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Bubble Briefing 

Decompression Sickness 



Robert Boyle is credited with the  
first recorded description of the 

effects of Decompression Sickness 
1670 

  “I have seen a very apparent bubble moving 
from side to side in the aqueous humor of 
the eye of a viper at the time when this 
animal seemed violently distressed in the 
receiver from which the air had been 
exhausted.” 



DCS 
   A disorder caused by the formation of 

bubbles in the blood and tissues following a 
sudden drop in the surrounding pressure, as 
when ascending rapidly from a dive, and 
characterized by severe pains in the joints 
and chest, skin irritation, cramps, and 
paralysis. 
 

 Probabilistic Phenomenon 
 

 DCS is not just one disease 
 
 
 
 
 
 
 
 

 
 



DCS Synonyms 

 The Bends, Caisson Disease, Taravana (ER 
Cross – Tuamotu Archipelago), 
Decompression disease, Diver's Condition, 
Diver's Palsy, Dysbaric Illness, Tunnel 
Disease, Chokes, Divers lice 
 

 Note: DCI encompasses two diseases, 
decompression sickness (DCS) and arterial 
gas embolism (AGE). 



The Bends 



Henry’s Law 
Amount of gas dissolved in a liquid 

directly proportional to the partial pressure 
of that gas 

 
 

      On surface 
 
      On decent 
 
      At pressure 



VENOUS BUBBLE 
Hypothesis 
circa 1980’s 



Gas Phase ALWAYS Present 
 

 Nano-particles (cellular dust)  
 Hydrophobic niche or crevice  
 Mechanical forces 

 cavitation at valves  
 shear forces at joints  

 Heterogeneous sources 
 



Venous Gas Emboli 

 Bubbles in absence of symptoms 
(silent bubbles)  can be observed 
frequently following dives using 
ultrasound 

 In the presence of R to L shunt  , 
VGE can enter L heart and become 
Arterial Gas Emboli (AGE) and 
become symptomatic 
 
 Patent Foramen Ovale (PFO) 



Autochthonous Bubbles 

 Bubbles form within tissues in which the 
inert gas partial pressure exceeds the 
pressure within the tissue 
 
 

 



Isobaric Counterdiffusion Bubbles 

 occurs with 2 gases having different 
diffusion and solubility coefficients; the 
rapidly diffusing gas moves into the 
tissue…the more slowly diffusing (or more 
soluble) gas does not move out as fast, 
resulting in a local supersaturation (from 
heliox to nitrox)  
 

 



Isobaric Counterdiffusion Bubbles 



Bubbles in Joints & Long Bones 
 

 Cause of pain unknown 
 Site: ligaments, tendons, joint space, 

marrow, referred from spinal cord or 
sensory root  

 Bubbles in marrow or intramedullary 
arterioles cause of infarction in long 
bones 

 Dysbaric Osteonecrosis (DON) 
 
 

 



Mechanism of Injury 

 Bubble vascular occlusion  
 - mechanical disruption  

 Endothelial injury  
 - leukocyte adhesion, plasma loss 

 Tissue anoxia  
 Reperfusion injury  

 - oxygen free radical damage 
 - excitatory neurotransmitters 

 Programmed Cell Death (Apoptosis)  
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Paton WDM, Walder DN. Compressed air illness. An investigation during the construction  
of the Tyne Tunnel 1948-1950. MRC Special Report Series No. 281. 1954. 

DCS Acclimatization (Tyne Tunnel 1948) 

1948 Damant & Paton Tables 

2% “Normal” Acceptable Limit 

0.9% 
Mean 

No one 
dropped 
out 



DCS Acclimatization   
(“work-up” dive effect) 

 
 New divers = higher risk of DCS 
 decompression stress transcriptome 
 adaptive immunoinflamatory response by 

modulation of nuclear factors 
 microarray-detected genomic response in 

peripheral blood leukocytes using flow 
cytometry led to 'genetic fingerprint' 
 
 
 



Dive Plan to Prevent DCI 
(mathematical precision?) 

UW
UW
UW 



Symptom Onset (Mild DCS) 

Time after dive Manifestations of DCI 

1 hr 42% 

3 hrs 60% 

8 hrs 83% 

24 hrs 98% 

36 hrs 100% 



Symptom Clusters 
1929 CASES OF DCI 

Ozyigit T, Egi S, Denoble P, Balestra C, AydinS, Vann R, Marroni A.  Galatasaray University, Istanbul. Divers Alert Network. 
Haute EcolePaul Henri Spaak, Brussels, Istanbul University, Hyperbaric Center, Duke University, Durham NC 



Skin Signs - Trivial or Serious? 
 Niggles or Skin Bends (a trivial sign) 

 intensely pruritic, burning 
 serpiginous welts 
 does not require treatment 

 Cutis Marmorata  
(serious sign of  Type 2 DCS) 
 marbling 
 mottled and cyanotic 
 patchy, reddish-purple 

 



The many faces of 
Cutis Marmorata 



Lymphatic DCS 

Anterior abdominal wall Posterior left flank 

Nonspecific Infiltrative soft tissue edema within subcutaneous fat 



Role of Oxygen 
First-Aid  

 Accelerates off-gassing of Nitrogen 
 reduces decompression time 
 excellent First-Aid gas in DCS 

 Does not guarantee full resolution of DCS 
 neurological symptoms may persist 

 Should not be used as a diagnostic tool 
 improvement (or not) on oxygen can be 

misinterpreted 



OXYGEN RECOMPRESSION 



TREATMENT TABLES 

  Table that gives procedures to follow in the 
unlikely event of decompression sickness or 
air embolism.  There are many different 
types of  treatment tables. The one most 
often used starts at a depth of 60 FSW,  
uses breathing oxygen and takes almost 5 
hours to get to the surface in stages. 







In Water Recompression 

 Experience 
 Availability of gases 
 Environmental conditions 
 Hypothermia 
 Seasickness 
 Danger to attendant divers 
 



INCREASED RISK - DCS 

  
  

 Increased depth (pressure) 
 Increased time at depth 
 New on a dive rotation 
 Dehydration 
 ETOH Hangover 
 Flying after diving 
 Exercise or heavy work at depth 
 Exercise after diving 
 Hot showers after diving 
 First day of menstrual flow 
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What DCS Probabilities are 
Acceptable? 

 Institution of Civil Engineers (1936; Walder 1982) 
 2% after susceptible men have left 

 US Navy divers (2000) 
 2% mild, 0.1% serious 

 North Sea commercial divers (1992) 
 0.5% mild, ~0% serious 

 Gulf of Mexico commercial divers (1992) 
 0.1% mild, 0.025% serious 

 DCS Probability: a metric of safety 

Vann RD 



Safety 
 Safe: free from injury 

 Most activities have some risk of injury 

 Safety is the acceptable risk of injury 
 Acceptable risk is determined by the 

probability & severity of injury 
• Knee pain is more acceptable than paralysis 
• A treatable injury (e.g., knee pain) is more 

acceptable than a permanent injury (e.g., 
DON) 

Vann RD 
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