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(HBO,: hyperbaric oxygen therapy)
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Approved Ixs for HBO, therapy (14" E)

Disorder HBO, Typical dose Utilization | Level of | Class of

mechanism review evidence | recomm
endation

Air or gas Bubble reduction  U.S. Navy Table 6 or equivalent 10 C-LD I

embolism

CO CO washout Up to 3 ATA 3 A Ila

1-3 sessions or to clinical plateau
DM foot Treat ischemia 2-2.5 ATA 30 A I

Daily for 3-4 weeks, based on
healing response

SSNHL Supraphysiologic  2-2.5 ATA 20 A Ila
levels of O, in 10-20 sessions
tissue

Thermal burn  Inflammation 2-2.4 ATA 30 A lla
modulation Twice daily

Up to 30 sessions



AR

« & optimal pressure, frequency, duration
(2 M=o M2 S2, YA A

-1 Mo o — o2, 00 L
. N2 M=

=

o O
. 9|9l ys B0l



NAMAX =

|5 ror

02
0

4

2 M
[z =
B H
> >

HU 09

[J O
~ 0K

O
10
i
2
1

=

A= Of

AAMcistm | | AMCiEtm
eiZolnichsr | | glFo|mryst
S 3ot MRC

v sz o v
oo} 0| E2c2|o}
\dorJ AEY A
HBCT CENTER 1§ x}7|%%of
A ME]

olMchstm o| 25t
oz Bt
v
G LB ETVENTES

A& HAHLIS
OE2E&20t 1t




w0
<

<J

ol
B

00
HO

A2z

J1o14

A& FHl 2=

st

e




B
1

2l JAR | HAH K AES SOt LASE A = 100% =& =, 1000ppmE =2
Xl &

00% =& =2 £ 5= CHOl Ol &t ot &2l & F O At S
S £ IH00ppm/750ppm 2 E

« L&t 1000ppm/3000ppm
LU, 00l CHE



S AIS O

L
—
==

- S 1FY W ES gass T E SHoHI| ?I St catheter & &
== & behavior test (Plus-Maze, Open field test)

« Chamber LH& CO=&% 3000ppm 22 158 2t =& & LOC
« &= 90min = behavior test

e Sacrifice - Brain &4 | &0l

gol

—

7 days 7 days
) A
[ Y \

Day -14 Day -7 Day -1 Day O
=8y Vein catheter & ¢ Behavior COEE
(SD rat, M) test Behavior

test
Sacrifice

Room Air

90 min

e (2=0)






LAE A S=0| 28 LOC 2 Al 83 CO
A

Ll & 3000 ppm, 155
CHIl =0l A 90min 2t C

A
e

Body weight COHb(%) 0,Hb(%)
3000ppm (15min) 350+2.06 58.53+0.82 31.03+5.49
After 90min 10.38+0.62 63.53+1.74

(Mean+SEM)
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Plus Maze Test
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FASS2HYUM D2d&A X2 XIS &I (wound healing)
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Tertiary mechanism (?)



Mechanisms of HBOT

(Primary, secondary & tertiary)

Primary Secondary Tertiary

» Hyperoxygenation ¢ Enriched O2  Cellular protection
(O2 tensions) (cellular functions) via mitochondria

e Direct effects of

Oxygen delivery/uptake [ Vascularization .
: Immune response & inflammation
Bubble reduction

Mitohormesis

Growth factor signaling
Induction of antioxidant stress




Reactive nitrogen & oxygen

Respiratory chain [ \ Catalase H.O
Complex | and sSOD 2
Complex Il (Mn or Mg)
O s O S
Superoxide Hydrogen ) GSSG
anion peroxide GSH Géss
NO ParOXyCines reductase
\ or thioreoxin
GSH <« reductase
Peroxynitrite QN 99 *OH Hydroxyl radical

L/k RNS and ROS \v
Overproduction Normal production
Damages induced on I Physiological signaling I
/ v \ -~ T~
A \ A

Proteins Lipids Growth Hormone Inflammation
synthesis

Comprehensive Physiology 2017



Mitochondrial hormesis (mitohormesis)

A

Linear
Response

Hormetic
Response

>
v 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)




Possible mechanism

Low continuous
or higher intermittent

sub-lethal dose A coordinated response to
mild mitochondrial stress

Intermittent Mitochondrial _ :
HBOT — N Stress B Mitohormesis
\ Reduce oxidative stress
Most of O, \ Recover from ischemic damage
in our body and promote wound healing
IS consumed
in mitochondria \ Resistant to subsequent stress

\ 4

Participation in therapeutic mechanism of HBOT
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Table 1. Serum biochemical variables at baseline and following acute exposure to hyperbaric oxygen therapy (HBOT).

Variables Baseline 1 Week Post HBOT p-Value
2.8 ATA (45') Glucose {mg/dL) 104.4 2 10,1 10502354 0.067

2.0ATA (55 TC {mg/dL) 186.5 £ 17.8 1858248 0.921

TG (midL) * 154.9 2 50.4 190.4 + 6.1 0.012

100% 0, 100% 0, HOL-C (mgldL) 472275 452:72 0.206

LDL-C (mgidL) 12152231 1161238 0.272

ALT (UiL) * 20.6+212 3612122 0.423

Baseline HBOT 30 min 2days 1week AST (UIL) * 294255 297+53 0.812
Blood sample collection Total protein (g/dL) 7.45+0.26 7302029 0.143
Albumin {gidL) * 464025 458+023 0.301

BUN (mg/dL) 12.74 2 165 1243176 0.599

Creatinine (mgfdL) 082 +0.05 0.81+0.04 0.532

Uric acid {mafdL) B.37 £ 0.85 B.11+0.05 0.106

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; LDL-C, low density lipoprotein cholesterol;
HDL-C, high density lipcprotein cholestercl; TC, total chelesterol; TG, triglyceride. Statistical analyses were performed using Student's paired
t-test or * Wilcoxon matched-pairs signed-rank test. Values represent the means + SD.

JS Jana. et al. Int. J. Environ. Res. Public Health 2020, 17. 7853
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(FGF21), and (c) y-glutamyltransferase (y-GT)
JS Jana. et al. Int. J. Environ. Res. Public Health 2020, 17. 7853
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CO & CMR (duration)

Table 1. Patient characteristics and detail of stress CMR abnormalities

Methods: CMR studies performed between the years

2005 and 2014 for a primary diagnosis of CO poisoning

at a tertiary care center were reviewed by an experienced
cardiologist. Variables of interest were compared between
patients with normal and abnormal studies to identify factors
associated with cardiac dysfunction.

Results: Eighty-eight patients underwent stress CMR,

Iage 34 years (range 11-70); 49% were male, 74 had acute

|p0isoning and 14 had chronic poisoning 1C0 exposure for

longer than 24 hours). Time from CO poisoning to imaging
was 24 months (1day-120 months). Patients were stratified
into four categories, which included those with acute
poisoning imaged:

e <12 months;
* 12-60 months;
e >00 months from the event; and

according to time interval from poisoning to imaging

Category by time interval from incident to imaging

=12 mos. 13-60 mos. >60 mos. chronic
poisoning

N* 26 32 12 14
age 34 (17-69) 35 (11-58) 33 (19-61) 33 (28-70)
male sex 14 (54%) 14 (42%) 8 (67%) 5 (38%)
HTN 1(4%) 2 (6%) 3(35%) 1 (7%)
CAD 0 1 (3%) 0 1 (7%)
HLD 0 1(3%) 2 (17%) 1 (7%)
active smokers 7(27%) 2 (6%) 5(42%) 10 (71%)
troponin I — ng/dl 0.27 (0.03, 3.2) 0(0, 3.6) 0(0, 1.27) 0.31 (0, 0.63)

(IQR); N=22

COHb -% (IQR)

15(11.5, 19.8)

18.4 (11.7, 22.2)

12 (9.7, 18.7)

loss of consciousness 8(31%) 8 (25%) 7 (58%) 3(21%)

LV dysfunctiont 2 (8%) 8 (26%) 2 (17%) 2 (17%)

LVEF - (% normal 63 (56-79) 67 (56-85) 65 (56-78) 68 (58-73)

vs abnormal) vs. 53 (51-54) vs, 50 (42-53) vs. 52 (49-54) vs. 52 (51-52)

LV dilatation 2 (8%) 1(3%) 2 (17%) 1(89%)

LVEDVI (mL/m?) 70 (35-91) 75 (55-90) 78 (54-89) 66 (52-73)
vs. 97 (95-100) vs. 122 vs. 95 (94-96) vs. 120

RV dysfunction 5(20%) 3(9%) 0 1 (9%)

ischemia 1(4%) 0 1 (8%) 0

scar 0 0 1 (8%) 0

Miguel Alvarez Villela, UHM 2020, VOL. 47



CO & CMR (duration)

Figure 3. Myocardial
scarring in a patient with
chronic CO poisoning.

Short-axis and two-
chamber late gadolinium
enhancement sequences
showing a small inferior/
inferoseptal scar. Seen

in only one patient after
chronic CO exposure.

Figure 2. Remodeled left ventricle in a patient with
acute CO poisoning. Dilated, spherically remodeled
left ventricle (two-chamber view, end-diastole).
Seen in 23% of the abnormal studies after CO poisoning.

Miguel Alvarez Villela, UHM 2020, VOL. 47






Indications (16)

- Air or Gas Embolism

- Arterial Insufficiencies

- Carbon Monoxide Poisoning

- Clostridial Myonecrosis

- Compromised Grafts and Flaps

- Crush Injuries and Skeletal Muscle
- Decompression Sickness

- Delayed Radiation Injuries

* Idiopathic Sudden Sensorineural Hearing Loss
- Intracranial Abscess

* Necrotizing Soft Tissue Infections

* Refractory Osteomyelitis

- Severe Anemia

- Thermal Burns

- Diabetic Foot Ulcer

- Central Retinal Artery Occlusion



CRCION

CICICION

Indications

Emergency
Decompression Sickness, air or gas embolism (AGE)
CO, severe anemia

Arterial Insufficiencies, CRAQO, ISNHL

Elective: 4 categories (wounds)
Chronic: refractory diabetic wounds, arterial insufficiency ulcers
Radiation-induced: delayed radiation injury, radionecrosis
Infected: gas gangrene, osteomyelitis, necrotizing soft tissue infection, brain abscess
Traumatic: crush injury, compromised skin grafts and flaps, thermal burn



Acute stroke

e Time criteria — time IS brain
e 3hr,45hr,6hr....
« DAWN, DEFUSE-3 trials -> 16 hr, 24 hr




Acute stroke
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Infarct core

Penumbra

Benign
oligemia

Acute stroke

Irreversible-Injury
OMI Threshold

Reversible-Injury

OMI Threshold

§

<—.;> —_—
D Core Penumbra Oligemia
53 ' Non-Reperfused Penumbra
\ Core Tissue dies without Reperfusion
o Tissue Dies Ideal IP = 100% Not-at-Risk

A

Regardless of
Reperfusion
Ideal IP = 100%

No Reperfusion* T

Reperfusion*

Reperfused Penumbra
Tissue Survives with Reperfusion
Ideal IP = 0%

Tissue Survives
Regardless of
Reperfusion
Ideal IP = 0%



Acute stroke

23,3, 84 &3lk= Thrombolysis
2.3.3.1, ZoHL} #2425< Intravenous Thrombolysis

ATAR

Recommendations

Endovascular Recanalization Therapy (ERT)

1
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1.

In patients with major ischemic stroke due to an acute large artery occlusion
in anterior circulation (internal carotid artery, M1, and possibly large M2 branch)
within 6 hours, ERT is recommended to improve clinicaloutcomes (level of
evidence [LOE] la, grade of recommendation [GOR] A).

. Inpatients eligible forintravenous tissue plasminogen activator (IV-TPA),

administration of W-TPAis recommended before the initiation of ERT (LOE la,
GORA). Since IW-TPA should not significantly delay ERT, itisrecommendedto
simultanecusly proceed ERT during IV-TPA treatment without waiting for
clinical response to IV-TPA,

. Im patients who are confraindicated for V-TPA, ERT isrecommended as a first—

line therapy in patients with major ischemic stroke due to an acute large artery
occlusion in the anterior circulation within 6 hours (LOE lla, GOREB).

. In patients with major ischemic stroke due to acute large artery occlusion in the

postercirculation (basilar artery, P1, and vertebral artery) within 6 hours, ERT
can be considered (LOE IIl, GOR B).

. In gelected patisnte with acyte ischemic stroke due o Jarge vessel occlusion in

th¢ anterior circulation presenting within & to 24 hours from last seen normal,
endovascular recanalization therapy can be recommended when the patients

haveltarget mismatch assessed by multimodal imaging aj\dfor clinical deficit
AND outcome of the

patients. For patient selection, each institution is recommended to have its
own criteria, which can timely and reasonably identify patients with target
mismatch in the late time window (LOE Ill, GOR C).




Acute stroke

Imaging Criteria

. ICA or MCA-M1 occlusion (carotid occlusions
can be cervical or intracranial; with or without
tandem MCA lesions) by MRA or CTA

. Target Mismatch Profile on CT perfusion or
MRI (ischemic core volume is <70 ml,
mismatch ratio is 21.8 and mismatch volume is
=15 ml)



Viismatch volume: 105 ml
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The Iinflammatory penumbra concept after ischemic stroke

Classical Model Inflammatory Penumbra Hypothesis
1

I || 1

+7d

Ischemic Definitive Inflammatory Final Lesion

Hypoperfusion Core Ischemic Lesion Reaction (Ischemic + inflammatory
damages)
» i [
L | )
Y Y
Mismatch = Mismatch =
Ischemic Penumbra Inflammatory Penumbra

European Stroke Journal, 2016, Vol. 1(1) 20-27



Coronary Stent

Vascular emergency

Macrocirculation

Vascular intervention



AMI

e Time criteria — time 1s muscle
e 12 hr ....
* Trials -> 12 — 24 hr (pain, shock, arrhythmia)



AMI
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AMI (intervention + drug + ?)

49/F
chest pain and dyspnea
DM, HTN, smoking, hyperlipidemia

Stress perfusion CT ~ SPECT CMR

KO SM et al. Int J Cardiovasc Imaging



Large vessel: intact
Treatment: drug + ?

55/M
Cardiac enzyme (-), echo (LVH, no RWMA)

[7] ROI (MPR)

Mean: 57.34 mL/100mL/min'=2"!
‘| [3] ROI (MPR)

> Jean: 107.47 mL/100ML/mi

[2] ROI (MPR)

Mean: 118.11 mL/100mL/mi
1.00

AT

ltfxli‘*;
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Coronary Stent

Vascular emergency

Macrocirculation

Vascular intervention



Study design

 AMI, stroke animal model: evidence

« AMI
- Conventional group

- Study group (HBO,)

Clinical & imaging (MRI) study




Movement of O, down

« Oxygen concentration: down (air -> cell) N PP Eftects of shunt
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Life 1s in the blood

 Present: large vessel (Hb) - intervention
Ca0,=|1.34 x Hb x Sa02| +/0.003 x PaO2

« Future: large vessel + small vessel — intervention + HBO,




| have a dream

SESEAR

Stroke, AMI, vascular emergency



