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Silicone Oil Emulsification 
in Retina Surgery

S
ilicone oil was introduced by Cibis in the 1960s 
as an intraocular tamponade prior to the intro-
duction of pars plana vitrectomy.1 It has become 
the preferred tamponade agent in cases at high 

risk for recurrent retinal detachment, such as in eyes 
with retinal detachment associated with severe prolif-
erative vitreoretinopathy (PVR) or with detachment 
resulting from viral retinitis.2 Emulsification is a known 
complication of silicone oil use and one that is clini-
cally significant due to its adverse affects on all ocular 
structures (Figure). Understanding the forces and fac-
tors that lead to silicone oil emulsification is crucial to 
minimizing its occurrence.

Dispersion and emulsification are often incor-
rectly used synonymously. Dispersion is the splitting 
of liquid from a larger bubble into smaller bubbles. 
Emulsification, however, occurs when these smaller 
bubbles are no longer able to coalesce with the larger 
bubble due to the presence of surfactants or other 
factors. Emulsification, in theory, occurs for several 
reasons: alterations in surface tension, repulsion, and 
changes in viscosity. Silicone oil emulsification may be 
further influenced by the duration of silicone oil in the 
eye and the presence of shear forces or turbulence. 

FACTORS LEADING TO SILICONE OIL 
EMULSIFICATION

Surface tension is the tendency of a liquid to acquire 
the least surface area possible. At a water-air interface, 
for example, surface tension results from the greater 
attraction of water molecules to each other (cohe-
sive forces) than to the molecules in the air (adhesive 
forces). The net effect is an inward force at the surface 
of the liquid. Interfacial tension is the surface tension at 
the interface of two liquids.

Surfactants facilitate emulsification by decreasing 
the surface tension or lowering the interfacial tension 
between two media.3 Reducing the interfacial ten-
sion between silicone oil and aqueous prevents small 

droplets of silicone oil from joining the larger bubble, 
thus promoting emulsification. Surfactants may also 
promote emulsification through increased repulsion, 
creating a film around the silicone oil that causes the 
globules to repel each other. 

Surfactants may be intrinsic or extrinsic. Intrinsic sur-
factants are biologic elements released in the setting of 
inflammation and hemorrhage. Serum, fibrin, and fibrin-
ogen were found to be the strongest emulsifiers in one 
in vitro study, followed by gamma globulins, low-density 
lipoproteins, and alpha-1-glycoproteins.4 Assuring suf-
ficient hemostasis and using antiinflammatory agents 
such as nonsteroidal antiinflammatory drugs or steroids 
may decrease the presence of these intrinsic surfactants. 
Extrinsic surfactants come from the surgical process or in 
the manufacturing of silicone oil. In one study, contami-
nants entered the surgical process as sterilization deter-
gents and chemicals present in surgical tubing.5 Avoiding 
the repeated use of surgical instruments is one way to 
decrease the presence of these detergents. 

Viscosity and molecular weight are two important 
physical factors affecting the rate of emulsification. Studies 
have concluded that less viscous silicone oils emulsify ear-
lier than oils with higher viscosities.4,6 As molecular weight 
and viscosity are directly related, with lower molecular 
weight molecules possessing lower viscosity, studies 
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At a Glance
•	 Ensuring sufficient hemostasis and using 

antiinflammatory agents may decrease the 
presence of intrinsic surfactants that may 
facilitate emulsification.

•	 The adoption of small-gauge vitrectomy has led 
to the increased use of low-viscosity silicone oils.

•	 Less viscous silicone oils emulsify earlier than oils 
with higher viscosities.
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have similarly found that lower molecular weight oils are 
more prone to emulsification. Theoretically, oils with low 
molecular weight move more freely due to less long-chain 
branching and form fewer molecular connections, thus 
explaining their propensity to emulsify.6 

Adding polymers with high molecular weight to sili-
cone oil can reduce emulsification of lower viscosity oils. 
In an experimental model, the addition of such polymers 
increased the viscosity and viscoelasticity of the oil, ren-
dering it more resistant to emulsification.7,8 The advent 
of small-gauge vitrectomy has led to the increased use of 
low-viscosity silicone oils. These low-viscosity oils are easier 
and faster to inject and remove via a small-gauge system; 
however, the advantages of these oils are counterbalanced 
by their greater propensity for emulsification. 

Of all factors studied, the duration of silicone oil in 
the eye has the strongest correlation with the occur-
rence of emulsification. In one study, investigators first 
noted signs of emulsification in eyes between 5 and 
24 months after vitrectomy with silicone oil, with an 
average time of onset of 13 months after surgery.9 
Another study similarly found emulsification in all 
eyes that had silicone oil present for at least 1 year.10 
Based on these findings, most surgeons recommend 
removing silicone oil before 1 year postoperative, 
unless there would be an elevated risk of redetach-
ment without the tamponade. 

Shear forces during aqueous and oil movement may 
also promote emulsification. In an experimental model, 
a more complete silicone oil fill and an encircling band 

Figure.  A pseudophakic 68-year-old man with recurrent retinal detachment due to PVR underwent repair with vitrectomy, 

membrane peeling, and silicone oil tamponade. At 1 year postoperative, his course was complicated by the development of a 

full thickness macular hole and silicone oil emulsification, as seen in these images. An inverse pseudohypopyon of silicone oil is 

seen in the anterior chamber (A). Hyperoleum (outlined in yellow arrows) is seen in the vitreous cavity (B). Droplets of silicone 

oil are seen superiorly in a full thickness macular hole (C). Hyperreflective dots on OCT (yellow arrows) demonstrate silicone oil 

droplets within the macular hole (D).
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decreased the rate of emulsification. The authors hypoth-
esized that this was due to a smaller aqueous-oil interface 
and to reduced shearing forces. Similarly, silicone oil 
emulsification has been shown to be more common in 
eyes with nystagmus, likely due to increased shearing forc-
es in this setting. In a study of eight eyes with nystagmus, 
all developed emulsification within 3 months.11 

The use of perfluorocarbon liquid (PFCL) in a direct 
PFCL-oil exchange may promote oil emulsification. This is 
hypothesized to occur due to turbulence at the interface 
of the PFCL and silicone oil. A shorter duration of contact 
between PFCL and oil and decreased turbulence during 
the PFCL-oil exchange may minimize emulsification.12 

One study examined the effect of mechanical energy 
from intraocular instruments on silicone oil emulsification 
in an experimental model and found that higher power 
and duration during the use of phacofragmentation, 
phacoemulsification, and high-speed vitrectomy were 
associated with increased emulsification.13 However, this 
may not be clinically relevant, as silicone oil is usually 
injected after the use of these instruments. 

COMPLICATIONS CAUSED BY SILICONE OIL 
EMULSIFICATION

Silicone oil can lead to complications affecting nearly 
all ocular structures; complications can include corneal 
decompensation, band keratopathy, acute and chronic 
changes in intraocular pressure (IOP), lens opacities, 
epiretinal membrane, retinopathy, optic neuropathy, 
and extraocular extension.14 We focus here on the major 
complications related to emulsification of silicone oil.

Corneal decompensation may occur when silicone oil 
comes in contact with the corneal endothelium.15 Silicone 
oil–induced keratopathy is marked by decreased endothe-
lial cell density, pleomorphism of remaining endothelial 
cells, resulting corneal edema and bullous keratopathy, 
stromal hypercellularity, superficial stromal calcification, 
and retrocorneal membrane formation.16 These findings 
are not limited to emulsified silicone oil. A retrospec-
tive case series of 164 eyes with silicone oil showed that 
oil-induced corneal decompensation occurred in 29% of 
eyes (35% of aphakic eyes, 26% of pseudophakic eyes, and 
20% of eyes that remained phakic at the last follow-up).17 
Similarly, the Silicone Oil Study reported corneal abnor-
malities in 27% of eyes with silicone oil.18 Other corneal 
complications of emulsified silicone oil include a droplet-
like endotheliopathy and band keratopathy.19,20

Secondary glaucoma is a complication in which 
emulsified silicone oil droplets migrate into the anterior 
chamber and block flow through the trabecular mesh-
work or cause inflammatory cells to impede outflow 
through the meshwork.21 The reported incidence of 

secondary glaucoma due to silicone oil ranges from 11% 
to 56%.22-24 The amount of emulsified oil in the anterior 
chamber and the use of heavy oils are risk factors for 
postoperative elevation of IOP.21 The benefit of silicone 
oil removal following the increase in IOP is controversial. 
One study showed normalization of IOP after removal 
of oil in 93% of patients,25 and another study showed 
persistent elevated IOP after oil removal.26 Persistent IOP 
elevation may be explained by small remaining emulsi-
fied oil droplets continuing to obstruct the trabecular 
meshwork or by persistent inflammation.21 

Emulsified silicone oil can cause retinopathy, which is 
becoming more evident with new imaging modalities. 
Until the introduction of optical coherence tomogra-
phy (OCT), there was no way to assess the presence of 
emulsified silicone oil within the retina and optic nerve 
in vivo. Using OCT, investigators have identified silicone 
oil droplets within the retina after macular hole surgery 
with internal limiting membrane (ILM) peel and silicone 
oil tamponade.27 More recently, there have been addi-
tional reports of silicone oil infiltration of the retina and 
optic nerve head using swept-source OCT and adaptive 
optics.28,29 Studies using spectral-domain OCT (SD-OCT) 
have shown hyperreflective spherical bodies underneath 
epiretinal membranes, within the retina, and in the sub-
retinal space.28,30 The proposed mechanisms include iat-
rogenic defects in the ILM that may increase the ability of 
emulsified oil to penetrate retinal tissues or retinal breaks, 
in turn allowing migration into the subretinal space.27

In a study of 24 eyes that underwent vitrectomy with 
silicone oil for retinal detachment with PVR, SD-OCT 
performed 3 months after surgery showed emulsified 
oil in intraretinal cystoid spaces in five eyes (21%) and 
between the hyperreflective line of silicone oil and the 
optic disc in one eye (4%). These changes persisted 
at 6 months, at which time an additional three eyes 
showed emulsified oil droplets between the hyperre-
flective line of oil and the optic disc.30 The long-term 
impact of emulsified silicone oil in these locations is 
unknown. In rare cases, silicone oil emulsification may 
be a cause of reversible vision loss, as demonstrated by 
visual recovery after oil removal.31

CONCLUSION
Silicone oil emulsification is a clinically significant 

complication of silicone oil use and one that is dif-
ficult to manage, as it may affect all ocular structures. 
Emulsification is influenced by the physical properties 
of the oil, the surgical procedure and environment, and 
postoperative factors. With new imaging modalities, cli-
nicians are able to identify silicone oil emulsification and 
its complications earlier.  n
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