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4+ Diving and Hyperbaric Ophthalmology
(Major Review)

+ Captain Frank K. Butler, Jr., MD
+ Survey of Ophthalmology 39: 347-366, 1995

4+ Online Summary:
4+ http://scuba-doc.com/diveye.htm




SCUBA

Self-Contained Underwater Breathing Apparatus
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Regulator Maintenance




Rebreather

+ Open, semi-closed, closed circuits
4+ Open: CO2 exhaled in bubbles

4+

Inefficient use of O2, worsens with depth

4+ Closed circuit rebreather (CCR):

* * ¢+ 4+

Counterlung for expansion, volume mvt
CO2 absorber (LIOH...)

OZ2 regulator

Upstream and downstream check valves
Shut-off valve (H20 exposure)



Boyle's Law

+ P,V,=P,V, or
+P.,V, = Constant
+ [emperature is constant
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SCUBA Diving

4+ Boyle's Law (P,V, = P,V, = Constant)
4+ Temperature is constant

4+ During descent, P increases so V decreases
+ Eg. Face mask barotrauma / sucking

4+ Re-expansion occurs during ascent
+ Eq. Intraocular gas expansion / CRAQ; Lung rupture
+ Henry's Law of gas solubility in liquids
4+ Eg. Decompression sickness

l'h az =kC at constant T

Low pressure
esquilibrium
Low concantration Doubla tha concantration

Double the pressune equilibrium




Face Mask Barotrauma

+ Compression of the air in
the mask results in a

relative vacuum




TABLE 4

ﬂf.l.l’i.fhﬂfmi}: Contraindications to Diving

Intraoccular gas

Presence of a hollow orbital implant

Any acute infectious or inflammatory ocular disor-
der which produces significant pain, photophobia,

diplopia, or decrease in vision

Recent ophthalmic surgery prior to completion of

the recommended convalescent period
Inadequate vision to function safely in the under-
waler environmeent

Visually significant deficits from previous episodes
of decompression sickness or arterial gas embolism
Functioning glaucoma filter (relative contraindica-
tion)
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Henry's Law

+ Solubility of gases in liquids
4+ Nitrox 78% N2, 21% 02
4+ Less toxicity, fewer decomp. stops, less fire hazard than high O2

FI

~=kC at constant T

Low pressure
equilibrium
Low concentration Double the concentration

Double the pressure equilibrium




Decompression Sickness

Table 1. Signs and symptoms of decompression sickness.

Bubble Location | Signs & Symploms (Clinical Manifestations)
|
| = Localized deep pain, ranging from mild (& "niggle”) to excruciating. Somelimes a dull ache, but rarely a sharp pain

= Aclive and passive motion of the joint aggravates the pain
The pain may be reduced by banding the joint to find a more comiortable position
f caused by allitude, pain can cocur immediately or up to many howrs later.

Maosily larga joints of the body
(elbowe:, shoulders, hap,

wrists, Knoes, ankles)

= Confusion or mamory loss

= Headachs

Hrain Spots In visgual Held (scotoma), tunnel vision, double vision (diplopia), or blumy wision

Unexplamad axtreme [alsgue o behaveour changes

Seizwnes, dizziness, veripgo, nausea, vomiting and unconsciousness may ooour, manly due o lnbyrinthitis

IMELROLOGIC Abnorrnal sensations such as burning, stinging, and tingling arcunsd tha lower chast and back
Spinal Cord = Symploms may spread from the feed up and may be accomparied by ascending weakness or paralysis

Girdling abdomanal or ches! pain
« Unnary and rectal inconnenca

Paripharal Marves Abmemal gensalions, such as numbness. bum i) :,1|II'I-IJII'I-g and tingling (paresthagia)
Muscle weakness or Imh:hlru;

Buming deap chast pain (under thae stormum)
Fan i aggravadosd by Brsddhing
CHOKES |Lungs b ! :

« Shornass of broah (dyaprisn)

« Diry conalan cough

tehing waually around (he aar, [Boe, Neck armd, and eppdar (oo

Sardaation ol liny inascts crivwling ovar (i akin
SKIN BENDS et rkricsonaboieriml ey

Matiled or marled skin uiually around 1he shoulders, uppar chast and abdoman, wilh Hehing

Swalling ol the skin, accompanied by tiny scar-liKe skin deprassions (piling sdema)




Decompression Sickness

TABLE 1

Ocular Manifestations of Decompression Sickness

. Nystagmus

. Diplopia

. Visual field defects

. Scotoma

. Homonymous hemianopia

. Orbicularis oculi pain

. Cortical blindness

. Convergence insufficiency

. Central retinal artery occlusion
. Optic neuropathy |




Altitude DCS!

+ In excess of 18,000 feet (standard commercial flight!)
+ 02 mask 100%02

+ Emergency decent (Continue O2!)
4+ Resolution confirms the diagnosis! So, don't stop Rx!

+ If joint pain occurs, keep the area still

+ Be your own advocate; hyperbaric specialists are rare!
+ Delayed onset of symptoms can occur

+ Do not fly for 24 hours after the event

+ Always allow min. 24 hours between flight and diving
+ Divers Alert Network (DAN) (USA) 919-684-4DAN

X



Causes of Acutely Decreased
Vision After Diving (Table 2)

+ Decompression sickness
+ Arterial gas embolism

4+ Displaced contact lens
+ Anti-fog keratopathy

+ Ultraviolet keratitis

+ Corneal edema from bubbles

under PMMA or RGP contact
lenses

4+ Contact lens adherence
syndrome
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