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Ⅰ



• Recreational/advanced recreational/technical diving

• Professional diving
• Inland/inshore diving

• Offshore diving

• Archaeological and scientific diving

• Media diving

• Recreational instructors and guides

• Police, military



• Diving bell

• Diving helmet

• Open-circuit SCUBA

• Rebreather
• Closed circuit oxygen rebreather

• Closed circuit mixed gas rebreather

• Semi-closed rebreather
• Constant mass flow

• Constant ratio 

• Modern hose-supplied diving equipment
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Boyle’s law

Dalton’s law

Henry’s law



=101.325 kPa

=1,013 millibars

=760 mmHg(torr)

=14.696 psi

=1.013 bar

=10.08 meters of seawater

=33.07 feet of seawater

• 1 Atmosphere(ATA)

=100 kPa

=1,013 millibars

=760 mmHg(torr)

=14.7 psi

=1 bar

=10 meters of seawater

=33 feet of seawater



• At a constant temperature, the volume of a gas is 

inversely proportional to the pressure (P1V1 = P2V2)

Barotrauma

Arterial gas embolism



Pulmonary barotrauma in a diver 

during breath-hold ascent
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• The sum of partial pressures of gases in a mixture 

must equal the total pressure of the mixture. 

• SCUBA at 66fsw = 2 atm

+ 1 atm = 3 ATA

• pO2 = 3 ATA x 0.21 = 0.63 ATA

• pN2 = 3 ATA x 0.78 = 2.34 ATA

O2 toxicity
N2 narcosis



• Amount of gas dissolved into a liquid 

is directly proportional to the partial pressure of that gas.



Pulmonary Barotrauma
Ear Barotrauma

Sinus Barotrauma
Other Barotrauma

Decompression Sickness

Inert gas narcosis
Hypoxia

Oxygen toxicity
Carbon dioxide toxicity

High-pressure neurological 
syndrome

Drowning syndrome
Seasickness

Cold and hypothermia
Scuba divers’ pulmonary 

edema

Barotrauma Decompression Sickness

Abnormal gas pressures Aquatic disorder



잠수병

Ⅲ

• Caisson's disease

• Dysbarism

• Bends



• Caused by bubbles in blood or tissue 
during or after a reduction in environmental pressure(decompression)

I. Decompression sickness(DCS):
• In-situ bubble formation from dissolved inert gas

II. Arterial gas embolism(AGE):
• Alveolar gas or venous gas emboli into the arterial circulation

 증상만으로 신경계 DCS와 AGE의 구분이 매우 어려움

 보통 신경계 DCS와 AGE의 치료법 동일



Uptake and elimination of inert gas

• Perfusion & Solubility

• Faster tissue: lung, brain, heart, kidney

• Slower tissue: bone, fat



• Direct mechanical disruption of tissue.

• Occlusion of blood flow, platelet deposition 

• Coagulation cascade activation

• Endothelial dysfunction

• Capillary leakage

• Endothelial cell death, complement activation

• Inflammation

• Leukocyte-endothelial interaction





• 잠수 중 급상승

• 반복잠수 (불충분한 휴식)

• 잠수 후 항공기를 타고 비행

• 터널이나 케이슨(고압환경) 작업

• 여압장치가 없거나 고장난 항공기를 타고 고공비행

• 저압챔버 훈련



after surfacing

• Immediate ~ 10 minutes: AGE

• Within 1 hour: 42 %

• Within 3 hours: 60 %

• Within 8 hours: 83 %

• Within 24 hours: 98 %

• 일주일 뒤에 발생도 가능
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HBOT 직후



5일 뒤



1개월 뒤







• 58/M, Occupational diver, collapsed 

after the rapid ascending.

• Syncope, LOC.

• Initial CT presented with bubbles in 

both lateral ventricles at the regional 

emergency medical center



• After 200 min from the symptom, the patient 

received the first HBOT at 1.5 ATA for 70 min 

• After 2 additional sessions of 2.0 ATA for 120 

min, the patient was transferred to the HBOT 

center with the UHMS certified diving 

physician. 

• On arrival, both upper and lower extremities 

showed motor grade 2 with right shoulder 

joint pain.

• Brain MRI showed recent infarction in the right 

medulla and the right mid-cnetrum semiovale. 



• USN TT6 with extended time was used.

• Additional HBOT with TT6 and TT5 was done. 

• On arrival, both upper and lower extremities showed motor grade 2 with right 

shoulder joint pain.



• After 14 treatment sessions of USN TT5, symptom recovery plateaued. 

• Continued with rehabilitation for 2 weeks and discharged with a walker ambulation to 

local hospital for additional rehabilitation.



• 69/F, ingested 200cc of H2O2 to relieve 

arthritis pain. 

• Developed throat pain, chest pain, severe 

abdominal pain, nausea, and vomiting. 

• After arrival to local hospital ER, M/S 

deteriorated to drowsy with hoarseness in 

voice. 

• After the endotracheal intubation, CT scan 

presented with gas formation in the portal 

and mesenteric veins. No definite air in 

Brain CT. Computed tomography of the abdomen showing gas in the 

portal (arrow heads) and mesenteric veins (arrow) (A) and 

gastric wall (B) before hyperbaric oxygen therapy, and 

computed tomography showing that the gas disappeared after 

hyperbaric oxygen therapy (C, D)



• USNTT5 done, her abdominal symptom 

improved and m/s was alert.

• Follow-up CT showed no more gas. 

• MRI after 12 hr of ingestion presented with 

lesion on left inferolateral aspect of the 

cerebellum.

• Dischaged without any neurological 

sequalae 

Figure 3. Diffusion-weighted imaging and apparent diffusion 

coefficient mapping performed after hyperbaric oxygen therapy 

show acute cytotoxic edema lesions at the left inferolateral

aspect of the cerebellum 







• Inner-ear barotrauma

• Middle-ear or maxillary sinus over-inflation

• Contaminated diving gas and oxygen toxic effects

• Musculoskeletal strains or trauma sustained before, 
during, or after diving

• Seafood toxin ingestion (ciguatera, puffer fish, paralytic 
shellfish poisoning)

• Immersion pulmonary edema

• Water aspiration

• Co-incidental, unrelated acute neurological disorder
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• Immediate reduction in bubble volume

• Increasing the diffusion gradient for inert gas from the 
bubble into the surrounding tissue

• oxygenation of ischemic tissue

• reduction of CNS edema

• reduction in neutrophil adhesion to the capillary 
endothelium



Notes;

1. If a complete neurological exam 
was not completed before 
recompression, treat as a Type II 
symptom.

2. Treatment Table 6 may be 
extended up to four additional 
oxygen-breathing periods, two at 
30 feet and/or two at 60 feet.

3. Diving Supervisor may elect to 
treat on Treatment Table 6.

4. Treatment Table 5 may be 
extended two oxygen-breathing 
periods at 30 feet.















• Transport to nearest chamber vs in-water recompression

• 100% O2, hydration, supine (not Trendelenberg)

• Unpressurized aircraft < 1000ft



• The sooner the treatment initiated, the better the outcome

• Cases of improvement have occurred even after about a 
week following the pressure exposure



• Patients treated for DCS or AGE: 72 hours

• Tenders on Treatment Table 5,6,6A: 24 hours



• Type I DCS: 

• 7 days after successful completion of HBOT

• AGE or type II DCS: 

• 30 days after initial diagnosis and treatment



• Limb pain, cutaneous(skin rash with severe itching), lymphatic(swelling 
of tissues) or non-specific(persistent headache, excessive fatigue, loss of 
appetite, nausea) manifestations only; 
• With uncomplicated recovery: 24 hours

• Where there has been a recurrence or relapse requiring further recompression: 7 
days

• Neurological or pulmonary manifestations: 
• Altered sensation involving the limbs only: 7 days

• Other neurological(including audiovestibular) or pulmonary manifestations: 28 
days
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L: left
R: reached

S: surface
B: bottom

TBT: total bottom time
TDT: total decom.time
TTD: total time of diving



• 일회잠수: 체내 잔여질소가 없는 상태에서의 잠수

• 반복잠수: 이전 잠수로 인하여 체내 잔여질소가 남아있는 상태에서의 잠수

• 표면간격(Surface Interval): 반복잠수 시 이전잠수와 다음잠수 사이 간격

• 비감압한계: 주어진 수심에서 감압정지가 필요없는 최대허용한계

• 잔여질소시간: 이전잠수로 체내에 남아있는 질소를 감안하여 반복잠수시 해저체

류시간에 포함시키는 시간







이전 잠수의 잔여질소시간과 다음 잠수의 실제 해저체류시간의 합









RNT: residual nitrogen time
ABT: actual bottom time
ESDT: equivalent single dive time



74 fsw 깊이에서 10분간 잠수
1) 비감압한계 시간은?
2) 반복잠수군은?



60 fsw 깊이에서 30분간 잠수 후 두번째 잠수를 50 fsw 에서 60분간 시행할 예정
두번째 잠수에서 감압하지 않고 상승하려면 수면에서의 최소 휴식시간은?
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• Must be able to determine whether or not a person is fit to 

undertake commercial offshore diving activities

• Able to assess a diver’s fitness to return to diving after serious 

illness(including DCI) or accident

• Able to give advice to any commercial diver, or to his supervisor, 

who may have concerns about fitness to dive because of some 

individual’s problem









Guidelines for 

Recreational Scuba Diver’s Physical Examination

1. Neurological
• Relative risk conditions

• Complicated migraine headaches whose symptoms or severity impair motor or 

cognitive function, neurologic manifestations

• History of head injury with sequelae other than seizure

• Herniated nucleus pulposus

• Intracranial tumor or aneurysm

• Peripheral neuropathy

• Multiple sclerosis

• Trigeminal neuralgia

• History of spinal cord or brain injury



Guidelines for 

Recreational Scuba Diver’s Physical Examination

1. Neurological
• Temporary risk conditions

• History of cerebral gas embolism without residual where pulmonary air 

trapping has been excluded and for which there is a satisfactory explanation 

and some reason to believe that the probability of recurrence is low



Guidelines for 

Recreational Scuba Diver’s Physical Examination

1. Neurological
• Severe risk conditions

• History of seizures other than childhood febrile seizures

• History of TIA or CVA

• History of serious (CNS, cerebral or inner ear) decompression sickness with 

residual deficits



Guidelines for 

Recreational Scuba Diver’s Physical Examination

2. Cardiovascular systems
• Relative risk conditions

• History of CABG

• Percutaneous balloon angioplasty or coronary artery disease (CAD)

• History of myocardial infarction

• Congestive heart failure

• History of dysrhythmias requiring medication for suppression

• Valvular regurgitation



Guidelines for 

Recreational Scuba Diver’s Physical Examination

2. Cardiovascular systems
• Severe risk conditions

• Venous emboli, commonly produced during decompression, may cross major 

intracardiac right-to-left shunts and enter the cerebral or spinal cord 

circulations causing neurological decompression illness

• Hypertrophic cardiomyopathy and valvular stenosis



Guidelines for 

Recreational Scuba Diver’s Physical Examination

3. Pulmonary systems
• Relative risk conditions

• History of asthma or reactive airway disease(RAD)

• History of exercise induced bronchospasm(EIB)

• History of solid, cystic or cavitating lesion

• Pneumothorax secondary to:

• Thoracic surgery

• Trauma or pleural penetration

• Previous overinflation injury

• Obesity

• History of immersion pulmonary edema restrictive disease

• Interstitial lung disease: may increase the risk of pneumothorax



Guidelines for 

Recreational Scuba Diver’s Physical Examination

3. Pulmonary systems
• Severe risk conditions

• History of spontaneous pneumothorax

• Impaired exercise performance due to respiratory disease



Guidelines for 

Recreational Scuba Diver’s Physical Examination

4. Gastrointestinal
• Temporary risk conditions

• Peptic ulcer disease associated with pyloric obstruction or severe reflux

• Unrepaired hernias of the abdominal wall large enough to contain bowel 

within the hernia sac could incarcerate



Guidelines for 

Recreational Scuba Diver’s Physical Examination

4. Gastrointestinal
• Relative risk conditions

• Inflammatory bowel disease

• Functional bowel disorders



Guidelines for 

Recreational Scuba Diver’s Physical Examination

4. Gastrointestinal
• Severe risk conditions

• Gastric outlet obstruction of a degree sufficient to produce recurrent vomiting

• Chronic or recurrent small bowel obstruction

• Severe gastroesophageal reflux

• Achalasia

• Paraesophageal hernia



Guidelines for 

Recreational Scuba Diver’s Physical Examination

5. Orthopaedic
• Relative risk conditions

• Amputation

• Scoliosis must also assess impact on respiratory function and exercise 

performance

• Aseptic necrosis possible risk of progression due to effects of decompression 

(evaluate the underlying medical cause of decompression may 

accelerate/escalate the progression)

• Temporary risk conditions

• Back pain



Guidelines for 

Recreational Scuba Diver’s Physical Examination

6. Hematological
• Relative risk conditions

• Sickle cell disease

• Polycythemia vera

• Leukemia

• Hemophilia/impaired coagulation



Guidelines for 

Recreational Scuba Diver’s Physical Examination

7. Metabolic and endocrinological
• Relative risk conditions

• Hormonal excess of deficiency 

• Obesity

• Renal insufficiency



Guidelines for 

Recreational Scuba Diver’s Physical Examination

7. Metabolic and endocrinological
• Severe risk conditions

• The potentially rapid change in level of consciousness associated with 

hypoglycemia in diabetes on insulin therapy or certain oral hypoglycemic 

medications can result in drowning

• Pregnancy: diving is not recommended during and stage of pregnancy or for 

women actively seeking to become pregnant



Guidelines for 

Recreational Scuba Diver’s Physical Examination

8. Behavioral health 
• Relative risk conditions

• Developmental delay 

• History of drug or alcohol abuse

• History of previous psychotic episodes

• Use of psychotropic medications



Guidelines for 

Recreational Scuba Diver’s Physical Examination

8. Behavioral health 
• Severe risk conditions

• Inappropriate motivation to dive – solely to please spouse, partner or family 

member, to prove oneself in the face of personal fears

• Claustrophobia and agoraphobia

• Active psychosis

• History of untreated panic disorder

• Drug or alcohol abuse



Guidelines for 

Recreational Scuba Diver’s Physical Examination

9. Otolaryngological
• Relative risk conditions

• Recurrent otitis externa

• Significant obstruction of external auditory canal

• History of significant cold injury to pinna

• Eustachian tube dysfunction

• Recurrent otitis media or sinusitis

• History of TM perforation/tympanoplasty

• History of mastoidectomy

• Significant conductive or sensorineural hearing impairment

• Facial nerve paralysis not associated with barotrauma

• Full prosthedontic devices

• History of mid-face fracture/head and/or neck therapeutic radiation

• Unhealed oral surgery sites

• History of temperomandibular joint dysfunction

• History of round window rupture



Guidelines for 

Recreational Scuba Diver’s Physical Examination

9. Otolaryngological
• Severe risk conditions

• Monomeric TM

• Open TM perforation

• Tube myringotomy

• History of stapedectomy/ossicular chain surgery

• History of History of inner ear surgery

• Facial nerve paralysis secondary to barotrauma

• Inner ear disease other than presbycusis

• Uncorrected upper airway obstruction

• Laryngectomy or status post partial laryngectomy

• Tracheostomy

• Uncorrected laryngocele

• History of vestibular decompression sickness



Thank you


