
41c l s p e c t r u m . c o m C O N TA C T  L E N S  S P E C T R U M  O C T O B E R  2 01 7

SCLERALS AND SCUBA

 S cleral GP lenses are used increasingly 
worldwide,1,2 and the use and safety of 
wearing this type of contact lens has 
been studied extensively.3,4 However, 
how these lenses perform under ex-
treme conditions (for example, while 
deep-sea diving) has not been investi-

gated—even though a mini-scleral amphibious optics 
contact lens for diving without a mask has been recently 
developed.5 However, some complications associated 
with diving while wearing contact lenses have been 
documented.

While diving, your body is subjected to changes in 
external pressure. This pressure increases during de-
scent, causing air in body spaces to compress and in-
ert gasses to accumulate in our tissues. If additional gas 
molecules are not supplied (e.g., by equalizing the ears, 
sinuses, and mask and by breathing from a compressed 
gas source to add air to the lungs), the pressure in the 
ears, mask, and lungs becomes negative. During ascent 
to the surface, the reverse process occurs, and these air 
spaces become pressurized due to the positive pressure 
produced as these gasses expand. 

After deep-sea diving for a relatively long time, the gas 
molecules that emerge from the tissues can form bub-
bles in the blood and/or tissues, leading to decompres-
sion sickness. Wearers of GP contact lenses, including 
wearers of scleral lenses, occasionally develop uncom-
fortable eyes, painful eyes, and/or blurred vision after 
diving. These symptoms likely result from gas bubbles 
(likely nitrogen gas) forming between the cornea and 
contact lens due to gas escaping from the cornea and 
the tear film upon ascent.6,7 This complication can usu-
ally be prevented by performing a carefully regulated 
ascent, which allows any accumulated gasses to disperse 
harmlessly.6 

In addition, wearers of GP lenses can experience 
blurred vision after diving due to physical displacement 
of the lens during diving or a lens that fits too tightly 
after diving.6,7 

Wearing a contact lens reduces oxygen transmissibil-
ity to the eye. How oxygen permeates the scleral lens 
during a dive has not been investigated. An average 
dive lasts 45 minutes. During the dive, the inside of the 
dive mask retains near-normal oxygen concentrations 
due to air expired through the nose. Brown and Siegel7 
calculated that during a 45-minute dive, the mask con-
tains sufficient oxygen (3.200µl) to meet the cornea’s 
requirements.

Finally, wearers of contact lenses have an increased 
risk of developing microbial keratitis, particularly when 
wearing their lenses underwater,8,9 although this risk is 
higher among wearers of soft contact lenses compared 
to wearers of GP contact lenses.10,11 Patients who have 
irregular astigmatism have few lens options available 
and typically must wear rigid contact lenses to maintain 
clear vision.

Practical experience suggests that scleral lenses may 
be compatible with diving. However, this is based on 
anecdotal evidence from individual cases. Thus, further 
insight is needed regarding the consequences associated 
with wearing scleral lenses while diving, thereby provid-
ing more concrete knowledge with respect to the safety 
of wearing scleral lenses under these conditions.

QUESTIONNAIRE
To document the experiences of scleral lens wearers 

while deep-sea diving, we took extensive case histories 
of five of our patients who were both scuba divers and 
scleral lens wearers.

The indications for scleral lens use among these pa-
tients were keratoconus (two patients), high refractive 
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likely to become displaced or to fall out of the eye.3,4 Fig-
ure 1 shows an example of air bubbles trapped beneath 
a scleral lens. 

This is consistent with a report by Schwiegerling et 
al,5 who developed a specialized mini-scleral lens for 
amphibious use. Importantly, this lens was not dis-
lodged or displaced while diving, even when a mask was 
not worn. However, because the shape of the sclera is 
usually asymmetrical, a toric back-surface scleral lens of-
ten provides an improved fit, is more comfortable, and 
offers longer wearing time.3,12,13

When diving, the lens can be lost only if water en-
ters the mask (for example, while clearing the mask or if 

wearing a poorly fitting mask). Using a well-fitting mask 
and narrowing the palpebral fissure (or closing the eyes) 
when clearing the mask can reduce the risk of losing 
a lens. Interestingly, however, only two of our patients 
reported that they always closed their eyes when clear-
ing their mask. While taking the case histories, we did 
not ask whether the scleral lenses were lost or displaced 
during a dive, but this would be an interesting question 
to ask of future patients.

Three of the five patients reported that they found 
it more difficult to remove their scleral lenses after a 
dive due to a tighter fit of the lenses on the eye. Thus, 
scleral lens wearers should pay special attention when 
removing their lenses. In cases of increased lens tight-
ness, the seal can usually be released by lifting the lens 

error (two patients), and post-penetrating keratoplasty 
(one patient). The characteristics of these five patients 
are summarized in Table 1.

All five patients in this case series wore non-fenestrat-
ed scleral lenses, and all lenses had either optimal or 
acceptable fitting characteristics per the Visser Scleral 
Lens Classification System.4

SIMILARITIES AND DIFFERENCES
Over a period ranging from 5 months to 10 years, the 

five divers performed a total of 1,785 dives while wear-
ing scleral lenses. All of the dives were performed within 
safe decompression limits (i.e., with a low risk of decom-
pression bubbles forming), and four of the five patients 
performed their dives in relatively colder (Dutch) wa-
ters. The average dive depth was ≤ 20 meters, and dive 
time averaged 40 to 60 minutes.

All five of the patients applied their scleral lenses at 
least 60 minutes before the dive and waited > 60 min-
utes after the dive before removing their lenses. When 
multiple dives were performed, the lenses were never 
removed between dives. 

When removing their lenses, two of the patients re-
ported that they always experienced increased tightness; 
a third patient reported that lens tightness was experi-
enced occasionally. Two of the five divers reported that 
they occasionally cleaned their lenses after diving and 
then reapplied the lenses using saline. The other three 
never cleaned their lenses after diving. While clearing 
their mask, two of the patients always closed their eyes, 
two patients occasionally closed their eyes, and one pa-
tient never did.

After diving, two patients reported that their eyes oc-
casionally appeared more red. Two patients reported oc-
casional cloudiness during and after diving; one of those 
patients occasionally experienced reduced visual clarity 
after diving. Two of the five patients reported that they 
never experienced redness, cloudiness, or reduced clar-
ity. Finally, none of the five patients reported experienc-
ing any medical ophthalmic complications, including 
eye infection, while diving with their scleral lens.

WHAT WE LEARNED
Scleral lenses can have a “sealing” effect against the 

surface of the eye. When the lens’ landing zone is fitted 
in alignment with the anterior ocular surface and is not 
too loose, air bubbles cannot enter, and the lens is less 
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Figure 1. An example of “frothing” caused by air 
bubbles trapped beneath a large-diameter scleral lens.

In theory, a GP scleral lens can protect the eye  
from “mask squeeze” during a dive.
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edge; alternatively, the lens can be moved around with a 
plunger placed near the lens edge after instilling rewet-
ting drops.

When diving while wearing a scleral lens, it is impor-
tant to ensure that the lens is applied correctly, with no 
air bubbles trapped beneath the lens. 

All of our patients whom we examined for this case se-
ries applied their scleral lenses at least 60 minutes before 
diving. Although a minimum scleral lens settling time 
has not been established prior to diving, a conservative 
minimum estimate is 30 minutes, which is based on the 
settling time used in practice when assessing a scleral 
lens.

In theory, a scleral lens can help protect the eye from 
“mask squeeze” during a dive. With mask squeeze, the 
air inside the mask does not properly equalize during 
descent; this causes unequal pressure between the air in-
side the mask and the intravascular pressure in the facial 
blood vessels, resulting in a condition known as facial 
barotrauma.6 Historically, patients who have keratoco-
nus are advised not to dive due to the increased risk of 
mask squeeze on the cornea. In this respect, wearing a 
scleral lens may—at least in principle—protect the cor-
nea from rupture due mask squeeze by providing extra 
support. Nevertheless, none of our patients, including 
the two who had keratoconus, reported any ophthalmic 
problems related to their scleral lens wear.

No eye infections were reported by any of our patients, 
even though the scleral lenses were often not cleaned, 
either after diving or between dives; moreover, none of 
the divers reported any visible discharge on the scleral 
lens surface. However, to minimize the risk of infection, 
we advise our patients to remove, thoroughly clean, and 

reapply their scleral lenses after each dive, if conditions 
allow.

The average dive time of our patients was 40 to 60 
minutes. Two of the five patients—whose dives lasted 
40 and 60 minutes, respectively—complained of occa-
sional increased lens cloudiness during and after div-
ing. One keratoconus patient occasionally experienced 
reduced clarity after diving; this patient also reported 
occasional cloudiness, but no redness. Two patients 
reported occasional increased redness after diving. De-

spite these findings, whether the cloudiness, reduced 
clarity, and increased redness are a sign of oxygen deple-
tion or another cause is currently unknown and should 
be investigated further.

CONCLUSION
In summary, wearing GP scleral lenses while diving 

did not produce serious complications in our patients. 
Given the benefits of optimal visual correction and po-
tential protection from pressure-related trauma (e.g., 
mask squeeze), continuing to wear their scleral lenses 
may be the safest option for these patients should they 
wish to dive. Nevertheless, additional research regarding 
scuba and deep-sea diving while wearing scleral lenses 
is needed to fully determine the entire range of risks and 
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PATIENT NUMBER 1 2 3 4 5

Ophthalmic condition
High 

astigmatism  
> 4.00D

Keratoconus High myopia  
> 10.00D

Penetrating 
keratoplasty Keratoconus

Scleral lens type* Mini Full Full Full Mini

Scleral lens material OD Menicon 
Z, OS GP 100 Boston XO2 Boston XO2 Menicon Z Boston XO2

Number of years as a 
scleral lens wearer 4 5 > 10 2.6 1

Total number of dives 
with scleral lenses 25 550 1,100 100 10

CHARACTERISTICS OF THE FIVE PATIENTS IN THE CASE SERIES

* Based on nomenclature used by the Scleral Lens Education Society.
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Remove, thoroughly clean, 
and reapply scleral lenses 
after each dive, if possible.
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benefits associated with wearing a scleral lens. In this re-
spect, research is currently underway to evaluate scleral 
lens wear among the European diving community. This 
research will likely provide valuable insight into the sub-
jective and objective experiences of patients who wear a 
scleral lens while diving.   CLS

If you have patients who also scuba or deep-sea dive 
with scleral lenses, they would be able to add to our knowl-
edge base by completing our questionnaire. To obtain in-
formation, a link to the questionnaire, and an informed 
consent form, contact us at KEG@visser-contactlenzen.
nl, or visit the Divers Alert Network Europe research web-
page at www.daneurope.org/web/guest/medical-research.

 Continued from p.43
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