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THE RCN WELCOME LETTER 

2022 proved to be a busy year with the 

diving industry recovering rapidly. Here 

at DAN we dealt with a record number 

of medical calls, and with this, an in-

crease in the number of recompression 

treatments provided. Islands that had 

been completely locked down starting 

welcoming divers back. From what we 

can see now, this trend will increase 

significantly in 2023. 

Unfortunately, the pandemic did result 

in a number of recompression facilities 

losing staff, experiencing the degrading 

in staff skills, not being able to do prop-

er maintenance, reducing their operat-

ing hours and availability, and some 

facilities have even closed down perma-

nently. 

However, from here we will look for-

ward, and our team is pleased to share 

our first RCN Newsletter for 2023. 

The focus on this edition is the question 

of different treatment tables, why and 

how they evolved, and once again em-

phasizing why the USN TT6 is the gold 

standard. 

In our RCN Newsletter #6 that was pub-

lished in 2021, we provided an article 

on the USN treatment tables. In this 

newsletter, we will provide a history of 

the development of other tables that 

you may hear mentioned. Some of these 

are still provided in our industry, based 

on research, experience, specialized 

training, and improved outcomes. For 

most of you, however, you will learn 

that the USN oxygen tables remain the 

industry standard and other regions 

and countries are changing their prac-

tices to use these tables as well. 

Simply put, you will not likely compro-

mise a patient’s recovery when using a 

USN TT6, especially for the first treat-

ment. This remains DAN’s recommend-

ed standard of care. 

You will also learn about an essential 

aspect of ensuring safety in your facili-

ty: do what you have been taught and 

never allow yourselves to forget this. 

The one thing that we all learn from 

history is that we simply don’t learn 

from history. You have a chance to stop 

this pattern by ruling out complacency.   

As international hyperbaric standards 
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THE RCN WELCOME LETTER 

evolve, and hopefully provide more 

practical rules and guidance, we need 

to ensure that we take note of these 

and make changes where necessary. 

The DAN Risk Assessment Guide for 

Recompression Chambers is being up-

dated once again to reflect all the signif-

icant changes over the past 2 years, en-

suring that you have the latest guid-

ance. A new revision should be availa-

ble on our website before the end of 

March this year. Keep a look out for 

this: this publication is especially rele-

vant to most of your facilities. 

As we get back to the business of 

providing essential services to injured 

divers, please remember that we are al-

ways here to help, guide, and support 

you. You can email us directly at 

RCN@DAN.org. 

 

- Francois Burman and the RCN Team 

https://dan.org/safety-prevention/chamber-operation-safety/safety-resources-chamber-operators/
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Complacency: The 

Universal Hazard 

Robert Sheffield, BA, CHT-Admin               

Director of Education, Int. ATMO, Inc. 

 
 

A variety of hazards surround us in al-

most every endeavor. Whether crossing 

a street, driving a car, flying an air-

plane, SCUBA diving, or treating a hy-

perbaric patient, we must be mindful of 

the hazards to which we are exposed. 

The actual risk of a mishap from expo-

sure to a particular hazard varies; but 

it can be quantified. It is a function of 

the frequency of exposure, the severity 

of consequences, and probability of the 

mishap occurring. 

I just returned from a professional soci-

ety meeting; and brought home COVID-

19 – as did about 20% of those in at-

tendance, including six of my personal 

friends. You might be thinking I was 

the culprit. However, I was fully vac-

cinated, had all the available boosters, 

and was asymptomatic before I went 

there. In fact, I flew in one afternoon 

and out early the next morning, only 

spending a few hours at the meeting. 

After more than two years of the pan-

demic, most of us are frustrated by its 

impact on our lives and eager for things 

to be normal. As I write this, most plac-

es in the United States no longer have 

mask mandates or social distancing re-

quirements. Most Americans are going 

to restaurants and other public places 

without masks. The actual risk for con-

tracting COVID-19 varies by individual 

and by situation, but the hazard is still 

there. At my professional society meet-

ing, there were more than 300 of us 

(mostly healthcare professionals), but 

only a few were wearing masks (I was 

not wearing a mask). We increased the 

probability of this risk by being compla-

cent. 

 

 

 

 

Complacency seems to be part of hu-

man nature. Repeated exposure to a 

hazard, without a mishap, builds confi-

dence. It becomes easier to ignore a 

hazard because it hasn’t bitten us yet. 

There is another problem with repeti-

tion. With routine tasks, at some point 

we go on autopilot and perform the task 

without thinking about it. This is a very 

common problem in utilization of 

checklists. Many people perform a 

checklist from memory without properly 

using the visual reminder. Others simp-

ly go through the motions of filling out 
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the checklist (the documentation exer-

cise) without paying attention to what 

they are doing. Maintaining diligence, 

especially with repetitive tasks, is a se-

rious challenge. Becoming complacent 

increases the risk of any endeavor. 

Knowledge is the key. With recommen-

dations and requirements, there is a 

reason behind each recommendation in 

a guideline and each requirement in a 

safety code. Understanding why these 

specific recommendations / require-

ments exist is like a vaccination against 

complacency. It may not be 100% effec-

tive, but understanding should reduce 

the probability of the risk. And like 

some vaccinations, an occasional boost-

er may be necessary. If we periodically 

remind ourselves why we take the safe-

ty measures we do, we are less likely to 

become complacent. 

Click here to read an article about 

checklists. 

Click here to read tips for changing 

complacent behavior. 

https://secureservercdn.net/192.169.221.188/8xo.084.myftpupload.com/wp-content/uploads/2022/01/Sheffield-R-Posey-K-Checklists-010522.pdf
https://www.indeed.com/career-advice/career-development/complacency-in-the-workplace
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Evolution and        

Performance of The 

Comex Tables 

JP Imbert, M Eng (Biomedical) 

 

Introduction 

France has a long tradition in diving, 

and as a consequence, in treating bent 

divers. 

The first account of recompression 

treatments was published in 1854 by 

Pol and Wattelle who reported 16 cases 

of caisson workers experiencing DCS. 

Pol and Wattelle worked in coal mining 

in the north of France. Pol was the en-

gineer and Wattelle, his friend, a medi-

cal doctor. Pol ran pressurized work to 

around 3 atm to prevent water ingress 

in the mine shafts and of course wit-

nessed many cases of DCS. Dr. Wattelle 

described how he and Pol tried to un-

derstand the causes and attempted to 

cure the unfortunate workers. They fi-

nally used recompression to ease the 

symptoms. Pol was involved in the 

treatment of his workers and eventually 

died from consequences of severe de-

compression sickness after he had at-

tended several recompressions with his 

workers. In the paper, written 10 years 

later, Dr. Wattelle recalled the dedica-

tion of Pol and concluded by the sen-

tence: “you only pay when you leave”. 

In 1878, Paul Bert published his fa-

mous book, “La Pression Barométri-

que”, where he demonstrated with dog 

experiments the benefit of oxygen in re-

ducing bubbles produced by a decom-

pression. 

By the turn of last century, the develop-

ment of caisson works permitted the 

edition of early treatment protocols. 

However, it was not until 1933 that Dr. 

Benkhe structured and edited the first 

US Navy treatment tables. In 1965, Dr. 

Workmann conducted the necessary 

revision work to give the treatment pro-

tocols their final form. Meanwhile, Dr. 

Val Hempleman designed the Royal Na-

vy Treatment Procedures. 

The US Navy treatment tables, and in 

particular the Table 6, have since re-

mained the most used protocols, and 

the development of commercial diving 

has permitted the publication of alter-

native procedures. 

At the time, Dr. Xavier Fructus was the 

medical advisor of Comex, a leading 

commercial diving company located in 

Marseille. He spent many nights on the 

phone, assisting work sites involved in 

divers’ treatment because at the time, 

the DCS incidence rate was around 10-

15%. Based on his operational experi-

ence, Dr. Fructus developed in 1974  



February 2023 www.DAN.org RCN@DAN.org Page 7 

the first version of the Comex Medical 

book, which significantly differed from 

the Navy’s practice. It was designed for 

a diving supervisor or a caisson master, 

lost on rig on the other side of the world 

with a small chamber, a few gas quads, 

and a fellow diver to treat, trying to es-

tablish a phone communication with 

Marseille. 

 

 

 

 

 

 

 

 

The First Comex Medical Book, Edited in 1974 

The 1974 Comex Medical Book 

The early 70’s offered the diving compa-

nies the North Sea market for which 

they were not really prepared. This was 

an exciting period for the development 

of diving procedures, but also a time 

where a lot of divers suffered decom-

pression sickness. 

Facing this situation, the medical doc-

tors in charge started challenging the 

idea that prevailed at the time: first 

recompress the patient to the depth of 

relief. This concept was behind some 

deep British treatment tables and has 

remained underlying the US Navy table 

6A, 1A, and 4 with their recompression 

on air to 50 msw (165 fsw.) However, it 

was known that in many cases, after 

the symptoms were relieved, the patient 

would be too deep, and his return to 

surface became a second problem. 

The alternative was to restrict the 

recompression depth and wait until the 

symptoms gradually resolved. In 1974, 

Dr. Fructus edited the Comex Medical 

Book as a blend of the US Navy and 

French Navy tables. He introduced the 

revolutionary Table Cx30 that included 

a 30 msw maximum recompression. 

His idea was to avoid deeper recom-

pression, which he formulated as “give 

time to time”. 

Dr. Fructus also introduced an original 

list of DCS classifications based on four 

symptom types: B, V, N, R, standing for 

Bend (or articular pain), Vestibular, 

Neurological, or Respiratory (for 

chokes). This classification was used to 

enter the treatment flow charts similar-

ly to the Type I/Type II classification in 

the US Navy manual. 

For surface supplied operations, this 

first Comex medical book included a 

long series of treatment tables ranging 

from 12 msw to 30 msw: 

• The Cx12 table, with two hours oxy-

gen breathing at 12 msw, was the 
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starting point of all the treatments 

for pain-only symptoms. 

• The Cx18C, with 40 minutes oxygen 

breathing and the Cx18 L, with 60 

minutes oxygen breathing at 18 msw 

(a short and standard version of the 

USN Table 6) was designed as a 

fallback for the Cx12. 

• The Cx30 table, which included 40 

minutes at 30 msw on 50/50 gas, 

was he ultimate table   for the 

recompression of severe DCS cases. 

 

 

 

 

 

 

 

 

 

 

 

The Comex 1974 Medical Book and its Table for 

Identification of DCS 

The Cx30 was derived from a 30 msw 

recompression table initially designed 

by Prof. Bathélémy at the French Navy 

Diving Department. In the 1974 edition 

of the Comex medical book, the Cx30 

existed in several versions, Cx30, Cx30 

A, and Cx30 AL (60 minutes on mix, or 

90 minutes on air after an oxygen con-

vulsion). The instructions associated 

with the Cx30 tables only specified the 

oxygen percentage without indicating 

the nature of the treatment mix. Dr. 

Fructus kept the option for operational 

flexibility so that people on board could 

use whatever 50/50 nitrox or heliox 

they had available. However, he admit-

ted that he already suspected that heli-

ox was particularly efficient in the 

treatment of air DCS. 

The 1986 Comex Medical Book 

In the 80’s, operations changed in the 

North Sea from platform installation, 

which requires bottom work performed 

in saturation, to inspection and mainte-

nance jobs, which mostly concern shal-

low structures and air diving. Dr. Philip 

James joined the Comex company when 

air diving suddenly increased and re-

cruited many severe neurological DCS 

cases. Dr. James was on the front line 

and directed a lot of Cx30 tables, which 

he systematically performed using 

50/50 heliox. 

In 1986, there was a drastic revision of 

all the Comex diving manuals, associat-

ed to the introduction of new air tables, 

new saturation procedures, and of 

course, a revised set of treatment ta-

bles.  
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The Second Comex Medical Book, Edited in 1986 

Dr. Philip James was instrumental in 

this revision and wanted to simplify the 

Comex treatment procedures. He first 

reduced the DCS type identification ta-

ble to only two options, simple and seri-

ous, as for Type I/Type II in the US Na-

vy manual. 

 

 

 

 

 

 

 

 

 

Comex 1986 Medical Book: Table for DCS Type  

Then, Dr. James reduced the number of 

treatment tables by combining the 

Cx18C and Cx18L tables into a new 

Cx1886 table similar to an extended 

USN Table 6 with 90 minutes oxygen 

breathing at 18 msw. This way, three 

tables only could cover DCS occurrence 

after surface-supplied diving. 

 

 

 

 

 

 

 

 

 

Comex 1986 Medical Book: Treatment Chart for 

Symptoms after Surface-Supplied Diving 

Finally, Dr. James relooked the Cx30 

table and gave it the format that it has 

kept since. 50/50 heliox was specified, 

regardless of the diving mix. 

The problem with heliox was associated 

to isobaric counter diffusion. The effects 

are sometimes beneficial, sometimes 

detrimental, and they depend on: 

• The counter diffusing gases, in this 

case nitrogen and helium. 

• The direction of the exchanges. If the 

two gases changed sides, the end re-

sult may change from super- 
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saturation to under-saturation. 

• The ambient pressure and thus the 

depth. 

In Russia, at the time, Dr. Sokolov had 

developed a systematic approach for the 

treatment of severe cases of DCS using 

heliox saturation. 

In Denmark, Dr. Hyldegaard conducted 

a series of animal experiments and 

demonstrated the capacity of helium 

breathing to reduce the size of nitrogen 

bubbles. He explained that the diffusion 

of helium into the bubble combined 

with the diffusion of nitrogen out of the 

bubble creates a situation of counter 

diffusion. The result is the shrinking of 

the bubble when the tissue is fatty, as 

can be assumed for a neurological tis-

sue (Hyldegaard O, Madsen J. Influence 

of heliox, oxygen and N2O-O2 breathing 

on N2 bubbles in adipose tissue. Un-

dersea Biomed. Research (1989) 16: 

185-193.). He concluded the higher effi-

ciency of 50/50 heliox breathing in the 

treatment of severe DCS after an air di-

ve.  The principle was later endorsed by 

DMAC (DMAC. Note 23. The Use of He-

liox in Treating Decompression Illness. 

1993 – now replaced by DMAC C 23 

Rev.1 – 2014). 

Secondly, Dr. James modified the 

breathing protocol of the attendant af-

ter one case of DCS had been recorded. 

In the new 1986 version, the attendant 

started taking oxygen at the 12 msw 

stop and kept it during the ascent to 

surface. 

This version of the Cx30 table later be-

came a standard in the offshore indus-

try through Comex and its further ava-

tars (Stolt, Nilson, Acergy, Subsea 7, 

etc.). The Cx30 was also adopted by Dr. 

Yehuda Melamed for the Israeli Navy 

and soon appeared in many other navy 

manuals (for instance the Norwegian 

Navy). It finally reached recreational 

diving, and DAN centers refer to the 

Cx30 in several places around the 

world (for instance Malta Mater Dei 

hospital on Malta). The Cx30 became a 

classic. 

 

 

 

 

 

 

 

 

 

 

The 1986 “Classic” Comex Cx30 Table 

Offshore performances of the Comex  
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1986 treatment tables were published 

using the Comex database containing 

at the time around 500 treatments of 

DCS (Imbert, JP. Evolution and offshore 

performances of the Comex Treatment 

Tables.  Workshop on Decompression 

Illness Treatment; 18-19 June 1995; 

Palm Beach, Florida: Undersea Biomed-

ical Hyperbaric Society; 1995). 

The 1990 Comex Medical Book 

In the 90’s, the offshore diving industry 

became a mature industry and better 

controlled its operating procedures. 

DCS became limited to predictable cas-

es: articular pain in the last 10 msw of 

saturation decompression or neurologi-

cal symptoms after a surface decom-

pression. 

In 1990, there was a new revision of the 

Comex diving manual and its medical 

procedures. 

Dr. Philip James, still in charge of the 

North Sea, but also Dr. JY Massimelli 

in Marseille, further reduced the num-

ber of treatment tables by eliminating 

the Cx18 (tables Cx12 and Cx30 were 

kept unchanged). 

The rationale was that if the symptoms 

were pain only, a Cx12 would do the 

job. If the symptoms were serious, com-

pressing to 18 msw would be a waste of 

time since a Cx30 would be much more 

efficient. It was also explained that a 

compression at 18 msw provides too 

high a PO2 that should be optimized to 

around 2 bar, which is the case in the 

tables Cx12 and Cx30. The decision 

flow chart after a surface-supplied dive 

only considered two treatment tables. 

 

 

 

 

 

 

 

 

Comex 1994 Medical Treatment Chart for    

Symptoms after Surface-Supplied Diving 

Current Commercial Diving Practice 

Today, Comex has disappeared into the 

history files, but its contributions still 

remain. The industry has further im-

proved and DCS has become a rare 

event. Companies operating in the 

North Sea report around one case of 

DCS every 10 years. The culture has 

changed too, and the emergency medi-

cal coverage is subcontracted to exter-

nal companies. Therefore, the trend is 

towards standardization and simplifica-

tion because the hyperbaric doctor in 

charge will have to deal with many cli-

ents and varied treatment procedures. 
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A typical decision flow chart is present-

ed below. There is no need anymore to 

make a diagnostic. The recompression 

starts with a systematic Table 6 and is 

oriented for the rest of the treatment 

depending on the response of the pa-

tient at 18 msw. The Cx30 is only there 

for the serious cases, but most of the 

time, the patient benefits from succes-

sive extensions to the Table 6.  

A typical offshore commercial diving medical 

book in 2022 

Conclusion 

The Comex medical book was typical of 

a commercial diving company. It came 

after the Navies had published their 

treatment procedures and used a differ-

ent experience. The treatments and the 

tables were not the same.  

They were also unique in a sense that 

Comex was very involved in hyperbaric 

research. In particular, the table Cx30 

has been very successful and deep 

recompression treatment tables have 

progressively disappeared from the div-

ing manuals. 

These original procedures also evolved 

with time and adapted to the concerns 

raised by specific worksites. If initially 

the treatment procedures were a matter 

of company culture, the international 

dimension of the offshore industry now 

requires standardization, and as a con-

sequence, simplification.  

The Comex Cx30 tables have survived 

this evolution and have become an in-

ternational standard, mainly prescribed 

as a fallback to the Table 6 for severe 

cases. It still appears in many large 

commercial diving manuals.  
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The Catalina Tables 

for Scuba Divers 

Karl Huggins, MS Bioengineering

Twin Harbors, Catalina Island, CA 

Summary 

Initially, the University of Southern Cal-

ifornia (USC) utilized the US Air Force 

(USAF) Treatment Table 8, designed for 

altitude decompression sickness. This 

is based on the US Navy (USN) Treat-

ment Table 6 during the 30 fsw (1.9 

ATA or 9 msw) stage, but instead of 60-

minute sessions with 15-minute air-

breaks, it used 20-minute treatment 

sessions with 5-minute air-breaks for 

the same overall duration. 

Catalina Hyperbaric Chamber 

Why were they developed? 

In response to a review by T.E. 

Berghage in about 1980 stating, “The 

current recompression treatment proce-

dures [US Navy Oxygen Treatment Ta-

bles] appear to provide adequate thera-

py for mild to moderately severe cases 

of illness due to pressure reduction. For 

severe cases, those that make up a 

large portion of the civilian cases treat-

ed by the Navy, it appears that existing 

recompression procedures are only 

marginally effective.”  

What indications are they used for? 

Decompression Sickness and Air 

Embolism 

What are the advantages and  

disadvantages of the Catalina 

treatment tables? 

Advantages: 

• Strives to get the most resolution out

of the initial treatment.

• Allows the resolution of symptoms to

determine the length of the treat-

ment protocol.

• Provides the ability to extend beyond

5 oxygen periods at 60 fsw (1.9 ATA

or 18 msw), without going into a sat-

uration table (USN TT7).

• Is a single table for all treatment

combinations and tender oxygen de-

compression requirements.

• Allows a return to 60 fsw (1.9 ATA or

18 msw) if symptoms reoccur during

treatment as long as there is not ex-

posure beyond the maximum
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of 8 periods at 60 fsw. 

• If 8 treatments have been done at 60

fsw (1.9 ATA or 18 msw), then a re-

turn to 30 fsw is allowed and addi-

tional treatments can be given until

symptom resolution or pulmonary

oxygen toxicity limits prevent further

treatment.

Disadvantages: 

• Can result in treatments of up to 12

hours in duration.

• The potential exists of pulmonary

oxygen toxicity in the tailing end of

long treatments.

Suitability for the Recompression of 

Scuba Divers vs. Military /

Commercial Divers: 

This table is primarily used for the 

recompression of recreational divers, 

although it has been used on some 

deep trimix and commercial divers. 

When would one of these be used in-

stead of a USN TT6? 

When symptoms are still not resolving 

during the 5th (extended) oxygen period 

at 60 fsw (1.9 ATA or 18 msw). 

Are they still in use? 

Yes 

Are there any special considerations 

– like chamber set-up and tender

training?

The tender needs to be aware that they 

could be in the chamber for up to 12 

hours. 

Tenders can be swapped out if needs 

be, but the preference is to “burn” only 

one tender at a time. 

Are they suitable for treatments in 

remote areas? 

Yes, but it will depend upon how much 

oxygen is available and if a comfortable 

temperature can be maintained in the 

chamber. 
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Hawaiian Deep 

Tables 

Bob Sanders, DMT, MD, FACEP, FUHM 

With a recognition to Dr. Richard Smerz, 

DO, who has documented the history of 
the Hawaiian Tables and whose work 
formed the foundation for much of this 

summary. 

Summary 

In the Late 70’s and early 80’s, recrea-

tional diving was exploding! The SPG 

became the “standard”, the octopus 

(safe second, etc.) was a new item, and 

the horse collar was switching over to 

the vest-style BC, allowing the experi-

enced divers to venture further and fur-

ther. In addition, folks who thought div-

ing was only for the explorer started to 

try the sport. Of course, with this explo-

sion came a significant increase in rec-

reational dive accidents.   

Rich in its own history, Hawaii offers 

exquisite warm tropical waters, amaz-

ing views, and varied recreation, all 

with the luxury of United States safety, 

familiarity, and resources.  As such it 

has been for many years, an ideal travel 

destination for people around the word, 

especially for divers. With the military 

presence in Hawaii and the need to 

support the pacific fleet, a hyperbaric 

chamber was established at Pearl Har-

bor and the Navy took on the role of 

treating civilian diving accidents. 

Researchers like Yount, Kunkle, and 

Beckman at the University of Hawaii 

were trying to “crack the DCS code” by 

developing their variable permeability 

model to gain a better understanding of 

the whys and wherefores of decompres-

sion stress and bubble formation/

dissolution.  Spencer was doing his 

work with doppler to understand bub-

ble dynamics. Gernhardt, as an under-

graduate, and later working with Dr. 

Lambertsen, was developing his Tissue 

Bubble Dynamics Model. Bennett  was 

setting a world depth record in a hyper-

baric chamber of 2250’.  It was a great 

time for diving research, and while it 

was clear that Haldane’s work was too 

simplistic, the solution to the “DCS 

code” was still not known.  

What was demonstrated by Beckman 

and Kunkle was that rapid dissolution 

of bubbles required immediate rapid 

recompression, and that the length of 

time required to dissolve bubbles was 

directly proportional to the size of the 

bubble. They found that bubbles grew 

to a size of 1mm in diameter in about 5 

hours, and that after a 60 fsw expo-

sure, it would require about 80 minutes 
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to dissolve, whereas at 220 fsw it would 

require only about 17 minutes. Given 

the fragility of nerve tissue (brain and 

spinal cord) to compromised blood flow 

and hypoxia (brain cell death occurs in 

4 minutes; spinal cord cell death in 30 

minutes), a combination of maximal 

recompression (bubble shrinkage) and 

oxygenation (optimal ppO2) appeared to 

be the best solution (Presented at 2nd 

Japan Working Divers Symposium, 

1980). 

Why were the Hawaiian Tables        

developed? 

As early as 1975, Erde and Edmonds 

(and supported by Davis in 1979 and 

then locally by Kizer in 1980), found 

that the US Navy Dive tables were not 

sufficient for the recreational accidents 

that were occurring.  In 1980, T.E. 

Berghage stated, “The current recom-

pression treatment procedures [US Na-

vy Oxygen Treatment Tables] appear to 

provide adequate therapy for mild to 

moderately severe cases of illness due 

to pressure reduction. For severe cases, 

those that make up a large portion of 

the civilian cases treated by the Navy, it 

appears that existing recompression 

procedures are only marginally effec-

tive”.   

From Kizer’s work in the Hawaiian div-

ing population (n = 255 cases) prior to 

the development of the Hawaiian Treat-

ment tables, the following figures were 

produced: 

• Type I Cases = 41%

• Type II Cases = 59%

• Serious Cases = 49%

• 59% of all cases achieved complete

recovery; 7% had no improvement

• 48% of serious cases had complete

recovery

• 60% of Type I cases had complete

recovery

• Average Time Delay to Treatment =

6.6 Hours

Hawaii (at least from 1988 - 2007) was 

seeing approximately 10% of the US 

recreational cases and as much as 5% 

of the reported worldwide recreational 

dive accidents (Sanders, unpublished 

research).  Such a number was signifi-

cantly impacting the Navy’s operations 

in Pearl Harbor and there was great 

pressure on the state to take over the 

treatment of recreational cases.  With 

the work of Frank Farm and the Hawaii 

Legislature, in 1983 the University of 

Hawaii at Manoa, John A. Burns School 

of Medicine Hyperbaric Treatment Cen-

ter (HTC), was opened to address both 

the issue of numbers of cases and poor 

outcomes with the Navy Tables. The 

goal: Improve Outcomes. 

To do this, Beckman and Kunkle, using 
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the work of this Hawaiian “tiny bub-

bles” group, began by looking at the 

Royal Navy Physiologic Labs tables, and 

then modifying the US Navy Tables 6 

and 6A to the HTC TT60 and TT160. 

Deep tables were added, specifically to 

treat the resistant “Neurologic DCS 

Cases” (brain and spinal cord injury).  

Interestingly enough, all the Hawaii ta-

bles use a staged (slowed) ascent from 

depth to 60 fsw, an addition that the 

US Navy would adopt some 20 years 

later.   

What indications are they used for? 

The Hawaiian “deep tables” (TT160, 

TT220, TT280), the truly unique tables, 

are used primarily for Neurologic De-

compression Sickness and Air Embo-

lism, but the entire library of Hawaiian 

Tables (TT45 [was 47], TTCO, TT60, 

TT160, TT220, TT280) are used to treat 

all 16 approved indications for HBO. 

What are the advantages and disad-

vantages of the Hawaiian treatment 

tables? 

Advantages: 

• Uses pressure (depth) to destabilize

the bubble (“crush it”) to favor reab-

sorption and improve outcomes.

• Strives to get the best resolution out

of the initial treatment.

• Allows the resolution of symptoms to

determine the length of the treat-

ment protocol. 

• Provides the ability to extend multi-

ple periods at any given depth with-

out going into a saturation table

(such as the USN TT7).

• Maximizes pressure and thereby de-

stabilizes bubbles, to minimize the

time a bubble is in contact with the

tissues and causing injury.

• Possible improved outcomes (Smerz

et al, 2005 retrospective):

• All symptomatic cases treated

(n = 889):

• 92.9% of all cases achieved

complete functional recovery;

3.5% had no improvement

• 76.4% of severe cases

achieved complete functional

recovery

• Review: USN Stats

• 59% of all cases achieved

complete recovery; 7% had

no improvement

• 48% of serious cases had

complete recovery

• Divers Alert Network (DAN), in

their annual review and analysis

of US diving accidents and fatali-

ties reports:

• 70% - 75% of cases achieved
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complete recovery at dis-

charge 

• 48% of cases required only 1

treatment; (HTC = 59.2%)

• Average number of treat-

ments was 3.3 per case;

(HTC = 2.1)

• 82.5% of DAN-reported cases

were treated using USN ta-

bles

Disadvantages: 

• Requires a “non-standard” facility

and 3 inside tenders with unique

training.

• Can result in treatments of up to 12

hours or more in duration.

• The potential exists of pulmonary

oxygen toxicity after long treatments

or with tailing treatments.

Suitability for the Recompression of 

Scuba Divers vs Military /                       

Commercial Diving 

While these tables were developed pri-

marily for the treatment of recreational 

divers, they been used very effectively 

on military, deep, trimix, and commer-

cial divers. 

When would one of these be used in-

stead of a USN TT6? 

• Neurologic Decompression Sickness

• Arterial Gas Embolism

Are they still in use? 

Unfortunately, these tables are not in 

use currently, but there are efforts to 

bring them back online. 

Are there any special considerations 

– like chamber set-up and tender

training?

• The chamber system needs to be ca-

pable of depths of 230 feet or more.

• There needs to be multiple locks to

allow the ingress of tenders (and

physicians) while supporting the de-

compression of others.

• These tables require training and ex-

perience.

Are they suitable for treatments in 

remote areas? 

The tender safety and single-treatment 

patient success rate make them ideal 

for remote areas, but the equipment re-

quirements and staffing requirements 

make them less practical than some 

other treatment tables that can be run 

easily in a smaller chamber (Deck De-

compression Chamber [DDC]) with min-

imal staff (Consolidated Catalina Treat-

ment Table [CCTT], Cx30, etc.) 

Bottom line: Myself and the other physi-

cians who have used the tables routine-

ly continue to have confidence in the effi-

cacy and efficiency of the Hawaiian 

Deep Tables. 
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HTC TT60 

Total Time (Without Extensions):                 

5 Hours 20 Minutes 

UPTD = 791 

This table was based on the USN Table 6 (USAF 

modifications) and Royal Navy Physiological 
Laboratory (RNPL ) tables with   decompression

stops at 45 fsw and 15 fsw. 

HTC TT160 

Total Time (Without Extensions):

6 Hours 18 Minutes 

Starting with the USN 6A, the depth was re-

duced to 160 fsw to allow for the use of 50/50 

heliox (changed to nitrox for cost reasons), and a 

more gradual staged ascent from 160 fsw to 60 

fsw was added (the US Navy followed suit some 

20 years later). The TT60 changes were also   

included. 

HTC Dual Nitrox TT220 

Total Time (Without Extensions):

6 Hours 34 Minutes 

Based on the multitude of severe cases which 

failed to completely recover using the USN proto-

cols, the TT220 was conceived which uses 

65/35 Heliox/Nitrox at 220 fsw, switching to 

50/50 Heliox/Nitrox at 150 fsw while ascending 

at a staged manner, then moving to the TT60. 

HTC Dual Nitrox TT280 

Total Time (Without Extensions):

6 Hours 40 Minutes 

Later, the dual nitrox/heliox TT280 was devised 

for more resistant cases, although it was only 

used 29 times (Smerz, 2005). 
15 fsw - 4.7 msw
45 fsw - 14 msw
150 fsw - 46 msw
160 fsw - 49 msw
220 fsw - 67 msw
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Editor’s Note 

Due to the extensive experience and fa-

cilities required for the safe implemen-

tation of these tables, one must caution 

against their use in remote locations. 
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DAN Recompression 

Chamber Network 

Referral Database 

Sheryl Shea, RN, CHT 

DAN maintains a worldwide database of 

recompression chambers that treat di-

vers.  It is most often used to refer di-

vers with symptoms of decompression 

illness. These are mainly recreational or 

technical divers, but we also receive 

calls about pilots, military, commercial, 

public safety, scientific, and aquarium 

divers. We also regularly get inquiries 

from emergency rooms with carbon 

monoxide toxicity patients looking for 

the nearest chamber.  

We receive frequent calls and emails 

from divers and dive leaders who are in 

the process of creating an Emergency 

Action Plan for an upcoming dive trip, 

or commercial or military operation, 

and need to know chamber locations for 

their destination.  

Information on recompression cham-

bers is available to anyone who re-

quests it, at no cost, and they do not 

have to be a DAN member, although 

DAN membership helps support this 

important service. They can call any of 

the DANs on their information line, or 

send an inquiry to Ask-a-Medic on 

DAN.org/Ask-a-Medic. In case of emer-

gencies, the DAN Hotline can be used 

for this purpose.  

The chamber database is not publicly 

accessible. That is because of the 

changing nature of the operational sta-

tus of recompression chambers. Cham-

bers often go off and online due to 

maintenance, breakdowns, staffing lim-

itations, and funding issues, among 

other reasons. By giving each chamber 

information request individual atten-

tion, we can give more accurate, up-to-

date information.  

There are currently 390 chambers in 

the DAN RCN database that treat divers 

and are available 24/7. They tend to be 

in areas where a lot of recreational div-

ing takes place, like Mexico, the Carib-

bean, USA, Philippines, Maldives, Thai-

land, and Egypt.  

DAN Hyperbaric Chamber Map 

But there are also chambers in unex-

pected places where scientific, commer-

cial, and / or military diving takes  

https://apps.dan.org/ask-a-medic?&token=na
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place, like Antarctica. 

Unfortunately, in the USA, the number 

of chambers available to treat emergen-

cies is declining. The cost for mainte-

nance and training, and staff time com-

mitments are major factors in this de-

cline. Chambers that  treat non-diving 

patients, such as wound care, but rare-

ly receive an after-hours emergency 

may decide it is not worth the expense 

and commitment. So, they may still 

treat divers, but only during regular 

business hours. Unfortunately, most 

dive-related accidents don’t occur dur-

ing business hours. Chambers that ex-

ist mainly for treating emergencies, but 

rarely receive one, may close perma-

nently. This can result in extended 

evacuation times over long distances, 

and extreme treatment delays. 

This is where the DAN Recompression 

Chamber Network and chambers that 

treat divers can help each other. The 

RCN Network needs more chambers, 

and once a chamber is listed, there is 

the possibility of the chamber receiving 

more patients. If you are affiliated with 

a chamber that treats divers or are 

aware of one, please contact us! If you 

are not sure if a chamber is already 

listed, let us know and we will check. 

We need some important information to 

get started with adding a chamber to 

the RCN, and by filing in this form, we 

can be sure that details are accurate, 

complete, and accessible to us. This will 

assist in making a rapid referral where 

there is an injured diver. 

Once we receive this form, we will com-

municate with the chamber to verify 

contact details and let them know that 

they are in the RCN database. 

Please note that the form cannot be 

filled in using a web-browser. It needs 

to be downloaded to a computer that 

has Acrobat installed. 

If you know of a chamber that treats 

divers and is perhaps not in the DAN 

database, please feel free to email us at 

RCN@DAN.org, or have them email us. 

We will reach out to them. 

https://dan.org/wp-content/uploads/2020/08/rcn-application-2019.pdf
https://dan.org/wp-content/uploads/2022/04/dan-rcn-form-2023.pdf
https://dan.org/wp-content/uploads/2020/08/rcn-application-2019.pdf
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Compiling a            

Hyperbaric Facility 

Safety  Manual 

Francois Burman, PE 
 

 

 

Confidence in the operational safety of 

a hyperbaric treatment facility   begins 

with documentation. Management, 

whether the unit’s medical director or 

the healthcare facility management 

team, and certainly any external audit 

team, will all want to see how the safety 

system has been documented. 

In the unfortunate case of an accident, 

investigators always start with a review 

of the documentation. 

Even where staff do a great job in tak-

ing care of their own team, patients, 

and the public, the old saying “if it does 

not exist in writing, it does not exist” 

always applies. 

Conversely, a well-documented system 

gives everyone a greater sense of confi-

dence, and in the event of any investi-

gation, will provide management and 

staff with a far greater chance of effec-

tively defending their actions. 

Even when a system is well-

documented, if these documents cannot 

be easily accessed and presented on en-

quiry, once again confidence breaks 

down.  

All of this requires the safety officer to 

carefully collect all documentation, 

make sure that the relevant documents 

are kept up to date, make sure that the 

filing system works, and be ready to 

produce any required document or rec-

ord when asked. 

A hyperbaric facility safety system com-

prises many elements, most of which 

come down to policies and procedures, 

staff records, equipment, and mainte-

nance records.  

With the modern information technolo-

gy and online storage facilities, this can 

be done using a secure electronic, pa-

perless system. 
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Guidelines for Compiling a Safety   

Manual 

Compiling a safety manual is not simp-

ly a tedious task for the safety officer; 

instead, the whole idea is to produce a 

highly relevant, practical reference 

guide to: 

• enable effective management 

• ensure consistency in practices 

• enable all new appointees to under-

stand the full scope of their activities 

and responsibilities 

• provide specific job responsibilities 

• ensure system readiness and pre-

paredness 

• provide for safety in all operations 

• provide a curriculum for specific 

system training 

• provide a single place of storage for 

all required documentation 

• provide instruction on use, mainte-

nance and care of the facility and 

equipment; and 

• assure a safe, effective, and available 

treatment facility. 

The safety manual should include all 

policies and procedures, operating in-

structions, essential reporting forms, 

assessment and monitoring instruc-

tions, maintenance schedules, liability-

reducing registration documents, and 

client and staff instructions and rec-

ords.  

It should also provide a system for the 

maintenance of records, to assure proof 

of a robust safety system. 

To achieve all of these objectives, a 

safety manual incorporates various ele-

ments. The following list provides typi-

cal headings rather than the details, 

and it should be individualized based 

on the actual facility operation. The fo-

cus should be more on including essen-

tial information and documents rather 

than lengthy descriptions and repeti-

tion: short but inclusive of the details. 

Safety Policy and Scope of Services 

A safety policy portrays a facility’s com-

mitment to ensuring safety and compli-

ance with relevant legal requirements 

and industry standards. 

The scope of services (medical and tech-

nical) should be clearly defined to en-

sure proper transfer and referral of pa-

tients. 

The facility should be organized, inte-

grated, staffed, and directed commen-

surately with the scope of services of-

fered. 

Operating Procedures & Instructions 

All standard operating procedures and 

work instructions should be document-

ed and importantly, regularly reviewed 
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and updated as the facility’s functions 

and operations evolve. 

Patient registration procedures, includ-

ing signed waivers, indemnifications, 

and release from obligations must be 

consistently applied and carefully re-

tained. 

Personnel 

Letters of appointment, clear job de-

scriptions and expectations, and any 

disciplinary actions must be recorded. 

Careful attention needs to be paid to  

qualifications and competences.  

Safety in the Workplace: A Legal   

Requirement  

Occupational health and safety in the 

workplace applies to all owners of facili-

ties where workers are exposed to risks 

associated with injuries, illness, or any 

other form of harm. 

This specialized area of safety requires 

more in-depth knowledge of workplace 

risks, requirements to ensure safety, 

and the obligations of business owners.  

Many facilities will be required to have 

a separate Health and Safety Manual 

explaining workplace risks and how 

these are mitigated. 

Emergency Action Plans (EAPs) 

In the event of an accident potentially 

endangering the lives of people, equip-

ment and facilities, the environment, or 

even the business itself, a rapid, pre-

determined course of action is required.  

A realistic assessment of emergencies is 

required, as well as emergency plans 

developed to ensure rapid and effective 

responses. 

Records of EAPs, the implementation 

thereof, and drills and practices should 

be retained in the manual.  

Safety Evaluation and Monitoring 

All facilities should perform document-

ed risk assessments on all existing and 

new equipment and procedures. This 

improves confidence through knowing 

that risks are being continuously miti-

gated.  

All events such as incidents, accidents, 

near misses, non-compliances with pro-

cedures, system failures, or other unde-

sirable situations should be recorded to 

demonstrate the commitment to a safe 

operation. 

These will help in determining the effec-

tiveness of risk mitigation actions. 

Maintenance of Equipment &          

Facilities 

Regularly planned maintenance is an 

essential part of ensuring function, reli-

ability and availability of critical equip-

ment. Inspections and service reports, 

calibration and testing certificates, 
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repairs undertaken, and failure investi-

gations should be recorded and re-

tained. 

A policy on authorization to work, and 

the quality of replacement parts and 

materials, should be established and 

documented. 

Skills Assessments 

All required duties and actions, includ-

ing performing standard and emergency 

operations, operating equipment, and 

even managing patients, require regular 

refreshing of skills and competencies.  

This is especially important where 

treatments and associated activities are 

infrequently performed – as is often the 

case in remote diver treatment facilities. 

Assessments should be recorded and 

filed in either personnel files or operat-

ing records as applicable. 

Closing Notes 

Each safety manual will be unique to 

the facility’s actual operations, staffing, 

location, utilization, and scope of ser-

vices being offered. 

The 8 elements above are suggestions 

to aid in providing structure to the sys-

tem. Each element might be filed in a 

different place, and in this case, a sin-

gle document listing where each ele-

ment is retained would be very useful 

for management, new employees, audi-

tors and assessors, and especially in-

vestigators. 

A safety manual is a live document re-

cording real-time processes. Do not let 

it be forgotten about and just regarded 

as something that needs to be done. It 

is your assurance of safety to everyone 

who enters your facility. 

Please contact us at RCN@DAN.org if 

you need assistance in compiling your 

own manual.  
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FREQUENTLY ASKED QUESTIONS 

Q: What gas quality standard applies to hyperbaric                 

chambers compressed using air? 

A: There are several international 

standards that apply to breathing air 

quality and the first step is to deter-

mine which of these may apply to your 

facility. There is no single universal 

standard for hyperbaric chambers, but 

a few countries do provide acceptable 

quality levels for use under their na-

tional compliance system. 

Assuming that your region does not 

have a hyperbaric air quality standard, 

your best approach is to see if there is 

anything governing surface breathing 

air (e.g., for breathing in spray paint 

booths or gas tanks), underwater 

breathing air (typically for commercial 

diving), low pressure air, high pressure 

air (e.g., for firefighters), and oxygen 

compatible air.  

Most standards focus on elements such 

as carbon dioxide (CO2), carbon monox-

ide (CO), oil (mist or vapor), volatile hy-

drocarbons (e.g., methane), moisture 

(water), particulates, and odor. There is 

no one standard that addresses all of 

these, and yet most of these may have a 

detrimental effect on your chamber oc-

cupants. 

Many standards are based on high 

pressure air where elements such as 

moisture are relatively easy to remove, 

and one concern is freezing up of regu-

lators. This is not the same for low 

pressure air (gas supply pressures for 

recompression chambers are typically 

less than 220 psi or 15 bar). 

The sensible approach is to determine 

what is safe for recompression chamber 

treatments, considering fire, equip-

ment, and physiological hazards. Also 

remember to perform a detailed assess-

ment of where your compressor intakes 

are located to determine whether there 

are any potential contaminants that 

don’t appear on any national breathing 

air standard. 

DAN has researched this topic exten-

sively, analyzed the effects of contami-

nants on the hyperbaric environment, 
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and determined what is safe for all con-

cerned with the facility.  

The recommendations below are entire-

ly achievable where compressors and 

filters are properly maintained, and 

where air intakes are secured against 

ingress of any other hazardous com-

pounds. 

 

 

 

 

Determining odor is subjective, howev-

er, any indication of an irritant, harsh, 

or otherwise unpleasant smell is not ac-

ceptable. There should in fact be no 

smell in the compressed air.  

The limits shown above would meet all 

international specifications and are cer-

tainly as safe as breathing air can be. 

If you use your regular compressed air 

system to provide air-breaks, or to pro-

vide air to the BIBS in an emergency, 

the air needs to be free of any oil – this 

is what we refer to as Oxygen Compati-

ble Air (OCA). The concern is that oil or 

other volatile products are a potential 

source of fuel, and mixing this with 

pure oxygen increases the chance of a 

fire in the system 

If your only option is the regular air you 

use to pressurize your chamber, it is 

important to pay attention to the com-

pressor servicing and filter change-out 

requirements, together with regular air 

analysis. Oil is usually undetectable in 

a well-maintained compressed air sys-

tem. 

When receiving air quality test results, 

do not only look for the pass or fail out-

come; observe the trends where one ele-

ment is increasing over time. This is an 

early warning sign that something is 

not right. 

We are also often asked how often air 

quality tests need to be performed. 

Many regions will provide minimum re-

quirements such as 3-, 6-, or 12-month 

air testing.  

What is more important is to consider 

your risks and the likelihood of contam-

ination when making this decision. In 

the event of any suspected contamina-

tion, changes in the environment, 

strange odors, or where the air quality 

levels fail during subsequent tests, ac-

tion should be taken to ensure that the 

situation is back under control.  

So, unless you have an online, real-

time analyzer, remember that your spot 

checks only tell you want was in the air 

at the moment you took the sample. It 

does not provide any assurance that 

the situation will be the same immedi-

ately after a sample is drawn. 
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