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Abstract: Hyperbaric oxygen therapy (HBOT) is a well-established treatment for carbon monoxide 

(CO) poisoning. HBOT is performed in a hyperbaric chamber, which increases the atmosphere 

absolute (ATA) and oxygen concentration in the chamber. To ensure patient safety during HBOT, a 

gas monitoring system is used to monitor the oxygen levels, ATA, and other parameters. This study 

aims to perform the safety evaluation of the monoplace hyperbaric chamber compared to a gas 

monitoring system in the treatment of CO poisoning. In addition, it examined the clinical 

characteristics of the patients diagnosed with CO poisoning who performed HBOT. In the safety 

evaluation of the monoplace chamber, it was compared the values of oxygen (O2), carbon dioxide 

(CO2), humidity, and temperature were measured in the hyperbaric chamber and gas monitoring 

system when operating at 2.0 ATA and 3.0 ATA. Moreover, in the clinical characteristics of patients 

with CO poisoning who performed HBOT, 1,006 patients were analyzed by using the data registry. 

Under the condition at 3.0 ATA, the average CO2 was higher in the hyperbaric chamber than in the 

gas monitoring system (p<0.001). Also, the average humidity was higher in the hyperbaric chamber 

than in the gas monitoring system (p=0.004). Under the condition at 2.0 ATA, the average humidity 

was higher in the hyperbaric chamber than in the gas monitoring system (p<0.001). Also, the average 

temperature was lower in the hyperbaric chamber than in the gas monitoring system (p<0.001). The 

mean age of the 1,006 CO poisoning patients who received HBOT was 44.93±19.78 years. According 

to the source of CO, 680 patients (67.6%) visited ER most commonly due to charcoal. The median 

maximal CO exposure time and time from rescue to ER were 4.0 hours and 3.09 hours, respectively. 

The median GCS score at the scene or ER was 15. According to the underlying comorbidities, 

psychiatric diseases (19.5%) were the most common, followed by hypertension (18.1%) and diabetes 

mellitus (11.5%). In the emergency room, some patients had appeared symptoms such as loss of 

consciousness (59.8%), shock (6.7%), or seizure (8.3%). The results of this study could be expected 

that HBOT can be effectively performed by monitoring the gas concentration change inside the 

hyperbaric chamber. 

Keywords: hyperbaric oxygen therapy; monoplace chamber; mechnical safety; gas monitoring 

system 

 

1. Introduction 

In humans, oxygen plays an important role in providing energy and maintaining life and 

function [1]. Oxygen in the blood is divided into combined and dissolved oxygen. Since oxygen has 

low solubility at atmospheric pressure, most of the oxygen during respiration is combined with 

hemoglobin in the blood to become bound oxygen, and the remaining oxygen is released into the air 

through gas exchange or dissolved in plasma (dissolved oxygen) [2]. In general, combined oxygen 
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that is larger than dissolved oxygen passes smoothly through capillaries to each organ and cell that 

requires it. When blood vessels are abnormally narrowed due to unhealthy diet, smoking, drinking, 

obesity, etc., or when blood obesity increases due to diabetes or hyperlipidemia, the bound oxygen 

combined with hemoglobin cannot pass through capillaries. A variety of diseases and defects are 

associated with a lack of oxygen supply (hypoxia), which can lead to severe disability and even death 

[3]. 

The first report on the therapeutic use of hyperbaric oxygen therapy (HBOT) was published in 

1879 by Fontaine, a French surgeon who believed that pressurized oxygen chambers could help with 

anesthesia [4]. HBOT is used to treat patients by supplying 100% oxygen at more than twice the 

atmospheric pressure. This therapy is commonly applied to treat cesarean disease, gas poisoning, 

wounds, and burns. It is known to be effective in decompression sickness (DCS), carbon monoxide 

(CO) poisonings, diabetic foot, etc. Research on indications is being actively conducted [5-6]. Also, 

the Undersea and Hyperbaric Medicine Society (UHMS) in the United States provides guidelines and 

recommendations for the use of HBOT in various medical conditions. For clinical efficacy, it was 

specified that the pressure must be greater than or equal to 1.4 atmosphere absolute (ATA), and in 

clinical practice, pressures applied usually range from 2.0 to 3.0 ATA [7]. CO is a common worldwide 

poison and, thus, treatment options are an important subject for global health [8]. CO poisonings vary 

from 14 to perhaps 160/100,000 people annually, with higher incidence in some developing countries 

[9]. Intentional poisonings account for the majority of deaths, which are due to the cardiac insult 

arising from hypoxic stress mediated by carboxyhaemoglobin (COHb) and mitochondrial 

dysfunction [10]. Accidental exposures represent the majority of non-fatal poisonings, and in the 

United States, it costs over $1 billion annually for direct hospital care and lost earnings [11]. Morbidity 

is related to neurological injuries. cognitive, vestibular and motor impairments occur in ~25–50% of 

survivors from severe poisoning [12]. Sethuraman and Thom presented that HBOT at a dose of 2.5–
3.0 atmospheres absolute (ATA) is a necessary treatment for acute CO poisoning with appropriate 

consideration for pathology and therapeutic mechanisms [13]. 

Hyperbaric chambers are used in high-pressure environments where a pressure of at least two 

or more times atmospheric pressure is set and maintained. It is treated for 45 to 300 minutes in a 

pressurized environment with 1 atm or 2 atm pressure depending on the purpose or severity. 

According to recent studies on the indications of HBOT, it is expected to have positive effects in the 

treatment of hypoxia, oxidative stress, inflammation-induced brain damage, congenital cerebral 

palsy, stroke, autism, Alzheimer's disease, Parkinson's syndrome, and chronic Lyme disease, and 

cancers [14]. Although no clear evidence for the effects and mechanism of HBOT on the treatment of 

intractable diseases has been discovered, it has shown favorable results in many clinical cases. 

According to the number of users, it was classified into monoplace and multiplace chamber [15]. 

Monoplace chamber delivers oxygen to the patient's tissues through breathing, and multiplace 

chamber delivers oxygen to the patient's tissues through a breathing aid such as a mask. In the case 

of a monoplace chamber, gas monitoring inside the hyperbaric chamber is important because oxygen 

is consumed and carbon dioxide is increased because treatment is performed in a closed volume. 

Values may vary slightly depending on where the oxygen and carbon dioxide concentrations are 

measured in the hyperbaric chamber. In general, 100% oxygen is supplied during HBOT, but the 

oxygen concentration in the hyperbaric chamber may not be constant because a difference in oxygen 

partial pressure may occur according to a pressure change. The goal is to increase the effectiveness 

of HBOT by measuring the concentration change of these internal gases and supplying low carbon 

and high oxygen to the patient. In addition, the temperature and humidity are fluctuated together 

according to the change in pressure in the closed treatment device, and when the pressure rises, the 

temperature and humidity also rise together. It is important to measure the changing pressure and 

maintain the temperature and humidity according to the pressure change in order to provide the 

optimal treatment environment to the patient and to become an accurate HBOT.  

According to the current status of hyperbaric chamber deployment investigated by the Korean 

Academy of Undersea and Hyperbaric Medicine, the number of medical institutions capable of 

HBOT in Korea increased from 21 to 50 in 2021 compared to the first survey in 2017. The details of 
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number of medical institutions capable of HBOT increased from 8 to 13 for tertiary general hospitals, 

from 3 to 17 for general hospitals, and from 10 to 20 for hospitals and other medical institutions. The 

number of multiplace hyperbaric chambers increased from 12 to 30, and the number of monoplace 

hyperbaric chambers increased from 13 to 43 [16]. 

However, to the best of our knowledge, there has been no study that has verified safety and 

effectiveness through evaluation of the pressure, oxygen concentration, etc. of a monoplace 

hyperbaric chamber during HBOT. This study aims to develop a gas monitoring system for safety 

evaluation of the monoplace hyperbaric chamber. In addition, it examined the clinical characteristics 

of the patients diagnosed with CO poisoning who performed HBOT using a monoplace hyperbaric 

chamber. 

2. Materials and Methods 

2.1. Monoplace Hyperbaric Chamber and Ethical Approval 

IBEX M2 (IBEX Medical systems, Wonju, Republic of Korea) was a newly developed and recently 

commercialized monoplace hyperbaric chamber as a medical device for testing (Figure 1). It was 

applied the automatic control system including the anti-barotrauma technology. This study was 

approved by the Institutional Review Board of Wonju Christian Hospital (IRB Approval No. 

CR320074). 

 

Figure 1. Equipment information. 

 

2.2. Development of the Gas Monitoring System and Its Connection to the Chamber 

A sensor kit was developed by selecting a data recorder and a transmitter. The O2H-9903SD (LT 

Lutron Electronic Enterprise Co. Ltd., Taiwan) is the data recorder that was capable of O2, Humidity, 

and Temperature detection into the SD memory card. Also, the CD-100 (ELT SENSOR Corp., 

Republic of Korea) is the one-board type transmitter that was capable of measuring CO2 

concentration (Figure 2). The developed gas monitoring system was connected with a hose after 

installing a penetrator on the door side of the monoplace hyperbaric chamber. (Figure 3). 

 

Figure 2. Development of a gas monitoring system. 
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Figure 3. Installation of a penetrator for sensing on the door of the monoplace chamber. 

2.3. Pressure Value Settings Which Are Mostly Used in Hospital HBOT Protocols for the Safety and 

Effectiveness Evaluation of Monoplace Hyperbaric Chamber 

The main symptoms and signs that require HBOT for CO poisoning are ECG abnormal findings, 

metabolic acidosis, abnormal blood test findings, when pregnancy is suspected, chest pain, coma, 

disorientation, personality change, and consciousness change. During the first HBOT session, initial 

compression was performed to 2.8 ATA for 45 minutes, followed by 2.0 ATA for 60 minutes [17]. 

Similar to what Thom et al. reported, figure 4 showed the treatment protocol for acute CO poisoning 

in the HBOT center of Wonju Severance Christian Hospital. The 1st treatment was performed using 

both 3.0 ATA and 2.0 ATA for a total of 135 minutes. Before starting HBOT session, it was prepared 

for max compression for 15 minutes and then performed initial compression for 45 minutes to 3.0 

ATA. Then, the pressure was reduced from 3.0 ATA to 2.0 ATA for 5 minutes, and air break was 

maintained for 5 minutes. Next, it was followed by 2 ATA for 55 minutes and ended with 

depressurization for 10 minutes. Other than the 1st treatment was performed using 2.0 ATA for a 

total of 110 minutes. Before starting HBOT session, it was prepared for max compression for 20 

minutes and then performed initial compression for 100 minutes to 2.0 ATA. After that, it was 

decompressed for 15 minutes (Figure 2). According to HBOT protocol for acute CO poisoning, the 

measured values between the hyperbaric chamber and the gas monitoring system were compared at 

two pressure conditions, 3.0 ATA and 2.0 ATA. 

 

(a) Protocol for 1st treatment 
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(b) Protocol other than 1st treatment 

Figure 4. HBOT treatment protocol mostly which is used in hospital. 

2.4. Study Design 

When the monoplace hyperbaric chamber was operated at 3.0 ATA and 2.0 ATA, the values of 

oxygen, carbon dioxide, humidity, and temperature were measured in the chamber and gas 

monitoring system, respectively. In 2.0 ATA, the subject entered the chamber, but in 3.0 ATA, the 

subject did not enter the chamber to prevent a situation in which the subject could be in danger due 

to high pressure. The data has measured a total of three times during the chamber operating at 10 

minutes, 20 minutes, and 30 minutes after pressurization, and this sequence was repeated five times. 

Finally, after improving the function of the chamber based on the measured data, the test was 

performed again in the same process. 

Also, the CO poisoning registry data used in this study were derived from a cohort at a single 

tertiary academic hospital. The HBOT records which was stored in the monoplace hyperbaric 

chamber and medical records were retrospectively analyzed for patients with CO poisoning. Clinical 

variables were evaluated in patients with CO poisoning as follows: age, sex, vital signs (systolic blood 

pressure, diastolic blood pressure, pulse rate, respiratory rate, and body temperature), CO source 

(charcoal, gas and oil, fire, or drug co-ingestion), maximal CO exposure time, time from rescue to ER 

arrival, Glasgow coma scale (GCS) at the time of rescue or ER arrival, comorbidities (diabetes 

mellitus, hypertension, dyslipidaemia, lung diseases, cardiovascular disorder, liver diseases, kidney 

diseases, stroke, cancer, or psychiatric diseases),  and any interval of loss of consciousness, shock, 

seizure. 

2.5. Statistical Analysis 

Statistical analysis was performed using IBM SPSS Statistics Version 25.0 (IBM Corp., Armonk, 

NY, USA). In this study, the values measured in the monoplace hyperbaric chamber and a gas 

monitoring system were compared. Comparisons among the measured data were expressed as 

means with the standard deviations for continuous variables. Differences were assessed using the 

independent t-test or Mann-Whitney U test for continuous variables and the χ2 test or Fisher exact 

test for categorical variables. It was interpreted as statistically significant when the p-value was less 

than 0.05. 

3. Results 

3.1. Comparison between the Monoplace Hyperbaric Chamber and a Gas Monitoring System 

In the air pressure condition at 3.0 ATA, the average carbon dioxide was higher in the hyperbaric 

chamber than in the gas monitoring system (447.22±7.85 PPM vs. 137.56±43.7 PPM, p<0.001). Also, 

the average humidity was higher in the hyperbaric chamber than in the gas monitoring system 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 January 2024                   doi:10.20944/preprints202401.0109.v1

https://doi.org/10.20944/preprints202401.0109.v1


 6 

 

(22.69±13.14 % vs. 5.60±3.93 %, p=0.004). In the air pressure condition at 2.0 ATA, the average 

humidity was higher in the hyperbaric chamber than in the gas monitoring system (40.52±14.13 % vs. 

12.79±7.31 %, p<0.001). Also, the average temperature was lower in the hyperbaric chamber than in 

the gas monitoring system (24.30±0.99 ℃ vs. 27.80±0.54 ℃, p<0.001) (Table 1). 

Table 1. General characteristics of gas monitoring in monoplace hyperbaric chamber at the first test. 

Air pressure Variables Hyperbaric chamber Gas monitoring system at first test p-value 

3.0 ATA 

O2, % 86.77±1.06 86.36±5.98 0.844 

CO2, PPM 447.22±7.85 137.56±43.7 < 0.001 

Humidity, % 22.69±13.14 5.60±3.93 0.004 

Temperature, ℃ 24.54±1.20 25.16±1.08 0.272 

2.0 ATA 

O2, % 86.34±0.75 81.26±12.62 0.261 

CO2, PPM 447.67±8.00 853.78±719.13 0.129 

Humidity, % 40.52±14.13 12.79±7.31 < 0.001 

Temperature, ℃ 24.30±0.99 27.80±0.54 < 0.001 

ATA – Atmosphere absolute; PPM – Parts per million; ℃ - Celsius; * p-value by Fisher's exact test. 

3.2. Clinical Characteristics of CO Poisoning Patients Who Treated with HBOT 

1,006 patients with CO poisoning who performed HBOT were included in this study. The mean 

age of the patients who received HBOT was 44.93±19.78 years. According to the source of CO, 680 

patients (67.6%) visited ER most commonly due to charcoal. The median maximal CO exposure time 

and time from rescue to ER were 4.0 hours [1.0-8.0] and 3.09 hours [1.37-5.47], respectively. The 

median GCS score at the scene or ER was 15. According to the underlying comorbidities, psychiatric 

diseases (19.5%) were the most common, followed by hypertension (18.1%) and diabetes mellitus 

(11.5%). In the emergency room, some patients had appeared symptoms such as loss of consciousness 

(59.8%), shock (6.7%), or seizure (8.3%) (Table 2). 

Table 2. Clinical characteristics of CO poisoning patients who treated with HBOT. 

Variables Total (N=1,006) 

Age, years 44.93±19.78 

Sex, n (%)  

Male 595 (59.1) 

Female 411 (40.9) 

Vital signs  

SBP, mmHg 135.10±25.89 

DBP, mmHg 81.11±16.62 

PR, beats per minute 94.12±19.85 

RR, breaths per minute 19.23±2.23 

BT, ℃ 36.78±0.76 

Source of CO, n (%)  
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Charcoal 680 (67.6) 

Firewood 82 (8.2) 

Gas or oil 152 (15.1) 

Fire 89 (8.8) 

Unknown 3 (0.3) 

Maximal CO exposure time, hours 4.0 [1.0-8.0] 

Time from rescue to ER, hours 3.09 [1.37-5.47] 

GCS score at the ER 15 [10-15] 

Comorbidities, n (%)  

Diabetes mellitus 116 (11.5) 

Hypertension 182 (18.1) 

Lung diseases 35 (3.5) 

Cardiovascular diseases 14 (1.4) 

Liver diseases 18 (1.8) 

Kidney diseases 5 (0.5) 

Stroke 27 (2.7) 

Cancer 32 (3.2) 

Psychiatric diseases 196 (19.5) 

Symptoms at the ER, n (%)  

Loss of consciousness 602 (59.8) 

Shock 67 (6.7) 

Seizure 17 (8.3) 

4. Discussion 

4.1. Differences in Actual Pressure and Gas Concentration between Monoplace Hyperbaric Chamber and Gas 

Monitoring System 

The safety evaluation of hyperbaric chambers for the treatment of CO poisoning has been a topic 

of ongoing discussion in the medical community. The difference in measured values between the 

hyperbaric oxygen chamber and gas monitoring system at 3.0 ATA and 2.0 ATA could be caused by 

a variety of factors. First, the difference in measured values could be caused by the pressure 

differences. The hyperbaric chamber was designed to operate at higher pressures than normal 

atmospheric pressure. Under the condition at 3.0 ATA, the increased pressure could cause the 

concentration of CO2 to increase as the air became more saturated with CO2. This would be explained 

by the higher CO2 readings in the hyperbaric chamber compared to the gas monitoring system [18]. 

On the other hand, under the condition at 2.0 ATA, the pressure was lower than 3.0 ATA, and the 

opposite effect might occur. Similarly, a study by Ay et al. found that increased pressure in hyperbaric 

chambers could lead to increased levels of humidity due to reduced ventilation and moisture from 

medical gases [19]. Second, the difference in measured values could be caused by the ventilation 
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differences. The hyperbaric chamber might have different ventilation settings than the gas 

monitoring system. At 3.0 ATA, the lower ventilation rate in the hyperbaric chamber might allow 

CO2 to build up, which could contribute to the higher CO2 readings. Similarly, the higher humidity 

readings might be due to a lower ventilation rate and the use of medical gases that could introduce 

moisture into the chamber. Lastly, the difference in measured values could be caused by the 

temperature differences. The hyperbaric chamber might be at a different temperature than the gas 

monitoring system, which could affect the readings of humidity and temperature. At 2.0 ATA, the 

lower average temperature readings in the hyperbaric chamber might be due to the lower ambient 

temperature in the chamber [20]. 

4.2. Clinical Characteristics of CO Poisoning Patients Who Treated with HBOT 

Additionally, the clinical characteristics of patients with CO poisoning can greatly impact the 

effectiveness of HBOT. The severity and duration of exposure, as well as the patient's overall health 

status, can play a significant role in determining the outcome of treatment. It is important for 

healthcare providers to consider these factors when deciding whether to use HBOT as a treatment 

option for CO poisoning. In this study, several comorbidities that might affect the outcomes of 

patients with CO poisoning were presented. According to the underlying comorbidities, psychiatric 

diseases were the most common, followed by hypertension and diabetes mellitus. Patients with 

psychiatric diseases might be at increased risk for CO poisoning due to impaired judgment, substance 

abuse, or living in suboptimal environments with poor ventilation. In addition, CO poisoning could 

cause neurological and psychiatric symptoms, which may exacerbate pre-existing mental illness or 

lead to new onset psychiatric disorders [21]. Hypertension had been associated with increased 

susceptibility to CO poisoning and worse outcomes in CO poisoning patients, possibly due to 

increased vulnerability of blood vessels and tissues to hypoxia [22]. Patients with diabetes mellitus 

might be at increased risk for CO poisoning and worse outcomes due to microvascular and 

macrovascular complications of diabetes, which could affect blood flow and oxygenation in tissues 

[23]. 

5. Conclusions 

In this study, it was developed a gas monitoring system and validated to evaluate the 

mechanical safety and effectiveness of a monoplace hyperbaric chamber. By developing a gas 

monitoring system and installing a penetrator for sensing on the chamber door, it was possible to 

measure more accurate values than the existing measurement method. In addition, it was confirmed 

that there were no problems by analyzing data from the monoplace hyperbaric chamber equipped 

with the developed gas monitoring system actually used to treat patients with carbon monoxide 

poisoning. 

In conclusion, the safety evaluation of hyperbaric chambers and the clinical characteristics of 

patients with CO poisoning are crucial considerations in the management of CO poisoning. Based on 

the results of this study, it is possible to measure the gas concentration at the door in the direction of 

the head where the patient breathes, making it possible to analyze the gas at the position where 

breathing actually takes place. In the future, it can be expected that HBOT can be effectively 

performed by monitoring the gas concentration change inside the hyperbaric chamber. 
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