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11.1	 �Introduction

Tamponading agents close the retinal break and 
keep the neurosensory retina opposed to the RPE 
whilst retinopexy heals. The surface tension of 
the tamponading agents helps to seal the retinal 
break and prevents fluid from moving into the 
sub-retinal space till the retinopexy forms a per-
manent barrier. Ohm was the first to introduce air 
into the vitreous cavity although he did not use 
the word “tamponade” [1]. Rosengren was the 
first to use the word “tamponade” and reported 
successful treatment of retinal detachment with 
air. Tamponading agents can be divided into liq-
uids and gases [2].

11.2	 �Physical Properties 
of Tamponading Agents

The tamponade effect of the vitreous substitutes 
depends on the arc of contact between the agent 
and the inner retinal surface, which mainly 
depends on four physical parameters, namely, 
specific gravity, buoyancy, interfacial tension, 
and viscosity [3].

Specific Gravity  The specific gravity of the 
aqueous and vitreous humour is slightly more 
than water. The specific gravity for any tam-
ponading agent should be less than water to allow 
it to float in the vitreous cavity.

Buoyancy  Buoyancy is the force that keeps any 
object afloat. Archimedes principle states that 
any object, wholly or partially immersed in a 
fluid, is pushed up by a force that is equal to the 
weight of the fluid displaced by the object. The 
buoyancy of intraocular gas is more than that of 
silicone oil as its specific gravity is much less 
than water. The buoyancy is maximum at the 
apex of the bubble.

Interfacial Tension  When two immiscible 
agents are used, the interaction that occurs at the 
surface of the substance is called interfacial ten-
sion. A substance with higher interfacial tension 
tends to remain as a single large bubble with min-
imal dispersion. Gases have higher interfacial 
tension compared to liquids such as PFCL and 
silicone oil.

Viscosity  Viscosity of a fluid is defined as resis-
tance to deformation. The lesser the viscosity, the 
lower is the energy required to deform a large 
bubble into small droplets. Silicone oil has high 
viscosity ranging from 1000Ccs to 5000cs pre-
venting its dispersion into small bubbles.
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11.3	 �Types of Tamponading 
Agents

Tamponading agents can be gaseous or liquid. 
Commonly used gaseous agents include air, sul-
phur hexafluoride, and perfluoropropane. Liquid 
agents include silicone oil which is lighter than 
water. Perfluorocarbon liquids and heavy sili-
cone oil are liquid tamponading agents which 
are heavier than water. The gas/water interface 
surface tension is the greatest and therefore is 
the most effective in closing retinal breaks 
(70  erg/cm2). This is followed by silicone oil/
water interface surface tension (50 erg/cm2) [4].

11.4	 �Gaseous Tamponading 
Agents

11.4.1	 �Kinetics of Intraocular Gases

Air  Air is colourless, inert, non-expansile, and 
short-acting gas. It remains in the eyes for a few 
days and is then replaced by aqueous humour. 
Air has been successfully used as a tamponading 
agent in the repair of primary retinal detachment 
with superior breaks [3]. Superior breaks are iso-
lated from SRF due to gravity and hence retina 
RPE adhesions form early. Therefore, short-
acting tamponade such as air is useful as it leads 
to early visual recovery. Inferior breaks have 
also been treated with air if SRF is drained com-
pletely [4].

Other Gases  Sulphur hexafluoride (SF6) and 
perfluoropropane (C3F8) are the commonly 
used gases. C2F6 is also used less commonly. 
These gases are heavier than air. One hundred 
percent SF6 doubles in volume in 2 days and is 
completely absorbed in 10–14  days. Hundred 
percent C3F8 quadruples in volume in 3 days 
and lasts for 30–45 days. The gas bubble goes 
through the phases of expansion, equilibrium, 
and dissolution. The expansion is due to 
absorption of nitrogen, oxygen, and carbon 
dioxide from the surrounding fluid into the 
bubble. In the equilibrium phase, the diffusion 

of nitrogen into the bubble is balanced by dif-
fusion of gas into the surrounding fluid. During 
the dissolution state, gas is ultimately absorbed 
in the bloodstream [5]. A small volume of pure 
gas is used in pneumatic retinopexy. Non-
expansile air gas mixtures are used as tampon-
ade after vitrectomy. Twenty percent SF6, 14% 
C3F8, and 16% C2F6 are commonly used to 
fill the vitreous cavity after vitrectomy 
(Fig. 11.1).

11.4.2	 �Preparation of Gas 
for Injection

A millipore filter is used to maintain the sterility 
of the gas. A 50-mL syringe is usually used to 
withdraw gas from the cylinder. The gas is diluted 
with air to achieve the appropriate concentration 
of the gas. In cases of pneumatic retinopexy 
where pure expansile gas is required, a pressure 
reducing system can be attached to the gas cylin-
der to withdraw the gas. The gas should not be 
left in the syringe for long periods as the gas con-
centration may get altered due to diffusion of 
gases. For injecting gas after vitrectomy, fluid–air 
exchange is first performed. Air is then replaced 
by the desired gas. Infusion is stopped by apply-
ing a clamp to the infusion cannula. Gas syringe 

Fig. 11.1  Fundus image of the right eye showing partial 
gas fill following pars plana vitrectomy

A. Jain et al.



103

is then connected to the infusion line, the clamp 
removed and around 40  mL of gas is slowly 
injected to replace air.

11.4.3	 �Contraindication

Air Travel  Reduced atmospheric pressure dur-
ing air travel can lead to expansion of intraocular 
gas bubble and increase in intraocular pressure. 
This can lead to pain, decreased vision, vascular 
occlusion, and in extreme cases wound dehis-
cence and globe rupture. It is therefore advisable 
to avoid air travel if there is any intravitreal gas 
bubble.

Diving  During diving, the hyperbaric pressure 
causes the intraocular gas bubble to decrease in 
size according to Boyle’s law. During the ascent 
back to the water surface, atmospheric pressure 
decreases causing expansion of the gas bubble, 
which can result in vitreous, retinal, or choroidal 
haemorrhage [6].

Nitrous Oxide Anaesthesia  Nitrous oxide in 
the blood is highly water soluble. It can enter 
the intraocular gas bubble and lead to increased 
intraocular pressure. Later when the nitrous 
oxide returns to the bloodstream, the eye 
becomes hypotonous. Therefore, nitrous oxide 
should be discontinued at least 30  min before 
the injection of intraocular gas to allow its clear-
ance from the bloodstream. Also, the use of 
nitrous oxide anaesthesia in gas-filled eyes must 
be avoided.

11.4.4	 �Complications

Increase in Intraocular Pressure  It is one of the 
most common complications of intraocular gas. 
It is usually transient due to gas expansion and 
can be managed by topical and systemic medica-
tions. Elevated IOP is more dangerous in eyes 
with pre-existing optic nerve damage. The gas 
bubble may expand to push the lens iris dia-
phragm forward which can lead to angle-closure 
glaucoma. Gas aspiration from the vitreous cav-

ity may be indicated in such cases. Aphakic eyes 
are more prone to this complication as the iris can 
easily move forward.

Cataract  Oxidative stress following vitrectomy 
can lead to cataract. Prolonged contact of intra-
ocular gas with the posterior surface of the lens 
leads to posterior subcapsular cataract. Poor 
compliance with post-operative positioning can 
lead to early development of cataracts.

Gas Migration  Gas can migrate into the subcon-
junctival space, anterior chamber, or sub-retinal 
space. Subconjunctival migration can occur due 
to inadequate sclerotomy closure. In most cases 
no treatment is required. Anterior chamber gas 
migration can occur even in phakic eyes without 
any zonular weakness. Intraoperative migration 
of gas in AC can lead to poor visualization of the 
posterior segment. Ophthalmic viscoelastic sub-
stances can be inserted into AC to remove gas. 
Long-term presence of gas in AC can lead to cor-
neal decompensation. This is due to decreased 
endothelial nutrition due to direct contact 
between the gas and the endothelium. Gas is not 
directly endotheliotoxic [7]. Sub-retinal migra-
tion of gas can occur during fluid–air exchange if 
the traction on the retina is not adequately 
relieved. During pneumatic retinopexy, sub-
retinal gas migration can occur if there is fish 
egging of the gas bubble.

11.5	 �Silicone Oil

Silicone oil was introduced by Cibis for use as 
intraocular tamponade [8]. They are particularly 
useful in cases that require a longer duration of 
tamponade.

11.5.1	 �Chemical Property

Silicone oils are hydrophobic polymers of sili-
cone–oxygen bonds called organosiloxane with a 
variety of side chains. The chemical and physical 
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properties of the silicone oil depend upon the 
molecular weight, the length of the linear chain, 
and the chemical structure of the side group. 
Viscosity of the silicone oil is expressed in centi-
stokes. Increase in the polymer chain length 
increases the molecular weight of the oil thus 
increasing its viscosity. Silicone oil that is cur-
rently in use has viscosity ranging from 1000cs to 
5000cs. Increase in the viscosity of silicone oil 
lessens the emulsification [9]. The radical side 
groups determine whether the silicone oil is 
heavier or lighter than water. The most com-
monly used silicone oil is polydimethylsiloxane 
which is lighter than water.

11.5.2	 �Physical Property

Silicone oil has a buoyant force as the specific 
gravity of silicone oil (around 0.97) is less than 
the aqueous and the vitreous humour. This 
upward force helps in maintaining the reattach-
ment of the superior retina if the traction is ade-
quately relieved. The presence of silicone oil 
close to the retina can also cause redirection of 
radial forces to tangential forces, which in turn 
are less effective. As the posterior retinal surface 
is covered by only a thin layer of aqueous, the 
intraocular fluid currents are inadequate to cause 
retinal redetachment unless the traction is signifi-
cant [10]. There is always an inferior space filled 
with vitreous fluid as silicone oil cannot com-
pletely fill the eye. This inferior fluid with 
restricted movement can gradually accumulate 
proteins and lead to perisilicone proliferation.

The surface tension is responsible to maintain 
the shape of the bubble, prevent its migration 
through the retinal hole, and prevent any emulsi-
fication. Presence of surgical debris such as 
blood, viscoelastic solution, lipid, proteins etc. 
tend to decrease the surface tension and lead to 
early emulsification. Silicone oil emulsification 
increases the risk of PVR, retinal redetachment, 
keratopathy, and secondary glaucoma. Increasing 
the viscosity decreases the rate of emulsification. 
However, it has been shown that there is no dif-
ference in emulsification between 1000cs and 
5000cs oil [11]. This is because apart from vis-

cosity, other factors affect the rate of emulsifica-
tion, which are content of impurities or low 
molecular weight siloxane, and absorption of 
various biological fluids such as blood, protein, 
lipids etc. Emulsification of silicone oil is also 
time dependent and most cases emulsify within 
1 year [12]. Movement of silicone oil can lead to 
shear forces which can cause early emulsifica-
tion. A more complete fill of silicone oil decreases 
the rate of emulsification.

11.5.3	 �Indications for Using 
Silicone Oil

Retinal Detachment  Silicone oil is the tamponad-
ing agent of choice in cases of RD with PVR, viral 
retinitis, giant retinal tear, and choroidal coloboma 
and in chronic uveitis with hypotony [13].

RD with PVR  The silicone study group was a 
randomized multicentre trial to compare silicone 
oil with long-acting gas (SF6 or C3F8) as the 
tamponading agent for the management of RD 
with PVR [14–18]. It was found that silicone oil 
performed better than SF6 with visual acuity bet-
ter than 5/200 and attached macula. However, 
C3F8 had similar results as that of silicone oil. 
Even in eyes needing relaxing retinotomy, sili-
cone oil was found to be as effective as C3F8. 
Complications related to IOP and corneal abnor-
malities were found to be similar to oil and C3F8. 
Silicone oil is the tamponade of choice in cases 
of severe anterior PVR, difficulty in postopera-
tive positioning, cases of redetachment, hypot-
ony, and in one-eyed patients for early visual 
recovery.

Proliferative Diabetic Retinopathy  Use of sili-
cone oil in PDR can cause regression of 
pre-existing iris neovascularisation and prevent 
post-operative rubeosis by compartmentalizing 
the eye and preventing the migration of the angio-
genic factors anteriorly [19, 20]. Silicone oil can 
act as a diffusion barrier to oxygen and prevents 
the decrease in anterior chamber oxygen tension, 
hence decreases the stimulus for neovasculariza-
tion [21]. Haemorrhage can lead to reproliferation 
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behind silicone oil, which can be prevented by 
sealing all the bleeding points. In cases with 
attached retina with recurrent haemorrhage 
because of rubeosis iridis, silicone oil injection 
can lead to useful ambulatory vision. Sophisticated 
surgical technique combined with silicone oil has 
shown some success in eyes with very poor prog-
nosis such as those with failed vitrectomy for 
PDR with advanced PVR [22].

Trauma  Retinal detachment following trauma 
can be associated with severe PVR, retinal incar-
ceration, choroidal detachment, vitreous haemor-
rhage, unstable scleral wound, and hypotony due 
to ciliary body detachment. In such situations, 
silicone oil is useful for long-term tamponade.

11.5.4	 �Complications 
with Silicone Oil

Keratopathy  Corneal decompensation with bul-
lous or band keratopathy can occur when silicone 
oil stays in contact with corneal endothelium for 
a long duration. This usually occurs when emul-
sified silicone oil migrates into the anterior cham-
ber (Fig. 11.2). Even after oil removal, small oil 
droplets can migrate into anterior chamber and 
damage corneal endothelium. The Silicone Study 
report 7 disclosed an incidence of keratopathy of 
27% at 2 years, equal to that of C3F8 [23].

Glaucoma  The incidence of silicone oil-induced 
secondary glaucoma ranges from 11 to 56% [24–
26]. In the early postoperative period, the rise in 
IOP could be due to silicone oil overfill or pupil-
lary block glaucoma. Pupillary block glaucoma is 
more common in aphakic eyes and is relieved by 
performing an inferior iridotomy. Chronic eleva-
tion of IOP occurs when emulsified oil directly 
blocks the aqueous outflow through the trabecular 
meshwork or causes inflammatory cells to impede 
the outflow. The treatment consists of antiglau-
coma medications, topical or periocular steroids, 
and removal of silicone oil with the removal of oil 
droplets from the anterior chamber. IOP elevation 
may persist even after removal of oil as remaining 
small oil droplets or persistent inflammation may 
continue to obstruct the trabecular outflow or 
damage to the trabecular meshwork may be per-
manent. Glaucoma drainage devices may be used 
to treat such refractory glaucoma.

Silicone Oil Infiltration of Retina and Optic 
Nerve  Intraretinal oil droplets have been identi-
fied using OCT after macular hole surgery with 
internal limiting membrane (ILM) peel and sili-
cone oil tamponade. The proposed mechanism is 
an iatrogenic defects in the ILM that may increase 
the ability of emulsified oil to penetrate retinal tis-
sue [27]. Silicone oil infiltration of the optic nerve 
has been reported in another study using swept-
source OCT, which showed multiple hyper-reflec-
tive spaces within the prelaminar optic nerve head 
and has been confirmed by adaptive optics [28]. 
Histopathological evidence of silicone oil inva-
sion of the optic nerve has been shown in a patient 
who underwent RD repair after trauma.

Silicone Oil Adherence to Intraocular Lens 
(IOL)  Silicone oil most significantly adheres to 
silicone IOL. Small droplets may adhere to the 
IOL even after removal of silicone oil. This may 
result in visual disturbances. Simple irrigation of 
IOL may be partially affective in removing these 
droplets. Silicone oil may interact with the sili-
cone IOL causing a permanent alteration on its 
surface.

Fig. 11.2  Anterior segment image showing inverse hypo-
pyon due to emulsified silicone oil in anterior chamber
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11.5.5	 �Silicone Oil Removal

The optimal timing of silicone oil removal is con-
troversial. Removal has been recommended as 
early as 2  months [29]. Anatomically success-
fully treated eyes have a likelihood of improved 
visual acuity after silicone oil removal [30]. The 
main complication associated with silicone oil 
removal is retinal redetachment and hypotony. 
The rate of retinal redetachment varies from 0 to 
32% [25]. The duration of silicone oil tamponade 
does not affect the rate of redetachment [30]. 
Prophylactic 360-degree laser retinopexy and 
encircling reduces the incidence of redetachment 
after oil removal.

11.6	 �Heavy Silicone Oil

Densiron® 68 and Oxane HD are the available 
heavy silicone oils. Densiron® 68 (Fluoron Co, 
Neu-Ulm, Germany) is a solution of perfluoro-
hexyloctane (F6H8) and 5000  cSt silicone oil, 
characterized by an increased viscosity of F6H8 
(from 2.5 to 1387 mPa) and a resulting reduction 
of the tendency to disperse [31]. Oxane HD is a 
mixture of 5700-centistoke silicone oil and 
RMN-3 (a partially fluorinated olefin) with a vis-
cosity of 3300-3500  mPa [32]. The buoyancy 
pressure in the upper retina with conventional 
silicone oil was calculated at only 0.05 mmHg. In 
an eye filled with Densiron, the added pressure 
(calculation with a specific gravity of 1.06 g/cm3) 
is approximately 0.1 mmHg [33].

In severe PVR, especially in cases with previ-
ous multiple vitreous surgeries and tenacious RD 
of the inferior quadrants, there is a high chance of 
redetachment. Owing to the lighter-than-water 
density of silicone oil, an accumulation of prolif-
erative cells and mediators, uncovered retinal 
breaks, and areas of unsupported retina may exist 
inferiorly in eyes in a slight under-filled situation, 
which might cause recurrent or persistent retinal 
detachment. Heavy silicone oil can be a thera-
peutic option in patients with complex inferior 
retinal redetachment with PVR. As the density is 
more than water, it is effective in tamponading 
the inferior retina.

11.6.1	 �Complications and Adverse 
Reactions

Moderate inflammatory reaction with fibrin accu-
mulation (30–40%), epiretinal membrane forma-
tion with suspected intraretinal gliosis (30%), 
persistent elevated IOP, and pseudo-hypopyon 
due to emulsification of silicone oil are the most 
common adverse effects seen in one of the stud-
ies where Densiron was used. The early emulsifi-
cation and pseudo hypopyon formation can be 
explained by the lesser viscosity of Densiron 
compared to the higher viscosity of the com-
monly used silicone oil [34]. Redetachments 
within the posterior staphyloma in highly myopic 
patients are common during Densiron endotam-
ponade [35].

11.7	 �Perfluorocarbon Liquids

Perfluorocarbon were developed as a blood sub-
stitute for their biologically inert nature and their 
property of transporting oxygen. The biologic 
compatibility led to their use as retinal tampon-
ade. Chang et  al. were first to study the use of 
Perfluorocarbon Liquids (PFCLs) in humans 
[36]. The use of PFCL in retinal surgeries became 
an important landmark to handle cases that were 
previously deemed inoperable.

11.7.1	 �Chemical and Physical 
Properties

Perfluorocarbon liquids are fully fluorinated syn-
thetic analogues of hydrocarbons containing car-
bon–fluorine bonds. The straight-chain 
compounds C5 to C9 are liquids, as are most of 
the cyclic compounds ranging from C5 to C17. 
PFCLs are colourless and odourless and possess 
high density (1.6–2.1 specific gravity) and low 
viscosity (2–3 centistokes at 25 °C). PFCLs are 
biologically inert and stable at temperatures up to 
400 °C.

PFCLs are optically clear compounds with vari-
able refractive indices different from saline or water. 
This allows for easy visibility of PFCL in saline 
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intraoperatively. The greater the difference between 
refractive index, more is the visibility at the inter-
face. Perfluoro-n-octane has a more visible surface 
interface (refractive index 1.27 vs. 1.33 of water).

The high specific gravity as compared to 
water is helpful in settling detached retinas by 
pushing the sub-retinal fluid anteriorly and 
simultaneously flattening the retina. The 
tamponade force is higher as compared to sili-
con oil.

PFCLs have low surface tension and high 
interfacial tension. This property decreases the 
likelihood of sub-retinal migration of PFCL. Due 
to cohesive forces amongst PFCL molecules, it 
tends to remain in one single bubble. Also, the 
low viscosity of PFCL (0.8–8.03 centistokes at 
25 °C) allows for easy injection and aspiration of 
fluid. The boiling point of PFCL is greater than 
water (400–500 °C).

11.7.2	 �Indications for Use of PFCL

Retinal Detachment with Proliferative Vitreo-
Retinopathy  The high specific gravity of 
PFCL allows anterior displacement of sub-reti-
nal fluid and avoids the need to create a poste-
rior drainage retinotomy. This reduces 
iatrogenic retinal damage. The tamponade force 
of PFCL stabilizes the retina during membrane 
peeling. PFCLs are optically clear and do not 
absorb radiation at wavelengths used for laser. 
Photocoagulation can therefore be performed in 
the PFCL-flattened retina.

Giant Retinal Tear  PFCL has revolutionized the 
way giant retinal tears with retinal detachment 
are treated now. Before the introduction of PFCL, 
patients had to be kept in a prone position and 
intra-ocular gas was injected to unfold the giant 
retinal tear. With the use of PFCL, reattachment 
rates are up to 90%. PFCL has advantage of gen-
tle manipulation of the retina to unfold the tear.

Dislocated Lens and IOLs  PFCL is an ideal 
tool to remove a spontaneous or traumatic dislo-

cated nucleus, a posteriorly dislocated nucleus 
fragment or an intraocular lens after cataract 
extraction. A pars plana vitrectomy is per-
formed, where all vitreous adhesions are freed 
from the lens or the intraocular lens. PFCL is 
injected beneath the lens, lens fragment, or 
IOL. This helps two purposes, first is to keep the 
lens afloat and second to prevent any damage to 
the retina by dropping or sudden posterior 
dislocation.

Ocular Trauma  PFCL is helpful in managing 
cases of traumatic retinal detachments which are 
complicated by vitreous hemorrhage, traumatic 
cataract and choroidal hemorrhage. During vit-
rectomy in cases of ocular trauma, there are high 
chances of iatrogenic tears due to poor visibility, 
especially if it is complicated with vitreous 
haemorrhage. PFCL is injected once the cortical 
vitreous is cleared. PFCL flattens the posterior 
retina, dissects through the posterior hyaloid and 
clears the vitreous haemorrhage from the poste-
rior pole.

Intraocular foreign body may be associated 
with ocular trauma. Management of foreign bod-
ies becomes easier with the use of PFCL. Foreign 
bodies with specific gravity less than PFCL such 
as wooden or plastic foreign bodies can be floated 
anteriorly and removed.

Sub-macular Haemorrhage  For removal of 
sub-retinal blood, one retinotomy is made near 
the edge of the bleed, which is away from fovea. 
PFCL is then injected on the posterior pole in one 
single bubble. PFCL gradually displaces the liq-
uefied blood away from fovea, which is finally 
removed from the retinotomy site. A soft-tipped 
cannula can hasten this process.

PFCL as Tamponading Agent  Several studies 
have used PFCL as a short-, medium-, and long-
term tamponade. The physical features of PFCLs 
make them excellent vitreous substitutes for 
dealing with inferior retinal pathology, where 
common tamponades with a density lower than 
water, like silicone oils or gases, are not so 
effective.
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Use of PFCL as a tamponading agent for a 
short duration of 6–7  days does not appear to 
cause any toxic effects. The reattachment rate 
with PFCL is reported to be high, averaging 
between 76% and 82% with visual acuity 
improvement in 50–86% of cases [37–40]. The 
primary reattachment rates ranged between 86% 
and 92% with visual acuity improvement in 69% 
cases when PFCLs were used as a medium-term 
postoperative tamponade [41–46]. A typical 
granulomatous inflammatory reaction with pre-
cipitates was observed on the posterior lens cap-
sule, retina, optic nerve head, or retinal blood 
vessels in 28% of patients. The inflammation 
started between 7 and 10 days after surgery and 
may impair posterior segment visualization. The 
inflammatory reaction did not correlate with final 
visual acuity, retinal attachment, PVR develop-
ment, or persistently high intraocular pressure.

Few studies have described the use of PFCL 
for long-term tamponade [47, 48]. An inflamma-
tory reaction develops as early as the third post-
operative week in all cases. A white flocculent, 
flake-like material on various intraocular struc-
tures is found on various intraocular structures, 
such as the posterior lens capsule, the pars plana, 
the vitreous base, the optic nerve head, and the 
posterior retina. PFCL also disperses and 
migrates into the anterior chamber causing cor-
neal endothelial damage.

Heavy silicone oil is an approved and safe tool 
for treating inferior pathology. Retinal toxicity of 
PFCL in humans has not been ruled by means of 
ERG or histological examination. Therefore, 
PFCL as a tamponading agent should be used 
with caution and must be removed completely as 
soon as possible once the retinopexy is complete. 
PFCL should not be used together with silicone 
oil as mixing can generate a new fluid known as 
sticky silicone oil [49].

11.7.3	 �Complications

Sub-retinal PFCL  Small bubbles of PFCL can 
easily migrate into the sub-retinal space through 
retinal breaks. To prevent the formation of 
small bubbles, one must inject PFCL slowly 

and submerge the tip of the cannula in the 
formed PFCL bubble to make one large bubble. 
If one injects PFCL rapidly without submerg-
ing the tip of the cannula in the formed PFCL 
bubble, numerous PFCL bubbles with a fish-
egg appearance are easily formed. These bub-
bles should be removed before the surface of 
the PFCL reaches the height of the retinal 
tears. A large retinal break or large peripheral 
retinotomies are a risk factor for sub-retinal 
PFCL [50].

PFCL in the Anterior Chamber  Residual PFCL 
in the vitreous cavity may migrate into the ante-
rior chamber post-operatively and cause visual 
disturbance, corneal endothelial loss, or elevation 
of intraocular pressure (Fig. 11.3). The effects of 
PFCL in the anterior chamber depends on the 
amount of PFCL.  High volume of PFCL can 
cause endothelial damage by blocking its nutri-
tion. Corneal decompensation with the replace-
ment of endothelium with fibrotic tissue can 
occur 2  weeks after anterior chamber injection 
[51]. PFCL less than 0.25 mL appears to induce 
no damage to corneal endothelium but may cause 
changes in the trabecular meshwork [52].

Thus, if PFCL is found in the anterior cham-
ber, it should be removed using a small-gauge 
needle at the slit lamp Also, surgeons should take 
care to remove PFCL completely from the vitre-
ous cavity during vitrectomy.

Fig. 11.3  PFCL bubble seen in the anterior chamber in a 
pseudophakic eye
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Ocular Toxicity  PFCL cannot be left in vitre-
ous cavity for extended period because of ocular 
toxicity. Extended use of PFCL as tamponade 
can cause both chemical and mechanical toxic-
ity. It has been observed in animal models that 
high specific gravity of PFCL leads to mechani-
cal toxicity due to compression of retina under-
lying it. PFCL can infiltrate the internal limiting 
membrane and penetrate deeper through the 
retinal layers involving the photoreceptor 
nuclear layer and the outer segment layer pro-
ducing morphological changes. Atrophy and 
loss of outer plexiform layer and atrophy of reti-
nal pigment epithelium have been reported. 
PFCL was not found beyond the Bruch’s mem-
brane [53].

Chemical toxicity of PFCL is due to its polar 
impurities. These impurities cause adsorption of 
lipoproteins and proteins, causing fibroblastic 
reaction and formation of pre-retinal membranes. 
Some PFCLs like perfluorotributylamine have a 
higher tendency to give this reaction due to its 
amine group. Toxicity with Perfluoro-n-octane, a 
straight chain PFCL is the least as studied in rab-
bit models.

Effectiveness of Various Tamponading Agents
The silicone study was a randomized clinical trial 
comparing 1000 cSt silicone oil to 20% SF6 or 
14% C3F8 in cases of RD with PVR. Better ana-
tomic and visual outcomes were reported with 
silicone oil vs SF6 at 1 year. No significant differ-
ences in anatomic or visual outcomes were found 
between silicone oil and C3F8 [12, 13].

In a retrospective study comparing silicone oil 
vs C3F8 gas in the treatment of RD amongst 
highly myopic eyes with posterior staphyloma, 
C3F8 was associated with significantly better ini-
tial success rates and significantly better visual 
outcomes [54]. In another retrospective series of 
56 eyes with recurrent RD associated with PVR 
and treated with PPV and retinectomy, silicone 
oil tamponade yielded significantly higher suc-
cess rates than gas [55].

No significant differences in anatomical and 
visual success were noted between 1000 cSt and 
5000 cSt silicone oil in a retrospective series of 
325 eyes with complex RD [56]. Another retro-

spective series of 82 eyes with complex RDs 
reported that the use of 5000-cSt silicone oil was 
associated with a significantly higher rate of 
recurrent RD following silicone oil removal [57].

The HSO Study is an RCT comparing 
Densiron 68 with conventional silicone oil (either 
1000 or 5000  cSt per surgeon preference) 
amongst patients with inferior RD associated 
with PVR.  Forty-six patients treated with HSO 
were compared to 47 patients treated with stan-
dard silicone oil. The interim analysis of this 
study reported that, at 12 months, there were no 
significant differences in the anatomic success 
rates or visual outcomes between HSO tampon-
ade and conventional silicone oil tamponade 
[58]. Neither non-inferiority nor superiority was 
shown with regard to final acuity.

In a case series of 12 patients, Densiron 68 
was used as a primary endotamponade in patients 
with complex inferior retinal detachment, where 
standard procedures would have been unlikely to 
succeed. Only 4 of 12 patients (30%) showed a 
stable retinal re-attachment [35]. It seems that 
even a heavier-than-water tamponade cannot 
completely displace the PVR stimulating envi-
ronment from the base of posterior staphyloma 
resulting in re-proliferation and renewing of trac-
tional membranes.

In another case series, 49 patients affected by 
complex retinal re-detachment complicated with 
PVR were recruited. The mean follow-up was 
7.6 months. The mean best-corrected visual acu-
ity after Densiron 68 removal was 0.95 logMAR, 
standard error (SE: 0.068). Retinal reattachment 
rate was 61.2% after first surgery and 81.6% after 
second surgery. Nineteen cases (38.8%) had 
recurrences when intraocular heavy silicon oil 
was in situ [59].

11.8	 �Conclusion

Use of gas or silicone oil tamponade has led to 
favourable outcomes in patients with RD. PFCL 
is a good intraoperative tool for managing com-
plicated scenarios effectively. Long-term use is 
restricted owing to its chemical and mechani-
cal toxicity to the retina. HSO is best used in 
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complex RD with PVR changes, especially 
inferior RD, which uses the physical property of 
high specific gravity of HSO.
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