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I n recent years, surgical strategies in the treatment
of retinal detachment have changed substantially,

and intraocular surgical techniques are employed more
and more (1, 2, 3). Further, the range of indications for
vitreoretinal operations has widened considerably.
Additional indications for intraocular gas application
include macular foramina and circumscribed subreti-
nal hemorrhages and foramina near the posterior pole
of the eye (4, 5). Most of the operative methods re-
quire temporary intraocular gas injection, and sulfur
hexafluoride (SF6) or perfluoropropane (C3F8) are the
most commonly used gases. By using such gas injec-
tions, retinal tamponade can be achieved for two to six
weeks owing to the high surface tension between gas
bubble and retina – which is necessary to treat retinal
disorders successfully. However, the procedure en-
tails risks and can lead to blindness if patients receive
repeated anesthesia within this time window or travel
to high altitudes, as these factors lead to expansion of
the intraocular gas bubble.

Intraocular gases
The gases most commonly used in ophthalmic surgery
are air, sulfur hexafluoride (SF6), and perfluoropropane
(C3F8); more rarely, perfluoroethane (C2F6) and
perfluorobutane (C4F8) are used. The gases mentioned
differ in terms of how long they will remain in the eye
and in their expansion capacity (table 1).

After application of pure (100%) SF6 or C3F8, when
the patient is breathing ambient air, nitrogen, oxygen,
and carbon dioxide will diffuse from the blood into the
intraocular bubble. The volume of the gas bubble in-
creases (expandable), because the gas applied earlier
cannot diffuse at the same speed out of the vitreous
space, owing to its extremely low solubility in a
watery medium. The mixture that is therefore
commonly used is 20% of gas in air, so that the gas
bubble is less expandable. Its partial nitrogen pressure
is almost identical to that of the surrounding air or
blood, so that the bubble expands only to a limited ex-
tent. A bubble consisting of pure SF6 will expand to
double its injected volume within 24 hours, whereas
the volume of a pure C3F8 bubble quadruples over
three to seven days (7, 8). After injecting SF6 or C3F8
into the eye, equilibrium between blood and gas bub-
ble is reached within hours for O2 and CO2. For N2
equilibrium is reached only after several days (5, 24).
Because of their poor solubility, SF6 or C3F8 leave the
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eye only slowly; the bubble volume increases or the
pressure if the gas cannot expand. However, the bub-
ble expands usually so slowly that the intraocular
pressure remains constant thanks to an increase in
drainage of anterior chamber fluid on the one hand
and slow diffusion of the gas on the other hand (figure
1 a, b) (9, 10). 

Gases are well suited for intraocular tamponade be-
cause the marginal tension between gas and water is
substantially higher than between oil and water, and
the gas cannot penetrate into the subretinal area
through a hole in the retina. A large gas bubble occu-
pies a larger retinal area than a smaller bubble and
therefore results in more effective tamponade. 

As time passes, the gas applied into the eye diffuses
slowly. A buffer zone consisting of partially equilibrated
fluid forms between bubble and retina. During this
process, the gas concentration from the inside to the
outside falls steadily (diffusion path). In this way the
concentration gradient, which drives the diffusion
process according to Fick's 1st law of diffusion
(dm/dt = D A/d*[C1-C2]), is reduced locally (5, 6),
and the diffusion of the gas into the blood is slowed
down. Over time, the gas bubble is replaced by bodily
fluids. In contrast to silicone oil tamponade, no further
surgery is required to remove the endotamponade.

The length of time that the gas bubble will remain
depends not only on the volume, concentration, and
solubility of the administered gas but also on the
choroidal circulation. The surgeon ideally selects the
gas on the basis of individual findings. The less sol-
uble a gas the longer it remains within the eye (11).
The larger the injected volume, the greater the expan-
sion effect. By doubling the concentration, the intra-
ocular "lifespan" of a gas bubble is doubled. In a non-
vitrectomized, phakic eye, the bubble remains twice
as long as in a vitrectomized eye. Low intraocular
pressure or low production of anterior chamber fluid
also prolong the persistence of a gas bubble (12).
Because of the influence of intraocular pressure, pro-
duction of anterior chamber fluid, choroidal perfu-
sion, and the eye's preoperative condition, a precise
prediction of the time to disappearance of the gas
bubble is not possible in the individual patient.

What this means for the anesthesiologist
Laughing gas (nitrous oxide, N2O) has a blood gas
distribution coefficient that is 35 times higher than that
of nitrogen (0.46 versus 0.014). During anesthesia with
nitrous oxide, N2O diffuses more quickly from the
blood into an air filled cavity than nitrogen diffuses from
the same cavity into the blood. The result: a notable
increase in volume in expandable or an increase in
pressure in non-expendable cavities. This means that
during anesthesia, the intravitreous gas injection must
be given only once the application of N2O has ceased for
some 15 minutes and the N2O has been flushed out of
the body. Otherwise, a dangerously fast increase in
intraocular pressure is to be expected after intraocular
gas injection. In reverse, after intraocular gas injection

during N2O anesthesia, the gas bubble will rapidly
shrink after N2O application has ceased, which will
result in insufficient retinal tamponade (8). 

Seemingly the opposite effect has been reported in
studies when the intraocular pressure remained the same
after injection of C3F8 during anesthesia with 65% N2O
and anesthesia not using N2O. This effect seems to be
due to the intraoperatively leaky seal of the sclerotomies,
which would have enabled intraocular gas to escape during
the operation. It thus seems that the risk lies less in the
use of laughing gas during the initial procedure than
rather in using N2O during a follow-up procedure, once
the eye is "sealed" (13).

Reports about postoperative blindness after N2O
anesthesia have increased with increasing numbers of
intravitreous gas injections. Thirteen cases have been
reported so far – the time lag between the initial admin-
istration of the gas and N2O anesthesia leading to
blindness was up to six weeks (table 2). Assessors assume
a high number of undetected cases. Whether the risk of
developing blindness subsequent to intraocular gas
injection persists after longer time intervals is not known.

Using nitrous oxide in patients with intraocular gas
bubbles can result in rapid bubble expansion with
anterior shift of the lens-iris diaphragm and subse-
quent angle closure. The fluid in the anterior chamber

subsequently cannot drain, which means that a crucial
compensation mechanism to regulate intraocular
pressure has been disabled (angle closure glaucoma)
(8). If the intraocular pressure exceeds the perfusion
pressure in the central artery the result will be retinal
ischemia. Studies in monkeys have shown that occlu-
sion of the central artery for more than 90 minutes
causes irreversible ischemic damage to the retina with
subsequent atrophy of the optic nerve (14). Disorders
such as diabetes mellitus or atherosclerosis, but also
old age, lessen the retinal perfusion pressure (15, 16)
and can increase the risk of central artery occlusion af-
ter intraocular gas injection. 

Which options remain if after N2O anesthesia it
transpires that the patient has an intraocular gas
bubble? The administration of nitrous oxide will have
to be stopped immediately. 

modified from (15)

TABLE 1

Physical attributes of commonly used intraocular gases

Gas Expansion behavior at Concentration Number of days 
a concentration that is usually that intraocular 
of 100% (factor) applied (%) gas remains 

in the eye

Air 0 5 to 7

SF6 2 20 10 to 14

C2F6 3.5 16 30 to 35

C3F8 4 12 55 to 65
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Ventilation with 100% oxygen results in accelerated
flushing out of the nitrous oxide from the intraocular gas
bubble than is achievable with ambient air. Arterial hy-
pertension should be corrected in order to secure suffi-
cient retinal perfusion pressure. An ophthalmologist
should be consulted immediately, to control intraocular
pressure and retinal vascularization – e.g., by using in-
direct ophthalmoscopy. During the waiting period, in-
traocular pressure can be assessed by palpating the eye.
If the affected eye is "rock-hard" to the touch compared
with the other eye, the risk of central arterial occlusion is
high. Administration of acetazolamide is indicated to re-
duce the production of anterior chamber fluid, thereby
lowering intraocular pressure. 

If an occlusion of the central artery is visible
through the ophthalmoscope or if the intraocular pres-
sure is raised drastically, intraocular gas needs to be
released immediately either via one of the pars plana
sclerotomies that are already present or by transscleral
puncture into the vitreous space at a distance of 3.5
mm from the corneal limbus. 

Expansion of intraocular gases owing 
to reduced atmospheric pressure
Anecdotal reports have mentioned sudden vision loss
when traveling to high altitudes or across the Alps, and
sudden blindness on ascent with vision returning upon

landing. These symptoms are presumably the consequences
of fast volume changes of the gas bubble and may be
regarded as transient retinal ischemia owing to raised
intraocular pressure subsequent to reduced atmospheric
pressure (17–19). Atmospheric pressure falls with
increasing distance from the surface of the Earth. Start-
ing at sea level, it falls by 1 hPa every 8 meters.
According to the Boyle-Mariotte law (p *V = constant)
the injected gas bubble therefore expands. If the body
temperature remains constant the degree of expansion
depends on the drop in atmospheric pressure over time
– and therefore on the rate of ascent. The ascent rate of
an aircraft on a scheduled flight is 2000 to 3000 ft/min
(606 to 909 m/min). The cabin pressure compresses by
a height equivalent of 90 to 150 m/min. This happens
automatically, depends on the type of construction, and
is characteristic of the type of aircraft. In a Boeing 747
at a traveling height of 11 200 m, the cabin pressure
corresponds to a height of 1700 m, whereas in a
McDonell Douglas DC9, the pressure is equivalent to a
height of 2400 m when traveling at 11 200 m. The
altitude of the starting airport is also important. The
higher the airport, the lower the potential for expansion
of the gas bubble. 

To conclude, the extent of the intraocular pressure
increase depends on the intraocular gas volume, the
construction-related cabin compression of the aircraft,
and the geographical altitude of the departure airport.
Compensatory mechanisms for intraocular pressure
rises are scleral expansion and increased drainage of
anterior chamber fluid.

If the volume of the intraocular gas bubble is only
10% of the vitreous volume, the expansion of the gas
can be compensated sufficiently, provided the com-
pensatory mechanisms, such as drainage and reduc-
tion of anterior chamber fluid, are able to function.
Both mechanisms may be disrupted in glaucoma
patients. If the increase in intraocular pressure during
the trip lasts less than 90 minutes then sequelae are un-
likely in a healthy patient; however, in a glaucoma
patient with prior damage to the optic nerve they
cannot be excluded. Currently, drug treatment is not
an option for influencing an increase in intraocular
pressure. The only effective measure is to raise cabin
pressure by reducing flight altitude. Administration of
acetazolamide before the flight is not recommended
because the pressure lowering effect is not sufficiently
great to compensate for the later rise in intraocular
pressure. Ocular hypotension is an additional undesir-
able potential effect that might be triggered (17–19).

Risk information
Every patient who receives a gas injection must be in-
formed about associated risks. Such warnings should
be given to the patient postoperatively or at discharge
(at the latest) as a leaflet or pass. It must be ensured
that the patient has understood this information. Pro-
viders of intraocular medical gases provide patient
passes to their users. Further, a concluding report from
the ophthalmologist to the patient's general practition-

Figure 1Expansion behavior
of an intraocular
gas bubble filled
with sulfur hexa-

fluoride under
conditions of am-

bient air ventilation
(a) or (b) exposure

to 67% nitrous
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anesthesia.
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fluoride injected

afterwards. From:
Kroll P, Reinhold R,
Radig C, Eckard R,

Ostmeier H: Zum
Expansionsverhal-
ten von intravitrea-
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er is desirable, in which explicit mention can be made
of the risks in a future operation or travel to great
heights or air travel. It is also recommended for legal
reasons to document in the patient's file the type and
content of information provided. 

Preventing complications
Often, patients with a gas bubble who are receiving
elective or emergency care will require surgery or
anesthesia outside an ophthalmic ward. In view of the
potentially long lifespan of the gas bubble, it is of the
utmost importance that the anesthesiologist is in-
formed about this. The importance of a complete med-
ical history is crucial: underlined by the fact that in all
cases of blindness after anesthesia with nitrous oxide
that have been reported in the literature the chain of
information was interrupted. The question about ear-
lier ophthalmic surgery should therefore be included
in standard history taking before any anesthesia or
surgical procedure. If any doubt remains the use of
nitrous oxide will have to be avoided, especially in
patients who cannot give their own history, e.g., un-
conscious patients. 

An intraocular gas injection that dates back more
than three months can be assumed to present no

contraindication to the use of nitrous oxide or travel at
high altitudes. In elective procedures patients should,
however, undergo an ophthalmology examination, to
rule out a possible risk of blindness.
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