Sudden Sensorineural hearing loss, central
retinal artery obstruction, Acute peripheral
arterial insufficiency & end-stage
wounds/critical Imb 1schemia




Learning outcomes

Participants should be

Able to

* Anatomy
e Definition of disease
« HBOT indication
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Hyperbaric oxygen therapy
committee(1976)

e Reimbursement standards
* Research review, clinical data

« Recommendation rendering of safety and efficacy
« 28 indications in 1976, 1979 reports—> 14 indications

* New indications development
 Evidence based

» Academic society
« HIRA



Idiopathic sudden sensorineural hearing
loss(ISSHL)

* Hearing loss of at least 30 dB < 3days at least 3 contiguous
frequencies

 Sudden, unilateral hearing loss, tinnitus, aural fullness, vertigo
20 cases / 100,000

(:20)



Hearing >20dB, whole Fr.
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Common Outdoor Noises Sound Level Common Indoor Noises

(Decibels)

Threshold of pain

Rock band (at 15 feet)

3

Food blender (at 3 feet)

Jet Flyover (1,000 feet)

Gas lawn mower (3 feet)

Diesel truck (50 feet)

Urban daytime

Gas lawn mower (100 feet) \’/

Vacuum cleaner (at 10 feet)
Normal speech (at 3 feet)

Typical urban daytime

Urban nighttime

Rural nighttime

B % & 2 8 3 3 8

=
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Threshold of hearing



Rationale to treatment

* Vascular occlusion, ischemia

* Viral infection

e Labyrinthine memb. Break

e Immune associated

« Abnormal cochlear stress response
* Trauma

« Abnormal tissue growth

* Toxins, drugs

e Cochlear memb. damage



Blood supply: AICA-> modiolar a.

A) Brain B) Cochlea

apillaries of
stria vascularis

=Capillaries of
spiral ligament

Organ of Corti

Spiral modiolar artery Radiating arteriole

Anterior inferior cerebellar artery

Basilar artery



Stria vascularis in Corti organ

Modiolus

> Cochlear nerve,
_\—/— division of the

Bony cochlear
wall

Vestibular
membrang
Vestibular duct ¢
[scala vestibuli) | 59
|

Cachlear duct

Spiral
(scala media) P

ganglion

Tactorial
meambrans

Organ of
Corti

Basilar
membrane

Tympanic duct
(scala tympani) (d) Cochlear chambers

(b) = e T .

membrane
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Changes In Corti organ

* Perilymph PO2: 3.4-fold normobaric vs. 9.4 fold hyperbaric

« Only HBO2 high perilymph O2 concentration differences—>
iIncrease diffusion



Table 1. Retrospective and Prospective Case-Controlled Studies of ISSHL and HBO,

Study Patient groups HBO, Concomitant Hearing gains
therapies
Alimoglu®®! n=219 2.5 ATA/ oral and 86.9% POS/HBO,
2011 HElCl2 {n=5T7) 253.32 kPa intratympanic 63.8% POS
POS (n = 58) 120 minutes corticosteroids as 46.5% IT
POS + HBO, (n = 61) 20 sessions controls and combined 43.9% HBO,
ITS (n=43) treatment with HBO,
Complete recovery
42.6% POS/HBO,
19.0% POS
17.5% HBO,
11.6% ITS
Highest mean
Hearing gain
POS + HBO,*
Liut n=465 2.5 ATA/ IV and FO HBO, is beneficial with
2011 HBO, (n = 112) 253 kPa corticosteroids, profound initial hearing
- Corticosteroids (n = 77) 60 minutes Dextran-40 loss
Corticosteroids + 10-20 sessions
Dextran + HBO, (n = 277)
Liu®7 n=120 unavailable MT as control type(s) Overall effectiveness
2010 treated < 14 d unknown 83.3% HBO,*
MT + HBO, (n = 60) 60% MT
MT Only (n = 60)
Ohno#t n=94 unavailable MT as control type(s) mean hearing gains not
2010 HBO, (n = 48} HBO, given 4 unknown different between groups
MT only (n = 44) weeks after MT hearing gains for those
failure with profound loss

significantly higher than
other groups*
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loss

LiuB7 n=120 unavailable MT as control type(s) Overall effectiveness
2010 treated < 14 d unknown 83.3% HBO,*
MT + HBO, (n = 60} 60% MT
MT Only (n = 60}
Ohno#t n=94 unavailable MT as control type(s) mean hearing gains not
2010 HBO, (n = 48) HBO, given 4 unknown different between groups
MT only (n= 44) weeks after MT hearing gains for those
failure with profound loss
significantly higher than
other groups*
SuzukiB4 n=196 2.5 ATA/ PO corticosteroids, No difference
2008 loss > 40 dB for <30 d 253.32 kPa PGE1
unaffected ears PGE1 as an alternative
served as controls 60 minutes for corticosteroid intoler-
POS + HBO, (n = 101) 10 sessions ant
PEG1 & HBQ, (n = 95)
Dundar*! n=80 unavailable none HBO, gains across all
2007 hearing loss > 40 dB frequencies®
for < 30 days unaffected ears
HBO, (n = 55) served as controls
controls {n = 25)
Fujimurat®® n=130 unavailable PO corticosteroids Severe loss (> 80 db)
2007 hearing loss > 40 dB ' Hearing rate
for < 30 days unaffected ears impravement
POS + HBO, (n = 67) served as controls 51.1% HBO,*
POS only (n = 63) 27.1% controls
Rate of recovery
59.7% HBO,*
39.7% controls




Central Retinal Artery occlusion



Introduction (1)

, H| WX =24(1/100,000)

Hayreh SS, et al. Am J Ophthalmo/ 2005;140:376. 1-18.



CRAO

« 1~2 /10,000 peoples
* Pale yellow ~white appearing retina
* Painless!




Introduction (2)

» ocular massage

 anterior chamber paracentesis

* intraocular pressure-lowering medications
« vasodilators and oral diuretics

* No treatment effective for CRAO currently

Neubauer A, et al. Klin Monbl Augenheilkd 2000;217:30-6.
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Introduction (3)

« Another treatment for CRAO is hyperbaric oxygen therapy
(HBOT).

 This involves the inhalation of 100% oxygen at pressures exceeding
1 ATA.

« During HBOT, the volume of oxygen dissolved in the plasma
Increases up to 20-30 times.

=N Fosen KM, et al. Antioxid Redox Signal 2014,;21:1634-47.
\



Backgrounds (1)

« Arterial blood supply

« Internal carotid artery = Ophthalmic artery = Orbital structures +Tissues of the
globes (central artery of the retina, short and long posterior ciliaries, anterior
ciliaries).

» The central retinal artery enters the globe within the substance of the optic nerve
and serves the inner layers of the retina through its many branches.

« The long posterior ciliary arteries(PCA) provide blood to the choroid and the
outer layers of the retina.

* CRA- inner retina, PCA-> outer retina






Central retinal artery occlusion
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Rationale (2)

* In considering the effect of treating CRAO with supplemental
oxygen

« HBOT initiated before the retinal tissue damage is irreversible.

« Degree of occlusion of the blocked vessel matter.

- If level of occlusion is at ophthalmic artery, there is no collateral circulation to
provide oxygenation of the inner layer of the retina.

 Necessary oxygenation must be maintained to keep the retina viable
until natural recanalization, which usually occurs within 72 hours.
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Back to EYE class

e Rt vs. Lt?
e OS vs. OD?
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treatment

* Embolus down stream move and vasodilation
« Ocular massage
« Ant. Chamber paracentesis
 IOP lowering medication
» Vasodilator
* Oral diuretics

« Thrombolytic agents and surgical removal



HBO for CRAQO

 AHA classification of evidence: IIb

e Fair to good evidence to support its use with retrospective
controlled case series but no prospective RCT

e But, no harm to patient
* Potentially helpful treatment tools



Patient selection criteria

» Patients presenting within 24 hours of symptom
onset should be considered for HBOT

« Few case reports of patients presenting after this time
interval having positive results.

Ophthalmologic Tx
e

HBOT



Surface 0, at highesst Fi0,
* No Response
Compress to 2 ATA
Marked Vision Improvement?
xiorS30minatAlhA E No Response

Compress to 2.4 ATA

No Response

NO Perform USNTTG (60 fsw)
Vision Improvement?

Opthalmelogy Continue to titrate 0,/HBO,
Referral, option HBO? Opthalmology Referral

Figure 2. CRAO Treatment Algorithm (Murphy-Lavoie 2012).
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Evidence-Based Review

Animal models of retinal injury have shown a reduction in apoptosis from 58% cell loss to 30%
in animals treated with HBOT after experimental CRAO.

There are many case reports.

Based on the American Heart Association classification of evidence, treatment of CRAO with
HBOT is class Ilb.

There is fair to good evidence to support its use with retrospective controlled case series but no
prospective randomized controlled trials.
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Korean Academy of
Undersea and Hyperbaric Medicine

Thank you



