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Intraocular humidity immediately after fluid–air
exchange in pars plana vitrectomy

Abstract Purpose: To study vitre-
ous cavity humidity during fluid–air
exchange in pars plana vitrectomy.
Methods: Intraocular humidity in the
vitreous cavity was recorded for
2 min in six artificial eyes, six
enucleated pig eyes, and ten patient
eyes, after the eyes had been filled
with either humidified air (75% hu-
midity) or dry air (8% humidity).
Results: In artificial eyes the humid-
ity levelled off at a value that was
approximately equal to the humidity
of the infused air, i.e., a mean of
71.9% when humidified air was used
and a mean of 14.4% when dry air
was used. In enucleated pig eyes
humidity increased slightly with hu-
midified air and remained stable with
dry air. In patients intraocular hu-

midity increased to over 90%, re-
gardless of whether humidified or dry
air was used. Conclusion: In the
living eye, dry air deprives the retinal
tissue of humidity, which is lost into
the vitreous cavity. This effect can be
reduced by using humidified air.

Keywords Fluid–air exchange .
Intraocular humidity . Pars plana
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Introduction

In 1995, the first observations on visual field defects
following pars plana vitrectomy with fluid–air exchange
were reported [14]. Since then, these observations have
been confirmed in various other publications [1, 3–13, 15,
17, 18, 20, 22]. Since most of the defects have been located
in the inferotemporal quadrant, where the air stream enters
the eye, it has been speculated that they are the result of a
drying process in the retina [21]. Consequently, air humid-
ification has been recommended [19].

The aim of this study was to measure humidity in the
vitreous cavity during fluid–air exchange in both experi-
mental and clinical conditions.

Materials and methods

The experiments were carried out on ten human eyes in
which macular holes were repaired. To test the validity of
the measuring system we carried out control measurements
on six MIRA plastic model eyes and six enucleated
vitrectomised pig eyes. In all eyes three sclerotomies were
performed, an infusion line was anchored in the infero-
temporal quadrant, and a multiport illumination system
(MIS) was introduced into the upper nasal and upper
temporal quadrants. The MIS system was used to provide
standardised access to the eye, so that the fluid–air ex-
change could not be influenced by different sclerotomy
sizes and the sclerotomies would not be obstructed by
vitreous or other tissue.
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Standard pars plana vitrectomy was performed in the pig
and human eyes, followed by fluid–air exchange through
the infusion line with an automatic air pump attached to the
unit (Premiere, Bausch & Lomb, Rochester, N.Y., USA).
The model eyes were also perfused with air. Approximately
15 s after completion of the air fill, a fine probe, connected
to a hygrometer (Hygrotec, Titisee-Neustadt, Germany)
measuring both humidity and temperature, was introduced
into the vitreous cavity through one of the sclerotomies and
held in the mid-vitreous cavity, while an extrusion needle
with its exit held closed was positioned in the other scle-
rotomy. Intraocular pressure was kept constant with the
pump setting at 40 mmHg (pin). The MIS cannulas were
very tight, which reduced the force of the jet stream.

The hygrometer consisted of a 20-G probe introduced
into the vitreous cavity and an extraocular measuring
chamber, with a direct connection between the two. A small
opening at the outer surface of the measuring chamber al-
lowed the air to flow through its cavity. The distance be-
tween the tip of the probe and the measuring cavity caused a
short time lag before the hygrometer displayed the actual
humidity readings.

Before entering the eyes the air was passed through
Millipore filters. For one-half of each of the three groups of
eyes the air came directly from a tank containing com-
pressed air. The humidity of the dry air used straight from
the tank was 8% at the point of entry, according to earlier
intraluminal measurements at the tip of the infusion sys-
tem. For the other half of each group the air came from the
same tank, but, before being introduced into the eyes, it
was humidified by passage through balanced salt solution,
as described by Ohji et al. [16]; its humidity was then 75%
at the point of entry. The gas temperature was between
22°C and 25°C. Temperature and humidity in the vitreous
cavity were measured continuously over 2 min and plotted
at intervals of 10 s.

Results

In the plastic model eyes intraocular humidity had dropped
to a mean of 14.4% 2 min after perfusion with dry air
(Fig. 1a). When humidified air was used the intraocular
humidity increased to a mean of 71.9% (Fig. 1b).

In the enucleated pig eyes intravitreal humidity remained
at a mean of 68.4% when the eyes were perfused with dry
air (Fig. 2a) and climbed to 74.6% when they were per-
fused with moist air (Fig. 2b).In living human eyes, 2 min
after fluid-air exchange, intravitreous humidity increased to
a mean of 90.5% when dry air was used (Fig. 3a) and
reached a mean of 93.8% when the eyes were perfused with
humidified air (Fig. 3b).

Temperature remained constant over the 2-min observa-
tion period.

Discussion

The process of drying is defined as the removal or loss of
moisture. It depends on the water content and structure of
the material exposed, the humidity of the ambient air, the
turnover of ambient air, a possible water supply, and the
temperature.

In the vitreous cavity of a plastic model eye, with a non-
hydrated inner lining, the humidity of the air measured is
bound to adapt, becoming closer to the humidity of the air
that has been introduced. In our experimental model this
was the case after the introduction of both dry and hu-
midified air, underlining the validity of our experimental
setting and the hygrometer measurements.

In the enucleated animal eye the situation is different,
since the cavity is lined by tissue composed of liquid-con-
taining cells and intercellular spaces. When filled with
moist air, the humidity measured in the cavity almost re-
presents the humidity of the air that has been introduced.
Since this humidity is already 75% and the air is approx-
imately the same temperature as the surrounding tissue,
evaporation is minimal, and humidity in the cavity does not
go up within 2 min. Thus, there is almost no drying.
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Fig. 1 Intraocular humidity measured over a period of 2 min in
plastic model eyes perfused with dry air (a) (n=3) or humidified air
(b) (n=3)
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When the eye is filled with dry air, however, evaporation
does occur. Consequently, humidity in the vitreous cavity
does not decrease as in the model eye, but instead goes up
as the surrounding tissue dries. The humidity equilibrates at
a much lower level than in the living eye, however, because
the inherent moisture on the surface of the retina is not
sufficient to saturate the cavity.

In the living human eye the water loss is greater than in
the cadaver eye. The lining of the cavity is connected to the
circulation and is constantly hydrated. Thus, the increase in
intravitreous humidity measured after the eye has been
filled with dry air must be the result of fluid extraction from
these tissues, together with a small amount of aqueous
production [2].

The MIS cannulas were very tight; however, minimal
leakage might occur. This, and the fact that a small opening
at the outer surface of the measuring chamber allowed
minimal air flow, may explain why the intraocular humid-
ity did not reach 100%.

It would be interesting to know the exact amount of
water lost from the eye cavity during evaporation. As can
be seen in Fig. 3b, the humidity in the living eye changes
from approximately 75% to 90% in the case of humidified
air, which means an increase from 33 g/m3 to about 40
g/m3. If the volume of the vitreous cavity is considered to
be 5 ml, the total amount of water evaporated over 2 min is
approximatey 35 μl. As no equilibrium is reached after
2 min it will be even more as time goes on. With regard to

the dry air perfusion, and by the same calculation, the
amount of water loss is about 150 μl. If it is taken into
consideration that the mean aqueous production is regarded
to be around 2.75±0.63 μl/min [2], the water evaporated is
far more than normal aqueous production. It is conceivable
that this procedure is stressful to the retina, and that this
“evaporation stress” may produce damage.

Our calculations were based on our surgery setting using
MIS cannulas that allow only minimal leakage. In a less
tight system with greater leakage the water loss is likely to
be more.

Our experimental setting was designed in such a way as
to reduce air flow to a minimum to allow us to focus on the
“damage owing to evaporation stress” theory and to sup-
port this theory with values. Therefore, we did not measure
additional stress caused by such air flow parameters as
infusion pressure or jet stream. In order to estimate the
expected pressure entering the eye we calculated the per-
centage of the initial air-flow pressure using Hagen–
Poiseuille’s law [19]. On the basis of these calculations,
where the pressure in a tube is proportional to the length of
the infusion line (1.5 m) and r−4 where r (0.9 mm) is the
radius of the infusion line, we found that just 5% of the pin
reached the eye. We arrived at this percentage by taking
into account the fact that there is no turbulent stream or
curvature of the hose, which would reduce the entering air
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Fig. 2 Intraocular humidity measured over a period of 2 min in
enucleated pig eyes perfused with dry air (a) or moist air (b) (n=3)
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Fig. 3 Intraocular humidity measured over a period of 2 min in
living human eyes perfused with dry air (a) (n=5) or moist air
(b) (n=5)
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pressure even more. If simple geometrical calculations are
used and the stream divergence taken into account, the
incoming beam cross-section of 2.4 mm2 will blur out, so
that the resulting pressure difference is less than the in-
coming 5% of the pin. This air pressure difference should
not cause damage to the retina. Because of this tremendous
reduction in air pressure, to less than 5%, the additional
pressure-reducing effect of an in-line humidifier is irrelevant.

In conclusion, we have shown that vitreous tamponade
with dry air leads to loss of moisture from the surrounding
tissues. Water loss is greater in living eyes than in cadaver

eyes, implying additional water supply. Quantitative es-
timation of the water loss in living eyes is greater than the
rate of aqueous production. This implies that water is added
from the extracellular fluid and, ultimately, via circulation.
It may be speculated that this “evaporation stress” has a
damaging effect on the surrounding tissues. Until proven
otherwise the use of humidified air is therefore advocated.
However, this may not be the only precaution that can and
should be taken to avoid retinal damage during fluid–air
exchange.
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