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UNDERSEA & HYPERBARIC
A\ MEDICAL SOCIETY

v Raising the quality of practice one member at a time

CONCLUSIONS AND RECOMMENDATIONS:
e 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.

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

e 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.

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

e Mild hyperbaric exposures with air deliver no more oxygen to the body than breathing oxygen by mask at

sea-level pressure.

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

 Soft chamber X|2& THX| 1 AFHO|BE S| 7HFDA)

- 14 0[5te| YH2 XN 2H D2 | AHO| =HSHK| B2, stz H3S50| %X
oro
LS O

. DYAL QY| X2 HSEL BE 279 0|4

. ZEO| MU0 =EL S zero YHOA Ad OIAIEZ Sof A4S SOiSHE AT 50) tiigtnerejete
INLY I Rt e=,



SUET

. 42t =R T N

. OPMI| 2, & EHE

> =20 2|(5h) AHE

+ soft chamber

| A ALE

X5, HIEO|H &F...







Standard Indications




Indications for HBOT (US, UHMS)

BTN BT BT

* Arterial gas embolism

» Decompression sickness

e Acute blood loss
anemia

 Diabetic foot infection
« CO/CN poisoning

e Acute sensorineural
hearing loss

 Delayed radiation injury

e Acute peripheral
ischemia

* Burns

¢ Crush injury &
compartment syndrome

» Gas gangrene

 Necrotizing soft tissue
infections

e Central retinal artery
occlusion

« Preservation of flaps &
grafts

« Actinomycosis bone

infection
 Cerebral abscess il'
M
* Refractory osteomyelitis @

* Selected problem
wound




Treatment Details

) Cgragtejete

Ho= Pressure Treatment Times Total consideration
treatment
1. Air or Gas Embolism 2.8 ATA for 90 min 2~3 times for Pneumothorax treatment
first day and 1 /
day next day Hours to days gas bubbles are present=
hours to days delayed treatment is
recommended
2. Carbon Monoxide 2.5 ATA for 90 min 2~3 times for 7 Over Age 36 yr, LOC(+), COHb=25%, CO
Poisoning/cyanide poisoning first day and 1 / exposure >24 hr, pregnant>10%
day next day
3. Clostridial Myositis and 3.0 ATA for 90 min 3 times first day 5 Clostridium perfringens type A 95%
Myonecrosis (Gas Gangrene) then 2 times /
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=2 qd 2 treatments
days
4-2. Compartment Syndrome 2.0 ATA for 90 min Bid first day and 3 HBOT is not a substitute for fasciotomy;
once more day 2 use it for the impending stage of the
compartment syndrome
4-3. residual problems 2.0 ATA for 90 min Bid for 7 days 14
Threatened flaps and grafts
4-4. problem 2.0 ATA for 90 min Bid for 7 days, 21

wounds/infectced wounds

daily for 7 days

Korean Academy of Undersea and Hyperbaric Medicine




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

4-6. post-fasciotomy concerns, 2.0 ATA for 90 min Bid for 7 days 14 Concerns include massive swelling,

compartment syndrome threatened flaps, unclear demarcation,
neuropathy

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

6-1. Arterial Insufficiencies: 2.0 ATA 90 min=> 2~3/day 5 Time is vision, up to 2 weeks delay

Central retinal artery occlusion 2.4~2.8 ATA 90 min

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
6-3. Arterial Insufficiencies: 2.5 ATA for 90 min 1/ day 30
hypoxic lower extremity

wounds/venous stasis

ulcer/pressure ulcer
7. Severe Anemia - - - Multichamber option — 3~4 times at 2~3
ATA with air breaks forup to 3 ~ 4 hr

8. Intracranial Abscess 2.5 ATA for 90 min 2 / day 40

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

Infections

9-2. Necrotizing Soft Tissue 25~3.0 ATA for 90 min  tid for first day, More higher pressure and mare times of

Infections: clostridial myositis and bid until treatments than other bacterial infection

P —  matrs . . 19to|ote,
. Osteomyelitis (Refractory)  2~3 ATA for 90 min Bid for first two  20~40 Patient status and involved area- long

‘Undersea and Hyperbaric Medicine

days, and qd bone, spine etc. are complicated factors




Treatment details-Cont’

11. Delayed Radiation Injury
(Soft Tissue and Bony
Mecrosis)- mandible, larynx,
chest wall, bladder, prostate,
small and large intestine,
extremity, CNS, optic neuritis
12. Compromised Grafts and
Flaps

13. Acute Thermal Burn Injury

14. Idiopathic Sudden

Sensorineural Hearing Loss

2.5~3.0 ATA for 90 min

2~2.5 ATA for 90~120

min

2.4 ATA for 90 min

2~2.5 ATA for 90 min

Qd for 30 days

Consider more
times by flap
status

Tid for first 3
days and qd

qD

About 30

20

30

10~20

Each location has different treatment

protocol by previous researches

Read the manual

As soon as signs of flap or graft

compromise appear

=

Moderate or worse range > 40 dB within
14 days

-40) CHgtagrofetel
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Non-approved Indications




Top 10 global causes of deaths, 2020

2000 2019

1. Ischaemic heart disease

2. Stroke

3. Chronic obstructive pulmonary disease

4. Lower respiratory infections
O
5. Meonatal conditions

@ O

6. Trachea, bronchus, lung cancers

7. Alzheimer’s disease and other dementias

8. Diarrhoeal diseases
O
A

9. Diabetes mellitus

10. Kidney diseases

0 2 4 6 8 10
Number of deaths (in millions)

Moncommunicable @ Communicable .Injuries E"?_"_T'_%"Q.Fﬂ'ﬂl
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Sepsis

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

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

deaths.



Acute Coronary Syndrome




Non-randomized clinical reports to tre

Cameron and
collegues (1965)

Ashfield and collegues
(1969)

Veselka and collegues
(1999)

Moon and collegues
(1964)

Hood (1968)

10 patients with AMI
within 24 hours

40 patients with AMI
within 24 hours

17 patients with
history of Ml

1 patient in
cardiogenic shock
1 patient with

refractory VT 3wks
after anterolateral Ml

2 ATA HBOQOT; 1
treatment only

2 ATA 2 hours followed
by 1 ATA on air; repeat
for up to 4 days

Dobutamine stress
echo (DSE) followed by

HBOT at 2 ATA for 90
mins

48 hours of HBOT

3 ATA HBOT for 15
mins then 2 ATA for 7
hours; 2 such sessions

Decreased cardiac
output, Increased SVR
and SBP

15% mortality rate,
improved pain and
dyspnea

HBO can detect viable
myocardium with

about the same
performance as DSE

Successful outcome

Improvement in
dysrhythmia;
discharged day 25

R R
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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 L.
(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




Randomized clinical 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




Conclusions

 The rationale for the use of HBOT for ACS is clear

* 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 (2

* Risk for death and adverse effects regarding HBOT on ACS

great clinical importance and deserves further investigation.




Acute Ischemic Stroke




e 21.9 Summary of Animal Studies of Focal Cerebral Ischemia Where HBOT
Was Compared with Normobaric Air or Oxygen

» ANIMAL, AND VESSEL

TIME TO HBOT OXYGEN DOSE

OUTCOME

sstein (1986),'92 gerbil, 20-minute
teral CCA
i (2002),'%22 rat, 1-hour MCA

Wovic-Lolic and colleagues (2003),7
= 1-hour MCA

gami (2000),'92° rat, permanent right
A and right CCA
(2002),'92 rat, permanent MCA*

samp and colleagues (2000),8! rat,
=%our 15-minute MCA

= (1987),'9% gerbil, permanent CCA

=20 (1990),® gerbil, permanent CCA
Bamp (2005),1928 rat, 2-hour MCA

%amp and colleagues (2006),% rat,
Sour MCA
#ll (1985),'°% gerbil, permanent CCA

er (2005),9% rat, permanent MCA
(1998),192" rat, 3-90-minute MCA*

Ebitz (2004),” rat, permanent MCA
et (2006),192 rat, permanent CCA*
swamura (1990),1%2 rat, 4-hour MCA
{2006),'%% rat, 90-minute MCA

and colleagues (2004),!% rat,
S-minute MCA and permanent MCA*

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

“S=cr and colleagues (2001),8 rat,
2-hour MCA

9 (2005),1%%° rat, 2-hour MCA

W (2002),193¢ rat, 2-hour MCA
{2003),1%%¢ rat, 2-hour MCA occlusion

0
0 .

0

10 minutes
10 minutes

15 minutes

<30 minutes

40 minutes
40 minutes

45 minutes
1 hour

15 minutes to
6 hours*

Not stated. Proba-
bly immediately
after occlusion

2 hours

2 hours

3 hours

3 hours

3,6,and 12
hours

Variable up to
6 hours

6 hours
6 or 24 hours

8 hours
8 hours

1.5 ATA for 15 minutes once @

2.8 ATA for 15 minutes once

3 ATA for 1 hour once

3 ATA for 2 hours once

2 ATA for 3 hours 50 minutes

once

1.5 ATA for 1 hour or 2.0 ATA

for 1 hour

1.5 ATA for 36 or 18 hours
with long air breakst once

2.5 ATA for 2 or 4 hourst

3.0 ATA for 1 hour once

3.0 ATA for 1 hour once

1 or 1.5 ATA for up to 1
hourt once

2.5 ATA for 90 minutes once

or 4 times on day 1*

2 ATA for 30 minutes once or

daily for 4 days

2 ATA for 1 hour once

2.5 ATA for 2 hours once vs.
NBO control

2 ATA for 30 minutes once

3 ATA for 1 hour once

3 ATA for 1 hour once

1.5 ATA 40 minutes once at
6 or 24 hourst

3 ATA for 1 hour once

2.5 ATA 2 hours daily for
6 days .

3 ATA for 1 hour once

2.5 ATA for 2 hours once

Neuroprotection implied by
reduced extracellular dopamine

Reduced infarct volume,
leukocyte infiltrate, and
myeloperoxidase

<Reduced infarct volume

No difference in ischemic
volume or myeloperoxidase

Reduced infarct volume and
better behaviorally with 2.5 ATA
HBO

Reduced chance of infarct with
intermittent, shorter HBO

Improved survival

Reduced BBB permeability,
smaller infarcts

Reduced evidence of ischemic
biochemical degradation

More HBO reduced color density
differences between sides

Early HBO reduced infarct size,
late at 6 hours and
repeated HBO did not*

No benefit

Reduced infarct volume and

deficit

No difference in the reduction of
hypoxia inducible factor

Reduced infarct volume and
edema

Reduced infarct area and
improved deficit

Transient: improved outcome
early, 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*

Reduced biochemical evidence
of ischemia

Improved outcome at both times

Reduced infarct area

Reduced infarct area, neurologic
scores and apoptosis

Cigragtojets
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Randomized clinical trials to treat acute ischemic s

Anderson  RCT stratified for 39 patients with ischemic Control: sham 1.5 ATA Neurologic
(1991) disease severity stroke within 2 wks for 60 ms within 6 hrs examination at day 5,
and blinded and then every 8 hrs to  week 6, year 1; infarct
a total of 15 over 5 days volume on CT at 4
HBOT: 100% oxygen as mth

above
Nighoghos RCT with sham tx 34 patients with stroke Low dose heparin and Neurologic
sian (1995) confirmed with CT within supportive care examonination on 3
24 hrs suggestive of Control: sham at 1.2 ATA scales: Orgogozo,
MCA occlusion and for 40 ms for 10 dys Trouillas, and Rankin
scoring less than 80 on  HBOT: 1.5 ATA on the disability scales;
the Orogogozo scale same schedule adverse of HBOT
Rusyniak ~ RCT stratified by 33 patients with ischemic Control: sham at 1.14 NIHSS score at 24 hrs
(2003) time to 24 hrs with  stroke presenting within  ATA for 60 mins and 90 days; Barthel
allocation 24 hrs of onset of HBOT: 2.5 ATA on the index, Rankin Scale,
concealment and neurologic deficit; all same schedule and GCS at 90 days;
blinding of patients patients < the NIHSS mortality; adverse

and investigators score 23 effects



Cfgraoro[ory)
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Effects of hyperbaric oxygen treatment
on liver functions, oxidative status
and histology in septic rats

[nduction of sepsis

Rats in the SEP, SEP+HBO, SEP4+CEF and SEP+CEF+HBO
groups received an 1ntr1pcnmm11 inoculum of 1 ml saline con-
taining viable E. coli cells (2. 1x10 cfu). E. coli were isolated from

Experimental procedure

Intensive Care Med (20035) 31:1262-1268
DOI 10.1007/s00134-005-2701-6

(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

dd]l],r Animals were killed 48 h after

sepsis induction. Their liver and W

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 pmmdcd a sufficient number of animals for bio-
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Hyperbaric oxygen protects against lipopolysaccharide-stimulated
oxidative stress and mortality 1n rats

European Journal of Pharmacology 508 (2005) 249-254

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




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 ahsolute every 24 hrs.




The effects of hyperbaric oxygen therapy on blood-brain
barrier permeability in septic rats

BRAIN RESEARCH 1412 (2011)683-72

decompression for 15 min each. A total of 4 HBOT sessions
were applied at 1, 7, 13 and 19 h after CLP operation. Animals
were subsequently transferred to their cages.

4.4, Measurement of arterial blood pressure and rectal
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. 24 h
after CLP operation, the rectal temperature of rats were

In cerebral cortex and hippocampus, TNF-« 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
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Effect of Hyperbaric Oxygen Therapy on Acute Liver
Injury and Survival in a Rat Cecal Slurry

Peritonitis Model
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Conclusion

« The animal data suggest that early HBOT is more likely to show
effect such as reduced mortality and that delayed treatment (aft

to show benefit effect.

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

Improve outcome.

* Also, optimal timing and frequency remain uncertain.




Take Home Message

* The rationale for the use of HBOT for ACS, acute ischemic

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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