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Main topic

Oxygen transport &
mitochondria as a target for HBOT

Definition

* Hyperbaric oxygen therapy:
Breathing 100% oxygen within hyperbaric
chambers compressed to greater than 1.4 atm
of absolute pressure (hyperoxygenation)
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O, transport

* No animal can live in an atmosphere where a flame does not burn -
Leonardo da Vinci, 1500

» The first concern in any life-threatening to maintain an adequate
supply of oxygen to sustain oxidation metabolism.

* The delivery of O, and its utilization: integration of the respiratory,
cardiovascular, and microvascular systems.

Major contributions (legacy)
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Dr. Ite Boerema

1902-1978, professor of surgery at the university of Amsterdam

Surgeon and engineer with a double-Dutch legacy to medical technology
Red cell remove and plasma-dissolved oxygen to sustain life

Gas gangrene: sudden decline in mortality rate (from 66% to 23%)

Gas-forming soft tissue infections, carbon monoxide exposure, thermal burns,
and radiotherapy-induced osteonecrosis

Life without blood

A study of the influence of high atmospheric pressure and hypothermia on
dilution of the blood (J Cardiovasc Surg 1959;13:133-146)

1948: hypothermia (27 <)

Hg: 0.4%, plasma solution, 3 ATA (45 mins)
EEG: no pathologic changes

Recovery: reinfusion of normal blood
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Like all good
experiments, Dr.
Boerema has
been replicated
many times
with like results.
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Dr. Ite Boerema

Hyperoxygenation: Physiology (The
Start)
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Mechanisms of HBOT
(Primary & Secondary)

Primary Secondary

» Hyperoxygenation (O2 tensions) * Hyperoxygenation
(enriched Oz -> cellular functions)

 Direct effects of pressure

Dose dependent

Accumulative

Mechanisms of HBOT
(Primary & Secondary)

Primary Secondary

» Hyperoxygenation (O2 tensions) ¢ Hyperoxygenation
(enriched O2 -> cellular functions)

» Direct effects of pressure

Anti-bacterial

Oxygen delivery/uptake Ant1-1n.ﬂammat}0n' (cyto.kme)
B b s s el e Ischemla-reperh.lslon injury
Neovascularization

Stem cell migration

11
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Mechanisms of HBOT
(Primary & Secondary)

Primary Secondary

» Hyperoxygenation (O2 tensions) * Hyperoxygenation
(enriched Oz -> cellular functions)
 Direct effects of pressure

Anti-bacterial (PMN cells)
Anti-inflammation:cytokine (leukocyte)
Ischemia-reperfusion injury (endothelium, PMN activatio

Oxygen delivery/uptake

Neovascularization
Stem cell migration
Fibroblast GF

Bubble size reduction

Mechanisms of HBOT
(Primary & Secondary)

Primary Secondary

» Hyperoxygenation (O2 tensions) ¢ Hyperoxygenation
(enriched O2 -> cellular functions)

» Direct effects of pressure
PMN cells
Leukocyte

Oxygen delivery/uptake _ e
Ischemia-reperfusion injury

Neovascularization
Stem cell migration

Bubble size reduction

12
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primary mechanism (AGE)

S @ = Bubble size reduction

13
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bubble flow
in bloostream

bubble potential for decompression sickness
detachment if too many bubbles andior too big

bubble growth

surface hydrophobicity
b 4

‘adiposity risk factor
fubbles staviltty ( 7/

supersaturation \ tissue elasticity
?

of dissolved gases

axercise influence
start decompression

jepth

ﬁapadopoulou et al (2013)A critical review of physiological bubble formation in hyperbaric decompression Advances in Colloid and

Interface Science. Elsevier. 191-192 (191-192): 22—30)

Nitrogen

* N, solubility in blood: 0.0138 to 0.0148, dissolved by whole blood
under nitrogen pressures varying from 1 to 6 atmospheres
(absolute) has been found directly proportional (1.3 -> 7.9)

o CHBRAI(OLO|I 4, 22 20|=

14
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HBOT: primary mechanism (CO)

Se:304 [AH)
Study Dat.. Im:136

HBOT: primary mechanism

» Emergent condition (time dependent)
* Direct bubble size reduction: AGE, DCS
» Hyperoxygenation: CO, cyanide, toxic gases

15
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O, transport (cellular level)

C‘OQ- O,
elimination Lung uptake

Pulmonary
capillaries

Systemic
veins

Metabolic
arteriovenous
O, difference

(50 ml/L)

Metabolic
arteriovenous
CO;, difference

(40 mi/L)

Systemic
copillaries

CO; production by cells

O, use by cells
(200 ml/min) Tissue

(250 ml/min)

Systemic

Movement of O, down

Poz 160
0

Pco2 Dry inspired air

Poz  150| Humidified
Pcoz 0| bronchial air

Paoz 100
Pacoz 40

: Alveolus
arteries Alveclar air

COsy Oaz
Pulmonary Capillary
Pgoz 40 Paoz 100
Pgcoz 46 Pacoz 40

Mixed venous blood Systemic arterial blood

16
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Movement of O, down

----- Effects of shunt m

« Oxygen concentration: down (air -> cell)
180+—
+ PO, the lowest level (4-20 mmHg) ] e e o hypovenfiaion
. . . Gas
in the mitochondria = inalveol  cap
I 100 Alt
E L4 __
8 Diffusion  gpynt kesswasd
50 -
Tissues
benaes

0
Atmosphere ———— 5  Mitochondria

Oxygen transport

* 4 factors:
- O, content of whole blood (CaO,)
- O, delivery (DO2)
- O, uptake
- Fractional extraction of O, from capillary blood

17
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O, content (Ca0,)

Ca0O,= 1.34 x Hb x SaO2 + 0.003 x PaO2

NL Ca0O,= 1.34 x 15 x 0.98 (19.7) + 0.003 x 100 (0.3)
=20.0 ml/100 ml ( or 200 ml/L)

Which is more influence in CaO,? Hb vs PaO,

Solubility of O,: 0.028 ml O,/L/mm Hg

Solubility of O, & CO, in plasma l“

Temp ml O,/L/mm Hg ml CO,/L/mm Hg
25 0.033 0.892
30 0.031 0.802
35 0.028 0.713
37 0.028 0.686
40 0.027 0.624

Christoforites C et al. J Appl Physiol 1969;26:56
Severinghaus JW et al. J Appl Physiol 1956;9:189

18
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Concentration of O, & CO, in whole blood

Arterial Venous A-V difference
PO, 90 mmHg 40 mmHg 50 mmHg
Dissolved O, 3ml/L I ml/L 2ml/L
Total 200 ml/L 150 ml/L. 50 ml/L
PCO, 40 mmHg 45 mmHg 5 mmHg
Dissolved CO, 26 ml/L 29 ml/LL 3ml/L
Total CO, 490 ml/L 530 ml/L 40 ml/L

Effects of hyperoxygenation
(O2 content of blood)

Hemoglobin carried O2
(Vol%)

Plasma dissolved O2
(Vol%)

Total O2 content
(Vol%)

1 ATA air 19.7 03 20.0
2ATA HBOT 19.7 3.0 227
3 ATA HBOT 19.7 4.5 242

19
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Oxygen delivery (DO2)

* DO, = cardiac output(Q) x CaO,
=Q (mL/min/m?) x 1.34 x Hb x Sa0O, x 10
=NL (520 - 570 mL/min/m?)

Oxygen uptake (VO,)

* VO,=Qx(Ca0, - CvO,)
= Q(mL/min/m?) x 1.34 x Hb x Sa02 x 10
- Q(mL/min/m?) x 1.34 x Hb x SvO2 x 10
=Qx 1.34 x Hb x (Sa0, - SvO,)
— NL(110 - 160 mL/min/m?)

20
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Tissue Oxygen Balance

Glucose

100 Sa02 = 98% 100 SvO2 =73%

%HbO2

A
| v
02 02
Arterial 1 e Venous
HbO2 02-Hy-0 = & LI ——
Inflow(Q) iy Outflow(Q)

VO2 =Qx 1.34 x Hb x (Sa0, - SvO,)

TaBLE 5. EFFECTS OF Oz INHALATION AT 3.5 ATM. UPON BLOOD O: AND CO: TRANSPORT (Group ITT,
12 SUBJECTS)

| avm A 35 amn Oxygen

BLOOD MEASUREMENTS

internal =Y Internal a-v

arterol  Jugulor  Difference| Artenal  Jugular  Difference

Oy Content  fwols %) 187 iz 6 61 26.0 »d 8z
Hb Sot (% 261 652 309 0c o o7
POz (mm. Mg} 910 38.0 53.0 (2100 0 g 20250
€Oy Content  {wis %) 500 557 57T 463 55.2 83
oM 7 a0 7.34 co08 743 T8 0.2
pCOz (mm Mg 39.0 so0 0 .o 4.0 530 190

Lambetsen, DJ. etal. 1953 I Appl Physiol
Wenous Hb zat. at almost arterial levels at 3.5ATM of oxygen

21
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Oxygen diffusion area

Air breathing at 1 ATA Oxygen breathing at 3 ATA

(o))

Ischemia

®

Capillary

1
Oxygen diffusion area

Londahl et al, Curr Diab Res 2011

Diffusion distance of oxygen from functioning capillaries

Capillary blood Capillary blood
flow Wound Margins flow

36 Microns @
I,

1 ata with 21% O,
-—

280 Microns @ 2 ata with 100% O,

Note: Increasing the diffusing distance of oxygen,
improves oxygenation of tissue with borderline ischemia
by increasing the ability of capillary beds to overlap one

22
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g2 FOH

HBOT: secondary mechanism

» Non-emergent condition (frequency dependent)
* Anti-bacterial

* Anti-inflammation

* Neovascularization

» Fibroblast (collagen)

* Stem cell migration

23
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Human cell

Vacuoles

* 02 consumption: 250
Rough endoplasmic reficulum ml /mln
Nodeus * 90%: mitochondria

Plosma membrane

Smoath sndoplasnic refculum

ysosome

Mitochondrion

inside a mighty Nuitrient
mitochondrion Wi oien e

Intermembrane
space

Mitochondrial DNA

Ribosomes —--{. 1 : R g Frie

Radicals

(ROS)
Inner .ATP
membrane eyl
ot s mitecanada

24
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Mitochondrion

CeHpO4 (8) 60, (g) = 6 CO, () + 6 HLO(D) + E

2012 Pearson Education, Inc.

Cellular respiration

1. Glycolysis: 2 ATPs + Glucose — 2 Pyruvic Acid +4 H" +4 ATPs

2. Formation of Acetyl CoA: 2 Pyruvic Acid +2 CoA — 2 Acetyl CoA+2 CO,+2 H"
3. Krebs Cycle: 2 Acetyl CoA +3 O, — 6 H"+4 CO,+2 ATPs

4. Electron Transport System: 12 H*+3 O, — 6 H,O + 32 ATPs

Overall Reaction: Glucose + 6 O, — 6 CO,+ 6 H,0 + 36 ATPs

25
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Cellular respiration

N} %
=

Glucose

Pyruvate

[Ca?"]

Apoptosis

Oxygen free radical

Peroxide ion

Singlet oxygen Dioxygen
1 <«— 3 e_> o— e_> 2-
0, 0, 0, 0,

HOz. HzOz E— OH.

Perhydroxyl radical Hydrogen peroxide  Hydroxyl radical
[ m——————— |

a
.. ee

T . o . .
0=0 0=0°" H-0=0-H *O-H H-O-H
Prapd e oo . o . ..
Molecular Superoxide Hydrogen Peroxide Hydroxyl Radical Water \\
Oxygen(0,)  Anion Radical (0,* ) (1,0,) (oH+) (H,0)
b &%

e e+2H" e+H H0 ©tH" @

o, io,-& RG,M on 5 H,0 Aerobic respiration ® @
016V L9

radiation ¢+ H* H0  eqqr

H,0

26
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Reactive nitrogen & oxygen

Respiratory chain [ \ Catalase H.O
Complex | and S0D 2
Complex Il (Mn or Mg)
O: s 3 O — HO,
Superoxide Hydrogen GSSG
anion peroxide G\QSG
NO i 1 i g reductase
\ or thioreoxin
GSH <« reductase
Peroxynitrite . -OH Hydmxyl radical
k RNS and ROS J
Overproduction Normal production
Damages induced on Physiological signaling
A * A
DNA Proteins Lipids Growth Hormone Inflammation
synthesis

Comprehensive Physiology 2017

Hormesis

Biphasic response: increasing amounts of a substance or condition

Within the hormetic zone: favorable biological response to low
exposures to toxins and other stressors
‘ [.\ Dose

N

Physical exercise, alcohol, mitochondria

Stmulation

Inhibition

27
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Mitochondrial hormesis (mitohormesis)

Hormetic
Response

Linear
Response

\/ ROS Exposure

Free radical theory: linear dose-response relationship (ROS and oxidative stress and mortality)
Mitohormesis: non-linear dose-response relationship (low doses of ROS exposure decrease mortality,
while higher doses promote mortality)

Dose Response. 2014 May; 12(2): 288-341

Mortality (Events)

Mitochondrial hormesis (mitohormesis)

SV

& Low Dose
Infectious Agent
Endogenous Stress Defense
Mechanisms Immune Response 1‘
¢ ROS Stress Defense'r &Infectious/\ﬁt Imy Defense
Health and Lifespan Health and Lifespan

Dose Response. 2014 May; 12(2); 288-341

28
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Mitochondrial hormesis (mitohormesis)

! Stress

mitochondria

? ROS

Cytoplasmic signal/
nuclear response

Nucleus

? ,—\
Mitochondria @\ri i‘:: @ é;w;% Q

- [
Gram-positive 3,

I Stress resistance Potential Parallels (mitochondrial unfolded protein

response and quorum sensing in G + bacteria)

Cell metabolism 2014 May; 19(5): 757-766

Mitochondrial hormesis (mitohormesis)

exercise

Misfolded proteins

Stalled Alterations in signaling
mitochondrial pathway
ribosomes mTOR/sirtuins/insulin/IGF

| Electron transport/
energetic substrates/ Xenobiotics/
/ toxins

Mitochondrial
biogenesis

mitochondria

o

1 Protein
chaperones

Metabolic adaptation T Stress defenses

7?7 Lifespan extension
?? Delayed age-related diseases

Cell metabolism 2014 May; 19(5): 757-766

29
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Mitochondrial hormesis (mitohormesis)

Mitechondrian

D ,
— HIGH —» D2Mae®

i sy “"D“"'

Stress Defense Gene Expression
Antioxidant Enzymes
Phase | + Il Detoxifying Enzymes
Heat Shock Proteins
Proteostasis, mtUPR

Health and Lifespan Dose Response. 2014 May; 12(2): 288-341

—  » BUBBLE VOLUME REDUCTION
HBO,

ELEVATED CELLULAR O3;LEVELS

!
T R

ISCHEMIC PRE-

INCREASE WOUND GFs: SPCs MOBILIZATION NEUTROPHIL | q\wER MONOCYTE
NDITIONIN
FROM BONE MARROW B-ACTIN CHEMOKINE SYN’SIS %% NG gs mG
SDF-1 & INCREASED S-NITROSYLATION
ANGIOPONTIN HIF-1/2 CONTENT HO-1, HSPs, HIF-1
BASIC FIBROBLAST GF
TRANSFORMING GF p1 IMPAIRED B,
VEGF ( via HIF-1) INTEGRIN
FUNCTION
WOUND
IMPROVED POST-SCHEMIC
NEOVASCULARIZATION/
HEALING TISSUE SURVIVAL

J Appl Physiol (2009)

30
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Possible mechanism

Low continuous
or higher intermittent
sub-lethal dose A coordinated response to
mild mitochondrial stress

Intermittent Mitochondrial = =
HBOT — Stress ————»  Mitohormesis
N Reduce oxidative stress
Most of O, A Recover from ischemic damage
in our body and promote wound healing
is consumed

\ Resistant to subsequent stress

3

Participation in therapeutic mechanism of HBOT

in mitochondria

Mechanisms of HBOT
(Primary, secondary & tertiary)
Primary Secondary Tertiary
* Hyperoxygenation * Enriched O2 * Oxidative stress in
(O2 tensions) (cellular functions) mitochoondria

» Direct effects of Anticbacterial
Anti-inflammation
(cytokine)

Mitohormesis
Oxygen delivery/uptake Ischemia-reperfusion
injury
Neovascularization
Stem cell migration

Bubble reduction

31
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Future

» Research of mechanism
* Clinical application
» Spectrum of HBOT

32
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CRAO

Introduction (1)

= Central retinal artery occlusion (CRAO) is a devastating and common

ophthalmologic condition.

= CRAO presents as a sudden, unilateral, and painless loss of vision.

» Even when treated promptly, an acute obstruction of the central

retinal artery usually results in severe and permanent loss of vision.
Hayreh SS, et al. Am J Ophthalmo/ 2005;140:376. 1-18.

Embolus

capillary

arteries & veins lie o

wiin nerve fibre layer

‘ganglion celllayer

inner nuclear layer

choroidal vessels perfise
outer rtina by diffusion

Varma, D, Cugati, et al. £ye 2013 276), 688.

36
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Introduction (2)

= Traditional CRAO treatment

- Focuses on moving the embolus downstream by lowering intraocular
pressure and producing vasodilatation.

- ocular massage
- anterior chamber paracentesis
- intraocular pressure-lowering medications

- vasodilators and oral diuretics

= However, there are currently no effective therapies available for CRAOQ.

Purnima S. Patel, SriniVas R. Sadda. Retina 5th. Chap 51.

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.

Fosen KM, et al. Antioxid Redox Signal 2014,21:1634-47.

37
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Case

Case report (1)

= 81/F
* Chief complaint: sudden, painless loss of vision in the right eye (OD)
= Duration: 10 hours prior to the ED admission

= Past history
- Heart failure, atrial fibrillation, and a renal infarct

- Cataract surgery on both eyes

38
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Case report (2)

» Physical examination

- Non-corrected visual acuity at the ED

- hand motion only in the OD (right eye) and 0.4 on a decimal scale in the
OS (left eye).

- Intraocular pressure: 14 mmHg in the OD and 13 mmHg in the OS.
- Relative afferent pupillary defect at her right eye
- The anterior segment of her eyes: no abnormal findings.

- A dilated fundus examination: slightly pale retina with a cherry-red spot in
the macula.

Case report (3)

1. Slightly pale retina with a cherry-red spot in the macula
2. A domain optical coherence tomography scan: mild increase in the reflectivity of
the inner retinal layer

39
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Case report (3)

1. Slightly pale retina with a cherry-red spot in the macula
2. A domain optical coherence tomography scan: mild increase in the reflectivity of
the inner retinal layer

Case report (4)

= Digital massage on her right eye + topical brimonidine &
dorzolamide/timolol — maximize the perfusion pressure.

= ED: oxygen therapy for 30 minutes via facial mask with a reservoir
bag (15 L/min) — no significant improvement in the patient’s vision.
— treat the patient with HBOT.

40
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Case report (5)

2 and 2.4 ATA

HBOT treatment

Case report (6)

2.8ATA —

20ATA ——

1ATA

45" 50 557 80°

2.8 ATA/120 Min

M 100% Oxygen

1107

120"

HBOT protocol

41
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Case report (7)
= After her admission (HD #1)

- Anterior chamber paracentesis by an ophthalmologist

- the visual acuity did not improve.

- Start on intermittent oxygen therapy for 15 minutes every hour, alternating
with 45 minutes of breathing room air.

- The patient was also administered a 6 L/min supply of oxygen while
sleeping.

- If her visual acuity decreased, we planned to restart the HBOT.

Case report (8)

= HD #2
- NO the cherry-red spot on the fundus

42



Session 1

Case report (9)

05
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Backgrounds (1)
= Arterial blood supply

- Internal carotid artery == Ophthalmic artery = Orbital structures +Tissues of the globes
(central artery of theretina, 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.

- T}I]*ne long posterior ciliary arteries provide blood to the choroid and the outer layers of
the retina.

= The visual signs and symptoms of vascular occlusive diseases of the retina are
dependent on

- The particular vessel occluded, the degree of occlusion, the location of the occlusion, and
the presence or absence of a cilioretinal artery.

- 15-30%0]| A{ cilioretinal artery is present
- Supplies the area of the retina around the macula
- Central vision may be preserved in central retinal artery occlusion.

43




2018 MI22| CHe I t0ISkS| FAHISISLHS]

superior suprachoroidal
Backg ro oblique muscle pathway
= Arterial bl anterior
ethmoidal
- Internal ¢|| Vvessel f the globes
(central a es).
- The centr nerve and
serves thq
short
- The long posterior || outer layers of
the retin; ciliary
arteries
. posterior .
= 'clj'he V|sdual ethmoidal retina are
ependen
P S— central
. long posterior retinal )
- The parti ciliary arteries artery occlusion, and
the prese
- 15-30%0 ciliary / ophthalmic artery
- Supplig arteries
- Central

Backgrounds (1)
= Arterial blood supply

- Internal carotid artery == Ophthalmic artery = Orbital structures +Tissues of the globes
(central artery of theretina, 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.

- Tl?e long posterior ciliary arteries provide blood to the choroid and the outer layers of
the retina.

= The visual signs and symptoms of vascular occlusive diseases of the retina are
dependent on

- The particular vessel occluded, the degree of occlusion, the location of the occlusion, and
the presence or absence of a cilioretinal artery.

- 15-30%0]| A{ cilioretinal artery is present
- Supplies the area of the retina around the macula
- Central vision may be preserved in central retinal artery occlusion.

44



Session 1

Rationale (1)

= In CRAO, the inner retinal layers

- Normally served by the retinal circulation — Responsible for the vision loss
- Normally, the choroidal circulation supplies the majority of the oxygen to the retina.

- Obtain enough oxygen via diffusion from the choroidal circulation — maintain
viability
- Under normoxic conditions, approximately 60% of the retina’s oxygen comes from
the choroidal circulation.

- Under hyperoxic conditions the choroid is capable of supplying 100% of the
oxygen needed by the retina.

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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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 J

Protocol of UHMS

Surface 0, at highesst FI0,

‘ No Response

Compress to 2 ATA

Marked Vision Improvement?

hiiE S
Tx for 90 min at ATR < No Response
\ Comnress 1o 2.4 ATA
NO Perform USNTTG (60 fsw)
\ Vision Improvement?

Continue to titrate 0,/HBO,
Opthalmology Referral

Opthalmelogy

Referral, eption HBO?

Figure 2. CRAO Treatment Algorithm (Murphy-Lavoie 2012).
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WSCH HBOT treatment protocol #5

o x
SsS
(U.S. Navy Treatment Table 9)
= 1. ZSHE(DCS) HHe K| 2 A| AR 7HS
S

il = AEFSE A& Ol
= Tender on Oz Air breaks= M2Fgt = 9IS

45 ft
(136 atm)

1. 7t E - 20 ft/min
(BHRte] AClE Y= 21 =Flhh)
2. AdeEr - 20 ft/min. 24 £ == 2HXE2| medical
HEfol et 1ft/min7tX] =73 7Hssich
3. ZHO| LIELIH MADAZIE HI|EHX| MASHHS
HED DS S0 Af2tEl 0|2 158 £ MasEg

20 ft/min 20 ft/min CHA| AIEFSED BEHE A-HE 7|EC02 KB

(215) (2:15) ZZEEE 0|0 ZEsiCt
4. SSHE 45ft 92 Qx| 7)7kel OFX|T 155 LE
100%AAE A|ZtstH, ZHQ =0t B glo| BE
ZYo| o]0l E W] LS ES FRIBICH
5. gH P‘ ?:r‘”‘l-f S 100% M4 EE 37| =ES
EER
6. BHel $IX[7} 45 oM M40 T HZS RE AL

30min Smin 30min Smin 30min O] X|2 |X| UH2 30 ftZ HYF JHssIC) tx 58
Xt JH=g|
Total Elapsed Time : 102 min 15 sec AlZte £i0h 3-4 Azt = Wi FHsSich
(not including descent time)
WSCH HBOT treatment protocol #4
1. 7IY4 & - 20 ft/min (BHXt0] AC|E M8 ¥ XHpich) 5. Table 60| A 60ft 2t2{0f|A{ 258 Period(100% At4 20%, Air break 58)8 23|

AJLsH0] EFE 4 QT = 30ft 2 2{0) A 758 Period(Air break 155, 100% At
2. HYUAKE - 1fyminS ZWSIK| LECh AAXEE O 2 SIACHD IS 60R)S 28] O FI15t0] MY 7HsotCt ot A% 2 26 F:7t 2y JHssick
HUs| elM wE7 SHA| 2 Y2 AL WO AYS FH2 ST

WE AALCE BASHOa) 6. £ table2 WX LAS ZPLt 30 Ei 60 feetOf A B WO It MA|7L
9,{91; AL S 30ft 262IQK ?1*21 OpX| 9 30 26 & ZY0| 0|0
3. $IXH= 60ft0f] S8 O] SHE| 100% A4 SHS A[RSHCE H 7R 100%L 225 S FA|PICE. 30 = 60 feetOf A ot H 0]4fo] 227 HA|7}

AS AP S 30ft AAKA| 7219] OFX|Of 60K HE BE %I?Jol 0|20
2 ox] OS N0 Ajatal A [7HX] 100%AAS ZS QA|[SICE OHY SAXT} 18A[7H O] H0) 1 =20|
= 7]?2; Xz Z2E=2g °'°‘E}“' 30ft0f| A 3=7F 60:22| 100% £t4 RX|7F ZQsich

S. Navy Treatment Table 6)

4. ZEO| LIEILIEH AAOAS S HI|HX] AAT
0|2 155 5| MATES CHA| ARSI SHE Al
0of Zigstct. (u.

HET

1f/min - o L ?:I‘?J'%'(PCS) type II
(Neurologic symptom)

60 ft
(1.8 atm)

LR I I T e e % “, %, B,
Total Elapsed Time : 285 min (4hr 45min)
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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 lIb.

= There is fair to good evidence to support its use with retrospective controlled
case series but no prospective randomized controlled trials.

Evide

= Anim
58%

= Therg

= Base
of CH

= Therg
case

CLASS (STRENGTH) OF RECOMMENDATION
CLASS | (STRONG) Benefit >>> Risk

CLASS I1I: No Benefit (MODERATE)

CLASS lll: Harm (STRONG) Risk > Benefit

LEVEL (QUALITY) OF EVIDENCE}

LEVELA

LEVELB-R (Randomized)

LEVEL B-NR (Nonrandomized)

3
:
i
|

B
g

pinion)

¢
H
R
E
i
g
8

outcome or increased

1 For comparative-effectiveness recommendations (COR | and lla; LOE A and B only),
studies that support the use of comparator verbs should involve direct comparisons.
of the treatments or sirategles being evaluated.

widely used, and preferably for

the incorporation of an Evidence Review Committee.

2 ‘expert opinion; LD, limited data; LOE, Level
of Evidence; NR, nonrandomized; R, randomized; and RCT, randomized controlled trial.

RAO.

tment

rolled
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Case series in WSCH

= Purpose

- To analyze the effects of hyperbaric oxygen therapy in central retinal artery occlusion.

= Method
- Retrospective chart review

- Yonsei Wonju Severance Hospital

Mar 1t 2011 ~ Sep 30t 2018

Exclusion criteria

- Lost to follow up within 1 month
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Results

« Totally 33 Eyes of 33 patients were reviewed.

e e R S |
Age 73.55 + 9.66

Sex M:24 (72.7%) F:9(27.3%)

HTN 24 (72.7%)

DM 8 (24.2%)

Cilioretinal artery 5 (15.2%)

Symptom duration (in hours)

78.12 £ 135.91

Initial Visual Acuity (LogMAR) 2.81+£1.03
Treatment

N (%)

Ocular massage 33 (100)

IOP-reducing drugs

Hyperbaric oxygen therapy (HBOT) 13 (36.4)

Anterior chamber paracentesis 5 (15.2)

Single treatment 19 (57.6) Ocular massage

2 Combined treatment 10 (30.3) IOP-reducing drugs
3 Combined treatment 4(12.1) (33, 100%)

HBOT
(13,36.4%)
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Outcome

Legal blindness (visual acuity < 0.1 ) 26 (78.8%)

Visual acuity over 0.5 (Decimal) 3 (9.1%)

Result (1)

I T G B

55,72, 82 75 [64 - 80] 0.657

Sex M: 2 F:1 M : 22 F:8 1.000
Time 6[10 — 24] 36 [11 - 96] 0.188
HTN 1(33.3%) 23 (76.7%) 0.174
DM 0 (0.0%) 8 (26.7%) 0.560
Cilioretinal artery 1(33.3%) 4 (13.3%) 0.400
HBOT 3 (100.0%) 10 (33.3%) 0.052
Paracentesis 2 (66.7%) 3(10.0%) 0.053
Initial visual acuity 3.00 [3.00 - 3.00] 3.00 [2.00 - 3.00] 0.491

Final visual acuity 0.15[0.22 - 0.30] 3.00[1.30-5.00] <0.001
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Result (2)
e I o A A
77 [67 - 81] 74 [64 - 79] 0.478

Sex M:9 F:4 M: 15 F 5 1.000
Time 247 -72] 36 [24 - 96] 0.478
HTN 9 (69.2%) 15 (75.0%) 1.000
DM 3(23.1%) 5 (25.0%) 1.000
Cilioretinal artery 2 (15.4%) 3 (15.0%) 1.000
Paracentesis 4 (30.8%) 1 (5.0%) 0.066
Initial visual acuity 3.00[2.50 — 3.00] 3.00[2.00-3.00] 0.392
Change in V/IA 0.70[-1.50 —2.74] 0.00[0.00-0.63]  0.281
Final visual acuity 2.00 [0.80 — 4.00] 3.00[1.38—-5.00] 0.392
Conclusion

= Hyperbaric oxygen therapy may have additive beneficial effects on

central retinal artery occlusion.

= Further research on larger samples should be performed.
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Non-listed/Non-approved/
Controversial indications

Ofz=2|cH

0[0

Folatnt

2

r2

u

Now, first things first !

I have got no conflict of interest
to declare.
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Ischaemic heart disease
Stroke
Chronic obstructive pulmonary disease

Lower respiratory infections

Alzheimer disease and other dementias

Cause Group
Trachea, bronchus, lung cancers
Ci icable,

EH and nutritional conditions

Diabetes mellitus

Road injury - Noncommunicable diseases
Diarrhoeal diseases B injuries
Tuberculosis

Source: Global Hesith Estimates 2016: Deaths by Cause, Age. Sex, by Country and by Region, 2000-2016. Geneva, World Health Organization; 2018.

Top 10 global causes of deaths, 2016

Deaths (millions)

Sepsis

» The global epidemiological burden of sepsis is difficult to ascertain.

deaths.

+ It is estimated to affect more than 30 million people worldwide every year, potentially leading to 6 million
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Contents

1. Acute Coronary Syndrome 2. Acute Ischemic Stroke 3. Sepsis

- Non-randomized clinical reports - Randomized clinical trials - Various experimental research
- Randomized clinical trials - Conclusion e

- Conclusion

Acute Coronary Syndrome
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Non-randomized clinical reports to treat ACS
[Trial | Methodology | Therapy ________|Outcomes _____|

Cameron and 10 patients with AMI 2 ATA HBOT; 1 Decreased cardiac
collegues (1965) within 24 hours treatment only output, Increased SVR
and SBP
Ashfield and collegues 40 patients with AMI 2 ATA 2 hours followed 15% mortality rate,
(1969) within 24 hours by 1 ATA on air; repeat improved pain and
for up to 4 days dyspnea
Veselka and collegues 17 patients with Dobutamine stress HBO can detect viable
(1999) history of MI echo followed by myocardium with
HBOT at 2 ATA for 90  about the same
mins performance as
dobutamine
Moon and collegues 1 patient in 48 hours of HBOT Successful outcome
(1964) cardiogenic shock
Hood (1968) 1 patient with 3 ATA HBOT for 15 Improvement in
refractory VT 3wks mins then 2 ATA for 7 dysrhythmia;

after anterolateral Ml hours; 2 such sessions  discharged day 25

Summary
Forty patients, aged 35-72, who had had an acute
myocardial infarct in the preceding 24 hr, and who
were seriously ill, were treated in a hyperbaric
oxygen bed at 2 atm (atmospheres) absolute for
sessions of 2 hr in and 1 hr out for an average period
of 4 days.

There were thirty-seven survivors after the treat-
ment, giving an immediate mortality of 7-5%, but
three of those died later before leaving hospital, giving
a total mortality of 15% in seriously ill patients.

Pain and dyspnoea were usually improved in the
first hyperbaric session, relapsed in air and pro-
gressively improved in successive sessions,

Arrhythmias, including heart block, showed
similar benefit. No case of cardiac arrest occurred
while the patients were actually receiving hyperbaric
oxygen.

There was, in the opinion of the authors, during
a period of over 2 years' experience, a consistent
pattern of improvement over and above that
expected as spontaneous improvement.

The hyperbaric oxygen bed is a promising method
of treatment for the acute phase of myocardial
infarction, and it is simple to use. There will of
course always be an irreducible minimum of
patients who will die from obstruction of both
coronary arteries or other structural lesions such as
rupture or emboli.
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Randomized clinical trials to treat ACS

Stavitsky (1998) Multicenter RCT; 138 patients with AMI  Control: thrombolysis, Death, time to

non-blind clinical dx and eligible aspirin, heparin and pain relief,
for thrombolysis NTG enzyme change,
enrolled in ED H: same + 2 ATA LVEF

HBOT for 2 hrs

Shandling Same as above 82 patients (41:41) Same as above

(1997)

Sharifi (2004) RCT; non-blind; 69 Patients (H33:C36) Control: stent, ASA, MACE, adverse
5 patients with AMI or unstable  heparin, clonpidogrel events
crossed angina H: same + 2 ATA
allocation HBOT for 90 mins at

1 and 18 hours

Am Heart J. 1997 Sep;134(3):544-50.

Hyperbaric oxygen and thrombolysis in myocardial infarction: the "HOT MI" pilot study.
Shandling&’, Ellestad MH, Hart GB, Crump R, Marlow D, Van Natta B, Messenger JC, Strauss M, Stavitsky Y.

@ Author information

Abstract

Hyperbaric oxygen treatment (HBO) in combination with thrombolysis has been demonstrated to salvage myocardium in acute myocardial
infarction in the animal model. Therefore a randomized pilot trial was undertaken to assess the safety and feasibility of this treatment in
human beings. Patients with an acute myocardial infarction (AMI) who received recombinant tissue plasminogen activator (rTPA) were
randomized to treatment with HBO combined with rTPA or rTPA alone. Sixty-six patients were included for analysis. Forty-three patients had
inferior AMIs (difference not significant) and the remainder had anterior AMIs. The mean creatine phosphokinase level at 12 and 24 hours
was reduced in the patients given HBO by approximately 35% (p = 0.03). Time to pain relief and ST segment resolution was shorter in the
group given HBO. There were two deaths in the control group and none in those treated with HBO. The ejection fraction on discharge was
52.4% in the group given HBO compared with 47.3% in the control group (difference not significant). Adjunctive treatment with HBO appears

to be a feasible and safe treatment for AMI and may result in an attenuated rise in creatine phosphokinase levels and more rapid resolution of
pain and ST segment changes.
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Cardiology. 1998 Oct;90(2):131-6.

Hyperbaric oxygen and thrombolysis in myocardial infarction: the '"HOT MI' randomized
multicenter study.

@ Author information

Abstract

In a previous pilot study, we demonstrated that adjunctive treatment with hyperbaric oxygen (HBO) appears to be feasible and safe in
patients with acute myocardial infarction (AMI) and may result in an attenuated rise in creatine phosphokinase (CPK), more rapid resolution
of pain and ST changes. This randomized multicenter trial was organized to further assess the safety and feasibility of this treatment in
human subjects. Patients with an AMI treated with recombinant tissue plasminogen activator (rTPA) or streptokinase (STK), were randomized
to treatment with HBO combined with either rTPA or STK, or ITPA or STK alone. An analysis included 112 patients, 66 of whom had inferior
AMIs (p = NS). The remainder of the patients had anterior AMIs. The mean CPK at 12 and 24 h was reduced in the HBO patients by
approximately 7.5% (p = NS). Time to pain relief was shorter in the HBO group. There were 2 deaths in the control and 1 in those treated with
HBO. The left ventricle ejection fraction (LVEF) on discharge was 51.7% in the HBO group as compared to 48.4% in the controls (p = NS).
The LVEF of the controls was 43.4 as compared to 47.6 for those treated, approximately 10% better (no significant difference). Treatment
with HBO in combination with thrombolysis appears to be feasible and safe for patients with AMI and may result in an attenuated CPK rise,
more rapid resolution of pain and improved ejection fractions. More studies are needed to assess the benefits of this treatment.

Am J Cardiol. 2004 Jun 15:93(12):1533-5.

Usefulness of hyperbaric oxygen therapy to inhibit restenosis after percutaneous coronary
intervention for acute myocardial infarction or unstable angina pectoris.

Author information

Abstract

The purpose of this trial was to assess whether the addition of hyperbaric oxygen to percutaneous coronary intervention can reduce clinical
restenosis. Major adverse cardiac events at & months were found in only 1 of 24 patients (4%) who received hyperbaric oxygen compared
with 13 of 37 patients (35%) who did not.
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Randomized cIinicaI trials to treat ACS

Swift (1992) RCT 34 patients (H24:10C) Control: echo, 2 ATA, Improved left
with clinical dx of echo ventricular
AMI within 1 wk HBOT: 2 ATA function on echo
+abnormal WMA between echoes
Thurston (1973) RCT; no 208 patients Control: oxygen Death, significant
blinding after ~ (H103:C105) with mask dysrhythmias,
allocation to strong clinical HBOt: 48 hrs of adverse effects
group probability of AMI at  oxygen at 2 ATA for
adx 2 hrs, followed by 1
hour on air at 1 ATA
Dekleva (2004) RCT 74 patients (37:37) Control: Enzyme changes,
with AMI within 24 streptokinase 1.5 LVEF
hrs mU/L
HBOT: + 2 ATA for
60 ms

Am Heart J. 1992 Nov;124(5):1151-8.

Myocardial hibernation identified by hyperbaric oxygen treatment and echocardiography in
postinfarction patients: comparison with exercise thallium scintigraphy.

Swift PC", Turner JH, Oxer HF, O'Shea JP, Lane GK, Woollard KV.

@ Author information

Abstract

To evaluate the potential for hyperbaric oxygen (HBO) to produce transient improvement in function in areas of myocardium ischemic at rest
(hibernating myocardium), 24 patients were studied within 1 week of acute myocardial infarction. Results were compared with single-photon
emission computed tomography (SPECT) thallium-201 exercise scintigraphy. Echocardiography demonstrated improved contraction following
HBO in 20 of 62 damaged left ventricular segments in 12 of 24 patients. Thirteen of the 28 segments and 9 of the 14 patients showing
reversible ischemia on SPECT imaging showed improvement with HBO. There were eight segments with apparently normal resting
contraction that showed a reversible thallium defect. Of 42 segments with fixed contraction abnormalities following HBO, eight had reversible
thallium defects, four had normal thallium kinetics, and 30 had fixed thallium defects. Thus hyperbaric oxygen can demonstrate improvement
in function in some segments of left ventricle after infarction. There is some overlap with viability as determined by thallium studies, but the
two techniques may be complementary in describing myocardial ischemia.
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Abstract

A randomized, controlled clinical trial was carried out to study the effect of
hyperbaric oxygen (HBO) on mortality following recent acute myocardial
infarction in patients aged under 70. One hundred and three patients were
treated with HBO and are compared with 105 controls treated conventionally in
the same coronary care unit. Seventeen of the patients treated with HBO died
(16.5 per cent) compared with 24 (22.9 per cent) of the controls. When
allowance is made by means of the Peel Index for the distribution of severely ill
patients in the two groups this difference may be shown to be statistically
significant at the 5 per cent level. The over-all mortality among the 80 patients
who were exposed to a minimum of four hours in HBO was 11.3 per cent.

Detailed analysis suggests that mortality in high-risk groups may be reduced by
HBO to about a half. The only three patients with cardiogenic shock to survive
were in the HBO group and the effect of the therapy in certain disorders of
conduction is described. The advantages and disadvantages of HBO therapy are

discussed.

It is concluded that the evidence in favour of HBO treatment is sufficiently
strong to justify its use in selected patients where facilities already exist and to
warrant a more extensive trial.

Am Heart J. 2004 Oct:148(4).E14.

Adjunctive effect of hyperbaric oxygen treatment after thrombolysis on left ventricular function in
patients with acute myocardial infarction.

Dekleva M‘, Neskovic A, Viahovic A, Putnikovic B, Beleslin B, Ostojic M.

Author information

Abstract

BACKGROUND: The role of hyperbaric oxygen in patients with acute myocardial infarction is controversial, ranging from not beneficial to

having a favorable effect. This randomized study was conducted to further assess the benefit of hyperbaric oxygen treatment after
thrombolysis on left ventricular function and remodeling in patients with acute myocardial infarction.

METHODS: Seventy-four consecutive patients with first acute myocardial infarction were randomly assigned to treatment with hyperbaric
oxygen treatment combined with streptokinase (HBO+) or streptokinase alone (HBO-).

RESULTS: There was a significant decrease of end-systolic volume index from the first day to the third week in HBO+ patients compared with
HBO- patients (from 30.40 to 28.18 vs from 30.89 fo 36.68 mL/m2, P <.05) accompanied with no changes of end-diastolic volume index in
HBO+ compared with increased values in HBO- (from 55.68 to 55.10 vs from 55.87 to 63.82 mL/m2, P <.05). Ejection fraction significantly
improved in the HBO+ group and decreased in the HBO- group of patients after 3 weeks of acute myocardial infarction (from 46.27% to

50.81% vs from 45.54% to 44.05 %, P <.05).

CONCLUSIONS: Adjunctive hyperbaric oxygen therapy after thrombolysis in acute myocardial infarction has a favorable effect on left
ventricular systolic function and the remodeling process.

60




Session 1

Conclusions
* The rationale for the use of HBOT for ACS is clear

* Both the animal and uncontrolled human data suggest there may be a

window of opportunity after both the primary event and revascularization

* No reliable data from the previous studies exist to confirm or refute any

effect of HBOT on mortality, length of stay, or LV contractility.

Conclusions @

* Risk for death and adverse effects regarding HBOT on ACS would be of

great clinical importance and deserves further investigation.

* Given the activity of HBOT in modifying IR injury, combinations of HBOT
and thrombolysis in the early state of ACS and the prevention of restenosis

after stent placement may deserve attention to potential clinical application.
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Acute Ischemic Stroke

21.9 Summary of Animal Studies of Focal Cerebral Ischemia Where HBOT
Was Compared with

ANIVMAL, AND VESSEL

and colleagues (2004),'% rat,
inute MCA and permanent MCA*

ein and colleagues (1987),1%% cat,
and 24-hour* MCA

and colleagues (2001), " at,
i MCA
(2005),%% rat, 2-hour MCA

12002),* rat, 2-hour MCA
{2003),5%% rat, 2-hour MCA ocelusion

3,6,and 12
hours

Variable up to
6 hours

6 hours
6 024 hours;

8 hours
8 hours

TIME TO HBOT  OXYGEN DOSE OUTCOME
in (1986), 2 gerbl, 20-minut - 0 1.5 ATA for 15 minutes once (iproved survival
1 CCA
(2002),2 rat, 1-hour MCA {im 2.8 ATA for 15 minutes once.  Neuroprotecton impled by
teduced extracellular doparine
ic-Lolic and colleagues (2003)* 0 3 ATAfor 1 hour once. Reduced infarct volume,
-hour NCA leukocye infitate, and
myeloperoxidase
i (2000).““ rat, permanent ight 10 minutes 3ATA for 2 hours once,
and right C
aunz;.mv at, permanent MCA* 10 minutes 2/#7A1063 o 50 minues, _No e e
volume or myeloperoxidase
p elereues 2000 e s 5 Au for L houror 20 T Retced et wlure and
15:min for S
1987), % gerbl, permanent CCA <30 minutes 1.5 ATA for 36 or 18 hours Reduced chance of infarct with
With long ai breaks once intermittent, shorter HEO.
(1990)® gerbi, permanent CCA 40 minutes 25ATAfor2or4 hourst — Improyed survival
P (2005), % rat, 2-hourMCA. 40 minutes 3.0 ATAfor L hour once Reduced BBB permeabity,
smallr infarcts
p and colleagues (2006)2rat, 45 minutes 3L0ATA for 1 hour once: Reduced evidence of ischemio
r MCA bioghemical degradation
(198552 goril, permanent CCA 1 hour Lor L5 ATA forupto 1 More HBO reduced color density
hourf once diferences between sides
(2005) % rat, permanent MCA 15 minutesto 2.5 ATA for 90 minutes once  Early HBO reduced infarct sze,
6 hours* or 4 times on day 1* . |late at 6 hours and
repeated HBO did not*
(1998),1% rat, 3-90-miniute MCA*  Notstated. Proba- 2 ATA for 30 minutes onco or  No benefit
bly immediately  daily for 4 days
afer ocolusion
(2004)," at, permanent MCA. 2 hours 2 ATA for 1 hour once Reduced nfarct volume and
deficit
(2006), 2 rat, permanent CCA* 2 fours 2.5 ATA for 2 hours once vs. - No dference T e reduction of
B control hyporia inducble factor
ura (1990), 9% at, 4-hour MCA 3 hours 2 AT for 30 minutes once TR
(2006), % rat, 90-minute MCA 3 hours 3ATAfor L houronce -~ Reuuceﬂ Tisan o

improved
Transient: \mDmved outcome
eatly, worse outcome late*
Permanent: worse outcome*
Function improved and reduced
infarct size with HBO up to
3rd hour of 6-hour occlusion,
but not 4th of 12-hour
occlusion*
Rad\med bmchemm! evidence
of isc
Imumved mncnme at both times

3 ATA for 1 hour once

1.5 ATA 40 minutes once at
6.0r 24 hourst

3 ATA for 1 hour once
2.5 ATA 2 hours daily for
6days =

‘3ATA for 1 hour once
2.5 ATA for 2 hours once

Reduced infarct area
Reduiced infarct area, neurologic
‘scores and apoptosis.
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Randomized clinical trials to treat Acute ischemic stroke

Anderson  RCT stratified for

(1991) disease severity
and blinded

Nighoghos RCT with sham tx

sian (1995)

Rusyniak  RCT stratified by

(2003) time to 24 hrs with

allocation

concealment and
blinding of patients
and investigators

39 patients with ischemic
stroke within 2 wks

34 patients with stroke
confirmed with CT within
24 hrs suggestive of
MCA occlusion and
scoring less than 80 on
the Orogogozo scale

33 patients with ischemic
stroke presenting within
24 hrs of onset of
neurologic deficit; all
patients < the NIHSS
score 23

Control: sham 1.5 ATA
for 60 ms within 6 hrs
and then every 8 hrs to
a total of 15 over 5 days
HBOT: 100% oxygen as
above

Low dose heparin and
supportive care

Control: sham at 1.2 ATA
for 40 ms for 10 dys
HBOT: 1.5 ATA on the
same schedule

Control: sham at 1.14
ATA for 60 mins
HBOT: 2.5 ATA on the
same schedule

Neurologic
examination at day 5,
week 6, year 1; infarct
volume on CT at 4
mth

Neurologic
examonination on 3
scales: Orgogozo,
Trouillas, and Rankin
disability scales;
adverse of HBOT

NIHSS score at 24 hrs
and 90 days; Barthel
index, Rankin Scale,
and GCS at 90 days;
mortality; adverse
effects

A pilot study of hyperbaric oxygen in the treatment of human stroke.
Anderson DC', Bottini AG, Jagiella WM, Westphal B, Ford S, Rockswold GL, Loewenson RB.

Author information

Abstract

We administered hyperbaric oxygen or air in a double-blind prospective protocol to 39 patients with ischemic cerebral infarction. We
interrupted the study when we noticed what appeared to be a trend favoring the air-treated patients, whose neurological deficits were less
severe (mean +/- SEM score on graded neurological examination: air, 25.6 +/- 4.9; oxygen, 34.5 +/- 7.5) and whose infarcts were smaller (air,
29.0 +/- 12.2 cm3; oxygen, 49.2 +/- 11.7 cm3) at 4 months. The trend, we decided, was probably an artifact of the randomization process.
Nevertheless, we chose not to resume the trial because the treatment was difficult to administer by schedule (for various reasons the

treatment protocol was broken in 15 of the 39 patients), was poorly tolerated (eight of the 39 patients refused to continue treatments), and did

not produce dramatic improvement.
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Stroke. 1995 Aug:26(8):1369-72.

Hyperbaric oxygen in the treatment of acute ischemic stroke. A double-blind pilot study.

@ Author information

Abstract
BACKGROUND AND PURPOSE: The ffects of hyperbaric oxygen (HBO) therapy on humans are uncertain. Our study aims first to outline
the practical aspects and the safety of HBO freatment and then to evaluate the effect of HBO on long-term disability.

METHODS: Patients who experienced middie cerebral artery occlusion and were seen within 24 hours of onset were randomized to receive
either active (HBO) or sham (air) treatment. The HBO patients were exposed daily to 40 minutes at 1.5 atmospheres absolute for a total of 10
dives. We used the Orgogozo scale to establish a pretreatment functional level. Changes in the Orgogozo scale score at 6 months and 1
year after therapy were used to assess the therapeutic efficacy of HBO. In addition, we used the Rankin scale and our own 10-point scale to
assess long term-disability at 6 months and 1 year. Two sample t tests and 95% confidence intervals were used to compare the mean
differences between the two freatment groups. Student's two-tailed test was used to compare the differences between pretherapeutic and
posttherapeutic scores at 6 months and 1 year in the two treatment groups.

RESULTS: Qver the 3 years of study enroliment, 34 patients were randomized, 17 to hyperbaric treatment with air and 17 to hyperbaric
treatment with 100% oxygen. There was no significant difference at inclusion between groups regarding age, time from stroke onset to
randomization, and Orgogozo scale scores. Neurological deterioration occurred during the first week in 4 patients in the sham group, 3 of
whom died; this worsening was clearly related to the ischemic damage. Treatment was also discontinued for 3 patients in the HBO group who
experienced myocardial infarction, a worsening related to the ischemic process, and claustrophobia. Therefore, 27 patients (13 in the sham
group and 14 in the HBO group) completed a full course of therapy. The mean score of the HBO group was significantly better on the
Orgogozo scale at 1 year (P < 02). However, the difference at 1 year between pretherapeutic and posttherapeutic scores was not
significantly different in the two groups (P < .16). Moreover, no statistically significant improvement was observed in the HBO group at 6
months and 1 year according to Rankin score (P < .78) and our own 10-point scale (P < .50).

CONCLUSIONS: Although the small number of patients in each group precludes any conclusion regarding the potential deleterious effect of
HBO, we did not observe the major side effects usually related to HBO. Accordingly, it can be assumed that hyperbaric oxygen might be safe.
‘We hypothesize that HBO might improve outcome afier siroke, as we detected an outcome trend favoring HBO therapy. A large randomized
trial might be required to address the efficacy of this therapy.

Stroke. 2003 Feb;34(2):571-4.

Hyperbaric oxygen therapy in acute ischemic stroke: results of the Hyperbaric Oxygen in Acute
Ischemic Stroke Trial Pilot Study.

Author information

Abstract
BACKGROUND AND PURPOSE: Hyperbaric oxygen therapy (HBO) has promise as a treatment for acute stroke. This study was conducted
to evaluate the efficacy, safety, and feasibility of using HBO in acute ischemic stroke.

METHODS: We conducted a randomized, prospective, double-blind, sham-controlled pilot study of 33 patients presenting with acute ischemic
stroke who did not receive thrombolytics over a 24-month period. Patients were randomized to treatment for 60 minutes in a monoplace
hyperbaric chamber pressurized with 100% O2 to 2.5-atm absolute (ATA) in the HBO group or 1.14 ATA in the sham group. Primary
outcomes measured included percentage of patients with improvement at 24 hours (National Institutes of Health Stroke Scale [NIHSS]) and
90 days (NIHSS, Barthel Index, modified Rankin Scale, Glasgow Outcome Scale). Secondary measurements included complications of
treatment and mortality at 90 days.

RESULTS: Baseline demographics were similar in both groups. There were no differences between the groups at 24 hours (P=0.44). At 3
months, however, a larger percentage of the sham patients had a good outcome defined by their stroke scores compared with the HBO group
(NIHSS, 80% versus 31.3%; P=0.04; Barthel Index, §1.8% versus 50%; P=0.12; modified Rankin Scale, §1.8% versus 31.3%; P=0.02;
Glasgow Outcome Scale, 90.9% versus 37.5%; P=0.01) with loss of statistical significance in a intent-to-treat analysis.

CONCLUSIONS: Although our HBO protocol appears feasible and safe, it does not appear to be beneficial and may be harmful in patients
with acute ischemic stroke.
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Conclusions

* The animal and uncontrolled human data suggest early treatment is more likely

to produce benefit and that late treatment (around 24 hrs) may be harmful.

* There is, however, no convincing evidence from RCTs that HBOT improve

outcome.
« Little clinical data exist on which to base treatment recommendations.

* Given the small numbers of subjects in the trials included, we can not be certain
that a benefit from HBOT has been exclude.
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Effects of hyperbaric oxygen treatment
on liver functions, oxidative status
and histology in septic rats

Induction of sepsis
Rats in the SEP, SEP+HBO, SEP+CEF and SEP+CEF+HBO

groups reccived an mtrapcntoncaI inoculum of 1 ml saline con-
taining viable E. coli cells (2. 1x10° cfu). E. coli were isolated from

Experimental procedure

Intensive Care Med (2005) 31:1262-1268
DOI 10.1007/500134-005-2701-6

(2.1x10° cfu). A total of six HBO
sessions were performed at 2 atm
absolute for 90 min at 6-h intervals.
CEF was administered intraperitone-
ally at a dose of 50 mg/kg twice
daily. Animals were killed 48 h after
sepsis induction. Their liver and

HBO and/or CEF treatments were started 1 h after sepsis induction.
A preliminary study was performed to determine 50% survival of
sepsis-induced animals, and 48 h was found to be an appropriate
time point; this provided a sufficient number of animals for bio-

Table 2 Serum transaminases, ALP, protein and bilirubin levels

Total Albumin Total Direct
protein (g/dl) bilirubin bilirubin
(g/d) (mg/dl) (mg/dl)

ALP ALT AST

um un un
Control 115.5+8.7 172.0£14.1 81.4+14.0
HBO 141.6+23.7 188.8+33.4 87.3x27.5
SEP 259.4+37.8% 248.3+204*  180.6x18.0*%
SEP+HBO 178.6+35.8* 207.1x11.1 149 246 5%
SEP+CEF 157.6x11.1%%  250.4+269*  117.8+19.4%*

SEP+CEF+HBO 130.3£9.4** 203.1£23.6 101.1£15.7%*

5.74+0.13 2.88+0.08 0.28+0.04 0.1310.02
5.350.19 2.78+0.10 0.23+£0.03 0.10+0.02
5.40+0.16 2.81+0.10 0.34£0.05 0.14+0.03
5.64+0.18 281+0.14 0.21+0.03 0.08+0.02
5.03+0.18 2.36+0.15 0.29+0.07 0.10+0.04
5.160.12 2.28+0.09 0.40£0.11 0.14+0.04

*p<0.05 vs. control, **p<0.05 vs. SEP
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TBARS (nmol/g protein)

SOD (pg/mg protein)

CAT (pg/g protein)

Control 4.54+0.28 2.65+0.03 25.12+2.88
HBO 4.94+0.23 4.48+0.03* 40.17£3.11*
SEP 7.2120.71* 1.45+0.01* 12.68+1.96%
SEP+HBO 5.970.65%** 2.27+0.01%* 18.56x1.12%
SEP+CEF 5.3540.51%* 2.34+0.02%* 30.4542.57%*
SEP+CEF+HBO 2152021+ 4.5720.03 %%+ 42 8943 48*-Hkk
No. before No. after Survival
experiment experimental procedure rate (%)
Control 15 15 100
HBO 15 15 100
SEP 15 8 533
SEP+HBO 15 7 46.7
SEP+CEF 15 10 66.7
SEP+CEF+HBO 15 11 133

Hyperbaric oxygen protects against lipopolysaccharide-stimulated

oxidative stress and mortality in rats

Rats were exposed to hyperbaric oxygen (100% oxygen; 2
atm absolute pressure, ATA) for a 60 min compression
period 1, 4, 9, and 24 h after lipopolysaccharide treatment.

European Journal of Pharmacology 508 (2005) 249254
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Hyperbaric oxygen protects from sepsis mortality via an
interleukin-10—dependent mechanism#*
Crit Care Med 2006 Vol. 34, No. 10

Interventions: Sepsis was induced by CLP. Mice were randomized
to receive a 1.5-hr HBO, treatment at either 1, 2.5, or 3 atmospheres
absolute every 12 hrs or HBO, at 2.5 atmospheres absolute every 24 hrs.

>
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4 CLP n=28 A CLP n=28
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Figure 2. Hyperbaric oxygen (HBO.) reduces splenic but not peritoneal fluid bacterial load. Mice were

0zone Therapy and Hyperbarie Oxygen Treatment in Lung Injury in Septie

Rats

-

5-days of experimental period. The onset of sepsis
was determined by clinical follow-up, heart rate count
and rectal temperature measurements. The other 40
rats were randomly divided into four groups con-
taining ten rats in each, sham, control, HBO, and OT
groups.

All treatments were started 10 hours atter E.coli
inoculation; the sham animals had been injected phy-
siological saline (10 ml/kg) while the control group
received cefepime HCI (50 mg/kg) every 12 hours
intraperitoneally (i.p.) for five consecutive days; HBO
had been administered at 2.8 atm pressure with 100%
O, inhalation for 90 minutes twice daily and OT was

International Journal of Medical Sciences

2011; 8(1):48-55

Tm s
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Table |. Schedule for sepsis induction and timing of

treatments.
Study groups
Day of Treatment Sham Control HBO Ozone
experiment time
Day 0 8 a.m. — E.coli E.coli E.coli
6 p.m. Saline Cefepime Cefepime + Cefepime +
HBO oT
Day 1 6 a.m. Saline Cefepime Cefepime + Cefepime
HBO
6 p.m. Saline Cefepime Cefepime + Cefepime +
HBO oT
Day 2 6 a.m. Saline Cefepime gergpin‘Le + Cefepime
6 p.m. Saline Cefepime Cefepime + Cefepime +
HBO oT
Day 3 6 a.m. Saline Cefepime ](_:Ieg?nte + Cefepime
6 p.m. Saline Cefepime Cefepime + Cefepime +
HBO oT
Day 4 6 a.m. Saline Cefepime Cefepime + Cefepime
HBO
6 p.an. Saline Cefepime Cefepime + Cefepime +
i HBO oT "
Day 5 6 a.m. Saline Cefepime Cefepime + Cefepime
HBO
4 p.m. Sacrificing

During the study period, all animals were sur-
vived, and no complication was seen related to in-

>

MDA (mmol/gpro)
g

$

Figure

Sham  Comsl  HBO Ozone

GSH-Px (U/gpro)

TR A
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i ==t

3

(@]

%E i

S0D (U/gpro)

H

Sham  Conirol Ha0 Ozone

Sham  Coawol  HBO 0z0n8

|. Oxidative stress indices in lung tissue. A: MDA levels were found to be significantly increased and antioxidant
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Table 2. Histologic scores of lung injury (median and range).

Sham Control ‘HBO Ozone
Edema 0(0-1) 2(1-3) 1(1-3) 1(1-3)
Hemorrhage 0(0-1) 3(34) 3(1-4) 1(1-3)
Leukocyte infiltration 0(0-1) 3(24) 2(1-3) 1(1-3)
Septal thickening 0(0-1) 4(2-4) 2(2-3) 2(1-2)
Total injury score 0(0-4) 12 (8-15) = 8(5-13) 2b 5 (4-11) &<

2p<0.05 vs sham, bp<0.05 vs control (cefepime), <p<0.05 vs HBO groups.

The effects of hyperbaric oxygen therapy on blood-brain

barrier permeability in septic rats

4.4.

were applied at 1, 7, 13 and 19 h after CLP operation. Animals
were subsequently transferred to their cages.

In cerebral cortex and hippocampus, TNF-a level was assessed
as a marker of inflammation and MDA and GSH levels were
assessed as markers of oxidative stress. Animals were

sacrificed by decapitation 24h after CLP surgery. Cerebral

BRAIN RESEARCH 1412 (2011)63-72

Measurement of arterial blood pressure and rectal
decompression for 15 min each. A total of 4 HBOT sessions temperature

Arterial blood pressure and rectal temperature of the rats were
recorded as criteria to confirm the development of sepsis
findings (hypotension and fever) following CLP operation. 24h
after CLP operation, the rectal temperature of rats were
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= Left cerebral cortex
= Right cerebral cortex
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HBOT CLP+HBOT

Treatment with 24 h-delayed normo- and
hyperbaric oxygenation in severe sepsis
induced by cecal ligation and puncture in

rats Joumal of Inflammation (2017) 14:27

e a M EELe A AN NN LS PMA ] §AeSe dv AL 11 e[ S I A § AR 48PS AAIILL S W PR b

HBO; treatment has been demonsva[ed experimentally, but optimal timing remains uncertam We investigated the
effecis of 24 h delayed normobarac oxygen (NBO,) and HBO; lreatment on tha endogenous D{OdUCUOI‘I oF the

group allocation. All normo- or hyperbaric oxygen treat-
ments lasted for 90 min, the first treatment being ad-

Blood sampling  Blood sampling Blood sampling
Fluid resuscitation Fluid resuscitation  Fluid resuscitation
Weigh Weigh Weigh Weigh
Intervention Intervention
Intervention Intervention Intervention ' Blood sampling by

cardiac puncture
cLp Exsanguination

|

0 8 16 24 32 40 48 56 64 72 Hours
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s = HBO (n=19) In total, there was a 42% mortality (8 died out of 19)
100 === ) ’ e -
==+ NBQ; (n=18) during the observation period in rats treated with HBO,,
_ L -* Control {n = 18) whereas we saw 50% mortality (9 died out of 18) in rats
m© ) [P,
2 iyl — treated with NBO, group and 61% mortality in the con-
: ;
'% 504 "".___'::::: ___________ ) trol group (11 died out of 18). Treatment with 2.5 bar
Be - ’
o T T L] L] L) T L] T 1
0 8 16 24 32 40 48 56 64 7
Hours after CLP
Table 2 Differences in median TNF-a concentration
Hours HBO, NBO, Control
0 25.7 (04-1029) 11.9 (04-1887) 57.2 (04-1149)
24 594 (04-1385) 335 (04-1363) 64.0 (04-157.8)
48 9.5 (04-740) 04 (04-932) 470 (1.2-137.6)
72 55.8 (0.4-122.4) 62.1 (04-125.5) 5.1 (04-1318)

Table 3 Differences in median IL-6 concentration

Hours HBO, NBO; Control

0 2.8 (28-305) 28(28-1532) 334 (28-700)

24 1615 (146-296.5) 1979 (28-2786) 1443 (534-3229)
48 28 (28-779) 28 (28-1013) 238 (28-955)

72 5.5 (28-134.9) 28 (28-2247) 23 (28-1826)
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Table 4 Differences in median IL-10 concentration

Hours HBO: NBO> Control

0 64.7 (0.1-148.5) 0.1 (0.1-2788) 79.4 (0.1-1559)

24 5910 (3362-969.1) 405.8 (296.6-5799) 5172 (2896-1138)
48 4804 (3327-650.1)* 337.8 (2036-4534) 2086 (404-3132)*
72 2509 (994-3305) 725 (0.1-5385) 1695 (5858-0.1)

Table 5 Difference between survivors and non-survivors in
median cytokine levels at hour 24

Non-survivors Sunivors P-value
TNF-a 5937 (0.37-1798) 3752 (037-1226) 031
IL-10 1050 (274.1-5318) 450.2 342.2-627 4) 0.13
IL-6 3023 (1028-581.6) 107.9 (20.5-2522) 0.04*

Conclusion

* The animal data suggest that early HBOT is more likely to show beneficial
effect such as reduced mortality and that delayed treatment (after 24 hrs) not

to show benefit effect.

* There is, however, no convincing evidence from human data that HBOT

improve outcome.

+ Also, optimal timing and frequency remain uncertain.
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Take Home Message

» The rationale for the use of HBQOT for ACS, acute ischemic strok

e, and sepsis is clear.

« Little clinical data exist on which to base treatment

recommendations.

+ Given the small numbers of subjects in the trials included, we

can not be certain that a benefit from HBOT has been exclude.
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EUROPEAN CODE OF GOOD PRACTICE FOR HBOT

UHMS Position Statement:
Low-Pressure Fabric Hyperbaric Chambers

OXYNOVA @ ]

HYPERBARIC
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UHMS Position Statement:
Low-Pressure Fabric Hyperbaric Chambers

» Hyperbaric oxygen therapy is defined
as an intervention in which an
individual breathes near 100% oxygen
while [wholly enclosed] inside a
hyperbaric chamber at a pressure equal
to or greater than 1.4 ATA.

« Soft chamber treatments are FDA-
approved for acute mountain sickness
only.

» Exposure to treatment pressures less
than 1.4 ATA while breathing air does
NOT meet the definition of therapeutic
hyperbaric oxygen therapy and does
NOT achieve the minimum pressure
and oxygen levels required for any
UHMS-approved indication.

* ALL UHMS currently approved
indications require that patients breath
near 100% oxygen while enclosed in a
chamber pressurized to a minimum of
2 ATA.

» Mild hyperbaric exposures with air
deliver no more oxygen to the body
than breathing oxygen by mask at sea-
level pressure.

» The UHMS does not recommend the
use of mild hyperbaric therapy for any
medical purpose other than acute
mountain sickness.

UHM 2018, 45(4)

UHMS Position Statement:
Topical Oxygen for Chronic Wounds

« Devices, wound dressings, and topical
medication designed to increase
external wound exposure to oxygen
should not be termed hyperbaric
oxygen therapy. Doing so intentionally
or unintentionally suggests that topical
oxygen delivery methods are equivalent
or identical to hyperbaric oxygen. Any
report of methods and devices
providing increased topical oxygen
delivery to wounds should clearly state
that topical oxygen and not hyperbaric
oxygen is being delivered.

* Hyperbaric oxygen therapy provides
mechanisms of action and physiological
effects which are distinct from those of
devices, wound dressings and topical
medication that provide topical oxygen.
Study results concerning hyperbaric
oxygen should not be used to support
topical oxygen therapy.

« Oxygen-containing and oxygen-
generating wound dressings aim to
address localized wound bed
environments and are part of overall
wound care strategies to optimize local
conditions. They are a local treatment
and lack the systemic effect of HBO2.
These treatments are distinct from
HBO?2 as they lack the systemic effects
of HBO2. Hyperbaric oxygen literature
should not be used in support of their
use and it should be clear that they are
not HBO2.
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UHMS Position Statement:
Topical Oxygen for Chronic Wounds

+ Topical oxygen may be a promising
treatment, based on some recent
studies, but it cannot be recommended
for routine clinical care at this time due
to a restricted volume and quality of
supporting scientific evidence. More
investigation is necessary to determine
if topical oxygen can be used in the
clinical setting for wound care. In
particular, we need better information
on precise indications for use, optimal
dosing regimens and standardized
outcomes. Future clinical studies should
address these issues.

+ Before topical oxygen therapy can be
recommended for non-healing wounds,
its application should be subjected to
additional scientific scrutiny to better
establish indications for use, dosing
and response to treatment.

( ;} UNDERSEA & HYPERBARIC
MEDICAL SOCIETY

Raising the quality of practice one member at a time

Home Education

UHMS Hyperbaric Facility Accreditation Program

Meetings

Publications Resources Members

RAISING THE BAR

: OF PRACTICE

£

v

(\? / UNDERSEA & HYPERBARIC
‘- MEDICAL SOCIETY
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V
P77 The Joint Commission
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UHMS Hyperbaric Facility Accreditation Program

PROMOTING
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OPERATIONAL SAFETY HiGH STANDARDS

PATIENT SAFETY

RAISING QUALITY OF CARE

Greanland
\\
\
)
4
P
Russia. /’
i
/
/
'd Canada
& A
SO AT ")
e
North 34 s st North
Pacifie 85 Atlantic
Ocean Ocean
Mexico
” T Nenewels
s - (=5 Colombla ~
: indonesta  papuatiew 4 c
Tonzania Pt A\ S ]
N t P 1 Reruie
“""w #
Narsis AW Indian .
South gy Ocean Austrai South
‘ chie
Atlantic ' Pacific
Ocean South Africa DoERh
- Aargenting
Ay

87



2018 MI22| CHe I t0ISkS| FAHISISLHS]

Rl

Clinical Hyperbaric Facility
Accreditation Manual
Fourth Edition
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UHMS Accreditation Manual

» Introduction

I. Accreditation policies and procedures
II. Standards

IIl. Survey rating process

IV. Document review guidance

V. Survey schedule

VI. Probe update log

VII.References

UNDERSEA AND HYPERBAR

2'° EDITION
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Recommended training guidelines

« Physician/nursing personnel

Job descriptions and responsibilities

« Clinical/nursing/technical/non-clinical job descriptions

Staffing guidelines

Safety program guidelines

Quality assurance in clinical hyperbaric medicine

Governance

Administration

Emergency procedures

! Patient care
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Quality improvement
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Raising the quality of practice one member at a time

Home Education ' f ings Publications

Position Statements

All documents are PDF

« UHMS Guidelines For Multiplace Inside Attendants Medical Fitness to Work - 1st Ed. (04/10/2018)

« UHMS Fitness for Duty Report (04/10/2018)

= UHMS Work History Form (04/10/2018)

« UHMS Medical History and Physical Form (04/10/2018)
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Raising the quality of practice one member at a time

CONCLUSIONS AND RECOMMENDATIONS:

« Hyperbaric oxygen therapy is defined as an intervention in which an individual breathes near 100% oxygen while [wholly enclos ed]
inside a hyperbaric chamber at a pressure equal to or greater than 1.4 ATA.

» Soft chamber treatments are FDA-approved for acute mountain sickness only.

* Exposure to treatment pressures less than 1.4 ATA while breathing air does NOT meet the definition of therapeutic hyperbaric oxygen
therapy and does NOT achieve the minimum pressure and oxygen levels required for any UHMS-approved indication.

¢ ALL UHMS currently approved indications require that patients breathe near 100% oxygen while enclosed in a chamber pressurized to
a minimum of 2 ATA.

« Mild hyperbaric exposures with air deliver no more oxygen to the body than breathing oxygen by mask at
sea-level pressure.

¢ The UHMS does not recommend the use of mild hyperbaric therapy for any medical purpose other than acute mountain sickness.
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Treatment Details

o= Pressure Treatment Times Total consideration
treatment

2. Carbon Monoxide 2.5 ATA for 90 min '2~3 times for Over Age 36 yr, LOC(+), COHb>25%, CO
Poisoning/cyanide poisoning first day and 1 / exposure >24 hr, pregnant>10%
day next day

4-1. Crush Injury Traumatic 2.0 ATA for 90 min Tid 2 days= bid  8~12 Clinical improvement is the count of
Ischemias 2 days> qd 2 treatments
days

4-3. residual problems 2.0 ATA for 90 min Bid for 7 days 14

Threatened flaps and grafts

4-5. refractory osteomyelitis 2.0 ATA for 90 min Daily for 21 days 21 Possible extension to 40 treatments

5. Decompression Sickness 2.8 ATA 90 min Next Next Multichamber table

6-2. Arterial Insufficiencies: 2.0 ATA 90 min 1/ day 20 ‘Wagner grading system for DFU 3 or
diabetic foot ulcer higher. Deeper with abscess,
osteomyelitis, tendinitis, gangrene

7. Severe Anemia - - - Multichamber option — 3~4 times at 2~3

ATA with air breaks for up to 3 ~ 4 hr

9-1. Necrotizing Soft Tissue 2.5 ATA for 90 min Bid for a 4 days

Infections

10. Osteomyelitis (Refractory)  2~3 ATA for 90 min Bid for first two ~ 20~40 Patient status and involved area- long
days, and qd bone, spine etc. are complicated factors
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Treatment details-Cont’

12. Compromised Grafts and 2~2.5 ATA for 90~120 Consider more 20 As soon as signs of flap or graft
Flaps min times by flap compromise appear
status
14. [diopathic Sudden 2~25 ATA for 90 min qD 10~20 Moderate or worse range > 40 dB within
Sensorineural Hearing Loss 14 days
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UHMS criteria

Table of Contents
Preface v
Members of the Hyperbaric Oxygen Therapy Commiltee vii
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1. Hyperbaric Oxygen: Definition ix
TIL Utilization Review for Hyperbaric Oxygen Therapy xi
IV, Acceptance (Addition) of New Indications for Hyperbaric Oxygen Therapy  xi
V. List of Abbreviations xii
VI Author Biographies xiv.
Part I. Indications |
1. Air or Gas Embolism 1
2. Anterial Insufficiencies
A, Ceatral Retinal Artery Ocelusion IR
B. Enhancement of Healing in Selccted Problem Wounds 25
3. Carbon Monoxide Poisoning 47
4. Clostridial Myonecrosis (Gas Gangrene) 7
5. Compromised Grafts and Flaps 77
NG o e S AT 1e G Syndromes a
7. Decompression Sickness 105
8. Delayed Radiation Injurics (Soft Tissue and Bony Necrosis) 13
9. Idiopathic Sudden Sensorineural Hearing Loss 139
10.  Intracranial Abscess 153
11, Necrotizing Soft Tissue Infections 159
12, Refractory Osteomyelitis - 179
13.  Severc Anemia 209
14, Thermal Bums 217

Part II. Additional Considerations
15.  Mechanisms of Action
16.  Side Effects

Table 2
Recommendations on the indications accepted for HBOT (there was no Level A evidence)
Condition Level of evidence Agreement level
B c
Type 1
CO poisoning X Strong agreement.
Open fractures with crush injury X Strong agreement
Prevention of osteoradionecrosis after X Strong agreement
dental extraction
Osteoradionecrosis (mandible) X Strong agreement
Soft tissue radionecrosis (cystitis, proctitis) X Strong agreement
Decompression illness X Strong agreement:
Gas embolism X Strong agreement
Anaerobic or mixed bacterial infections X Strong agreement
Sudden deafness x Strong agreement
Type 2
Diabetic foot lesions X Strong agreement
Femoral head necrosis X Strong agreement
Compromised skin grafts and musculo- X Strong agreement
cutaneous flaps
Central retinal artery occlusion (CRAO) X Strong agreement
Crush Injury without fracture X Agreement
Osteoradionecrosis (bones other than mandible) X Agreement
Radio-induced lesions of soft tissues X Agreement
(other than cystitis and proctitis)

Surgery and implant in irradiated tissue * Agreement

You are here: Home s News & i #* ECHM 2016 Ct n Indic 3

of HBOT - OPEN ACCESS Ischaemic ulcers X Agreement
Refractory chronic osteomyelitis X Agreement

«— MEMBERS AREA SECTION ** Open Letter to Al BP e 2:lmxmmm BSA § :m::
Neuroblastoma, stage IV X Agreement
Type 3

** ECHM 2016 Consensus Recommeng Brininjury (acute and chronic TBI, chronic stroke, X Agreement
post anoxic encephalopathy) in highly selected patients

. - . Radio-induced lesions of larynx X Agreement

on Indications and Practice of HBOT - Ruiic induced lesions or the CNs X Agroement
Post-vascular procedure reperfusion syndrome % Agreement

ACCESS Limb replantation X Agreement
Sickle cell disease X Agreement
Interstitial cystitis X Agreement
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Oral Presentation

The experience for the operation of hyperbaric
oxygen therapy center in a single tertiary
academic hospital in Korea where hyperbaric
medicine is at the beginning stage

Division of hyperbaric medicine, Department of Emergency Medicine,
Yonsei University Wonju College of Medicine, Wonju, Republic of Korea

Yoon Seop Kim, MD, Yoonsuk Lee, MD, Sung Oh Hwang, MD, PhD,
Yong Sung Cha, MD*, Hyun Kim, MD, PhD*

Purpose

Hyperbaric medicine is at the beginner level in Korea when compared to other developed countries,
such as the United States and Japan. Our facility has been managed by physicians with certifications
for diving and clinical diseases from the Undersea and Hyperbaric Medical Society (UHMS) and
National Oceanic and Atmospheric Administration form October 2016. This study was conducted to
share similar issues can be encountered whenever a program is established in a new area through our
experiences on the operation of the hyperbaric oxygen (HBO2) therapy center

Method

In this retrospective observational study, we collected the data of HBO2 patients treated in our center
between October 2016 and June 2018 after HBO2 was operated by certified physicians. We then
compared demographic data of patients with those treated during the period from January 2011 to
September 2015, before HBO2 was operated by certified physicians.

Result

A total of 692 patients received 5,130 treatments. Twelve indicated diseases were treated with HBO2.
Fifty-six critically ill patients with intubation received HBO2. About 16.6% of the treated patients
withdrew during the treatment course without completing the recommended number of HBO2 sessions
because they were discharged without completing the treatment.

Conclusion

After the establishment of the HBO2 center that is operated by physicians with certification made by
a robust institute such as UHMS, more patients including critically ill patients received HBO2, which
is indicated in increasing numbers of diseases. In order to improve the use of hyperbaric medicine in
Korea, KAUHM and advanced and well-organized academic society should constantly communicate
and aim to set Korean education programs as various course levels of UHMS and increase
reimbersement of HBO2.
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The experience of hyperbaric oxygen therapy
in delayed radiation cystitis in a single tertiary
academic hospital

Division of hyperbaric medicine, Department of Emergency Medicine,
Yonsei University Wonju College of Medicine, Wonju, Republic of Korea

Yoonsuk Lee, Tae Hyeon Kwon, Hyun Kim, Yong Sung Cha

PURPOSE

A delayed radiation injury is typically seen after a latent period of six months or more from a radiation
exposure. It may occasionally develop many years after the exposure. Delayed radiation induced
cystitis (DRC) is not a common complication but can be very difficult to manage when it occurs.
Hyperbaric oxygen therapy (HBOT) has been applied as an adjunct therapy for delayed radiation injury
for more than 30 years, clinically. We reported our experience of HBOT in the DRC.

METHODS

From November 2016 to December 2017, 10 patients with the DRC were treated with HBOT at WSCH.
Those patients were primary managed by the urologist, with drugs or an endoscopy, but failed. The
protocol of HBOT is one treatment per day at a pressure of 2.0 atmospheres absolute for 100 minutes
for at least total 30 sessions. Data were collected from a retrospective review of medical records.

RESULTS

Among ten patients with a hematuria due to DRC, a hematuria was stopped in four cases, and three
reported fewer bleeding episodes. Four patients reported a frequency, and all of them were relieved
from a frequency. Seven patients completed the planned course of therapy and other 3 patients
withdrew the treatment by personal reasons, and showed no responses. Overall 70% of patients had a
partial to good response.

CONCLUSIONS

Series of the radiation induced cystitis cases, that the primary managements had failed, showed a
good overall response rate to hyperbaric oxygen therapy. Hyperbaric oxygen therapy is generally well
tolerated to patients. This review emphasizes the importance of selecting HBOT as a treatment option
for this common and difficult disease.
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Case report: successful healing after
hyperbaric oxygen therapy in the
osteoradionecrosis of jaw

Division of hyperbaric medicine, Department of Emergency Medicine,
Yonsei University Wonju College of Medicine, Wonju, Republic of Korea

Joo Hong Han, Yoonsuk Lee, Yong sung Cha, Hyun Kim

Introduction

A delayed radiation injury is typically seen after a latent period of six months or more and may
occasionally develop many years after the radiation exposure. Osteoradionecrosis (ORN) of the
jaw is an infrequent yet potentially devastating complication of the head and neck radiation therapy.
Hyperbaric oxygen therapy (HBOT) has been applied as a therapy for delayed radiation injury for more
than 30 years, and the most widely applied and most extensively documented indication for hyperbaric
oxygen in chronic radiation injury is its application on a radiation necrosis of the mandible. We reported
one successfully treated case of ORN by early administration of HBO for the first time in Korea.

Case report

Sixty-four years old female had been treated with radiation therapy for parotid cancer 30 years ago. She
was referred to HBOT center because she had not recovered her gums and bones after tooth extraction
which was done 6 months ago. She was treated with HBOT (2 atmospheres absolute for 100 minutes
every day) at HBOT center of Wonju Severance Christian Hospital from April 2017 to May 2017 (total
30 sessions). After HBOT, the ORN was treated successfully.

Discussion

Robert Marx, DDS elucidated many basic principles in the etiology and management of mandibular
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ORN that have led to a rational approach to its management. He has demonstrated that infection is not
the primary etiology of mandibular necrosis. Osteoradionecrosis is the result of an avascular, aseptic
necrosis. Marx has also shown that for hyperbaric oxygen to be consistently successful. HBO2 induces
neovascularization in hypoxic tissues. It has been demonstrated the enhanced vascularity and cellularity
in heavily irradiated tissues after hyperbaric oxygen therapy by comparing histologic specimens from
patient, pre- and post-hyperbaric oxygen. Feldmeier and his colleagues have shown that hyperbaric
oxygen given seven weeks after radiation can reduce the degree and mechanical effects of fibrosis by
being applied prior to the manifestation of radiation injury. The hyperbaric study group headed up by Dr.
Thom had published studies demonstrating the mobilization of stem cells mediated through nitric oxide
with HBO2.

Conclusion

HBOT is a successful treatment in the osteoradionecrosis of jaw. The impact of hyperbaric oxygen
in terms of its beneficial effects is likely to involve all three of these mechanisms in irradiated tissues.
HBO2 stimulates angiogenesis and secondarily improves tissue oxygenation. It reduces fibrosis and it
mobilizes and induces an increase of stem cells within irradiated tissues.
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The experience of treating iatrogenic arterial
gas embolism with the hyperbaric oxygen
therapy at a tertiary academic hospital
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Introduction

Arterial gas embolism (AGE) is an arterial vessel blockage caused by one or more bubbles of air or
other gas in the circulatory system. The symptoms and signs of AGE include loss of consciousness,
seizure, focal neurologic deficits, cardiac arrhythmias, or ischemia. The primary treatment of AGE is

hyperbaric oxygen therapy (HBOT).

Material & Method

From October 2016 to June 2018, the center treatment log was reviewed retrospectively. Three AGE
cases were developed during central venous catheter removal or disconnection that was successfully
treated at a hyperbaric oxygen therapy center of Wonju Severance Christian Hospital. Two patients
suffered from mental change and shock (impending arrest), and one patient experienced mental
change, shock, and status epilepticus, respectively.

Result

All patients were treated with HBOT and successfully recovered. HBOT is not routinely administered
with the air embolism patient, including venous gas embolism, however HBOT is well known as a useful
treatment in severe AGE cases. Although it's better to apply HBOT as soon as possible, but the benefit
has been reported even with the delayed HBOT for up to 30 hours.
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HBOT provides oxygen at pressures higher than the atmospheric pressure and at 100 percent
concentration such that a “supra” physiologic level of systemic hyperoxia can be achieved. This degree
of hyperoxia allows enormous gradients for mostly nitrogen to be displaced from inside the air bubble,
which in turn, reduces air bubble size and the degree of mechanical obstruction to end arterial blood
flow.

Conclusion

Currently, the HBOT center is limitary available in Korea and only few are specialized in treating critical
patients with HBOT. Thus, the benefits of HBOT should be considered with the risk of transporting an
unstable patient to the HBOT center.
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Conclusion
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