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Sudden hearing loss following acute carbon monoxide poisoning:
A case report and literature review
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(Case presentation

A 42-year-old woman came to our emergency department with symptoms of hearing loss along with dizziness, nausea, and chest
tightness for few hours. She complained of hearing loss in the left ear and tinnitus in the right ear. She had a history of smoking
over 10 years with daily consumption of 10 cigarettes. She was apparently healthy with no history of hearing loss in the past. Initially,
Meniere’s disease was diagnosed. However, after a thorough history session, she reported that her husband was found
unconscious from carbon monoxide poisoning associated with home fuel-burning heating equipment when she came home in
the morning. She started to feel discomfort after she had completed the admission program for her husband.

Her vital signs was within normal range. Her Glasgow Coma Scale was 15. The neurological examination was unremarkable. We also
checked the level of cardiac enzyme and carboxyhemoglobin (COHb) due to chest pain and exposure to CO. Elevated levels of troponin
I of 0.5 pg/L (normal range, 0o~0.3pg/L), creatine kinase-MB fraction of 60 pg/L (nor- mal range, o~20 pg/L), and COHDb of 12% were
noted after termination of exposure without oxygen supplement for about four hours. Chest X-ray imaging showed a small focal
consolidation on the lower right lobe.

Due to the elevated COHDb level and sudden hearing loss on the admission day, the patient was referred to the hyperbaric
therapeutic unit and underwent a session of oxygen therapy at 3 atmosphere absolutes (ATA) and 9o-min duration. Thereafter,
an audiometric test was performed, which showed bilateral asymmetrical mid- to high-frequency hearing loss. Bone conduction
thresholds inter- weaved with air conduction thresholds indicating the impairment to be sensorineural in origin bilaterally. A tapered
course of intravenous corticoid treatment was prescribed (methylprednisolone at a dose of 1 mg/kg/day) for 2 weeks. And the
patient was subjected to a total of 10 sessions of hyperbaric oxygen (HBO) therapy at 3 ATA of 9o min duration each. About 2 weeks
later, when the HBO therapy was finished, the patient reported improvement in hearing loss and subsiding of tinnitus. We repeated the
audiometric test, which revealed a partial recovery of hearing loss.

Table |. Summary of case reports of sudden hearing loss following acute CO poisoning.

(a) 2 2 K K 4K K (b) '8 ” . 1% 2 aK oK Authors Age (years)/ Symptoms at COHb Affected Treatment Qutcome
1 T 11 T T T sex presentation level (%) frequencies
of Pure-tone

audiometric test

Morris’ 22/M Unconscious 25 125-8000 Hz NR Partial recovery
bilaterally after 4weeks
2 Baker® 16/F Unconscious NR 5004000 Hz Hypothermia, 100%  Partial recovery
: bilaterally oxygen, |V steroids after Bmonths
Hassan et al.* 30/M Unconscious 6.6 1000-8000 Hz 100% oxygen Partial recovery
4 bilaterally after 2months
. Razzaq et al.’ 53M Sudden deafness, NR 250-8000Hz NR Good recovery
disoriented, dull bilaterally after 3months

bifrontal headache,

ringing in the ears
Pillion'® 17/ Unconscious NR 15008000 Hz One HBO session No significant
bilaterally on admission day with changes after

unknown pressure and | month
duration

Mehrparvar etal.'' 22/M Unconscious NR 10008000 Hz 100% oxygen No significant
bilaterally changes after
3 months
. - - Bonfiglioli et al.* 37/F Malaise, visual 6.9 250-8000Hz Methylprednisolone Good recovery
impairment, dizziness, bilaterally for | week, 25 HBO after Smonths
lost consciousness sessions (2.5 ATA,
ondhacti Right  Left Bone Conductic Rioht  Left 90 min)
Threshold  Ear  Ear Threshold  Ear  Ear Costa et al.’ 49/M Psychomotor NR 500-8000Hz in IV methylprednisolone Partial recovery
masked () X nmasked & > restlessness the right ear (I mg/kg/day) for after 3months
wied T 10days, 30 HBO
' sessions (unknown
pressure, 60min)
Marcano et al.® 16/F Unconscious 42.4 125-8000Hz 100% oxygen, IV Good recovery
Figure |. Patient's audiometric test (a) on the day of admission and (b) after 10 sessions of hyperbaric oxygen (HBO) therapy. bilaterally ?-lnethyli;zdn]:sflone after | month
mg/ ay) for
I4d§ys‘ |o{130
- 5 sessions (2.4ATA,
Discussion 90min), oral steroid
L S ! . o for | month
CO poisoning is ideally diagnosed by a clinical triad: symptoms Presentcase  4UF Hearing loss, tinnitus, 12 500-8000Hz  100% oxygen, IV Partial recovery
. . . . . dizziness, nau bilaterall methylprednisolone after 2 weeks
consistent with CO poisoning, history of recent CO exposure, and o o d (| mglke/day) for
elevated COHb levels. However, these criteria are not strict and the e T

most important one is the exposure history. i

The characteristics of CO-induced hearing loss can be concluded in

CO: carbon monoxide; COHb: carboxyhemoglobin; M: male; NR: not reported; F: female; HBO: hyperbaric oxygen; ATA: atmosphere absolute; IV:
intravenous.

three points: (1)high-frequency deficit (due to hypoxic damage
to the base of the cochlea), (2)bilateral, and (3)reversible as
presentation of our case.

Nevertheless, although rare, a low-frequency deficit, unilateral
hearing loss, and an irreversible condition have also been reported,
audiometry of which may present a “U-shaped” curve, also
called a “cookie-bite.”

If a patient is diagnosed with hearing loss caused by acute CO
poisoning, the subsequent management we suggested should be
done as below: (1) termination of exposure of CO; (2)
monitoring for any cardiac, neurological, and pulmonary
complications; (3) corticosteroid therapy; and (4) HBO
therapy. Chronic exposure to CO could lead to a poor prognosis.

Conclusion

If there is no common etiology in patients with sudden hearing loss,
ototoxic substances, especially CO poisoning in the working/home
environment should be considered as a diagnostic possibility. As
evident from the summary of current literature available , it is
difficult to establish associations between outcome, age, symptoms,
COHD level, and treatment. Therefore, more studies are needed to
determine the best clinical guidelines for CO poisoning. HBO and
corticosteroid therapy are treatment options for sudden hearing loss
following acute CO poisoning. Nevertheless, the treatment efficacy
was not proven by controlled studies. Our report highlights that
early recognition and subsequent management may mitigate the
morbidity and help in boosting the recovery process in hearing loss.
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T B #% A (liver transplantation) & 74 & 8%, B3 AT % ~ & ME AT 3238
AT B BE 8 0 — AE 6 R B AF o AT RRAS MR O 45 oh A MR AE Tt
# (cholestasis) & B ¢, 4% 4= f 91 & # 7+ 48 4% (ischemia and
reperfusion injury) l’i’*" ~BMEHERE > MmADEERLE 50
HNERBGEME > T—EERAHRE -

=

BERE:
AMAEBHOTRAM » A G AIRUCHAF X AR - 20104 »
128 3 RAF R » % 4% 4498 8 ¥ #iF (radiofrequency ablation)
ﬁWMH%H%&H%ﬁﬁ ZIBEZ 201110348 % FH £ 0
(interferon)fv 3% # % 4 (ribavirin) ;g % © 2012410 B B 455 5,
2EBR BRAGENIER  REENHEOAR - ER 10
R % B 3 B 4o & fg (hyperbilirubinemia) 4 % 2 F & it B 14
3% 2 % (Molecular Adsorbents Recirculating System, MARS )

0
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Y S TR 2. Serum total bilirubin % 4t [
ERAMAEELE  BA—R — A5k —R25ATA 120%
4 H26%

& X:
AMAREHHA R AWBYEHR60RE - PTSEH Bk
#48.67mg/dI% ] 11.95mg/dl -

8% 63X
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O ToaTeu TBU TBL gy gy HBO  TBIL T RRZIBAE 0 3o PIBK fo B2 F o 3 58 AT Eh Ak Y I B AR 3R
e T T BT R L B LA £ 2 B AR R % - L AE R Ko
ks s wars o] 100 “ R & R LR H N RBIR AR L ARt aERS
o TBILI BhEay o
’ 17.74
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. Lv H, Han C, Sun X, Liu W. Application of hyperbaric oxygen in liver transplantation.
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Therapeutic effect of hyperbaric oxygen in hepatic artery thrombosis and functional
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FF R #% 4 (liver transplantation) » % A% 4z % sz (hyperbilirubinemia)
' 3 B 4,74 % (hyperbaric oxygen therapy * HBOT)
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Experiences in Hyperbaric Oxygen Therapy for Patients with Lower Limb

Lymphedema after Endometrial Cancer Surgery - A Case Report
HMAaB -~ FRR ~ TR ES S AL - BRaRRL?
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CEES-PN
@ 7 'Z WAL (Endometrial Cancer) & —#&% R a9 5B B A A E PO A AR o &R 4F 50 Fi#48
BETROFX CEELFRE  AFLNRY  RAANOHEE - EXE2RETFTR
N & E e B 0 F RISHF A ME & F#HH(Lymphadenectomy)Fo 2 5 6 74 &
(Radiation therapy) > 12 /£2014%Kathleen J. Yost#) X A 42 3| i3 25755 7] fic @ 3% ho & & F B
B 7K BE & B o

O AEELS KM i®E5 F AEndometrial cancer » B F 5 N B F 4712 348 T BOH® B2
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E TG RAGHEHNBTERNGRALE F B -
QI ERR > TS A A ZHRARGHILBRGRA > ERAR LS 06HTREER
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2014 #F Kathleen J. Yost

2020 % Jung Hoi Koo

Table 4

[ Table 3

Multivariable Analysis of Predictors of Lower-Extremity Lymphedema Changes in BIS parameters before and after treatment.
HBOT+CDT group CDT only group
Characteristic Adjusted Odds Rario (95% CI) P (n=5) (n=5) P-value
BMI at the time of surgery (kg'm®) 0.001 SFBIA 1Hz (pre) 1.5+0.2 1.4+06 222
Underweight or normal (BMI--14 ) Reference SFBIA 1Hz (post) 1.4x “'.1 1.3+04 151
= e fRaT e b A i1 585 187 P-value 0.043 0.686
T T LTI Y ! 2 SFBIA 5Hz (pre) 1.5+0.2 14406 222
WHO class I'TI (BMI 30.0-39.9) 1.45 (0.90, 2.34) SFBIA 5Hz (post) 1.44+0.1 1.34+04 .310
WHO class Illsuper obese (BMI 40.0—49 9/50+) 4.69(2.71,8.13) P-value 0.043 0.686
C — g .03 ECF ratio (pre) 1.5+0.2 1.4+06 151
W 2.5 23.5 n
ongestive heart failure ( ) ECF ratio (post) 1.3+0.1 1.34+04 151
Lymphadenectomy 04 (1.39,2.95 0.001 P-value 0.043" 0.465
ERICHI A MO ey bl i sunsis Values are me D Bl STRRNONEN FENONIES 4o Ctroscop: ¥ COT= ol decongestiv
therapy F ¥ = uar fluid hEl )T = hyperbe ygen therapy FRI e ‘“tautl\d.‘(

OWn are adjusted Ior each oI he O

BMI, body mass index.; WHO, World Health Organization

characteristics

listed in this table

bioimpedance an 1|-, 5is
Statistically significant

differe

ce (P< .05
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[Introduction])

With the vigorous development of freediving occurring worldwide,
there have been more and more reports surrounding concomitant
complications due to this activity. Hypoxic blackout is one of the life-
threatening complications caused by cerebral hypoxia during
freediving.

[ Case report)

Mr. Chang, a 29-year-old male had no significant systemic
disease. He performed freediving with 2 diving buddies at the
Divecube Hotel, Asia’s first hotel built with a pool dedicated to scuba
diving and freediving in Taichung. The pool has five various depth
levels, with the deepest one being measured at 21 meters (Figure
1). All three divers were certified freedivers so it was not necessary
for an instructor to accompany them. They did however follow the
buddy system while undergoing this activity. The three began diving
at 8 am, during which time no obvious discomfort was complained
of by Mr. Chang. At 12 noon, Mr. Chang performed another freedive
lasting 2 to 3 minutes but lost consciousness while underwater at a
level of 11 meters. He subsequently sank down to 21-meters below
the surface before being immediately rescued by lifeguards. There
was no voluntary breathing from Mr. Chang after being pulled up
from the pool so artificial respiration was performed on him. When
the EMTs arrived at the pool, the patient was still unconsciousness
but had regained his own respiration. A non-rebreathing mask was
applied.

At the emergency center, desaturation was noted and intubation
was performed. Respiratory and metabolic acidosis with elevated
lactate and ammonia levels were found. A CXR revealed a bilateral
alveolar pattern with upper lobe predominant and central distribution,
which indicated near drowning pulmonary edema. (Figure 2A) He
was admitted to the intensive care unit and therapeutic hypothermia
was performed for a total 72 of hours. He recovered consciousness
after the discontinuation of his sedative medication. An subsequent
CXR revealed improvement in bilateral infiltration (Figure 2B) and
extubation was performed 3 days later. The patient was discharged
8 days after admission with fully recovered consciousness
(E4V5M6).

[ Discussion)

Rather than gradual downregulation of brain function, functions
within the human brain decline rapidly upon hypoxia and humans
experience an abrupt loss of consciousness. Hypoxia induced loss
of consciousness is labeled hypoxic blackout, which typically occurs
at arterial PaO2 below 30mmHg during static apnea. A blackout
usually occurs during the ascent to shallower water because one’s
Pa02 drops rapidly during the process.

Apnea is terminated when the breakpoint is reached. Breakpoint
corresponds with low oxygen and high carbon dioxide levels
reflecting chemoreceptor sensitivity and urge to breathe. Excessive
hyperventilation lowers the initial CO2 level, prolonging time to the
breakpoint, allowing critical hypoxia to be reached underwater,
which may induce the occurrence of a blackout (Figure 3).

This case raised our concerns that freedivers can experience
blackouts from hypoxia due to a drop in oxygen partial pressure
during ascent. We should also be aware of the danger of the
hyperventilation before attempting long breath-holds because it may
induce hypoxic blackouts with virtually no warning.

B/KIREE A B BB KEEBKERE—RBOIHS
Hypoxic Blackout Occurrence During Breath-hold Diving
(Freediving) in a Diving Hotel Pool — A case report
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Figure 1
The building section of Divecube Hotel. The pool has five various
depth levels, with the deepest one being measured at 21 meters

Figure 2

(A) The CXR revealed a bilateral alveolar pattern with upper lobe
predominant and central distribution on day 1. (B) An subsequent
CXR revealed improvement in bilateral infiltration on day 4.
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Figure 3

Computer-simulated gas levels during a swimming breath-hold dive
to 6 msw indicated at the bottom. Initial arterial PaCO2 is 29 mmHg
(left) after normal breathing and the breakpoint is reached after 1.5
min when PaCO2 reaches 60 mmHg (circle). Ascent avoids critical
hypoxia, and the dive is safe. In contrast, predive hyperventilation
(right) lowers initial PaCO2 to 22 mmHg and allows a longer dive
without the urge to breathe. PaO2 drops below 30 mmHg on ascent
and hypoxic blackout occurs near the surface.

Reference: American Physiological Society. Compr Physiol 8:585-630, 2018.
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The complication of Middle ear barotrauma with hyperb
oxygen therapy
Ya- Hui Chuang ' Tsai-Fen Chen , Jia-Horng Wang ¢

1.Division of Pulmonary Medicine, Department of Internal Medicine,
Far Eastern Memorial Hospital.

2. Hyperbaric Oxygen Center, Far Eastern Memorial Hospital.

Purpose:Middle ear barotrauma (MEB) is a common complication of hyperbaric oxygen
therapy HBOT). The purpose of the present study was to determine the overall incidence of
MEB and evaluate the incidence of MEB in different disease entities. The study also sought
identify the potential risk factors for the development of MEB.

Methods:Prospective study including all the patients treated in a multiplace Hbo2 chamber
between January 2017 and December2020. Scoring of MEB before and after Hbo2 by
otoscopy was performed using the Haines and Harris classification.

All intubated patients received bilateral tympanostomy before HBOT.

Results:We included 1336 patients: 591 males,745 females, 57.2 + 17.3 years old; 13.4%
were treated for co poisoning, 10.6% for CVA, 16.8% for problem wound, 9.1% for chronic
osteomyelitis, 9.4% for crush injury, 25% for sudden hearing loss, 6.9% for radiation damage,
8.7% for others (decompression sickness, necrotizing soft tissue infection etc). 2.8% (37
patients) were intubated. MEB occurred in 5.0% (65 patients) of the patients. 30 males, 35
females, 53.9 £ 15.1 years old; 6.2% were treated for CO poisoning, 7.7% for CVA, 20% for
problem wound, 7.7% for chronic osteomyelitis, 6.2% for crush injury, 32.3% for sudden
hearing loss, 12.3% for radiation damage, 7.7% for others. The severity of MEB according to
the Haines and Harris classification was grade1 35.4%, grade, grade 2 55.4%, grade 3 9.2%.
There was no influence of age, sex on the occurrence of MEB. Multivariate logistic analysis
identified only CO intoxication (adjusted odds ration: 3.16, p=0.038) as an independent risk
factors for MEB.

Conclusion: MEB induced by HBOT occurred in 5.0% of the patients. CO intoxication is the
only independent risk factor found in present study.

Keywords: Hyperbaric oxygen therapy (HBOT), Middle ear barotrauma (MEB), CO
intoxication, Cerebrovascular accident (CVA)
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Successful treatment with hyperbaric oxygen therapy for Central retinal a
occlusion (CRAO)
Lin-Li Ling !, Tsai-Fen Chen ,Mei-Yun Chang ', Jia-Horng Wang 2’
1.Division of Pulmonary Medicine, Department of Internal Medicine, Far Eastern Memor
Hospital.
2. Hyperbaric Oxygen Center, Far Eastern Memorial Hospital.

Purpose: Central retinal artery occlusion (CRAQ) is a relatively rare emergency and
potentially devastating condition of the eye. Patients present with sudden, painless monocu
visual loss. The retina has the highest oxygen consumption rate of any organ in the body at
mL/100 gm per min.Hyperbaric oxygen therapy (HBOT) has been used to treat patients wit
CRAO and most of treated cases have shown improvement.

Methods : We collected data which reported sudden visual loss due to CRAO that was
treated with HBOT in Far Eastern Memorial Hospital from 2017. to 2020 Dec. VA was
recorded using Snellen optotypes, to compare the means, comparied t test, chi-square test
were performed using SPSS Statistics version 19.0(IBM,Armonk,New York,USA)

Results: Totally 19 patients were included (age 60.95£12.4 years, sex:10male/9 female, the
days of CRAO onset until to hospital 4.11% 3.46,the days of CRAQ onset until to HBOT
12.3718.06,the times of HBOT:8.7914.97 )we corrected the result about visual acuity. Other
variables (e.g. age, duration of symptoms) also did not differ significantly at baseline. Post th
treatment of HBOT , in the lesion side group improved by a mean of lines:1.16:1.19 to
2.0511.268 to (p<0.015). In the health vision group, mean improvement was line:4.1611.21to
4.42+1.07( p=0.135). we separated two group: the 4 days boundary of CRAO onset until to
HBOT(3/16). The group of less 4 days(age 68.95+18 years, sex:1male/2 female), The group
of more than 4 days(age59.63+11 years, sex:9male/7 female). the lesion side group of less 4
days have improvement more than 4 days : mean of lines:0.89510.309 to 2.6310.162 to
(p<0.011). The 3 month follow-up visit yielded similar data.

Conclusion : HBOT provides oxygen at leves of atmospheric pressure. The purpose of
hyperbaric oxygen is to preserve the retina in an oxygen state until recanalization and
reperfusion occur, typically at 24-96 hours. Some reseracher describe that there are important
key factors to determine the HBOT success: time at HBOT is started. The improvement may
be related to the early timing of the treatment of our patients of CRAO. .

Keywords: Central retinal artery occlusion (CRAO), Hyperbaric oxygen therapy (HBOT),
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Early intervention of hyperbaric oxygen l

therapy on crush injury : A Case Report
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Application of Hyperbaric Oxygen Therapy in Central Retinal Artery Occlusion (CRAO)-A
case report and review of literature
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Age>40

Presentation within 24h of vision loss

Corrected visual acuity 20/200 or worse

Visual acuity still 20/200 or worse with pin hole testing

No history of recent eye trauma

No pain associated with the vision loss

- No history of acute onset of flashes or floaters prior to vision loss -
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Experience of using hyperbaric oxygen therapy (HBOT) in carbon
monoxide p0|son|ng W|th compartment syndrome
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Experience of using hyperbaric oxygen therapy (HBOT) in sudden
sensorlneural hearlng Ioss (SSHL)
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Experience of using hyperbarlc oxygen therapy (H BOT) in tendon rupture
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Hyperbaric Oxygen Therapy in the Management
of Hand Crush Injuries
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Purpose

Hyperbaric Oxygen therapy (HBOT) can improve tissue hypoxia and stimulate acute wound healing and has been an adjuvant treatment for crush
injury. However, previous studies were mostly case series without a control group and the actual role of HBOT in crush hand injury is still not
clear. This study aims to evaluate the efficacy of HBOT as an adjunctive therapy to the surgery in patients with a crush hand injury.

Methods

We retrospectively reviewed the chart and photos of crush hand injury patients between January 2018 and May 2020. The patients were
classified as HBOT and a control group. The wound photos of the injured hand were reviewed by a therapist who didn’t know the patient’s group.
The skin necrosis area, skin graft or flap survival area were evaluated by percentage. Excluding the patients undergoing abdominal or groin flap,
the time for wound healing, hospital stay, total operation times and complications were recorded and analyzed.

Results

Sixty patients with a crush hand injury were enrolled. The When excluding the patient undergoing groin flap, there’s no
patients consisted of 50 males and 10 females with a mean  significant difference in time for wound healing (35.1.122.6 VS
age of 39.5113.6 years. 27 patients received the HBOT 42.1122.2 days, p=0.27), hospital stay ( 12.1110.1 VS 10.719.2,
while 33 patients were the control group.(Tablel) The p=0.61), operation times (2.48+1.89 VS 2.52+1.52, p=0.94) and
average session of HBOT was 17.1 (2-32) per patient. The wound injury area (62.4143.2cm2 VS 49.2+48.1cm2, p=0.32), but
usual protocol was 120 minutes with 100% oxygen at 2.5 the HBOT group seemed to have more graft/ flap survival area
atm. The demographic data and the characteristics of (98.613.2% VS 89.4121.6%, p=0.1).(Table2)

injury were similar between the two groups.
Table 2. Outcome of the treatment group (Excluded the patient underwent groin flaps)

HBO(n=22) Control(n=27) P value

Table 1. Patient Demographics and Injury Characteristics

HBO(n=27) Control(n=33) P value

Total injured area (cm?) 62.4+43.2 49.2 +48.1 0.32

Age (years) 38.0+13.3 40.7 +13.6 0.45 . .

S 03 Wound infection 7(25.9) 8(24.2) 0.88
Male 21(77.8%) 29(87.9%) Secondary amputation 5(18.5) 6(18.2) 0.97
Female 6(22.2%) 4(12.1%) Skin graft area (cm?) 24.3+19.0 14.9+9.2 0.14

Smoking 10(37.0%) 9(27.3%) 0.42 Necrosis percentage (%) 20.5£24.6 19.9+12.6 0.92

Hi %BA%) 4(12.5%) 069 Skin graft take rate (%) 98.6+3.2 89.4+21.6 0.10

DM 0 4(12.5%) 0.13 ;

- -

Finger amputation 9(33.3%) 16 (48.5%) 024 H.ospltal stay (Days) 12.1£10.1 10.7£9.2 0.61

Total injured area (cm?) 85211322 5234478 0.5 limeto wound heal (Days) 35.1£22.6 42.14222 0.27

Reconstruction method Total Operation 2.48+1.89 2.52+1.52 0.94
STSG 10(37.0) 15(45.5) 0.51
Groin flap 5(18.5) 4(12.1) 0.72

Time to Wound Healing Skin Graft Healing Rate

50 120

100

80

60

40
20 .
0 e

Pure crush injury Combined finger amputation Total patients Pure crush injury Combined finger amputation Total patients

Figure 1. A 37-year-old woman suffered from
right hand crush injury with avulsion flap, and
underwent primary closure with HBOT 15m, 90 mHBO m Control o

i 2 B Control
mins for 23 sessions.

Conclusion

The patients’ injury profiles were diverse in this study, however, HBOT may be effective in
improving wound healing and skin graft or flap survival. We believe that HBOT is a useful
adjunct in the management of crush hand injury. Further study is required.

SRERBEL I FIHIREEEP D
FABEN RIZES
Chang Dun Hao, jchang50002000@gmail.com

Figure 2. A 18-year-old man had right middle, ring
and little finger crush injury with middle finger
devascularization. After restoring circulation,
artificial dermis was used for wound coverage.
After HBOT 10m, 60 mins for 20 sessions,
granulation tissue grew well with subsequent good
result of skin graft.
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Hyperbaric Oxygen Therapy for chronic Wounds Care-Case Report
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Top-100 cited Hyperbaric Oxygen Therapy Related Papers from 2011 to 2020
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Globalization and International Collaboration of Hyperbaric Oxygen Therapy:
Perspectives from Publications in Undersea and Hyperbaric Medicine, 1974 to 2020
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v Hyperbaric Oxygen Treatment of BK Virus-related
Hemorrhagic Cystitis-Case Report
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R fd 3] ARG BB M R E o & % b %4 B0 8 44 (hematopoietic stem  cell
transplantation, HSCT)#7 4% % R, 89 #f 5 - Ewbl'ii%iﬁ/r»é o6y kB B E A o BAF
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B AL AR B9BKR B 7E 10 0 1A f i B Bk X (BK virus-associated hemorrhagic cystitis,
BKHC) » B E M T F £ R FHRAE KA -

18 5 8 7

BEAHRLE > BAHEMAKEFIHME G BALL (Acute lymphoblastic leukemia) »
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A case report of hyperbaric oxygen assisted treatment of
sequelae of toxic multiple neuropathy caused by snake bite
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Early Intervention of Hyperbaric Oxygen in

the Treatment of Burns Injury : A Case Report
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Use Multimedia Digital Audio and Video Discussion on the Achievement
of Interventional Hyperbaric Oxygen Treatment
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Incdence and the Risk Factors of Central Nervous System
Oxygen Toxicity during Hyperbarlc Oxygen Therapy
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Purpose

Oxygen-toxic seizure is a rare but serious
side effect of hyperbaric oxygen therapy
(HBOT), and the real-world data is absent
in Taiwan. The objective of this study was
to analyze the incidence and the risk
factors of HBOT-associated central
nervous system (CNS) oxygen toxicity in a
medical center of Taiwan.

Materials and Methods

This is a retrospective observational study
of consecutive patients receiving HBOT in
Tri-service General Hospital from January
2012 to December 2020. All patients with
seizure during HBOT were recorded. We
excluded subjects with seizure due to
hypoglycemia. Demographic and clinical
data were extracted for analysis.

Results

A total of 52753 chamber sessions of
HBOT (5936 patients) were done during
this period, and 23 episodes (22 patients)
of oxygen-toxic seizure were recorded.
The incidence of CNS oxygen toxicity was

0.417%o0 (Figure 1, Table 2).

52753
chamber
sessions
Av4

[ 24 episodes ] [1 H)‘pogl}‘cemla]
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22 patients

.

Figure 1

The maximal compressing pressure > 2.0
ATA and the diagnosis of acute carbon
monoxide poisoning are the risk factors
associated with CNS oxygen toxicity in
patients receiving HBOT (Table 1).
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Table 1
Gender patients percent Time patients percent
Male 9 41% Descending 2 9%
Female 12 59% Bottom 18 82%
Age Ascending 2 9%
<30 2 23% Depth(FT/SW)
30-40 —+ 18% 33 2 9%
40-50 4 18% 50 13 S9%0
50-60 6 2% 60 2 9%
=60 5 14% 66 5 23%

Among these episodes, 12 (55%) occurred
during the treatment for acute carbon
monoxide poisoning (Table 2). A subgroup
analysis showed that 83% (10/12) oxygen-
toxic seizure occurred during the first 3
chamber sessions in patients with the
diagnosis of acute carbon monoxide
poisoning (Figure 2).

Table 2 Number of o Incidence
treatments (%o0)
O 5270 2 0.227
NF 1563 2 0.038
OM 4860 2 0.038
SD 5729 2 0.038
Radiation cystitis 6724 1 0.019
Hypoxic 3869 1 0.019
DCS 1636 1 0.019
Pressure ‘and 765 1 0.019

Oxygen resistance

Chamber sessions 52753 22 0.417

Number of times

m1

)

m=4

Figure 2

Conclusions

The incidence of HBOT-associated CNS
oxygen toxicity in our patient population is
greater than historical reports, which may
be associated with the higher prevalence of
acute carbon monoxide poisoning in
Taiwan. Oxygen-toxic seizure may occur
during the first 3 chamber sessions of
HBOT for these patients.
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Retrospective Study of Adult Patients with Idiopathic Sudden Sensorineural Hearing Loss

Treated with Hyperbaric Oxygen Therapy
Hsu Hui Wang Jia-Hung Wang Hou-Tai Chang
Hyperbaric Oxygen Treatment Center, Far Eastern Memorial Hospital, Taiwan

Objective

This retrospective study examined the adult patients
with idiopathic sudden sensorineural hearing loss
ISSNHL) treated with hyperbaric oxygen therapy
HBOT), and if there is prognostic factor predicting
better hearing recovery chance .

Material and Method

From 2017 to 2019 ,patients receiving HBOT in Far
Eastern Memorial Hospital due to ISSNHL were
included in study. Patients without follow up
audiogram, not meeting criteria of ISSNHL,
receiving HBOT <2 times, age under 20 years old ,
interval from symptoms to HBOT >180 days, or
known etiology were excluded. Hearing
improvement was analyzed using average hearing
level of 250Hz, 500Hz, 1KHz,2KHz,4KHz in pure
tone audiogram. Hearing recovery is defined as
hearing level improvement 210dB, and further
classified into complete recovery (All 5 frequencies
within20dB),good recovery(230dB),fair recovery(10-
29dB), and no recovery(<10dB). Age, grade of
initial hearing loss, interval from symptoms to HBOT,
and if receiving intratympanic steroid injection(ITSI)
was compared to see if significant difference of
hearing recovery exist.

Result

79 patients were included in analysis. 78 of 79
patients received systemic steroid before or during
HBOT and 46 patients received ITSI. Total hearing
recovery rate was 58.23%. 27(34%) patients had
complete or good hearing recovery. If the patients
received HBOT within 14 days from symptoms
onset , the hearing recovery rate increased to
83.33%. There were no significant difference of
hearing recovery when compared age, grade of
initial hearing loss, and if receiving ITSI.

TABLE |
PATIENTS' DEMOGRAPHIC AND CLINICAL
CHARACTERISTICS
Characteristic Value
TOTAL 79
Age (Years)
- Range (Mean)
- >=60 27
- < 60 52
Sex
- Male 42
- Female 37
Side
-Right 37
-Left 42
Grade (averaged hearing level)
-1 (<=40dB) 1
-2 (41-60dB) o
-3 (61-90dB) 36
-4 (>90dB) 33

Data represent numbers of patients unless indicated otherwise.

BELHETER

FAR EASTERN MEMORIAL HOSPITAL

DISTRIBUTION OF HEARING IMPROVEMENT AFTER TREATMENT

Characterics Hearing improvement ? Improvement rate (%)
(0
Yes No
Oveall improvement rate
-Complete Recovery b 759
-Good Recovery Al 26.58
Fair Recovery 19 2405
-Total Recovery kK] 58.23
-No Recovery < aum
Total n=79 L]
Age (years)

>=60 yrs 16 11 §9.26
<B0yrs Kl 2 5882
Grade (averaged hearing level)

1(30-400B) 1 0 100
-2(41-60d) 3 b XKL
-3(61-90dB) /K] 13 63,89
4>%0d8) 19 14 §7.58
Duration from symptoms to HBOT

(-7 days 15 1 ANE)

814 days | b 7692
0-14 days % 1 8.3
15-30 days 8 12 )
31180 days 3 1 1765
Intratympanic steroid injection
-Yes i) 21 §1.14
No 18 12 60
Conclusion

In our experience, adult patients with ISSNHL
received HBOT and systemic steroid within 2 weeks
from onset of symptom had better hearing recovery
chance. We look forward further prospective trial
with multi-centers and multidisciplinary team
approach for further proof.

Reference :

1 Hughes GB, Freedman MA, Haberkamp TJ, Guay ME. Sudden sensorineural hearing loss.
Otolaryngol Clin North Am 1996;29; 393-405

2 Goto F, Fujita T, Kitani Y, Kanno M, Kamei T, Ishii H. Hyperbaric oxygen and stellate ganglion
blocks for idiopathic sudden hearing loss. Acta Otolaryngol 1979;88:335-42
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Successful treatment with hyperbaric oxygen therapy for patie

with Carbon Monoxide
Ya- Hui Chuang ' Tsai-Fen Chen ' Li-Chung Lee 1,, Jia-Horng Wang 2*
1.Division of Pulmonary Medicine, Department of Internal Medicine,
Far Eastern Memorial Hospital.
2. Hyperbaric Oxygen Center, Far Eastern Memorial Hospital.

Purpose: ntoxication by carbon monoxide (CO) is a very serious problem, CO binds to
hemoglobin with an affinity known to be 200-300 times greater than oxygen, generating
carboxyhemoglobin (HbCO). This reduced oxygen delivery to cells is the explanation for
limitations in the oxygen consumption of cell . Hyperbaric oxygen therapy (HBOT) has been
used to treat patients with CO intoxication and most of treated cases have shown
improvement.
Methods : We collected data which reported CO intoxication that was treated with HBOT in
Far Eastern Memorial Hospital from 2017 Jan. to 2020 Dec. The data collected about 162
patients into the HBOT. Data collect about age. sex and so on. to compare the means,
comparied t test, chi-square test were performed using SPSS Statistics version
19.0(IBM,Armonk,New York,USA).

Results: Totally 162 patients were included (age :36.7+14.9 years, sex: 77male/85 female, th
hours of CO intoxication until to hospital 19+ 95.6,the days of CO intoxication until to HBOT
2.1914.48.the mechanical ventilation ).the percentage of mechanical
ventilation:27/135(16.7%),the successful weaning rate of mechanical ventilation
:25/27(92.5%),the rate of delayed neurological sequelaie:4/162(2.4%), After HBOT , The leve
of COHb :78.9%7to 3.5:0.4%*0.16 (p<0.01), MMSE:26.6412.7 to 29.0£1.59 (p<0.01),the GCS
scale:13.2513.48 to 14.43+1.82 (p<0.01). There was no influence of age, sex on the
occurrence of CO intoxication. Generalized estimating equations identified only
COHb(adjusted odds ration: 257131, p=0.014).,GCS(adjusted odds ration: 0.275, p=0.001),
troponine T(adjusted odds ration: 0.957, p=0.001)as an depedent variables of MMSE
Conclusion : The timing of the HBOZ2 is important and derives the most benefit if done within
the first 6 hours after exposure. HBO2 helps at reducing the risk of DNS by helping with the
ischemia-reperfusion injury in the central nervous system. prevention of morbidity from
delayed neurological sequelae (DNS)represents a substantial cost savings to the health care
system

Keywords: carbon monoxide (CO), Carboxy Hemoglobin (HbCQ), Hyperbaric oxygen
therapy (HBOT), delayed neurological sequelae (DNS)
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' | ]unat!ve hyperbaric oxygen therapy for Traumatic Diffuse Axonal Injury—
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» CTscan :
Soft tissue swelling and
hematoma at the left
frontal and orbital region
1s seen, favors due to post
trauma.
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Hyperbaric oxygen intervention regulated microRNAs related signaling in human osteoarthritic chondrocytes
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Purpose: MicroRNA (miRNA) are a class of noncoding small RNAs that act as regulators of gene expression. This

study was to determine miRNA changes in OA chondrocytes after hyperbaric oxygen (HBO) treatment.

Materials & Methods: OA chondrocytes were separated from the knees of OA patients. The hyperoxic cells were
exposed to 100% O, for 25 min and then to 5% CO2/95% air for 5 min at 2.5 ATA in a hyperbaric chamber. Control
cells were maintained in 5% CO, / 95% air throughout the experiment. MicroRNA expression profiling was performed
using TagMan MicroRNA Cards and ABI 7900 Real Time PCR System. MiRNA targets were identified using
bioinformatics and a luciferase reporter assay. MiR-107 mimic was transfected and the HMGB-1 was analyzed in OA
chondrocytes. After HBO treatment, the mRNA or protein levels of HMGB-1, RAGE, TLR2, TLR4, and inducible
nitric oxide (NO) synthase (iNOS) and phosphorylation of mitogen-activated protein kinase (MAPK) were evaluated.
The secreted HMGB-1and matrix metalloproteases (MMPs) levels were quantified. Finally, we detected the HMGB-1
and iNOS expression in rabbit cartilage defects.

Results: Expression levels of 51 microRNAs were down-regulated (ex. miR-455) while 127 microRNAs (ex. miR-140,
and mir-107) were up-regulated in OA chondrocytes after HBO treatment (Fig.1). The 3'UTR of HMGB-1 mRNA
contained a ‘seed-matched-sequence’ for miR-107 (Fig.2). MiR-107 was induced by HBO and a marked suppression of
HMGB-1 was observed simultaneously in OA chondrocytes. Knockdown of miR-107 upregulated HMGB-1 expression
in hyperoxic cells (Fig.3). HBO downregulated the mRNA and protein expression of HMGB-1, RAGE, TLR2, TLR4,
and iNOS, and the secretion of HMGB-1 (Fig.4). HBO decreased the nuclear translocation of nuclear factor (NF)-kB
(Fig.5), downregulated the phosphorylation of MAPK (Fig.6), and significantly decreased the secretion of MMPs
(Fig.7). Morphological and immunohistochemical observation demonstrated that HBO markedly enhanced cartilage
repair and the area stained positive for HMGB-1and iNOS tended to be lower in the HBO group (Fig.8).

Conclusions: HBO inhibits HMGB-1/RAGE signaling related pathways by upregulating miR-107 expression in

ecam aman o Predicted consequential pairing of target region (top) and
reioatorn

hsa-miR-49-5p-4378098  pygiion 50.56 of HMGB1 FUTR 5° . . . UGAURUUUUGGAVATUGCUGCRD. . .

human OA chondrocytes.

hsa-miR-107-4373154 L
C HBO (Fig.1) hsa-miR-107 3'  ACUAUCGGGACAUGUUACGACGA
P =0.065 (Fig.2)
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i k#, . Experience Sharing of Hrperbanc Oxygen Therapy
S for Left Cerebral Infarction Stroke and
Nasolacrimal Duct Obstruction—--Case Report
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~ Successful Complete Recovery of Combined sudden and
sensorineural hearing loss Receiving Hyperbaric Oxygen Therapy
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. Experiences in Hyperbaric Oxygen Therapy
' for Bell's palsy-A Case Report
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Incidence of Sudden Sensorineural Hearing Loss (2000-2015)
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Table 1. Demographic characteristics for patients with sudden hearing loss (ICD-9-CM 388.2) T TS s
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Location Northern Taiwan Southern Taiwan P
= > - Figure 3. Average concentrations of PM, ; during 2000-2020 in Northern Taiwan and Southern Taiwan.
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HR5ik 32

2 B 06 BB AR 6 ARG AR OB FRER  RIRE A S A SR B IR SE
A SRPERE B R RIXATPERG R o 12 A BRR LA ARG B R AERZFR L= > RS RAR
ERRGRIEHRBROBMER » BEAXRKEEERENVEERREFTLE - o FTHEAS
B R s IR R 6 B R TRIE AR L & 89 R ) R 0 R R A6 AR SBARBRGE A B[ R AR -

Nt mwkEEEF02F2E F 2 AR (Endometrial endometrioid adenocarcinoma
stage [A, grade 1-2/3)#&4% 25 A #h8h A8 B 45 (Robot-assisted laparoscopic) @ 474 % F%
Tk o 108438 2198 &A109F01 A 2|7 A B F 5 /N B % 18 45 3 /7 4t 4276 % (External
beam radiation therapy, EBRT) o % 4t&pi6 %48 Rk ~ MERBIFEREZHA > 109
F0TA09B Bk A ZEAFISRET LB ERILA R/67% » 10948848 B &R E T AR
(pubic area pain)Z &% K& » &1k J& % (kerolac and morphine) 4714 &K J& 4 A2 IR >
B8 A6B EAmE > BIEAL » RIENEBFHTIRAMR A I 4P LM E 4T > 8A13B @S &7
KBARABRULE SA24B VERBARATEMAR.ZE (Total incontinence) ZEHERL 3R E BS
#7 /% (abdominal CT)#E:2 &5 N BEE A B E - 8A3] B B a4 4iin t
(Fiberocystoscopy ) #8 -~ kB 3 F 435 (o TH) - sk &E &A%  9A1BELR
femBEFILHE  HRARKKRBEGZHEERRAEHE - ABMEZRASERE  2.0-
2.0KAE(ATA) 80448 » B —R > AR RARBETST R E MEARBER IR L iE
REIBGY RGP DR TIHRAREHE GRAEHRKR—FBAAERBER L — A —REF LK K
ABCEERBRNAE AR TR ER -FLEFRELKRAET °

MBEAEHBRAGHGEZIRS | . RGERAR R REGEF @Il : - BRES
R EHAE > B ESHEAREE TS 2. RABKAATR » A AN AL L5 ERF
A B RILA RLE RARBERRE o 3 RIERSGETFAMAE TR > EHRFTIEL 4. BILA
B R IEIhAE » IR A IR > BRRR LA o

T bm B B ER EAKAE > BRATRAE ety 2 8F 0 34 Aol 4a B H A5 SR 69 SRR TE 0 3238
B RIEHBEAERR R EFARBEETHERBE - Wi TER SRAEBRARI SR iR
FiG R R IR KA G R IBERE 0 REBREEFREATT RIS B - AEH B IFERA K&
PEEHAEG ERALRBEFITHAANGRALE  FUERERBRAELTRE - FAAEBERLE
BRE LB E L —IAR B S XAH RGBSR EIR o

. FE - SRAEHES - PH - b ¢ ARMEA B4t - 2009 ;5 P213
2. Jain KK: Textbook of Hyperbaric Medicine. 6th. Cambridge, MA, Hogrefe & Huber

Publishers, 2017 ; P328-330 ﬂ/
A\ pEEE ) e g . ]

China Medical University Hospital | - \

|-




5 B R H BRI £ X LB IE 6076 R K
The efficacy of Hyperbaric Oxygen Therapy as An Adjuvant
mcéﬂm Therapy in the complications after facial dermal filler injection

wHARLY % ﬁl‘i%” BAg &1 Efﬁ%‘

PR B#REMEZER F% BRTC O ITRBERREMEER MERH
BACKGROUNDS Materials and Methods
This real-world study evaluated the We conducted this retrospective study at a
effectiveness of hyperbaric oxygen (HBO)  single medical center from September 2012
for the complications after facial filler to December2019. Patients who were treated

injection. We try to figure out what kinds of - \yith HBO due to complications after facial

filler injections and patients’ characteristics plastic surgery with dermal filler injection are
are prone to complication after the surgery. ganrolled.

We allso eva}luated the effect|vene§s qf Dae I R
HBO in the improvement of complications

after dermal filler injection. PR 2
Age 20~52 (mean age: 34.9)
Gender Female: 27, Male: 2

HBO 2-20 secessions (average: 8.2)

R ES U LTS Table 1: Patient characteristics

A total 29 patients are treated with HBO for complications after filler injection. Most of
patients are female (n=27, 93%), the mead age was 34.9. The fillers category are variable;
hyaluronic acid in 10 patients, radiesse in 14 cases , one with sculptra , material were
unknown in the rest 4 cases. The complications are categorized into 4 groups. 1. Injection
site reaction, without antibiotic treatment (n=4) 2. Infection, such as cellulitis (n=15), all the
patients also received antibiotic treatment for infection control. 3. skin necrosis (n=5), 4.
Vision loss or cerebrovascular accident (CVA) (n=5).

Patients are treated with HBO from 2 to 20 secessions; the average is 8.2 secessions.
Patients complicated with visual impairment or CVA are treated more secessions than other
groups. The outcome of HBO therapy is promising. Most of the patients recover well, only 1
patients received flap reconstruction due to skin necrosis, and one patient had permeant
visual loss.

CONCLUSIONS

1. HBOT is beneficial for the complications
of facial filler injection

2. Vascular occlusion disease may need
more sessions

3. The study need more case number for
further evaluation the outcome for HBOT

Figure 2: 45M, cellulitis post HA injection
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Case Report - Hyperbaric oxygen therapy in patients with
lymphedema
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Patient treated by Hyperbaric Oxygen Therapy
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Introduction _________ Discussion

Hyperbaric oxygen therapy (HBOT) is one of the choices for emergent
medical treatments in which gas bubbles are released in the tissues
leading to profound disturbances of physiological processes and tissue
injury. There are two major pathways for gas bubble disease, including
decreasing in ambient pressure (known as decompression illness, DCI)
and intravascular entrainment of gas (usually of iatrogenic origin).
However, whether DCI or iatrogenic arterial gas emboli, hyperbaric
oxygen is the most important treatment. This therapy causes not only a
mechanical diminution of the gas bubble by raising the ambient
pressure, but in application of Henry's law, it creates systemic
hyperoxia. This hyperoxia produces an enormous diffusion gradient for
oxygen into the gas bubble as well as for egress of the gas from the
bubble.

We present a case with a satisfying clinical outcome of patient who
accepted HBOT after the brain air embolism.

Case report

The 47-year-old female with a history of type A aortic dissection with
severe aortic regurgitation status post Bentall procedure presented to our
emergent department (ED) because of progressive shortness of breath
for one day.

She received Bentall procedure, ascending aorta and total arch
replacement, and frozen elephant trunk one month ago. At ED, the chest
radiography showed pleural effusion, and pericardial effusion was found
by sonography. Due to the cardiac tamponade with shock, the
pericardiectomy was performed subsequently. On the first day after
operation, endotracheal tube was weaned smoothly. She suffered from
conscious change with nystagmus after removed endobronchial tube.
Emergent brain CT showed stippled intense hypodense spots suspected
brain air embolism. (Figure 1.) Due to the air embolism, we performed
hyperbaric oxygen therapy for her (2.5 ATA, 90 minutes). On the post-
operative two day, the patient was recovered with better conscious and
stable vital signs in the following few days. In addition, the brain MRI
follow-up one week and three weeks respectively after the hyperbaric
oxygen therapy revealed decrease of the initial air embolism, and much
disappear of previous restricted distribution. (Figure 2A&B. were
SWAN, Figure 3A&B. were DWI) Due to the improvement of both
clinical condition and image, she then received hyperbaric oxygen
therapy ten dives. The patient finally was discharged with well condition
and appetite, and regularly followed at outpatient department.

Many treatments have been reported for the air embolism, and giving
the immediate treatment which aims to interrupt the intervention that
caused the embolic event is essential. In comatose patients, the
cardiopulmonary resuscitation and endotracheal intubation should also
be performed as soon as possible to maintain adequate oxygenation and
ventilation. Besides, hyperbaric oxygen (HBO) has been advocated as a
therapy for brain air embolism by Peirce in 1980, Tibbles & Edelsberg
in 1996, and Hampson in 1999. However, there has been a few
criticisms about the use of HBO due to the lack of prospective studies in
humans confirming its efficacy, and only a few animal studies have
shown the benefits of HBO therapy in brain air embolism.

In 2013, Wondwossen G. Tekle and his colleagues reviewed medical
records and neuroimaging of 36 consecutive cerebral arterial gas
embolism (CAGE) patients treated with HBO at a state referral
hyperbaric facility over a 22-year period. They analyzed the effect of
demographics, source of intra-arterial gas, signs and symptoms, results
of imaging studies, time between event and HBO treatment, and
response to HBO treatment in 36 consecutive patients. A high
proportion (72%) of CAGE patients treated with HBO had favorable
outcomes which was defined by complete resolution or improvement of
CAGE signs and symptoms at 24 h after HBO treatment. Time-to-HBO
= 6 hours increased the odds of favorable outcome, whereas the
presence of infarct/edema on CT/MRI scan before HBO reduced the
odds of a favorable outcome. The article showed timely diagnosis and
differentiation from thrombo-embolic ischemic events appeared to be an
important determinant of successful HBO treatment.

Therefore, in our case, the patient accepted HBO as soon as possible
after the brain air embolism was diagnosed, and she was recovered
with better conscious and stable vital signs. She finally received ten
dives of HBOT, and was discharged with well condition and appetite,
and regularly followed at outpatient department.

Conclusion

As more and more surgical and minimal invasive procedures were
executed, we should be aware of the brain air embolism, especially in
patients who develop sudden neurological symptoms. A prospective
study which was mentioned above showed patients treated with
hyperbaric oxygen less than 6 hours had a better outcome than those
treated later. Another animal studied showed that even 48 hours after
induction of brain gas embolism, the outcome improved with hyperbaric
oxygen therapy.

Therefore, from the experience of our case, we suggest that the
diagnosis of brain air embolism in patients who received invasive
medical procedures should be kept in mind, and execute hyperbaric
oxygen as soon as possible after the air embolic event happened.
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Hyperbarlc Oxygen Therapy Attenuates Muscle Atrophy Following Burn

HYPERBARICHS

Introduction

Neuronal inflammation and apoptosis in spinal ventral horn contribute to
muscle atrophy after burn. Hyperbaric oxygen therapy (HBOT) exerts
anti-inflammatory and neuroprotective effect. Furthermore, hypoxia-
inducible factor (HIF)-1a has been reported to promote inflammation and
trigger apoptosis. We investigated the therapeutic potential of HBOT on
burn-induced muscle atrophy and the role of HIF-lo in burn-induced
muscle atrophy.

Materials and Methods

1. Grouping

18 SD rats were divided into three groups (each n=6) randomly at D-1.
* Control group: the rats received sham burn and sham treatment.
* Untreated burn group: the rats received sham HBOT post-burn.
* HBOT group: the rats received two weeks HBOT on days 28 to 41
after burn.
2. Burn-induced rat model

Untreated burn group and HBOT group received burn injury at DO. The
right hind paw of the rats were placed on the iron plate with a heated
circulating water bath at a temperature of 75 = 0.5 °C while giving 100-
grams-weight pressure on to hold the contact for 10 seconds.

3. HBOT

* The rats in the HBOT group were placed in a '
hyperbaric chamber (Genmall Biotechnology
Co., Ltd., Taiwan) and received HBOT (100%
oxygen at 2.5 ATA for 90 mins) on days 28 to
41 after burn.

* The chamber gradually pressurized to 2.5
absolute atmospheres (ATA) at the rate of 0.125
ATA/min, being decompressed to 1 ATA at the
same rate after finishing 90 minutes treatment.

4. Behavior test by incapacitance meter (Singa Technology, Taipei, Taiwan)

A incapacitance meter was used to measure the ratio of weight
distributed between an injured and non-injured hindpaw, while
normal rats distribute weight 50-50. The weight balance tests
were performed over a 5-s period for 3 measurements, and the
change in hindpaw weight distribution was calculated.

5. Histological examination

Lumbar spinal cord (L3-L4) ventral horn and gastrocnemius muscle
were analyzed at six weeks (W6) post-burn.

Figure 1: Experimental design and behavior test results.
(A) Time course of experimental design

{A} 1.Ventral homn of spinal cord
2.Gastrocnemius muscle
Burn Harvest
Pa—— Sham HBOT (1ATA room air, 90min/day)
‘ HBOT (2.5ATA Oxygen, 90min/day)
L 1 1 1 1 1 1 J
Day-1 WO w1 w2 wa w4 W5 Wé
t 1 1 1 t t t

Hind limb weight bearing test (once every week)

(B) Incapacitance test results of each group at indicated time
points. Ratio of weight distributed between an injured and

"l

§ “ non-injured hindpaw was measured. HBOT significantly
3 improved the weight bearing of right hindpaw on week 5 and
3 . w w week 6 post-burn. Data are displayed as mean * standard
: "% deviation. ##%p < 0.001. (n=6 rats per group).
? ? ~* Control
g ' %" Untreated Burn: Burn + Sham HBOT

L] 1 1 3 4 5 L]

~ HBOT: Burn + HBOT

1. HBOT attenuated bum-induced muscle atrophy.

Control Untreated Bum Figure 2: HBOT improves burn-induced muscle

['f&" 'w T atrophy and  fibrosis by histological
HAE stain - examination.(A)Hematoxylin and Eosin (H&E)
& . stain and (B) Immunofluorescences of Laminin of
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gastrocnemius muscle cross-sections for each
group at days 42 post-burn. HBOT improves the
decrease of myofiber cross-sectional area post-burn.
(C) Picrosirius red and (D) Masson’s trichrome
stain of gastrocnemius muscle section to display
total collagen content. Results are shown as
percentage area of collagen in gastrocnemius
muscle section. There is a significant increase of
collagen deposition in gastrocnemius muscle in
untreated burn groups compared with control and
HBOT groups. Original magnificationsx400. Scale
bars, 50 um. *p < 0.05, **p < 0.01 compared with
indicated group.

[0 Untrasted Burn: Burn + Sham HEOT
I HBOT: Burm + HBOT

Figure 3: HBOT attenuates burn-induced
muscle wasting by immunofluorescence and
western blot (A)lmmunofluorescence of muscle
ring finger-1 (MuF-1) (red) in gastrocnemius
muscle. MuF-1 which participates in skeletal
muscle atrophy, was up-regulated in untreated burn
group and HBOT attenuated the phenomenon.
Nuclei of the cells in the muscle sections were
counterstained with DAPI (blue) (B) Western blot
analysis of atrogin-1, an important regulators of
ubiquitin-mediated protein degradation in skeletal
muscle. HBOT attenuated a significant decrease of
atrogin-1 following burn. (C) Western blot analysis
of cl-caspase-3 and -9. HBOT also improve the up-
regulation of caspase cascades post-burn. Scale
bars, 50 um. *p < 0.05, **p < 0.01 compared with
indicated group.

2. HBOT attenuated burn-induced motor neuroinflammation in ventral horn.
(a) (TR

Control  Untreated Burn  HBOT
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Figure 4: HBOT inhibits burn-induced
neuroinflammation in the ventral horn of spinal
cord

Cantrol (A)Representative immunofluorescence images of
PNFKD —  — GFAP (red) and NFkB (green) is the ventral horn
P8 of spinal cord. HBOT decreases NFkB-mediated
astrocyte activation post-burn. (Scale bars, 50 pm).
(B) Western blot analysis of p-NFkB and p-IkB in
the ventral horn of spinal cord. HBOT attenuated
the increase of p-NFkB and p-1kB following burn.
*p<0.05, **p <0.01, ¥**p < 0.001 compared with
indicated group.
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2. HBOT attenuated burn-induced motor neuron apoptosis by modulating
AKT/mTOR/ HIF-1¢.

(A} (&)

Control  Untreated Burn  HBOT

——

Figure 5: HBOT attenuates burn-induced
neuronal apoptosis in the ventral horn of spinal
cord. (A)Merged images of TUNEL assay (red)
and NeuN (green). Decreased TUNEL-positive
cells (double stained, arrows) in HBOT group. (B)
Images of cleaved(cl)-caspase-3 (red)/NeuN (green)
double immunofluorescence shows that HBOT
decreases the number of caspase-3 positive neuron
post-burn (double stained, arrows). (Scale bars,
100 um) (C)Western blot analysis of cl-caspase-3,
cl-caspase-9, BAX and BCL-2. A decrease of
caspase cascades and BAX/BCL-2 ratio in HBOT
group. *p < 0.05, **p < 0.01, ***p < 0.001
compared with indicated group.
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Figure 6: HBOT attenuates burn-induced
neuronal apoptosis by modulating AKT/mTOR/
HIF-1a.

(A) Western blot analysis of AKT, mTOR and HIF-
la. HBOT decreases the expression of AKT,
mTOR and HIF-1a post-burn. (B)
Immunofluorescence of HIF-la (red) and NeuN

(green). Images of HIF-lu (red)/NeuN (green)
double immunofluorescence shows that HBOT
decreases the number of HIF-la positive neuron
post-burn (double stained, arrows). (Scale bars,

100 um). *p < 0.05, **p < 0.01 compared with
indicated group.
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Our study suggests that HBOT mitigates burn-induced neuronal
apoptosis in ventral horn post-burn by modulating HIF-1a signaling.
HBOT further attenuated denervated gastrocnemius muscle atrophy
and fibrotic changes after burn injury.
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