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Tamponades for vitreoretinal surgery 
Dr Douglas Clarkson looks at developments in the use of tamponades in maintaining 
ocular anatomical integrity during and after surgery

F
rom the earliest days 
of vitreoretinal surgery, 
the removal of vitreous 
material would necessitate 
its replacement with 
a suitable tamponade 

material to preserve the pressure within 
and therefore the integrity of the eye. In 
addition, there has been identified the 
benefit of tamponade material which 
through surface tension effects can act 
to repair holes and breaks in the retina – 
preventing retinal pigment epithelium 
absorbing subretinal fluid. This surface 
tension effect is probably acting to 
improve the outcome of interventions 
such as cryotherapy or laser retinal 
treatment for retinal detachment. 
Sigler1 described the early use of air as 
such a tamponade material by Ohm2 
and Rodengren,3 though typically air 
bubbles are rapidly re-absorbed by the 
eye. The desirability of a longer acting 
tamponade gas substance led to the 
investigation of the properties of denser 
gases which would have slower rates of 
diffusion and hence greater therapeutic 
effects. In addition, silicone oils of 
various chemical characteristics have 
also been used as tamponade material 
after surgery for retinal detachments 
and macular holes, though they require 
an additional surgical procedure for 
their subsequent removal. The range 
of functions provided by the vitreous 
and the relative merits of available 
tamponade materials is reviewed by 
Kleinberg et al.4

Gas tamponades
One of the early gases investigated 
as a tamponade material was sulphur 
hexafluoride. In the 1970s Abrams 
et al5 monitored the gas bubble 
composition as a function of time 
for initial injection of pure sulphur 
hexafluoride gas in rabbit eyes. 
Over a period of 96 hours the gas 
concentration of sulphur hexafluoride 
fell to around 3 per cent and with 
replacement by an equilibrium mixture 
of oxygen, nitrogen and carbon 
dioxide. Preferential diffusion of more 
mobile smaller gas molecules into 
the sulphur hexafluoride gas bubbles 
results in their initial expansion as 
the entrained gas pressure increases. 
This is an undesirable characteristic 
for gas tamponades where a target gas 

concentration is now usually set at a 
limit concentration to prevent bubble 
expansion. For sulphur hexafluoride 
this value is typically 14 per cent and 
for perfluoropropane 16 per cent. 
Values of gas mixture in excess of these 
values can result in elevated intraocular 
pressures. 

Hazards of gas tamponades 

Nitrous oxide
One of the hazards of gases 
such as sulphur hexafluoride or 
perfluoropropane is subsequent 
patient exposure to nitrous oxide as 
an anaesthetic. Highly mobile nitrous 
oxide molecules preferentially diffuse 
into the residual gas bubble in the 
eye and increase its pressure. Hart6 
describes three patients where vision 
was lost in two and impaired in the 
third as a result of exposure to nitrous 
oxide within a period between 10 
days and one month from initial 
perfluoropropane administration. 
Observation of adverse effects 
involving exposure to nitrous oxide 
has also been observed by Lee7 for a 
period of up to 37 days after use of 
perfluoropropane. Fu et al8 report 
a further series of five cases with 
long acting gas tamponades. A more 
extensive set of 13 cases involving 
vision impairment following 
administration of nitrous oxide 
subsequent to retinal gas tamponade 
is described by Silvanus et al.9 In this 
review, almost all of the cases resulted 
in total loss of visual function in the 
affected eye. This is perhaps one good 
reason not to undertake vitreoretinal 
surgery involving gas tamponade in 

both eyes within a time period which 
could render both eyes vulnerable to 
nitrous oxide exposure.

Aircraft travel
While the risks of exposure to nitrous 
oxide may not be obvious, the hazards 
of flying in passenger aircraft at 
reduced cabin pressures are easier to 
anticipate. One of the terms used to 
describe cabin pressurisation is the 
‘cabin height’, where typically aircraft 
pressurisation corresponds to an 
atmospheric elevation of around 2,400 
metres (≈ 8,000 feet). Figure 1 indicates 
the reduction of pressure with height 
elevation above the earth’s surface, 
so that at a height of 2,400 metres, 
atmospheric pressure is around 75 per 
cent of that at ground level.

Where a gas bubble is present 
during the plane ascent, the process of 
depressurisation will cause the bubble 
to expand and, although there will be 
some expansion of the eye volume, 
there is the potential for a significant 
increase in intraocular pressure. Sudden, 
more extreme, depressurisations would, 
in addition, result in even more radical 
pressure elevations.

Houston et al10 described varying 
advice to passengers from airlines 
regarding the safety of flying after 
gas injection. There would appear, 
however, to be a consensus to delay 
air travel by around two weeks 
after sulphur hexafluoride injection 
and six weeks after injection of 
perfluoropropane. This is based on the 
varying rates at which gas bubbles of 
different composition reduce in size.

Lincoff et al11 anticipated that in 
patients with a residual gas volume 
of up to 0.6ml (typically 10 per cent 
of eye volume), the eye can probably 
compensate for the usual reduction in 
cabin pressure as the aircraft ascends 
to its ‘cabin pressure’. Gandorfer and 
Kampik12 described cases of central 
retinal artery occlusion where patients 
had flown with intraocular gas bubbles 
of bubble sizes between 30 per cent and 
50 per cent of their original size.

Mills et al13 reported observations 
of a group of 10 patients exposed 
to a simulated aircraft pressurisation 
protocol of an equivalent 598mm 
Hg cabin pressure. Bubble sizes were 
in the range 10 per cent to 20 per 

Figure 1 
Variation of 
percentage 
of sea level 
pressure as 
a function 
of elevation 
above the 
earth’s 
surface
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Table 1
Summary of precautions with gas tamponades
Tamponade gas Nitrous oxide administration Aircraft travel 
Sulphur 
hexafluoride 

Avoid nitrous oxide exposure if 
gas bubble is still present

Delay by at least two weeks 
for cabin pressure of 75 per 
cent of sea level pressure

Perfluoropropane  Avoid nitrous oxide exposure 
 if gas bubble is still present

Delay by at least six weeks 
for cabin pressure of 75 per 
cent of sea level pressure

cent of initial size. Within this group, 
eight patients tolerated the regime 
satisfactorily with pressures not rising 
above 30mm Hg and one patient 
sustained pressures above 30mm Hg. 
Unsustainably high pressures were, 
however, developed by one patient 
who was released from the test 
chamber. There is the anticipation that 
the compensating factor of filtration 
rate of aqueous humour with raised 
intraocular pressure varies between 
patients and that this equivalent rate 
could be as high as 0.02ml/minute 
based on observations of the time 
to reduce intraocular pressure after 
injection of 0.1ml ranibizumab. 

Gas mixture preparation
While there is some degree of 
awareness of the goal of use of target 
concentrations of sulphur hexafluoride 
and perfluoropropane, there is evidence 
that, in practice, gas concentrations may 
vary significantly. This may explain 
reported cases of elevated intraocular 
pressure following establishment of gas 
tamponade. A method of determination 
of gas mixture concentration14 has 
recently been reported where a 
precision analytical weighing balance is 
used to validate the gas concentrations 
drawn up in disposable syringes and 
in filled test eyes of volume 6.1ml. 
Preliminary measurements indicate 
that consideration requires to be given 
to the dead space of components such 
as particle filters within the gas fill 
circuit. This is indicated in Figure 
2 where in the ‘flush’ technique 
perfluoropropane gas in the filter 
increases the level of prepared gas 
concentration from a target value 
of 16 per cent to an actual value of 
around 17.5 per cent. In the non-flush 
technique, air is drawn into the syringe 
and compensates for additional gas 

present in the particle filter, so that the 
mean value of determinations is closer 
to the target value of 16 per cent. The 
flush technique is, however, expected 
to deliver more consistent and accurate 
concentrations if the additional gas 
in the particle filter is diluted with a 
compensating volume of air. 

Discussion
Table 1 summarises some precautions 
relating to use of gas tamponades. It 
is identified, however, that further 
work requires to be undertaken to 
identify ‘best practice’ procedures 
for preparation and injection of 
gas tamponades such as sulphur 
hexafluoride and perfluoropropane 
based on determination of gas 
concentrations using gas weighing and 
other available techniques. 
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Figure 2 
Gas fill by 
different 
techniques 
– ‘flush’ and 
‘non-flush’ 
for a 
sequence of 
separate fill 
procedures


