better. The
high failure rate with long-term follow-up is often due to recurrent
retinal detachment following silicone oil removal. We believe
that the proliferative process associated with penetrating ocular
trauma continues for a longer period of time than in eyes with
nontraumatic retinal detachment. When conventional vitreous
surgery has failed to rehabilitate these severely traumatized
eyes, the ultimate prognosis is generally quite poor, even with
reoperation and the use of silicone oil.

Complicated pediatric retinal detachment
Silicone oil tamponade has been advocated for use in the repair
of selected complicated retinal detachments in the pediatric
population. The rationale for the choice of silicone as the
intraocular tamponade includes the high incidence of trauma in
these cases as well as the potential poorer compliance with posi-

tioning instructions. We reported the results of 48 consecutive
cases of complex retinal detachments in children 16 years old
or younger managed with pars plana vitrectomy and silicone oil
tamponade.135 Forty-two percent of patients had a history of
trauma and 35 of the eyes had undergone at least one previous
retinal surgery. Of the 48 cases, only eight (17%) were count-
fingers vision or better postoperatively and only two eyes
achieved a visual acuity of 20/200 or better. Thirty-five percent
were successfully reattached at long-term follow-up but signifi-
cant complications included corneal opacification (62%) and
hypotony (58%). In a recent series of patients with pediatric
retinal detachments, Weinberg and colleagues136 also observed
poor outcome in those patients requiring silicone oil at the time
of surgery. They also observed a high incidence of trauma and
identified a “new” predictor of poor visual outcomes – the
inability of the clinician to determine the preoperative visual
acuity confidently.

Endophthalmitis
There is increasing evidence that silicone oil can suppress
bacterial growth. With this in mind, several investigators have
treated severe cases of endophthalmitis, unresponsive to initial
antibiotic therapy (“tap and inject”) with vitrectomy and silicone
oil tamponade.137–139

In a prospective randomized controlled study by Azad and
colleagues138of posttraumatic endophthalmitis, only one of 12
patients who failed conventional tap-and-inject therapy achieved
vision greater than 20/200 when treated with vitrectomy alone
compared with seven of 12 (58%) when treated with vitrec-
tomy and silicone oil. Immediate postoperative detachments
occurred in 33% of vitrectomy-only patients versus 0% of those
treated with silicone oil. Mechanisms by which silicone may be
useful include increased concentration of intravitreal antibiotics,
innate bactericidal properties of silicone oil, and stabilization of
atrophic retina minimizing the occurrence of retinal detachment.
Select cases of endophthalmitis may benefit from silicone oil
tamponade and further studies will be required to determine
the appropriate timing and cases for its use.

GENERAL SURGICAL TECHNIQUES

While silicone oil has been used with some success as an instru-
ment for actual membrane dissection,21 it is now used primarily
as an intraocular tamponade. The main physical properties of
silicone oil that determine its clinical applications are its surface
(interfacial) tension, specific gravity, and viscosity (Table 130-1).
The two most commonly used silicone oils are classified based
on their viscosity. The lower-viscosity (1000 cs) silicone oil was
selected for use in the Silicone Oil Study while the higher-
viscosity (5000 cs) silicone oil was the first one approved by the
Federal Drug Administration for use in the USA. Now both are
commercially available worldwide. As reviewed in Chapter 129,
higher-viscosity silicone oil has a lower tendency to emulsify,
i.e., to break up into tiny bubbles postoperatively.140–143 This
may be advantageous, since some of the complications related
to silicone oil use, reviewed later in this chapter, may relate to
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Table 130-1 Chemical properties of rommony used i1traowar tm,ponades 

Substance Molecular Viscosity (cs} Slrlacetensiont Spedfk: 
wegrt* (dyn/cm} 17avity 

Siicone oil (HXXl) 25 ODO 1000 21.2 0.971 

Siicone oil (5000) 50000 5000 21.3 0.973 

Perfluoropmpane gas 188 NA 70 <0.0001 

Sulfur hexa11uoride gas 146 NA 70 <0.0001 

PJr 29 NA 70 <0.0001 

Physiologic saline NA 1.0 NA 1.0064 

Water 18 1.0 NA 1.0000 

Perfluo-n--octane:j: 438 0.8 14 1.76 

'MolecUar weights for silicorJG oil can vary slgrificantly, as discussed in Chapter 129. 
tsurfaca tension occurs at tll8 intertace of a liquid and mother immlscbla Uqlid (rnterfacial surface tension) or 
gas. llle silicone od su"face tensions r(ll(lrted hem am values measLrnd in vitro (soo Chapter 129). They are much 
IOWQ'" than the theoretical value of -50 due to Impurities in the oil Itself. A further lowering of SIJface tension has 
been r(llOrted In vivo c1Je to tll8 presence of proteins and surtactants within the eye. 
:f:Pllrlluornn brand of ~ iquid, chemical formula C,.F ,.. 
NA, not applicabl9. 

the degree of emulsification. Another determinant of oil emul­
sification, however, may be the presence of impurities in the oil, 
so maximally purified silicone oil is preferred for clinical use. 
The commercially available preparations of I 000 cs and 5000 cs 
silicone oil are of high-grade purity and a clinically significant 
difference in emulsification has not been reported. The main 
advantage of using the 1000 cs is quicker infusion and removal 
compared to 5000 cs oil. 

Of note, clinical studies are currently underway in Europe 
evaluating "heavy silicone oil" as an internal tamponade for com­
plicated retinal detachments. The silicone oil-RMN3 mixture, 
for example, has a density of 1.03 and viscosity of 3800 cs. A 
recent prospective study of the silicone oil-RMN3 mixture 
found that the oil was well tolerated.144 We await the results of 
further studies to determine if heavy silicone oils or PFC liquids 
may be useful for postoperative tamponade agents. 

The relationship between the viscosity of silicone oil and its 
surface tension remains a common cause of confusion in under­
standing how silicone oil works as an internal tamponade. 145 

Despite marked viscosity differences, the l 000 cs and 5000 cs 
silicone oils have nearly identical surface tensions. Therefore, 
each silicone oil will have the same tendency to tamponade a 
retinal break (desired result) as well as to pass through holes in 
the retina under traction (unwanted result) .146 The surface tension 
of silicone oil relative to water is much less than that of gas 
relative to water (21 versus 70 dyn/cm: Table 130-l). Silicone 
will therefore pass through retinal breaks still under traction 
more readily than will gas. 

Silicone oil has important physicochemical differences from 
long-acting gases, PFC liquids, air, and physiologic saline solu­
tions. Both the 1000 cs and 5000 cs silicone oils have a specific 

gravity just less than 1.0 and are, therefore, "lighter than water." 
As shown in Table 130-l, the relative specific gravity for each 
of these tamponades is: air - gas < < silicone oil > water - saline 
< PFC liquids. This is of primary importance in two similar but 
different surgical maneuvers: (1 J when utilizing the tamponade 
for the purpose of retinal flattening; and (2) when a temporary 
tamponade is exchanged for silicone oil. In the sections that 
follow, we consider the technical aspects of infusing silicone oil 
into the eye, including exchanging silicone oil with various 
temporary tamponades. 

Infusion of silicone oil 
Due to the high viscosity of silicone oil, relatively high pressures 
are required to infuse silicone into the eye in comparison to 
other substances. Special methods have been developed. to 
minimize the infusion pressure required.27·55•57•61 The silicone oil 
is placed in a relatively large syringe (e.g., 20 ml syringe for 5 to 
10 ml of silicone oil) which can handle the high pressures 
necessary for injection (plastic is preferable to glass for safety 
reasons). The injection pressures are highest near the silicone­
containing syringe, and it is important to be certain that reliable 
connections (Luer-lok) will prevent the lines from coming apart 
at this point. According to Poiseuille's law, the flow of a fluid in 
a tube is proportional to the fourth power of the radius of the 
tube and inversely proportional to the length of the tube. In order 
to decrease the resistance to injection of silicone oil, we have 
found it helpful to modify the infusion line by keeping it as 
short as possible, while at the same time increasing its diameter. 
It is also helpful to use a relatively nondistensible material for 
silicone infusion tubing, such as polyethylene, since the high 
pressures that are necessary for silicone oil injection cause the 
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diameter of distensible tubing to enlarge. When the injection is
stopped, undesired further injection can occur as the distended
tubing returns to its normal diameter by forcing more silicone
into the eye. A disposable infusion line is advantageous because
of the difficulty of cleaning silicone from the tubing. If only
tubing normally used for fluid infusion is available, it is best to
reserve some of these lines to be used only in silicone cases in
order to lessen the likelihood that small bubbles of residual sili-
cone oil left in the lines will flow into eyes in which no silicone
oil injection is planned.

A number of automated silicone pumps are available either
integrated into modern vitrectomy systems or as free-standing
units. Most of these injectors work as mechanical syringe drives
that are controlled by the surgeon with a foot pedal. As they are
volume-dependent rather than pressure-dependent, either under-
filling or overfilling of the eye is a risk. Alternatively, various
manual “screw-in” syringe systems have been described that are
simpler, cheaper, and easier to maintain. While attractive for
their simplicity, these systems do not provide quite as good
surgeon control of the silicone oil injection process.

The connection of the infusion line to the eye wall may be
made in several ways. A cannula system allows for the rapid
exchange of the conventional infusion line with a line specifi-
cally designed for silicone oil infusion.147,148 Alternate methods
include using the conventional infusion line for silicone
infusion, attaching the silicone tubing to the sutured-in infusion
cannula, suturing in the silicone infusion line in place of the
previous infusion line, or placing a 19- or 20-gauge needle or
blunt cannula through an open sclerotomy through which the
silicone oil is infused. Note that some silicone infusion lines are
heavier than conventional saline lines and when these lines are
employed, it is important to direct the infusion cannula
towards the posterior pole during silicone infusion to prevent
the silicone from being inadvertently injected directly into the
anterior chamber.

Fluid–silicone exchange
One technique for infusing silicone oil into an eye is to exchange
it directly with the fluid filling the eye after vitrectomy and
elimination of retinal traction. At the same time that silicone is
infused, the retina is flattened by internal drainage of subretinal
fliud in a manner similar to a fluid–gas exchange. The specific
gravity of silicone oil is just less than 1 and thus it is “lighter than
water.” As a result, the silicone oil settles above the physiologic
saline as silicone is infused into the eye. When a fluid–silicone
exchange is performed, an extrusion needle must be placed in
the fluid phase both within the vitreous cavity as well as
through a retinal break or drainage retinotomy to remove the
displaced preretinal and subretinal fluid as the oil is infused.
Either passive efflux or active aspiration may be used to remove
the fluid. If active aspiration is used, there is the risk of generating
a negative pressure at the extrusion needle tip since the rate of
silicone infusion may lag behind the fluid aspiration, especially
with the higher-viscosity oils. If this occurs, the eye wall may
collapse or the retina may incarcerate into the extrusion needle
tip (Fig. 130-1). It is important to monitor the intraocular pressure

closely during the fluid–silicone exchange, especially near the
end of the procedure when silicone oil may plug the extrusion
needle. In this situation, continued infusion of silicone oil can
lead to marked intraocular pressure elevation and vascular
compromise. Thus, it is critical to watch for pulsation or non-
perfusion of the central retinal artery and optic nerve head while
performing a silicone oil–fluid exchange. At the completion of
the exchange, endolaser retinopexy can then be applied through
the silicone oil to the now attached retina.

Air–silicone exchange
Fluid–air exchange with internal drainage of subretinal fluid
followed by air–silicone exchange is another common maneuver
when silicone oil is used as the long-term intraocular tamponade.
With this approach, the retina is first flattened with the fluid–air
exchange and internal drainage of subretinal fluid. Endolaser
retinopexy, if desired, is applied through the air-filled eye. Finally,
silicone oil is infused into the air-filled eye as air is allowed to
vent through a loose sclerotomy (Fig. 130-2). Silicone injection
is continued until the silicone in the eye rises to the level of the
sclerotomies (phakic or pseudophakic eyes) or to the plane of
the iris (aphakic eye). The intraocular pressure is left normal by
allowing some silicone oil to escape through the sclerotomy if
necessary.

Perfluorocarbon liquid–silicone exchange
A more recent and increasingly popular method for dealing with
complex retinal detachments in which a silicone oil tamponade
is desired is first to flatten the retina with liquid PFC and then
to exchange the PFC for silicone oil.149–152

The technique is similar to a fluid–silicone exchange except
that the retina is already flat if there is an anterior break through
which subretinal fluid can be expressed as the PFC is injected.
Thus, the potentially hazardous removal of subretinal fluid with
an extrusion needle during silicone infusion is obviated. At the
end of the PFC–silicone exchange, it is important to check
carefully to make sure all of the PFC has been removed. With
this technique, endolaser retinopexy can be applied, through
either the PFC or the silicone oil, depending on the surgeon’s
preference. 

A variation of the above techniques is a “sandwich” method
of subretinal fluid removal and silicone oil injection. This is
particularly helpful when a retinal break is neither very posterior
nor very anterior. With this approach, a combination of liquid
PFC and air or silicone oil is used to “sandwich” a retinal break
(Fig. 130-3). In the presence of a total retinal detachment asso-
ciated with a moderately anterior retinal break, the PFC liquid
is used first to flatten the posterior retina by expressing the
posterior subretinal fluid through the retinal break (Fig. 130-3A).
The PFC liquid is brought just to the posterior edge of the
retinal break, but not over it. Subretinal fluid remains loculated
beneath the anterior detached retina. A fluid–air or fluid–silicone
exchange is then performed to flatten the anterior retina as an
extrusion needle evacuates subretinal fluid through the same
break (Fig. 130-3B). Once the retina is completely flat, the
remaining physiologic saline and PFC liquid is removed as

2216

Novartis Exhibit 2317.007 
Regeneron v. Novartis, IPR2021-00816 



Scleral 

infolding 

© 

completely as possible with the extrusion needle as air or silicone 
injection continues. Endolaser is then applied to surround the 
retinal break (Fig. l30-3C). If air is used initiallr, it is subse­
quent1y exchanged for silicone oil, as described in the section 
on air-silicone exchange, above. 
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Fig. 130-1 Ruid-sUicone oil exchange. 
This method is particularly useful when a 
posterior retinal break is present or made 
(e.g., drainage retinotomy). A, Silicone oil is 
infused as subretinal fluid (SRF) is removed 
by passive efflux with a flute needle directed 
through the retinal break. B, The subretinal fluid 
is displaced towards the posterior pole as the 
retina is flattened. C, If active suction rather 
than passive efflux is employed, care must be 
taken not to aspirate faster than the silicone oil 
is infused. Otherwise, scleral coHapse may 
occur along with retinal incarceration into the 
flute needle port. 

Surgical maneuvers in the silicone oil-filled eye 
While some vitreoretinal surgical maneuvers, such as membrane 
peeling, are now infrequent1y performed in a silicone oil-filled 
eye, there are several surgical techniques that are still commonly 
used in combination with the infusion of silicone oil. The main 
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Fig. 130-2 Air-silicone oil exchange. Silicone oil is infused into the air­
filled eyes as air is allowed to vent through a loose sclerotomy. 

surgical adjunct to silicone infusion is manipulation of the retina 
when a large retinal tear or retinotomy is present in order to 
allow it to flatten smoothly as silicone injection continues. 34.14,38,55 

With large retinotomies or giant retinal tears, it is not necessary 
to begin retinal unfolding until about 7 5% of the preretinal fluid 
has been replaced by the oil (Fig. l30-4A). At that point, the 
surgeon very gently strokes the traction-free retina into its desired 
position with a soft-tipped cannula while slowly continuing the 
fluid-silicone exchange (Fig. 130-4B). The enlarging silicone 
bubble will eventually help hold the retina in its final position. 
This part of the procedure is frequently lengthy as the surgeon 
must carefully search for pockets of residual preretinal and 
subretinal fluid until the retina is fully attached and the sub­
retinal space is completely dry (Fig. l 30-4C and D). The 
development of subretinal silicone oil during this maneuver 
generally indicates that insufficient traction has been released 
and that further retinal surgery for release of this traction is 
necessary (see Complications, below). The advent of liquid PFCs, 
which allow retinal unfolding and flattening without as much 
mechanical trauma, has largely replaced unfolding of the retina 
under silicone oil where these are available. 

ANTERIOR-SEGMENT CONSIDERATIONS 

Management of the crystalline lens 
The decision whether or not to remove a clear crystalline lens 
depends on the particular pathology present. In general, if exten­
sive dissection within the vitreous base is required, we remove 
the lens in order to gain better surgical access. If the pathology 

is primarily posterior, then the lens is frequently retained. Most 
reports indicate that, when the lens is retained, late postopera­
tive cataract is very likely.28•64,153,154 Even if the oil is removed 
routinely at 6 weeks after injection, a high percentage of eyes 
will go on to develop cataract within 3 years. 153 

If it is elected to remove the crystalline lens during PVR 
surgery, a lensectomy can be performed, leaving the eye aphakic 
with or without preservation of the anterior lens capsule for 
later secondary posterior-chamber intraocular lens implantation. 
Retention of the anterior lens capsule can minimize intraopera­
tive and postoperative complications of gas or oil, simplify future 
posterior-chamber intraocular lens placement, and maintain a 
normal iris appearance.155 

More recently, there has been increasing interest in combining 
phacoemulsification, posterior-chamber intraocular lens implan­
"tation, and vitreous surgery for PVR. 156 A combined approach 
is attractive because cataract surgery has become more 
atraumatic with the use of phacoemulsification and self-sealing 
small incisions. The combined procedure has the advantages of 
creating good access to the anterior vitreous base region, avoiding 
a two-step procedure regarding lens management, and making 
quick optical rehabilitation possible. 

Management of an intraocular lens 
The approach to intraocular lenses present at the time of silicone 
surgery varies according to the lens type and degree of anatomical 
derangement of anterior-segment structures. Posterior-chamber 
intraocular lenses are generally, but not always, removed. 
Unless the posterior capsule is intact and tamponade of silicone 
is anticipated for only a short duration, we believe that silicone 
posterior-chamber intraocular lenses should be removed 
because of the intractable adhesion that develops when silicone 
oil contacts silicone intraocular lenses ( see Complications, 
below). 

Inferior peripheral iridectomy 
An inferior peripheral iridectomy is necessary in eyes where 
papillary block secondary to silicone oil is likely to occur.39-40,157 

As silicone oil has a specific gravity less than 1, it floats and 
therefore tends to occlude the pupil and any superior iridec­
"tomy. The inferior location of the peripheral iridectomy allows 
aqueous to pass under the silicone oil bubble and to enter the 
anterior chamber without causing pupillary block (Fig. 130-5). 
The inferior iridectomy should be basal and relatively large, as 
small iridectomies are more likely to close spontaneously 
postoperatively. 

In general, aphakic eyes or pseudophakic eyes with anterior­
chamber intraocular lenses require an inferior peripheral iridec­
"tomy. In addition, pseudophakic eyes with posterior-chamber 
intraocular lenses may require an inferior iridectomy if there is 

not adequate capsular or zonular support. Often it is possible to 
assess the adequacy of the intraocular lens-capsular-iris diaphragm 
preoperatively. In addition, the adequacy of the barrier to silicone 
oil movement into the anterior chamber may be evaluated 
intraoperatively during an air-fluid exchange or during silicone 
oil infusion. If air or oil enters the anterior chamber, then the 
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barrier to the anterior chamber is probably inadequate and an 
inferior peripheral iridectomy is recommended. 

If the need for an inferior iridectomy is anticipated, it is best 
performed while physiologic saline is still present in the eye. 
With air in the eye, an air lock may occur and with silicone oil 
in the eye, the oil may clog the cutter line or become displaced 
into the anterior chamber. The vitreous cutter, set on suction 
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Fig. 130-3 Perfluorocarbon (PFC) Bquid-slHcone oil exchange: "sandwich0 

technique for subretinal fluid removal. A, Once adequate membrane 
peeling has been performed and the retina is mobile (free of traction), 
the "heavier-than-water" PFC liquid is slowly infused over the optic nerve 
head to flatten the posterior retina and drive subretinal fluid through the 
anterior retinal break. B, Subretinal fluid loculated anterior to the retinal 
break is then displaced posteriorly by silicone Oil infusion and removed 
through the retinal break The remaining PFC liquid (PFCLJ is then aspirated 
as silicone oil or air injection continues. C, After removing the PFCL and 
any residual fluid , endolaser may then be applied under either silicone oil 
or gas. 

only, is placed through the pars plana incision, behind the iris. 
Aspiration alone is used to identify the optimal position of the 
peripheral iridectomy before the iris is cut. A lower cutting rate 
of l 00 to 300 is used to facilitate creation of the iridectomy. 
IdeallY, the peripheral iridectomy should be placed at 6 o'clock 
as peripherally as possible, without cutting the ciliary processes. 
If the pupil is widely dilated, a smaller iridectomy should be 
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Fig. 130-4 Surgical maneuver under silicone oil: flattening of giant re1inal tear or large relinotomy. A. Retinal unfolding is initialed after about 75% 
of the preretinal fluid has been replaced by the oil. Wrth the eye soft, the retinal edge is engaged with a soft-tipped cannula and then gently tucked 
under the peripheral edge of the silicone bubble. B, Fluid-silicone exchange is slowly corrtinued as the surgeon gently strokes the retina back towards 
ils normal position. C and D, Residual subrelinal fluid is aspirated from the edge of the break or relinotomy until the retina is fully attached. 

made and care should be taken not to cut the iris near the 
papillary margin. Forceps manipulation of the iris edge through 
the other sclerotomy may facilitate creation of the inferior 
iridectomy in eyes with a widely dilated pupil. If iris retractors 

are used, the irtdectomy should be made before the pupil is 

widely dilated. 
In some cases, there is inadequate iris tissue to support an 

inferior peripheral .iridectomy. Complete or partial aniridia is 
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Fig. 130-5 Inferior peripheral iJideciomy. A, In the aphakic eye, the silicone bubble can occlude the pupil or a superior iridectomy, creating pupillary 
block wiln aqueous misdirection into the posterior segment (arrow}. B, An inferior peripheral iridectomy (PO aBows the aqueous fluid to continue its 
normal route into the anterior chamber, preventing (or relieving) pupillary block. (Modified with permission from Ando D. lntraocular hypertension 
resulting from pupillary block by silicone otl. Am J Ophthalmol 1985; 99:87---88.~ 

most common in severely traumatized eyes. For these cases, 
Thumann and colleagues158 have developed an artificial iris 

diaphragm to prevent papillary block and s.ilicone--corneal contact. 
In a series of 41 eyes, a "dosed" artificial iris diaphragm was 
utilized in hypotonous eyes to prevent keratopathy. The oil 
remained behind the diaphragm in 25 (61%) of cases. 

Recently, we have observed cases of pupillary block glau­
coma in phakic eyes. These patients may have had a relative 
overfill, which may occur in the setting of a scleral buckle 
where postoperative choroidal edema may reduce posterior­
segment volume. In addition, weakened zonules from previous 
trauma or surgical manipulation may also be risk factors. We 
managed such cases with a laser iridectomy and face-down 
positioning. All cases ultimately required a surgical inferior 
iridectomy with or without wash-out of the anterior-chamber 
oil droplet. 159 

COMPLICATIONS 

A variety of complications are associated with the use of sili­
cone oil in vitreoretinal surgery for complex retinal problems. 
These complications may be divided into intraoperative compli­
cations, early postoperative complications, and late postoperative 
complications. Some of these complications may be unique to 
the use of silicone oil but others may be more related to the 
underlying pathology and other aspects of surgical intervention. 

Here we review the major complications associated with the 
use of silicone oil and discuss strategies for their prevention and 
management when they do occur. 

Suprachoroidal silicone oil 
Suprachoroidal silicone oil injection is a rare but devastating 
complication that occurs with incomplete penetration of the 
choroids with the silicone infusion line. This may occur when 
exchanging infusion cannulas or when the original cannula rotates 
and slips out of position. This complication is more common 
when the choroid is already thickened by a number of mecha­
nisms, including hypotony, inflammation, and hemorrhage. Thus, 
eyes with chronic retinal detachments, uveitis, and trauma may 
be at increased risk of suprachoroidal injection of silicone oil. To 
minimize the risk of this complication, visually confirm the 
position of the silicone oil cannula before injection and use an 
extra-long (6 mm) infusion cannula if necessary. If supra­
choroidal silicone oil injection does occur, it is very difficult 
to treat successfullY, particularly with the higher-viscosity oils. 
We have tried to increase the infusion pressure through 
another sclerotomy site while enlarging the size of the original 
infusion sclerotomy. Despite all efforts, however, some sili­
cone oil frequently remains in the suprachoroidal space. This 
may appear during the postoperative period as a localized 
choroidal detachment that persists indefinitely with the same 
configuration. 
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Subretinal silicone oil
Subretinal silicone oil injection occurs because of unrelieved
traction on the retina or because of excess manipulation of the
retina under silicone oil. This complication will always occur if
the retina cannot be flattened under air (air–fluid exchange). It
may still occur despite flattening of the retina under air, since
the surface tension of air with respect to water is greater than that
of silicone oil (Table 130-1). The risk of subretinal oil migration
can be minimized by maximum release of retinal traction through
preretinal membrane removal prior to silicone oil injection. If
this is still insufficient to flatten the retina under air, or if the
retinal mobility remains poor, then a relaxing retinotomy with
removal of subretinal traction (if present) may be required.
Subretinal silicone oil is recognized by a failure of the retina to
flatten, frequently associated with enlargement of retinal breaks
and a glistening subretinal reflex. A visible oil–water interface
in the subretinal space is also frequently present. If inadequate
traction relief is the cause of subretinal silicone migration, then
the preretinal and subretinal silicone oil is removed and retinal
traction is relieved by preretinal membrane removal, relaxing
retinotomy, and/or subretinal membrane removal.

Sometimes, subretinal movement of silicone oil is caused by
excessive manipulation of the retina rather than by unrelieved
traction. In this case, usually only a small amount of subretinal
oil is present and it can be removed without removing all of the
preretinal silicone. A small amount of infusion fluid is injected
over the optic disc and subretinal silicone is aspirated through a
retinal break or retinotomy (Fig. 130-6). PFC liquid can also be
used to assist with this maneuver. The fluid–silicone exchange
is then completed with internal drainage of subretinal fluid
through the retinal break or retinotomy site.

Intraocular bleeding
Intraoperative bleeding in the silicone oil-filled eye may occur
from a relaxing retinotomy edge, a sclerotomy site, or from
manipulations of the retina under silicone oil. This complication
may be prevented by assiduous attention to hemostasis during
the procedure. Management depends on the amount and location
of the hemorrhage. Small preretinal hemorrhages can be managed
by transient elevation of the infusion pressure, gentle aspiration
of the blood from the surface of the retina or retinal pigment
epithelium, and judicious diathermy at the bleeding site. Large
preretinal or subretinal hemorrhages are best handled by removing
the silicone oil, controlling the hemorrhage, and removing the
blood as completely as possible, followed by reinjection of
silicone oil. It is imperative to removal all hemorrhage as com-
pletely as possible because of the adverse affect of retained
intraocular blood on reproliferation.160

Even with meticulous attention to intraoperative hemostasis,
thick hemorrhage layered on the retinal surface is occasionally seen
on the first postoperative day, especially in association with large
relaxing retinotomies. Such hemorrhage increases the risk of repro-
liferation and retinal redetachment postoperatively.41–43 When
this complication occurs, we generally reoperate within several
days. At reoperation, the silicone oil is first removed, followed
by removal of the blood, and finally by reinjection of silicone.

Intraoperative optical problems
A variety of intraoperative optical problems can be encountered
in association with the use of silicone oil. Pupillary miosis in the
aphakic eye, in addition to reducing stereopsis and the view of
the periphery, can make visualization difficult in an eye with
silicone oil. The small pupil causes the oil to have a convex pro-
trusion through the pupil and, because of its different refractive
index, considerable distortion can be produced (Fig. 130-7). If
this occurs, the anterior chamber may be temporarily filled with
silicone oil, eliminating its strong plus lens effect. When surgical
manipulations of the retina are completed, oil is removed from
the anterior chamber, as discussed below.

A more serious optical problem may occur when silicone oil
droplets adhere to the posterior surface of silicone intraocular
lenses (Fig. 130-8). These droplets are seen during reoperations
when silicone oil is removed and only occur if the posterior
capsule is open, allowing contact of the oil with the intraocular
lens. There is currently no proven method to eliminate the oil
droplets completely other than to remove the intraocular lens
with or without intraocular lens exchange.161 We consider the
presence of a silicone intraocular lens with an open posterior
capsule a relative contraindication to the use of silicone oil as an
extended intraocular tamponade. We should note, however, that
in Europe, a PFC liquid, fluorohexymeneoctane (F6H8), has been
utilized to dissolve oil droplets adherent to silicone lens implant.162

Intraoperatively, PFC liquids and silicone oil seem immiscible,
but a recent study documented the solubility of silicone oil in
PFC liquids, which could account for the ability of PFC liquids
to remove oil droplets from the back of silicone implants.163

Anterior-chamber silicone oil
When forward migration of silicone oil occurs during the course
of silicone surgery in aphakic eyes, it is usually not a major
problem. While some surgeons are content to leave the silicone
in the anterior chamber at the end of surgery, with the antici-
pation that it will retract in the early postoperative period, we
prefer to remove it from the anterior chamber at the end of the
procedure. The sclerotomies are closed and the infusion line is
removed (Fig. 130-9A). With the eye soft, a thin cannula or needle
attached to a syringe containing infusion fluid (or acetylcholine)
is directed through the infusion sclerotomy and the inferior
iridectomy into the periphery of the anterior chamber (Fig.
130-9B). Slow injection into the anterior-chamber angle then
results in the silicone oil returning to the posterior segment. If
the eye is firm while this maneuver is attempted, the infusion
fluid will run posteriorly and silicone oil will remain in the
anterior chamber.

If silicone oil migrates into the anterior chamber during surgery
in phakic or pseudophakic eyes, management is more complex.
It is usually easiest and most efficient first to remove all of the
silicone oil from the posterior segment. The anterior-chamber
silicone oil is then removed while simultaneously injecting a
viscoelastic. An inferior peripheral iridectomy should be made
in pseudophakic patients, if not already present. The silicone oil
injection is then repeated, following which the viscoelastic is
replaced with physiologic infusion fluid.
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Postoperative silicone oil migration into the anterior chamber 
is an important complication. In the early postoperative period, 
it is most frequently due to blockage of the inferior peripheral irt­
dectomy or an inadequate lens or intraocular lens-iris diaphragm. 
If silicone oil is allowed to remain in the anterior chamber, 
optical problems along with corneal endothelial damage may be 
anticipated. A pronounced fibrin reaction is the most common 
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Fig. 130-6 Removal of small siicone bubble behind the retina. A, A small 
amoLJ1t of stlicone oil is displaced into the subretinal space by excessive 
manipulation of the retina. B, A small amount of infusion fluid is ifl0cied 
over the optic disc. C, Subretinal silicone is aspirated through a retinal 
break or retinotorny. 

cause of a blocked inferior peripheral iridectomy in the early 
postoperative period. A YAG laser irtdotomy can occasionally 
open an iridectomy blocked by fibrin, but usually the small 
opening created doses off again. Postoperative fibrin occluding 
the inferior iridectomy can be more effectively managed by an 
anterior-chamber injection of tissue plasminogen activator (tPA). 
A published series used 25 µg in 0.1 ml of tPA to dear fibrin 
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Fig. 130-7 Pupillary miosis in the aphakic eye fiUed with silicone oil. A, The convex protrusion of silicone oil through the small pupil produces a high­
plus lens effect, with poor visualization of the periphery, poor stereopsis, and significant optical distortion. B, To facilitate visualization of the retina. 
the anterior chamber may be temporarily filled with silicone oil, eHminating the strong plus lens effect. This is done by ir(ecting silicone oil through the 
pars plana while fluid is aspirated from the anterior chamber using a soft-tipped cannula positioned frm a sclerotomy through the pupil or the inferior 
peripheral iridectomy. When surgical manipulations of the retina are completed, oil is removed from the anterior chamber, as shown in Rgure 130-9. 

from the anterior chamber.164 In practice, we have found that 
6.25 µ,g of tPA in 0.05 ml is effective within 20 min or less and 
involves a smaller volume of material injected into the anterior 
chamber. The main risks of tPA injection are severe hyphema 

Fig. 130-8 Adhesion of silicone oil droplets to silicone intraocular lens 
after sillcone oil removal. 

and vitreous hemorrhage, but these are infrequent. I64-Ili6 Late 
closure of the inferior iridectomy, frequently associated with 
iris retraction and forward movement of silicone oil, is also a 
potential problem. Overall, we noted that 33% of inferior 
peripheral iridectomies dosed postoperatively. 167 Eyes under­
going silicone oil surgery for diabetic retinopathy and pene­
trating ocular trauma were more likely than eyes with rheg­
matogenous retinal detachment and PVR to develop closure of 
the inferior iridectomy. We believe that postoperative fibrin is 

an important risk factor for iridectomy closure. We were able 
to reduce the rate of inferior iridectomy closure by treating 
eyes manifesting a fibrin reaction in the early postoperative 
period with tPA. 166 Fibrin formation is usually maximal at 3 to 
5 days postoperatively, so if significant anterior-chamber 
inflammation is observed on the first postoperative day, a revisit 
between postoperative days 3 and 5 may be in order.164•165•1611 

This later visit is also the optimal time for tPA injection since 
fibrin formation has not yet reached its peak earlier in the 
postoperative course. 165 If fibrin recurs, repeat tPA injections 
may be necessary. 

Late forward movement of silicone oil into the anterior 
chamber is frequently caused by recurrent retinal detachment 
or hypotony. With recurrent retinal detachment the effective 
vitreous volume is reduced. As the silicone oil volume remains 
constant, silicone oil must go either into the anterior chamber or 
into the subretinal space. Treatment involves prompt reoperation 
with retinal reattachment. 
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Fig. 130-9 Management of forward migration of silicone oil into the anterior chamber of an aphakic eye. A. The sclerofomies are closed and the 
infusion line is removed. B, With the eye soft, a thin cannula or needle attached to a syringe containing infusion fluid is directed through the infusion 
sclerotomy and the inferior iridectomy into the periphery of the anterior chamber. Slow injection into the anterior-chamber angle then results in the 
silicone oil returning to the posterior segment. 

When chronic hypotony develops, the orular volume decreases 
as the eye begins to shrink. With the volume of silicone oil remain­
ing constant, silicone has nowhere to go but into the anterior 
chamber. Attempted partial removal of silicone oil usually just 
allows further shrinkage of the globe with recurrent forward 
movement of the silicone oil bubble. Complete removal of the 
oil in this situation risks the development of phthisis. Thus, we 
usually leave the silicone oil in place, realizing that corneal opaci­
fication may ultimately occur. If the development of hypotony 
is recent, then reoperation with dissection of membranes from the 
ciliary processes has been reported to improve the intraocular 
pressure and should be considered.169 

Recurrent retinal detachment 
In the Silicone Study, approximately 50% of patients with 
retinal detachments complicated by severe PVR developed a 
recurrent retinal detachment in the early or late postoperative 
period. This incidence was roughly the same whether long-acting 
C3F8 gas tamponade or silicone oil is used, 79.82 thus the under­
lying mechanism is not specifically related to the use of silicone 
oil. Retinal detachment occurring within the first several weeks 
of surgery is probably due to persistent retinal traction not ade­
quately relieved while late retinal redetachment is more likely 
due to reproliferation. Preventive measures include meticulous 
removal of epiretinal membranes to relieve retinal traction, assid­
uous vitreous base dissection when anterior PVR is present, and 
pharrnacologic inhibition of reproliferation ( see Chapter 142 for 

pharmacologic strategies against reproliferation). When retinal 
redetachment occurs but the macula remains attached, the 
presence of silicone intraocular tamponade sometimes allows 
delaying reoperation to allow ~maturation" of the proliferative 
process. If posterior or macular threatening detachment occurs, 
however, aggressive reoperation, including relaxing retinotomy, 
if necessary, is generally indicated. With reoperation, the Silicone 
Study reported successful posterior retinal reattachment in 71 % 
of eyes. 176 About 40% of these patients achieved 5/200 vision 
or better. Eyes reattached with one operation alone have signifi­
candy better visual outcomes (5/200 or better in 70% of cases) 
than eyes requiring two more operations to achieve anatomic 
success (P = 0.02).79 

Some authors have argued that silicone oil itself may con­
tribute to the development of reproliferation. There is evidence 
that silicone oil may increase inflammation in the eye and Betis 
and colleagues have even reported on the development of 
preretinal silicone granulomas in a series of patients. 170 In 9% of 
these eyes, recurrent detachment occurred following silicone 
oil removal. A recent retrospective study from India 171 supports 
the results of the Silicone Study. In 118 eyes undergoing sur­
gery for recent retinal detachment in silicone oil-filled eyes, 
65% were successfully reattached. Silicone oil was subse­
quently removed in 60% of these patients. One case of post­
operative sympathetic ophtbalmia was attributed to silicone oil 
granuloma formation. 172 These controversial findings remain to 
be confirmed. 
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Keratopathy 
Corneal abnormalities are a relatively frequent complication 
associated with both silicone oil and extended gas tamponades. 
In younger patients, corneal damage is frequently manifested as 
band keratopathy, while in the older age groups, diffuse bullous 
keratopathy is more common. In the Silicone Study; 27% of both 
silicone oil eyes and of C:JF8 gas eyes developed keratopathy in 
the first 24 months of follow-up. 173 Similar results were observed 
in eyes that were successfully reattached at 3 years and that 
were followed for up to 6 years.82 

The Silicone Study determined that preoperative aphakia or 
pseudophakia, preoperative irts neovascularization, postoperative 
aqueous flare, and the need for reoperation were fuctors increasing 
the likelihood of postoperative corneal abnormalities in eyes 
following surgery for severe PVR. 173 Management strategies for 
minimizing the incidence of postoperative keratopathy include 
maintaining a patent inferior peripheral irtdectomy and early 
removal of silicone oil, particularly when there is silicone-corneal 
contact. When silicone-corneal contact has been prolonged, how­
ever, marked corneal endothelial damage occurs. I2,174-176 The 
cornea may appear clear in this situation because of the lack of 
contact of aqueous with the posterior corneal surface.175,177 If 
silicone is subsequently removed, immediate corneal opacification 
may occur, as the damaged corneal endothelium is again exposed 
to aqueous. 

Corneal chelation is sometimes helpful for patients with band 
keratopathy. When severe keratopathy has developed, penetrating 
keratoplasty with or without silicone oil removal may be con­
sideroo. The frequency of graft failure is much lower when silicone 
oil has previously been removed or is removed at the time of 
penetrating keratoplasty (25%) compared to when silicone oil 
is retained (67%). 178 A recent study also found that a history of 
trauma or a preoperative visual acuity of less than hand motion 
correlated with increased risk of graft failure. 179 

Glaucoma 
There are several forms of glaucoma that may be directly related 
to the use of silicone oil.100 While pupillary block glaucoma may 
occur at any time, it usually presents during the early post­
operative period (days to several weeks).39•I 80--I82 Pupillary block 
glaucoma can occur in an aphalctc eye and, less commonly, in 

pseudophakic eyes. In either case, the underlying mechanism is 
occlusion of the pupillary space by silicone oil in the absence of 
a functioning inferior peripheral iridectomy. Aqueous misdirec­
tion occurs as the flow of aqueous &om the posterior to the 
anterior chamber is blocked and the anterior chamber is subse­
quently shallowed. Treatment involves creation of a patent inferior 
peripheral iridectomy.39•40•183 Even if an inferior peripheral 
iridectomy is created at surgery, it may still be nonfunctional 
because of blockage by fibrin, blood, or residual posterior 
capsule. This situation is best treated by anterior-chamber tPA 
injection, as described above. 

Another form of acute glaucoma occurring in the early post­
operative period results &om an overfill of silicone oil. Signs 
include shallowing of the anterior chamber with or without 
displacement of silicone oil into the anterior chamber. In some 

cases, a relative overfill of silicone oil is produced by choroidal 
swelling &om extensive laser or cryotherapy; frequently in combi­
nation with lensectomy and scleral buckling. Medical management 
is preferred as this form of elevation intraocular pressure usually 
resolves as tissue swelling decreases. When an actual overfill of 
silicone oil is present, however, surgical intervention with partial 
removal of silicone oil is necessary. B-scan ultrasonography, 
while difficult in the silicone-filled eye, may help confirm the 
presence of an overfill. If a fluid level if present in the posterior 
segment in the supine patient, then an overfill is unlikely. Overfills 
are prevented by making sure that the intraocular pressure is left 
low or normal at the end of the procedure and that the silicone 
oil remains posterior to the iris or intraocular lens, if present. 

The Silicone Study found a low incidence of chronic elevated 
intraocular pressure. I 84 At, 36 months, an elevated intraocular 
pressure did occur more frequently in silicone eyes than in C3F8 

gas eyes (8% versus 2%, P < 0.05). Prevention of late glaucoma 
should be directed at early silicone oil removal, since no eyes with 
silicone oil removed exhibited chronic elevation of intraocular 
pressure at 36 months. While the underlying mechanisms of 
chronic intraocular pressure elevation in silicone oil eyes are 
unclear, emulsification of silicone oil affecting the filtering mesh­
work is considered to be a probable contributor (Fig. 130-10).50-174 

The emulsified droplets may block the trabecular meshwork 
directly or cause an inflammatory trabeculitis. I4I•185 If mild 
anterior-chamber reaction is present and prolonged silicone oil 
i:amponade is required, we often treat patients with topical or 
periocular steroids to minimize theoretical inflammatory trabe­
culitis. The risk of steroid-induced glaucoma should always be 
considered. When persistent pressure problems occur, a glaucoma 
-valve may be the treatment of choice. Oil migrating through 
-valves has been reported even when the valve is placed in an 
inferior location. This is a rare complication.186•187 Since silicone 
oil removal alone does not usually relieve the chronic elevation of 
intraocular pressure once it is established, a permanent scarring 
of the trabecular meshwork is likely. Initially, medical manage­
ment of chronic elevation of the intraocular pressure can be 
effective but ultimately, glaucoma surgery may be required. 

Fig. 130-10 Emulsified silicone oil in the anterior chamber. 
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Hypotony
Chronic hypotony is a serious late postoperative complication
following vitreous surgery with an extended intraocular tam-
ponade for complicated retinal detachment. In the Silicone Study,
the prevalence of hypotony (an intraocular pressure of 5 mmHg
or less) at 36 months was lower for silicone-filled eyes than in
C3F8 gas-filled eyes (18% versus 31%, respectively).184 Of the
eyes with macular attachment at 36 months, only 3% of silicone
oil-filled eyes were hypotonous with up to 6 years’ follow-up,
compared to 15% of C3F8 gas-filled eyes (P < 0.001).82 Prognostic
factors for the development of hypotony included diffuse con-
traction of the retina anterior to the equator and postoperative
retinal detachment. The causes of postoperative hypotony are not
completely understood but are probably multifactorial. Hypo-
secretion of aqueous occurs in most instances, but increased
uveoscleral outflow, particularly with large retinotomies, may also
be a factor. Decreased aqueous production may be a function of
multiple vitreoretinal procedures with damage to the aqueous
production mechanisms, as hypotony is more common in eyes
requiring reoperations. Gonvers153 has suggested that hypotony
occurs because of overcoagulation of the retina during retinal
laser or cryo treatment. We feel that continuation of the pro-
liferative process affecting the ciliary processes and resulting in
decreased production of aqueous and/or increased outflow is
important in the development of hypotony in at least some
cases.64,184

The effective management of postoperative hypotony is
problematic. If hypotony develops fairly early postoperatively,
revision of vitrectomy with peeling of membranes from the ciliary
processes may be of value.169 In addition, subconjunctival injec-
tions of long-acting (depot) steroid may be given (anterior sub-
conjunctival injections as opposed to posterior subtenon injec-
tions are more likely to produce an elevation (normalization) of
intraocular pressure). Once hypotony is well established, no
treatment is currently effective in reversing it. We consider
chronic hypotony a contraindication to silicone oil removal
because of the risk of precipitating phthisis. As we have seen,
eyes with silicone oil in place and borderline intraocular
pressures (5 to 10 mmHg) become hypotonous when silicone is
removed; we now consider the overall ocular situation very
carefully before recommending silicone oil removal in this
situation.

Macular epiretinal membranes
Macular epiretinal membranes are a relatively late complication
of PVR surgery, occurring in both silicone oil and C3F8 eyes at
about the same rate.188 Overall, 15% of eyes in the Silicone Study
developed a macular epiretinal membrane. The prevalence of
macular epiretinal membrane was three times greater in aphakic
or pseudophakic eyes compared to phakic eyes (P = 0.02) and
there was also a correlation with large retinal breaks (>2 disc
diameters, P = 0.04). Postoperative visual acuity was significantly
better in eyes without a macular epiretinal membrane (P = 0.01).
Conventional plars plana vitrectomy techniques with mem-
brane peeling may be used to remove visually significant macular
puckers.

Refractive changes
Silicone oil tamponade changes the refraction of the eye due to
its higher index of refraction compared with vitreous.189 The
refractive shift created by silicone oil depends on the status of
the lens (Fig. 130-11). In the normal phakic eye (Fig. 130-11A),
the silicone oil forms a concave surface behind the lens. This acts
as a minus lens inside the eye and therefore makes the eye more
hyperopic. Geometrical optics based on Gullstrand’s schematic
eye lead to the prediction of an 8 D increase in hyperopia for the
silicone-filled phakic eyes. In practice, this shift ranges from
nearly no change (associated with an underfill) to a +10 D change.
On average, the silicone-filled phakic eye will produce a 6 D
hyperopic shift.189,190

In the aphakic eye, silicone oil produces a convex surface as
it bulges through the pupillary aperture (Fig. 130-11B). This, in
effect, creates a plus lens inside the eye and a myopic refractive
shift. The degree of silicone convexity varies with the pupillary
diameter and can account for variable refractions and fluc-
tuating vision postoperatively. Calculations using the schematic
eye indicate a refractive shift from +12.5 to +5.6 D when the
aphakic eye is filled with silicone oil.189,190 The 6.9 D theoretical
difference is close to the 7.4 D average shift observed clinically
by Stefansson and colleagues.189 Fortunately, silicone tamponade
with vitreous surgery is generally used on a temporary basis so
the accompanying changes in refractive error are not usually
permanent. When more prolonged or permanent tamponade is
required, contact lens wear in suitable patients may be used to
minimize the anisoconia associated with the anisometropia. In
eyes with silicone oil, the presence of an intraocular lens with a
plano posterior surface is advantageous because the refractive
changes induced by silicone oil are minimized.

Cataract
Silicone oil as a direct cause of cataract is a controversial issue
that is difficult to evaluate.132,191–193 There are confounding factors,
including vitrectomy itself, that occur with the use of silicone
oil that make the date difficult to interpret. In some patients,
feathering of the posterior capsule or posterior subcapsular vacuoles
may be seen (similar to observations with a gas tamponade) in
the early postoperative period. As with a gas tamponade, the
feathering and vacuoles often clear within the first postopera-
tive week. This is often followed, however, by later development
of posterior subcapsular and/or nuclear sclerotic cataract.

A majority of clinical studies suggest that long-term silicone
oil tamponade is associated with cataract forma-
tion.13,14,22,25,27–29,30,34–36,45,54,50,60,65,66,128,153,194,195,196 One likely
mechanism is impaired metabolic exchange across the posterior
lens capsule. Another possible mechanism is direct toxicity of the
oil itself. Histologic studies do not show evidence for intralen-
ticular silicone oil, even in cases of advanced cataract formation.35

In some patients, oil droplets can adhere directly to the posterior
lens capsule following silicone oil removal. As these droplets are
reabsorbed or displaced, a focal area of posterior capsule opaci-
fication may be seen, supporting the view that impaired metabolic
exchange across the posterior lens capsule, as a result of silicone
oil contact, may be an important factor in the development of late
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Fig. 130-11 Refractive shifts created by silioone oil. A. In the phakic eye, silicone oft forms a concave surface behind the lens. This acts as a minus 
lens inside the eye and therefore makes the eye more hyperopic. B, In the aphakic eye, silicone oil produces a convex surface as it bulges through 
the pupillary aperture. This, in effect, creates a plus lens inside the eye and a myopic refractive shift. The degree of slicone convexity varies with the 
pupHlary diameter and can account for variable refractions and fluctuating vision postoperatively. 

cataract. A recent bistologic study identified increased. posterior 
migration of lens epithelium and deposition of collagen con­
tributing to cataract formation in silicone oil-filled eyes. 197 The 
authors coined the term "posterior fibrous pseudoanetphasia" 
to describe the lens changes observed. 

In recent years, efforts have focused on removing silicone oil 
as early as possible to minimize the complications associated with 
long-term tamponade. Most reports to date suggest that even 

very early silicone oil removal (within 6 weeks of injection) is 

associated with a high incidence of late cataract. 153 

When a visually significant cataract in a silicone oil-filled eye 
with visual potential does occur, cataract surgery may be indi­
cated. Ideally, the silicone oil either has been removed or can be 
removed at the time of the cataract surgery. If the silicone oil 
must be retained, the risk of silicone migration into the anterior 
chamber either during or following the cataract surgery is 
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significant. In general, phacoemulsification is a good technique 
to use because of the small incision involved and the absence of 
anterior vitreous support. 198 If silicone oil does enter the anterior 
chamber during cataract surgery, we genernlly recommend removal 
of all of the silicone oil followed by completion of the cataract 
surgery, placement of an inferior iridectomy, and reinjection of 
silicone oil by one of the previously described techniques. 

The choice of intraocular lens is important in eyes that either 
require a silicone oil tamponade or are at high risk of needing 
silicone oil in the future. Posterior-chamber intraocular lenses 
are preferred, especially if silicone oil is to remain in the eye. 
Because of the intractable adhesion of silicone oil to the surface 
of silicone intraocular lenses, these lenses are relatively contra­
indicated in such cases.161 We believe that a large-diameter 
polymethylmethacrylate intraocular lens with no positioning 
holes and a plano posterior surface is ideal for this purpose.63•199 

The large diameter gives the retinal surgeon the best view of the 
fundus if any additional retinal surgery is required, no positioning 
holes prevent iris incarceration into the positioning holes, and a 
piano posterior lens surface minimizes the refractive changes 
induced by silicone oil. 200 Alternatively, acrylic posterior-chamber 
intraocular lenses may be considered if a foldable intraocular 
lens is chosen.161 

The presence of a silicone oil tamponade will profoundly affect 
the axial length calculations used when selecting an intraocular 
lens implant. In the phakic eye, separate measurements are 
made of the anterior chamber depth (ACD), lens thickness (L), 
and the posterior-segment depth (PSD) (Fig. 130-12).zoJ The 
PSD must then he corrected for the different speed of sound 
in silicone oil (986 m/s) versus vitreous fluid (1552 m/s).201 .102 

The correction factor is therefore 986/1552. Thus, a typical 
eye with ACD of 2.5 mm, L of 5 mm, and PSD of 17 mm will 
have an apparent axial length of 34.3 mm with silicone oil tam­
ponade and a true axial length of 24.5 mm. Without correction, 
the measured axial length is 40% longer than the true value. 

When the eye is filled with silicone oil, it is important to 
measure the axial length with the patient in the upright position. 
In the supine position, there is an additional preretinal aqueous-oil 
interface which must be taken into account when making the 
lens calculation. Axial length measurement with the patient in 
the supine position is sometimes necessary, for example, when 
combining silicone oil removal with lens implantation in the 
pediatric patient under general anesthesia. When this is done, 
the additional length of the aqueous phase is added to the total 
axial length. 

Another strategy for estimating the axial length in patients 
with silicone oil in a phakic eye is to use a fixed ratio. Murray and 
colleagues utilized a ratio of O. 71 in phakic eyes in their series 
and observed that a mean difference between the actual and 
predicted refractive error was 0.74 D when the intraocular lens 
was placed in the bag and 1.3 D when placed in the sulcus_zo3 

When silicone oil removal is combined with cataract surgery, 
biometry readings may be obtained following silicone oil removal 
and before lens implantation in the operating room. This elimi­
nates the need for correcting the measured axial length with a 
correction factor for the silicone oil.204 Combined cataract 
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Axial length = ACD + L + PSDa1 
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Fig. 130-12 lntraocular fens power calculations in the silicone oil-filled 
eye. In the phakic f!'fe, A-scan ultrasonography is used to make separate 
measurements of the anterior-chamber depth (AC□), lens thickness (L) 
and the posterior-segment depth (PS□). The PSD must then be corrected 
for the different speed of sound in silicone oil fY~- The correction factor is 
986/1552 (986 mis for Oil versus 1552 mis for physiologic saline). 

extraction and oil removal may save patients an extra operation 
as well.205 

Late visual loss 
Whether or not the use of a silicone oil tamponade is associated 
with late visual loss has been controversial. While one early 
experimental study suggested this possibility, 116•150•151 a number 
of other experimental studies appeared to refute this con­
clusion. 13,4Z,43,54,58,7l ,74,97,99,102,11s,141,1s2,154,161 .186,193 In the Silicone 

Study, when the macula was attached at 36 months in eyes 
having undergone surgery for PVR, no subsequent loss of vision 
was likely to occur in either eyes randomized to silicone oil or 
in eyes randomized to C:if 8 gas with up to 6 years of follow-up. 185 

SILICONE OIL REMOVAL 

Technique 
Several techniques may be used for silicone oil 
removal.35•53•67•112•138,206 Some surgeons prefer to allow the oil to 
egress through a small corneal incision in aphakic eyes. We 
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generally utilize a two-port cannula system for the infusion of 
saline and the passive efflux or active aspiration of silicone oil 
(Fig. I 30-I 3A). Once the main body of oil has been removed, 
residual oil droplets are passively effluxed through a 5/8-in. 
(l.5-cm), thin-walled 19-gauge cannula (Fig. 130-13B). One or 
two fluid-gas exchanges can also be employed at the end of the 
procedure to flush out remaining small globules of oil caught in 
the peripheral vitreous or under the base of the iris, but a recent 
study showed no benefit of this technique. 207 With any method, 
however, some tiny residual oil droplets usually remain. Patients 
with good vision may note some floaters due to these bubbles, 
although they usually resolve spontaneously. Of note, we rinse 
the conjunctiva with copious amounts of irrigating fluid after 
closing the sclerotomies but before closing the conjunctiva to 
minimize the risk of lipid granulomas from trapped residual 
subconjunctival silicone oil.208 

Recently, combined phacoemulsification with aspiration of 
the silicone oil through a posterior capsulotomy using the 
irrigation-aspiration handpiece has been utilired by some when 
cataract surgery was combined with silicone oil removal. zm.zrn 
When cataract removal with phacoernulsification is performed at 
the time of silicone oil removal, some authors advocate making 
a posterior capsulotomy through which the silicone oil may be 
removed using an anterior approach.209 

Results 
In the Silicone Study, silicone oil removal was allowed after a 
minimum of 8 weeks following surgery, and surgeons were 

Silicone oil 

encouraged to remove the oil, if possible, at that time. 211 The 
ultimate decision of whether or not to remove the oil, however, 
was left to the study surgeon. The advisability of silicone oil 
removal remains controversial. 21z.:m On the one hand, previous 
studies emphasized the complications of prolonged tamponade 
with silicone oil, and one study suggested that at least some com­
plications were alleviated by relatively early removal of the oil 
(at 8 weeks).153.214-216 On the other hand, the rate of recurrent 
retinal detachment following removal of silicone oil appeared 
substantial, so some surgeons preferred to allow it to remain if 
it was not causing any obvious problems. 

The Silicone Study211 contrasted the visual and anatomic out­
comes in the cohort of eyes with silicone oil removal ( oil-removed 
eyes) to the cohort of eyes with silicone oil retained ( oil-retained 
eyes). Overall, 45% (99 of 222) of eyes underwent silicone oil 
removal. Compared with oil-retained eyes, the oil-removed eyes 
were more likely to have attached retinas (85% versus 40%, 
P < 0.0001), visual acuities of 5/200 or greater (63% versus 35%, 
P < 0.0001 ), and not be hypotonous (5% versus 22%, P < 0.001). 
Not unexpectedly, eyes with attached retinas at the time of oil 
removal had better vision at final follow-up compared to eyes 
with detached retinas at the time of oil removal (P < 0.0001). 

Just comparing eyes in which silicone oil has been removed 
"to eyes in which silicone oil is retained invites a bias of ascer­
"tainment because silicone oil-removed eyes were, in general, doing 
better than were the eyes in which silicone oil was retained. To 
correct for this bias, a matched-pair cohort analysis, matching 
eyes for length of exposure to silicone oil, visual acuity, retinal 

® 
Fig. 130-13 Technique of silicone oil removal. A, Removal of main silicone oil mass by passive fluid-silicone exchange. A microcanm.la has been 
placed through the pars plana sclerotomy to facilitate efflux of silicone oil. B, Removal of residual silicone oH droplets using a thin-walled, 19--gauge 
needle or cannula. 
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attachment, and length of follow-up was performed. In this
analysis, there was an increased risk of recurrent retinal detach-
ment in oil-removed eyes compared with oil-retained eyes (odds
ratio+2.1, P +0.9). Overall, however, visual acuity improved in
29% of oil-removed eyes in contrast with 2% of oil-retained
eyes (P < 0.0001). Although statistically nonsignificant, there
was also a trend towards less keratopathy and hypotony in oil-
removed eyes.

Recommendations
As a general principle, silicone oil should be removed once the
objectives of the tamponade have been achieved and the retinal
status is stable in order to minimize the long-term complications
associated with its use.154,195,217–219 In most cases, we generally
remove the silicone oil between 6 weeks and 6 months if the
retina remains attached and the intraocular pressure is normal.
If partial recurrent retinal detachment is present, we will generally
reoperate to repair the detachment and leave the oil in place
until the retina is entirely attached. If the anatomic or visual
prognosis is very poor, especially with a healthy fellow eye and
a history of multiple reoperations, the patient and surgeon may
not choose to reoperate and may leave the oil in place. Even if
the retina is attached, we will avoid silicone oil removal if the
eye is chronically hypotonous, as we have seen rapid progression
to phthisis when oil is removed in this situation. In cases asso-
ciated with trauma, we may leave the oil longer due to the
apparently prolonged time course of reproliferation in this
subset of patients.154

SUMMARY AND CONCLUSIONS

Silicone oil remains a very valuable, if imperfect, material for
use as an extended intraocular tamponade. The management of
the highly complex retinal problems necessitating the use of sili-
cone oil is difficult, associated with serious complications, and
frequently requires multiple reoperations. When the physician
and patient make a decision to use silicone oil, each should be
prepared for a long and potentially complicated course, with
the ultimate goals of complete retinal reattachment, maximum
restoration of visual function, and eventual removal of the oil
kept clearly in mind.

Much has been said and written about the relative merits of
an extended intraocular tamponade with a long-acting gas com-
pared to silicone oil. Although each modality has its relative
advantages and disadvantages, a randomized, prospective clinical
trial has found that silicone oil and C3F8 gas were equally effica-
cious in the treatment of rhegmatogenous retinal detachment
complicated by severe PVR.79 Careful evaluation of the indi-
vidual patient and of the specific ocular problem will help the
surgeon to choose the best tamponade for any particular situation.220

Ultimately, we believe that surgical technique and assiduous
attention to the relief of retinal traction are far more important
determinants of the likelihood of the success of vitreoretinal
surgery in the management of complicated retinal detachment
than is the decision as to whether to use silicone oil or a long-
acting gas.
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