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The Editor’s offering

The front-page photo was taken by Dr Chris Acott on 
PNG Independence Day, 16 Sept 2007, in a supermarket 
in Port Moresby; the young woman is wearing traditional 
dress and decoration.

Medicine and politics do not mix. This would be the majority 
view amongst physicians. However, I have always seen this 
as a remarkably naive viewpoint. Medicine has always had to 
function within, and is heavily influenced by the society of 
its time and place. This was a central theme of Roy Porter’s 
brilliant book The greatest benefit to mankind.1  Writing of 
modernday medicine he states, “medicine in mass society 
inexorably became inseparable from economics, central 
and local administration, the law, the social services and 
the media.” All of which ultimately are controlled by the 
political infrastructure of the day. Anyone who has had to 
fight to establish and maintain hyperbaric medical facilities 
within a community (and one such battle is raging at present 
in Hobart, Tasmania) knows how much politics, in both its 
widest and narrowest senses, plays a major part, and the 
successful physician is one who plays the political game 
well. What of evidencebased medicine (EBM), you ask? 
There are many examples in the past decades of how the 
principles of EBM have been distorted to suit particular 
ends.

What has this to do with our societies? The SPUMS Annual 
Scientific Meeting for 2009 was scheduled to be held in 
Fiji, where the elected government was overthrown not long 
ago by a military coup and continued virtual dictatorship. 
Whilst it is one thing for individuals to holiday there, I felt 
that holding a formal medical society conference there gave 
tacit support to the military regime; it gives the message that 
it is ‘business as usual’. Then it was realized that military 
members of SPUMS, and probably some of those of EUBS 
who attend our meetings from time to time, would not be 
permitted to go to Fiji by their political bosses. Since we 
have quite a few military members, including three on the 
Committee, the venue has been changed recently to Port 
Vila, Vanuatu (see page 173 and, soon, the website). The 
dates remain the same: 24 to 30 May. I have just inspected 
the venue on behalf of the Convenor, Associate Professor 
David Smart, and the facilities at Snorkeler’s Cove on Iririki 
Island are excellent, the main diving operator has handled 
our needs on two previous occasions and David is developing 
a firstclass programme for the scientific meeting. Let’s have 
a much better turn out in 2009 than the usual 7−8% of our 
membership!

There is a strong emphasis in this issue on the interface 
between diving medicine and operational diving. The 
development by Arne Sieber and his group of a blood 
pressure monitor for openwater studies could provide a 
valuable tool for the future. This international team has said 
they will report their initial field observations to the Journal. 
Ian Millar and Peter Mouldey provide a comprehensive 
review of the potential health hazards from high pressure air 
compressors. These data have not been put together before 
in this way, and this paper is likely to provide a valuable 
resource and will be placed on the websites. Chris Acott 

continues his research on resuscitation matters with an 
assessment of a new cuffless extraglottic airway, the igel™, 
that would appear to have promise in the field when an 
emergency airway is needed. In an accompanying article, he 
proposes new algorithms for managing a diver in difficulties 
during bell diving. He was particularly appreciative of Jacek 
Kot’s (Poland) input in reviewing these recommendations. 
Anne Wilson from the Adelaide respiratory group provides 
a brief progress report on their field work. They were active 
again during this year’s SPUMS ASM. Quentin Bennett, 
who has had a special interest in underwater optics for many 
years, describes his approach to diving mask adaptation.

European readers may wonder what summary articles on 
tropical diseases are doing in a diving medicine journal. 
The IndoPacific is a vast ocean mass with many wonderful 
tropical diving destinations. European divers roam far afield, 
and from time to time SPUMS doctors have to deal with 
returning divers with tropical diseases.2  A useful  series of 
articles written by Dr Trish Batchelor, who was the SPUMS 
Guest Speaker last time the ASM was in Vanuatu in 2002, 
are available on the SPUMS website (click on ‘dive travel 
tips’). The irony is that, after the PNG meeting this year, the 
SPUMS President, Mike Bennett, went down with dengue 
fever. He reports that he is now fully recovered. Thus, there 
is indeed relevance for diving doctors.

Many articles in DHM derive from presentations given at 
SPUMS ASMs. So far we have received none from EUBS 
meetings. It is very much hoped that over the months 
following the Graz meeting these will flow in thick and 
fast. Again, I would remind you that our journal will only 
be as successful as the support from SPUMS and EUBS is 
wholehearted. We seek not only original research papers, 
but clinical studies, interesting case reports, educational 
material, commentary and opinion; in short, anything that 
you might consider readers would be interested in. Please 
also draw the Journal to the attention of colleagues in 
your country who might not be members of either society. 
The contents lists of the two latest issues are available for 
downloading from the websites.
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The Presidents’ pages
I hope you all had a good summer and are now ready for 
work. Here in Norway today is one of the first fall days, the 
morning is a bit colder and you can feel that we are entering 
a new season. As I write this, the EUBS in Graz is coming 
up in a couple of weeks. For personal reasons, I will not be 
able to attend, as Greta, one of our past presidents and my 
wife, broke a leg some weeks back and is unable to move 
around. She is doing well, but still needs help. I really am 
sorry I cannot attend, the meeting is a good possibility to 
meet old and new friends and find out what is happening in 
the field of diving and hyperbaric medicine.

This summer, I attended the UHMS in Salt Lake City and 
the SPUMS meeting in Papua New Guinea. These meetings 
are very different, if nothing else one of them was held at a 
top hotel in a big city far from the sea, the other was held at 
a small resort near the beach in a developing country. But 
both meetings showed that diving and diving research is a 
small field and that hyperbaric oxygen is an active clinical 
area. However, research in both areas is limited and in need 
of fresh ideas and input from new minds and collaboration 
outside our rather limited fields. I think this of particular 
importance in the field of diving.

Diving both for sport and for work is a worldwide activity 
under very diverse conditions. It is also an activity that will 
be of increasing importance as our climate is changing. 
Increasing water levels will lead to differences in how people 
live and work. Declining stocks will lead to changes in how 
food is harvested from the sea, as well as an increasing 
need to use the sea as a food resource. Increasing need 
for cheap and sustainable energy will fuel the interest in 
looking towards using waves, currents, offshore wind. 
All these developments will increase the need for divers 
and diving, leading to new opportunities and the need for 
closer international cooperation. They will also lead to 
improvement in equipment, allowing both professional and 
sportdivers to go deeper and stay longer. This will require a 
truly international effort to increase knowledge about diving 
and how safer diving methods may be developed.

There  are a number of societies that organize mostly sport 
divers today, among some of the best known are EUBS, 
UHMS and SPUMS. In many parts of the world local clubs 
and societies support divers in their local communities. 
However, none of these societies are truly international and 
much of the local customs and methods for diving are not 
available to the rest of the world. These societies have also 
only to a limited degree included members from many of 
the communities involved in diving, for instance from the 
developing countries and from commercial diving.

These days many of us spend hours watching the Olympics. 
We are all impressed by the abilities of the athletes, but we 

do perhaps not think so much about how they got there. 
Developing this kind of skill requires an enormous amount 
of training, but perhaps just as important, it has to be the 
right training. In swimming, the records are falling due to 
improvements in technique, and also because improved 
suits reduce drag. The sprinters look very different now 
compared to how they looked ten years ago, they are now 
slimmer and less muscular; changed training methods have 
led to significant improvement in records. This demonstrates 
that in spite of what we presume, improvements are possible 
in most fields; with increased efforts we could also expect 
this in diving.

The most important job we as diving societies have is to 
increase recruitment, by getting more people interested on 
all levels. Hyperbaric oxygen is still regarded by many as 
rather a black art and a significant number of those getting 
their diving certificate never dive again. Our brightest 
students do not see diving research as a significant career, 
probably rightly so if we cannot show them that diving and 
underwater physiology can be used to demonstrate important 
physiological principles.

This year celebrates the centenary of Haldane and his 
coworkers publishing their paper “The prevention of 
compressedair illness” that has formed the basis of modern 
decompression procedures. To commemorate this we are 
arranging an international symposium, “The future of 
diving; 100 years of Haldane and beyond” in Trondheim, 
Norway, 18−19 December 2008. On the two preceding 
days, 16−17 December the third International Symposium 
on Exercise in Medicine will be held at the same venue. A 
number of international experts will participate. For further 
information, contact me on <alfb@ntnu.no>, and look 
at the website <http://www.baromedisin.no> for further 
information.

I wish you all a good and enjoyable meeting in Graz, I wish 
that I could have been there!

Alf O Brubakk
President of EUBS

Thomson Reuters advise us that as of V. 37 (1) 2007, Diving 
and Hyperbaric Medicine has been selected for coverage 
in Thomson Reuters products and customer information 
services and that this publication will be indexed and 
abstracted in:

Science Citation Index Expanded (also known as 
SciSearch®)
Journal Citation Reports/Science Edition

•

•

SCIE Indexing
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At the 2008 ASM in Kimbe earlier this year, I had the honour 
to be elected as President of SPUMS. Hot, flushed and 
distracted by what turned out to be the onset of dengue fever, 
I had little opportunity to talk to many about my thoughts and 
plans for the future, so I would like to take the opportunity 
in this column to look at where we are going.

Dengue notwithstanding, I am fortunate in the timing of 
my election because my predecessors have left the Society 
in good shape, both financially and academically. Some 
troublesome and timeconsuming problems are behind us 
now because of the hard work of Chris Acott most recently 
and Robyn Walker before him. They have been ably assisted 
by their respective committees and these volunteers all 
continue to be the driving force in keeping SPUMS as the 
‘peak’ diving medicine body in our region.

I am particularly grateful to our Treasurer, Guy Williams, 
for his patience in explaining to me how the finances of 
the Society are doing, and his wise counsel on a number of 
other matters. I hope my naiveté has not been too alarming 
for him. Having been treasurer for another medical society, 
I know only too well that this is the most exhausting and 
frustrating office on the Committee.

The greatest recent achievement for the Society is the 
successful amalgamation of our journal with the newsletter/
journal of the European Underwater and Baromedical Society 
(EUBS). Such joint efforts by naturally egocentric medical 
societies are never as straightforward as they might at first 
appear. On this occasion, and buoyed by an extraordinary 
display of goodwill from all parties involved, the new and 
improved Diving and Hyperbaric Medicine is the most 
exciting development in publishing in our field for many 
years. This amalgamation could not have happened without 
the tireless efforts of our Editor, Mike Davis, ably assisted 
by Robyn and others. Out of all this work is emerging the 
most readable and informative journal in either of the fields 
in which I am involved. We now have an active editorial 
board drawn from both societies, and a commitment to the 
submission of articles from a range of talent in the area. This 
has already been reflected in a considerable increase in the 
number of submissions being received.

In another exciting development, the journal is now part of 
the effort by Gene Hobbs to establish a universal location 
to access material relating to both diving and hyperbaric 
medicine at the Rubicon site (http://rubiconfoundation.org). 
This vast database now includes the SPUMS Journal to 2005 
in full text. The only sad note is that we are losing Mike’s 
‘righthand woman’ for the past six years, Sarah Webb. Her 
hard work and dedication will be missed. Mike tells us that 
Sarah is sad to leave us, but excited to be moving on to her 
next career and we wish her well.

Our other main areas of academic endeavour are the annual 
scientific meeting and the SPUMS Diploma. The ASM 
continues to evolve into a diving medicine meeting of global 

significance with registrants from many parts of the world. 
The EUBS presence can be expected to grow in the future 
with the increased circulation of the new journal, and many 
Asian and US physicians are taking a new look at us. The 
ASM in Kimbe was a great success and a tribute to our past 
president and convenor. The diving was high quality too.

Next year should prove the equal of any other with the 
convenor none other than our Education Officer, Associate 
Professor David Smart. Despite his attempts to revisit the 
scene of his most spectacular contribution to Fijian boating 
injury statistics, we have been forced by politics to make 
a change and revisit Vanuatu. See the website for more 
details. David is also working hard as Education Officer. 
There are multiple diploma applications in the pipeline at 
various stages and I have two completed diplomas on my 
desk waiting to be posted out to the latest qualified diving and 
hyperbaric physicians in Australia and New Zealand. With 
the unfortunate demise of the Auckland University diploma, 
the SPUMS Diploma has again assumed significance for 
those doctors wanting to attain a qualification in the field. 
I urge any readers out there who are considering applying 
for the DipDHM to contact David and have a chat about 
the requirements. Please do not start your project before 
discussing the details with him.

It is my hope that all these positive moves will spark even 
more activity within the Society. Through Glen Hawkins’ 
efforts we are immersed in the plan for further upgrading the 
website and ensuring the contents remain contemporary. The 
site needs to be developed not only for the dissemination of 
useful information from us to you, but for a useful exchange 
both between members and from the members to the 
Committee. In 2008, it should be possible for any member to 
reach the Committee with a keystroke; and expect a response 
within a reasonable time frame.

Finally, it is time we had a noholdsbarred drive to expand 
our membership. None of us is getting any younger, and the 
demographic of our members is starting to look decidedly 
arthritic. I am developing a ‘membership drive package’ that 
will include a PowerPoint presentation, posters and flyers, 
all of which point out the advantages of membership to 
doctors who dive. These will be available for anyone to use 
as a presentation to their colleagues in whatever forum they 
find themselves. Let’s all put some effort into making sure 
there is someone around to treat our diving injuries when 
octogenarian diving has its boom time in about 30 years…

I look forward to the next few years as exciting times as 
President. The Committee and I cannot hope to give you 
what you want if we do not hear from you. Please feel free 
to contact me about any issues relating to the Society, and I 
will do my best to address them, or to find someone else who 
can. I can be contacted at <m.bennett@unsw.edu.au>. I look 
forward to hearing from you (just not all at once, please).

Mike Bennett, President of SPUMS
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Original articles

Introduction

A review of airway management in a diving bell (DB) or deck 
decompression chamber (DDC) was recently published,1 

However, since then, a new cuffless extraglottic airway 
device (EAD), the igel™ (Intersurgical, UK), has been 
released. The igel is a singleuse, anatomically designed, 
cuffless EAD made of a gellike thermoplastic elastomer 
(styrene ethylene butadiene styrene). It has features that are 
designed to facilitate insertion and maintain stability once 
inserted because of a builtin ‘buccal cavity stabilizer’ and 
no change in position associated with cuff inflation. There is 
a builtin bite block and an indicator to indicate the correct 
depth of placement. It fits snugly onto the perilaryngeal 
anatomical framework, sealing the laryngeal inlet and has 
an epiglottic blocker which prevents epiglottic down-folding 
during insertion (Figure 1). The lack of an inflatable cuff also 
eradicates tissue compression associated with cuff inflation 
and problems associated with an airinflated cuff during 
changes in ambient pressure in a hyperbaric environment. 
It is available in three sizes at present (size 3 for adults up 
to 60 Kg, size 4 60−90Kg and size 5 >90Kg).

The igel has features that separate the respiratory tract from 
the gastrointestinal tract (GIT). A gastric channel enables 
access to the upper GIT, through which a gastric tube can 
be passed (French 12gauge for sizes 3 and 4, and French 
14gauge for size 5), and an airway channel with a standard 
15 mm port provides ventilation.2  Its wide, short ventilation 
stem may be an ideal conduit for intubation either blindly 
(where it suffers the same disadvantage as the laryngeal mask 
technique in that it is almost impossible to remove the device 
once the patient is intubated), or with the aid of a fiberscope 
and Aintree catheter. Guidelines from the manufacturer 
indicate that a size 6 endotrachial tube can pass through a 

size 3 igel and a size 7 ETT through a size 5 igel, and a 
recent case report has confirmed this.3,4

However, currently there is a paucity of published data 
concerning its use in anaesthesia or resuscitation. Recent 
reports suggest that the igel would be applicable for use 
by non-medical personnel because of ease of insertion 
following minimal training, with insertion times comparable 
to that of the classic laryngeal mask airway (cLMA).5,6

A study was designed to test the suitability of the igel for 
use by diver medical technicians (DMTs) in a hyperbaric 
environment.

Methods

USE OF THE i-gel AS AN AIRWAY DEVICE DURING 
GENERAL ANAESTHESIA

Hospital ethics approval was obtained to use the igel on 
patients undergoing anaesthesia. Assessment was made 
during general anaesthesia of the ease of insertion, any 
trauma produced, the ability to use both spontaneous and 
intermittent positive-pressure ventilation (IPPV) and to 
define any other problems associated with its use. In twenty 
patients who would have undergone anaesthesia using the 
cLMA, the anaesthetist was asked to substitute the igel for 
the cLMA. The anaesthetists involved (except for the author) 
had no prior training with insertion of the igel and received 
only verbal instructions by the author (these instructions 
were from the manufacturer’s instruction manual) on how to 
insert it.4  Once the i-gel was inserted auscultation was used 
to confirm bilateral lung ventilation and to detect any gastric 
inflation. Data collected are outlined in Table 1.

Key words
Extraglottic airway devices, airway control, diving bell, deck decompression chamber

Abstract

(Acott CJ. Extraglottic airway devices for use in diving medicine – part 3: the igel™. Diving and Hyperbaric Medicine. 
2008; 38: 124-7.)
Resuscitation or airway control of an unconscious diver in a diving bell (DB) or deck decompression chamber (DDC) is 
difficult. Although the laryngeal mask airway (cLMA) has been recommended by the Diving Medical Advisory Committee, 
it is associated with many problems in a DB or DDC because of its cuff. A new cuffless airway device, the Intersurgical 
igel™, has been released. This small study showed that diver medical technicians (DMTs) preferred the igel to the 
cLMA because it lacked a cuff and was easier to insert from any position. The igel is therefore recommended for use in 
resuscitation in a DB or DDC.

Extraglottic airway devices for use in diving medicine – part 3: the 
igel™
Christopher John Acott
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U S E  O F  T H E  i  g e l  B Y  D I V E R  M E D I C A L 
TECHNICIANS

DMTs were trained in its use and a comparison was done with 
the cLMA because the Diving Medical Advisory Committee 
(DMAC) has recommended DMTs use the cLMA in a DB 
or DDC.7  Twenty four DMTs (four on refresher courses 
and 20 undergoing training for the first time) participated in 
the study. All were instructed on the insertion of the cLMA 
on the Laerdal Airway Trainer manikin in accordance with 
published guidelines.8  The Laerdal Airway Trainer has been 
shown to be suitable for training in the use of a wide variety 
of EADs.9  Following informed consent, the DMTs were 

then supervised with insertion of the cLMA in anaesthetised 
patients in the operating theatre.

Following a demonstrable competence with cLMA insertion, 
the DMTs were then instructed on the insertion of the igel 
(size 4) on the Laerdal Airway Trainer manikin. Insertion 
time and the number of insertion attempts were recorded. 
The DMTs were then instructed to insert a cLMA and igel 
from two positions: facing and alongside the manikin’s 
head. Time taken and ease of insertion were again noted. 
The DMTs were then asked which device they preferred 
and why.

TESTING OF THE igel UNDER HYPERBARIC 
CONDITIONS

At 203 and 284 kPa pressure (90 and 60 minutes’ exposure 
respectively) the igel was subjectively tested for a change in 
stiffness by a nurse inside a hyperbaric chamber. Following 
decompression the igel was examined for bubbles using 
a magnifying glass. The igel was then subjected to 608 
kPa pressure for six hours and decompressed rapidly and 
examined again for bubbles.

Results

USE OF THE igel AS AN AIRWAY DEVICE DURING 
GENERAL ANAESTHESIA

A single insertion attempt was required in the majority 
of patients and all the insertion times recorded were less 
than 10 seconds. Insertion and adequate airway control 
was achieved in four patients with limited mouth opening 
(< 2.5 cm). There was one recorded failed insertion (by 
the author) but this patient had to be intubated following 
a failed attempt at insertion of a cLMA. This patient had a 
high arched palate which, in the author’s clinical experience, 
has made insertion of the cLMA difficult. The majority of 
the patients had a period of intermittent positive pressure 
ventilation (IPPV) prior to the resumption of spontaneous 
ventilation, during which no gastric ventilation was detected 
following insertion. There were two recorded difficulties 
with insertion. In the first, the igel was not inserted deep 
enough on the first attempt because the patient was not 
anaesthetised adequately; whilst in the other difficulty was 
noted with passage over the patient’s tongue with limited 
mouth opening.

In two patients the leak or seal pressure increased from 25 cm 
H

2
O to 30 cmH

2
O; both had operative procedures that lasted 

60 minutes. All leak pressures were greater than 20 cmH
2
O.

Airway trauma during insertion was minimal; one patient 
complained of a sore tongue and another of discomfort when 
swallowing oral medication prior to discharge. No blood 
was evident on the igel following removal even when used 
on an anticoagulated patient. These results are summarised 
in Table 1.

Figure 1
The i-gel™ cuffless extraglottic airway device
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U S E  O F  T H E  i  g e l  B Y  D I V E R  M E D I C A L 
TECHNICIANS

When standing at the head of the manikin, 18 of the 24 DMTs 
inserted the igel with the first attempt, with insertion times 
less than 15 seconds. No more than two attempts were needed 
to successfully intubate the manikin. This was better than 
insertion times and attempts with the cLMA; 14 achieved 
insertion with one attempt, six with two attempts and two  
required three attempts. Some DMTs required correct 
orientation of the cLMA with a fully deflated cuff prior to 
insertion, however, all had the correct orientation with igel. 
Insertion times for the two devices were comparable.

With the operator standing alongside the manikin’s head or 
with the operator facing an upright manikin, insertion  times 
and failure rates increased with the cLMA but not with the 
igel. Half the DMTs failed to achieve an airway using the 
cLMA with the manikin in the upright position even after 
three attempts.

All the DMTs preferred the igel to the cLMA when 
questioned because it was easier to use, easily inserted and 
didn’t require them to remember to inflate a cuff.

THE igel UNDER HYPERBARIC CONDITIONS

Subjectively there was no change in consistency of the igel 
at 203 and 283 kPa pressure. No bubbles were detected 
following decompression from 203, 283 or 608 kPa.

Discussion

This study is consistent with other recently published 
studies confirming that the igel is a reliable airway device 
for anaesthesia. 2,3,6,10  The majority of anaesthetists in this 
study agreed that it had four advantages when compared 
to the cLMA: the lack of a cuff to inflate in an emergency; 
ease of insertion; the ability to pass a gastric tube and 
deflate the stomach; and insertion does not require placing a 
guiding finger in the patient’s mouth as advocated by Brain 
in the placement of the cLMA.8  The increase in seal or 
leak pressure noted with increasing time may be due to the 
thermoplastic properties of the gel cuff, which may make it 
a more efficient seal around the larynx following warming 
to body temperature.5

The low morbidity associated with the use of the igel in 
this study may have been due to the high success rate at 
first insertion and the flexibility of the noninflatable cuff 
decreasing any trauma to the pharyngeal mucosa during 
insertion and decreasing the pressure exerted in the pharynx 
once inserted. Other studies have also shown that there are 
few complications associated with its use.3,5,6,10  The lack 
of gastric inflation with IPPV would indicate that rescue 
breathing can be performed with the igel without inflating the 
stomach. There are increasing published data which advocate 
the use of the igel in cardiopulmonary resuscitation.3,5,6  
However, its ability to protect from pulmonary aspiration  
is yet to be conclusively demonstrated.2,10

Table 2
Comparison of the laryngeal mask airway (cLMA)

and igel™

 cLMA i-gel
Easy insertion Yes Yes
Blind insertion Yes Yes
Ease of training Yes Yes
Use in CPR* Yes Yes
Aspiration risk Yes No data
Insert gastric tube No Yes**
Cuffed Yes No
IPPV +/ Yes
PEEP (up to 5 cms) No No data
Easily converted to ETT Difficult Yes***
Suction trachea Yes Yes
Stable once placed +/ Yes
Bite block needed Yes No
Finger-guided insertion +/ No
Insertion from any position  No Yes

* Includes manikin studies
**  when inserted correctly  
***  Bougie or fibrescope required, blind intubation   
through device can be successful

Insertion attempts  DMTs successful
 1 16
 2 2
 3 1
 Failed 1
Difficulty with insertion 2

Initial leak pressure
 20 cmH

2
O 2

 25 cmH
2
O 12

 30 cmH
2
O 6

Increase in leak pressure 2
Stable once inserted 18

Adverse effects
Gastric inflation Nil
Sore throat 1
Blood on airway after removal Nil
Other 1
BMI > 30 5
Limited mouth opening < 2.5 cm 4

DMT - diver medical technician

Table 1
Use of the igel extraglottic airway device for 

general anaesthesia
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Even though the cLMA is advocated by the Diving Medical 
Advisory Committee (DMAC), there are certain limitations 
for its use in a hyperbaric environment. These limitations 
are:

an inability to decompress the stomach
difficulty with insertion with the patient’s head in the 
neutral position or if the patient is in the upright position 
with the operator facing the patient
cuff expansion with a decrease in pressure on 
decompression
a change in cuff volume due to gas diffusion as the gas 
mixtures breathed change.

These problems are not associated with the use of the igel. 
Gastric deflation is accomplished by the passage of a gastric 
tube via the gastric channel. Nitrogen has not been shown to 
be soluble in the material, nor is its function altered by an 
increase in pressure. Because the cuff is not gasfilled, the 
cuff’s size and pressure will not be altered by changes in 
ambient pressure. Manikin training demonstrated that it can 
be inserted easily from any operator position (Table 2).

The igel is small and, therefore, can be stored easily in a 
DB or DDC. The demographic data of divers in the North 
Sea would indicate that a size 4 would be adequate for all 
divers; however, the sizes stored can be determined prior 
to the dive.11

Conclusion

The problems associated with the use of the cLMA in 
emergency management (the lack of airway protection 
from aspiration, the risk of gastric inflation with IPPV 
and inability to decompress or suction the stomach) are 
not associated with the igel. The igel’s design effectively 
isolates the respiratory tract from the gastrointestinal tract 
and allows IPPV without an airway leak or gastric inflation 
and allows the passage of a gastric tube to decompress the 
stomach. The igel was  preferred to the cLMA  by the DMTs 
involved in this study. The igel is recommended for use in 
resuscitation in a DB or DDC.
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Introduction

Arterial blood pressure (BP) is a vital sign as well as a 
routine diagnostic marker. It reflects the ability of the heart 
to supply the vascular network with blood. The coupling of 
the contractile activity of the left heart with the mechanical 
characteristics of the arterial vascular tree (compliance 
and resistance) generates the pressure existing inside 
the arterial vascular network. In large arterial branches, 
pressure oscillates at each contraction (systolic and diastolic 
pressures). BP is strictly controlled by several neuro-humoral 
factors that modulate cardiac stroke volume, heart rate, 
arterial and arteriolar vascular resistance and circulating 
blood volume. BP is confined within a relatively narrow 
normal range (100–140 mmHg systolic; 70–90 mmHg 
diastolic). Low values may impair tissue perfusion, while 
high pressures may damage vascular integrity and increase 
left ventricular afterload.

BP MEASUREMENT TECHNIQUES

There are various non-invasive methods of measuring BP, 
for example manual techniques using a cuff, an aneroid or 
a mercury manometer, and a stethoscope to listen for the 
Korotkoff sounds or automatic techniques using digital 
sphygmomanometers mainly based on the oscillometric 
method. Unfortunately BP estimation based on the Korotkoff 
sounds is not possible underwater.

The principle of digital sphygmomanometers is based on the 
measurement of pressure oscillations (see Figure 3b later) 
in an inflated cuff, which are caused by pulsations of the 

compressed brachial artery. Algorithms are used to calculate 
systolic, diastolic and mean arterial pressure. Schematically 
a digital sphygmomanometer consists of an inflatable cuff 
which is connected to a pneumatic system for controlled 
inflation and deflation, an integrated pressure sensor, a 
manual or an electrical pump and a microcontroller unit. 
To detect the oscillations, the signal of the pressure sensor 
is usually passed through a bandpass filter (2−20 Hz) and 
then amplified. A central processing unit (CPU) uses the 
cuff pressure (derived from the pressure sensor) and the 
oscillation signal to calculate the systolic and diastolic BP.1  
In this sense, digital sphygmomanometers do not allow a 
direct measurement of BP.

A standard digital sphygmomanometer is not suitable for 
underwater usage because:

the systems are not water or pressure resistant
a pump is used to fill the cuff with air from the 
environment (in principle, this can be solved by using 
the instrument in an air-filled bell, which is not a robust 
and reliable solution and is not suitable for field tests)
the pressure sensor is located inside the housing instead 
of close to and at the same water depth as the cuff.

Previous attempts by the authors to use a standard BP meter 
in a separate housing underwater proved unsuccessful.

Currently the only information on BP changes during diving 
derives from invasive measurements performed during a 
few simulated dives in the hyperbaric chamber and from a 
study performed inside an air-bell in a swimming pool.2,3  
The experiments performed in the hyperbaric chamber 
involved breath-holding at 45−50 metres’ sea water (msw) 

•
•

•

An underwater blood pressure measuring device
Arne Sieber, Benjamin Kuch, Antonio L’Abbate, Matthias Wagner, Paolo Dario and Remo 
Bedini

Key words
Blood pressure, equipment, immersion, diving, cardiovascular, physiology

Abstract

(Seiber A, Kuch B, L’Abbate A, Wagner M, Dario P, Bedini R. An underwater blood pressure measuring device. Diving 
and Hyperbaric Medicine. 2008; 38: 128-34.)
Measurement of arterial blood pressure is an important vital sign for monitoring the circulation. However, up to now no 
instrument has been available that enables the measurement of blood pressure underwater. The present paper details a novel, 
oscillometric, automatic digital blood pressure (BP) measurement device especially designed for this purpose. It consists 
mainly of analogue and digital electronics in a lexan housing that is rated to a depth of up to 200 metres’ sea water, a cuff 
and a solenoid for inflation of the cuff with air supplied from a scuba tank. An integrated differential pressure sensor, exposed 
to the same ambient pressure as the cuff, allows accurate BP measurement. Calculation of systolic and diastolic pressures 
is based on the analysis of pressure oscillations recorded during the deflation. In hyperbaric chamber tests to pressures up 
to 405 kPa, BP measurements taken with the prototype were comparable to those obtained with established manual and 
automated methods. Swimming pool tests confirmed the correct functioning of the system underwater. The quality of the 
recorded pressure oscillations was very good even at 10 metres’ fresh water, and allowed determination of diastolic and 
systolic pressures values. Based on these results we envisage that this device will lead to a better understanding of human 
cardiovascular physiology in underwater and hyperbaric environments.



Diving and Hyperbaric Medicine  Volume 38 No. 3 September 2008 129

depth while immersed in cold water. Two subjects showed 
an early, rapid and dramatic increase in BP with values 
as high as 280−300 mmHg systolic and 150−200 mmHg 
diastolic. When encountered in the clinical setting, such 
values are considered of particular concern and potentially 
life-threatening. The study in the swimming pool was based 
on a commercially available, electronic sphygmomanometer 
mounted inside an air-filled bell, 1.7 msw below the surface. 
Neither technique is suitable for field tests; the latter device 
is bulky and damageable (to ensure that the pressure inside 
the bell is equal to the ambient pressure, the bell needs 
to be open; thus the electronic instrument is close to the 
water). Moreover, small differences between the cuff and 
the bell working depths may induce difficulty in inflating 
and deflating the cuff (every 10 cmH

2
O corresponds to 

approximately 7.5 mmHg).

Non-invasive assessment of arterial pressure in divers would 
be of great interest in human diving physiology and the 
development of effective safety guidelines. The present study 
describes the development of a digital sphygmomanometer, 
sealed in a pressure-resistant housing rated to 200 msw, 
for BP measurements underwater in scuba and breath-hold 
divers.

Methods

PRINCIPLE DESIGN OF THE BP MODULE

The prototype consists of a BP signal acquisition board, 

a data logger board, an adjustable exhaust valve, an 
electromagnetic inflator valve (solenoid) and a cuff (Figure 
1). The cuff can be inflated automatically with air supplied 
from a first stage regulator mounted on a standard scuba tank 
with an intermediate pressure of 950 kPa over ambient.

DATA LOGGER MODULE

The core component of the data logger board is an Atmel™ 
ATmega32L 8 Bit RISC microprocessor with the following 
specifications:

32 Kbyte Flash Program Memory
2 Kbyte SRAM
1 Kbyte EEPROM
programmable 8-channel 10-bit ADC
8 MIPS @ 8 MHz

A secure digital memory card (SD card) connector is 
connected to the serial peripheral interface (SPI) of the 
microprocessor. Low-drop, linear regulators are used 
to provide 3.3 V. For visualization of the data a 4 x 20 
characters electronic assembly display is integrated on 
the board and interfaced via SPI software to dedicate 
the microprocessor’s inbuilt SPI solely to the SD card. 
For analogue signal acquisition purposes, eight 10-bit 
programmable analogue-to-digital converter channels are 
integrated in the ATmega32L. To inflate the cuff a 6 V Sirai 
solenoid with a 1.1 mm orifice is used. It is controlled via 
Pin PC4 and an N-FET NDS355. Maximum differential 
operational pressure of the valve is 1.52 MPa.

BP SIGNAL ACQUISITION BOARD

The main component of the BP signal acquisition board is a 
calibrated Motorola™ MPX5050DP silicon pressure sensor. 
It offers a differential pressure range of 50 kPa together with 
a nominal output from 0.2 to 4.7 V at 5 V supply. A 1 ms 
response time is fast enough to record oscillometric pressure 
signals. Furthermore, inbuilt temperature compensation 
allows operation from -40°C to +125°C. The MPX5050DP is 
used to measure the differential pressure between inside the 
cuff and outside/ambient. According to its specifications, the 
sensor requires a 5 V supply. However, previous tests showed 
accurate results with a 3.3 V power supply, allowing the 
pressure sensor to be powered through one of the output pins 

•
•
•
•
•

Figure 1
Principle design of the module

Figure 2
Main components of the signal acquisition board
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(Port C, Pin 7). To reduce the overall power consumption 
during standby mode, the pressure sensor and the display 
are switched off by setting port pin PC7 to low.

Figure 2 shows all the main components of the BP signal 
acquisition board. The output of the pressure sensor is directly 
connected to an analogue input pin of the microprocessor 
(ADC 0). The relatively small oscillations cannot be derived 
directly from the analogue output signal from the pressure 
sensor mainly because of the low resolution of the inbuilt 
analogue to digital converter (10 bit). Thus additional 
hardware is necessary.  A bandpass filter cuts off frequencies 
below 2 Hz (static signals and slow pressure changes because 
of deflation of the cuff) and above 20 Hz (noise). A low-
noise, rail-to-rail operational amplifier is set to a gain of 500. 
The output signal is connected directly to another channel 
of the microcontroller (ADC 2).

SOFTWARE

The firmware of the module is developed in C (GNU C 
compiler WinAVR) under the Atmel™ AVR Studio 4.13 
[Atmel].  AVR Studio is a powerful, integrated development 
environment (IDE) for development and debugging of 
applications for Atmel microcontroller in Windows® 9x/
NT/2000/XP/Vista environments. The firmware comprises 
two major parts. One part stores all recorded analogue values 
on SD card in file allocation table (FAT) 16 or FAT 32 file 
system. Data storage is performed in blocks of 512 bytes 
each. The implementation of a DOS-compatible FAT 32 file 
system on the SD card requires in total 1.6 kbyte of RAM 
to mirror the boot sector, the FAT and to provide a buffer 
for data storage.

Accurate BP measurement in relation to its harmonic content 
requires a sampling rate of around 100 Hz. As the input 
channels are multiplexed, a synchronous read out of the 
channels is not possible. Thus the two analogue signals on 
ADC0 and ADC2 are sampled in 5 ms intervals one after 
the other (2 x 5 ms = 10 ms, 100 Hz sampling frequency, 
Figure 3).

To achieve precise timing and to avoid resource conflicts 
between the complex data storage and the analogue 
sampling, the AD conversions are interrupt-controlled. The 
internal Timer0 of the ATmega32 is triggered every 5 ms and 
creates an interrupt. The last converted ADC value of one 
channel is then read out and stored in a FIFO buffer. Then 
the conversion of the other channel is initiated. As soon as 
there are 10 entries in the FIFO buffer, the data is converted 
into an ASCII string and stored in a text file on the SD card 
(Figure 4). Column 1 in the text file represents ADC channel 
ADC0 and column 2 the oscillation signals from ADC2.

The second major part of the firmware controls the solenoid 
and calculates and visualizes the systolic and diastolic BP 
from the raw values. After inflation of the cuff to 200 mmHg 

(user definable), it is deflated at about 2−3 mmHg per second. 
During deflation, an algorithm detects all positive peaks of 
the oscillations inside the cuff. These peaks are stored in 
a two-dimensional array together with the pressure inside 
the cuff. Additionally every peak is shown on the display, 
in combination with the actual pressure inside the cuff in 
mmHg.

After the cuff is deflated to 38 mmHg, the calculation of the 
pressure values is performed. First, the maximum oscillation 
peak A

max
 is picked out of the array. A

max
 multiplied by the 

empirically estimated value of 0.57 leads to A
sys

, a value 
which usually lies between two peaks A

before
 and A

behind
 

(Figure 3b). P
sys

 is then calculated by linear interpolation 
(Figure 3c) of the corresponding pressure values (Figure 3a). 
The estimation of the diastolic pressure value is performed 
in the same way, but using 0.74 as multiplication factor.4 5  
After calculating the systolic and diastolic arterial BP and 
storing the measured data on the SD card, the device turns 
into standby mode. A reed contact together with a magnet is 
used to activate the system and start a new measurement (via 
an internal interrupt). In underwater applications magnetic 
switches are preferred as they require no mechanical 
connection to a switch thus avoiding o-rings. A flow diagram 
of the whole software is shown in Figure 4.

Figure 3
Algorithm to detect systolic and diastolic arterial BP. 
Figure a) shows the raw differential pressure, b) the 

oscillations inside the cuff and c) shows the algorithm 
and how it combines the two measured values

a

b

c
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DATA PROCESSING

For visualization and analysis of the recorded data, software 
was developed under National Instruments™ Lab View® 
Version 8.5. Lab View is a platform and development 
environment for a visual programming language. It is 
commonly used for data acquisition and instrument control 
in industrial applications on a variety of platforms.

Figure 5 shows a screen shot of the software. On the left-hand 
side, one can see the raw data in hexadecimal format, which 
are read from the SD card. The upper graph of the right-hand 

side shows the oscillations inside the cuff. The lower graph 
represents the differential pressure inside the cuff.

FIRST PROTOTYPE 

The first prototype is shown in Figure 6, disassembled into its 
component parts and, in Figure 7, mounted in position on a 
diver. The input of the solenoid is connected to the first stage 
of the scuba regulator. The regulator is mounted on a 1.5 L 
scuba tank with a filling pressure of 200 bar. The regulator 
reduces the tank pressure to an intermediate pressure of 
approximately 950 kPa above ambient pressure. Previous 
experiments had shown that the orifice of the solenoid was 
too large. The inflating air produced an excessive pressure 
wave, closing the electromagnetic valve before reaching 
the predefined value of 200 mmHg. To avoid this problem, 
a needle valve is placed between the regulator and the 

Figure 4
Software flow diagram

Figure 5
Software display of the logged data

Figure 6
Prototype BP monitor dismantled to display

its component parts



Diving and Hyperbaric Medicine  Volume 38 No. 3 September 2008132

electromagnetic valve to reduce the airflow. The cuff is 
deflated via a second needle valve. The housing is located 
directly on the cuff, thus the differential pressure sensor is 
always at the correct level.

Specifications of the first prototype:
Module size: 120 mm length, 40 mm diameter
Battery supply: 6−8 V
Sampling rate: 100 Hz
Pressure sensor: 0 to 50 kPa
System clock: 8 MHz
Data storage on SD card
File format: FAT16 / FAT32
Measurement data volume: 800 bytes per second
Housing: lexan, 200 msw rated

TESTS

To validate the prototype, several tests were performed 
in parallel with either one of two other BP measurement 
methods: manually with a stethoscope, listening for 
Korotkoff sounds, or with a digital BP measurement device 
(Pabisch TOP-MATIC™). The Pabisch TOP-MATIC is 
a C.S.IMQ N.J1332-certified digital sphygmomanometer 
which measures mean arterial pressure and then utilises an 
algorithm to calculate systolic and diastolic values.

All recordings were performed under the following 
conditions:

Main condition: same diver, each arm one cuff
Timing: both measurements were done at the same 
time
Cuff: fitting tightly and equally
Deflation velocity: steady at 2−3 mmHg per second
Body position: seated/upright or lying/horizontal
Arm position: perpendicular, cuff at height of the 
heart
Interval: 1 min

•
•
•
•
•
•
•
•
•

•
•

•
•
•
•

•

Firstly tests were performed in a swimming pool, the 
subjects fully immersed on the surface except for the head, 
and then at 3 mfw. Secondly, tests were performed in a dry 
hyperbaric environment. Several measurements were taken 
at the surface and at pressures equal to 30 msw, 20 msw, 
10 msw and 5 msw, on surfacing and repeated after 15 min 
post-dive. Finally further in-water tests were conducted in 
a public swimming pool, and in a 10.5 mfw-deep research 
pool (Divesystem, Massa Marittima, Italy) at the surface 
(head-out), 3 mfw and 10.5 mfw.

STATISTICAL TESTS

The statistical software package R, an Open Source GNU 
Project which is similar to the S language and environment 
developed at Bell Laboratories (formerly AT&T, now Lucent 
Technologies), was chosen. R is a language and environment 
for statistical computing and graphic display. To compare 
BP data from the prototype and other BP measurement 
techniques in various environments, in both dry and wet 
conditions, a Mann-Whitney U test with a significance level 
of 0.05 was used.6

 

Results

In all pool tests, oscillations in the cuff were reliably 
detected and pressure values were able to be calculated. 
Figure 8 details the measurements comparing the prototype 
with the clinical instruments. BP values measured with this 
device were not significantly different from those using 
the manual or TOP-MATIC methods. The predicted value 
(Mann-Whitney U test) resulted in 0.86 for systolic and 
0.80 for diastolic BP.

Figures 9 and 10 show the results of the tests in the hyperbaric 
chamber. Table 1 displays the measurements obtained in the 
public swimming pool. Table 2 shows the results of the tests 
in the 10.5 mfw research pool.

Discussion

The prototype BP-measuring device we have developed 
has passed several tests in a normobaric environment, 
in a hyperbaric chamber at pressures up to 405 kPa and 
underwater to a depth of 10.5 mfw. In a normobaric air 
environment, the BP measurements were very similar to 
those obtained using established manual and automated 
sphygmomanometry techniques. In the chamber, the device 
produced more reliable and more constant values (lower 
variance) than did the Pabisch TOP-MATIC, which faced 
serious cuff deflation problems under pressure, as it deflates 
the cuff much more slowly at increased pressure, in marked 
contrast to the prototype whose deflation rate can be adjusted 
to the ambient pressure.

The prototype and the Korotkoff sounds techniques 
produced similar values of BP, though those obtained with 
the stethoscope were slightly lower than those from the 

Figure 7
The prototype being tested in a swimming pool

at 10.5 mfw depth
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prototype. This is likely caused by the environmental noise 
in the hyperbaric chamber, which makes it difficult to detect 
the Korotkoff sounds accurately.

The pool tests demonstrated clearly that the prototype device 
is capable of performing reliably underwater to a depth of 
10 mfw. However, at 10.5 mfw depth the measurements 
on Diver 1 and Diver 2 were less constant. This was most 
likely due to the fact that after one hour of testing in the 
pool at 20°C, Divers 1 and 2 were already quite cold and 
shivering. In such conditions, oscillometric measurements 
may be distorted. At this point, Diver 3 still felt warm and 
measurement results were more constant. This effect of cold 
immersion may be a limiting factor in the application of this 
technique for BP measurement.

Conclusion

Research on the cardiopulmonary effects of diving in 
humans has been limited by the lack of a device capable of 
non-invasive BP measurement underwater. In this study, we 
describe the principles and development of an automated 
underwater sphygmomanometer and its validation under 
dry and immersed hyperbaric conditions. Measurements 
with the prototype were comparable to those obtained using 
established clinical techniques. We conclude that the new 
device is capable of accurate non-invasive measurement of 
BP underwater and will be a useful tool in studying the human 
cardiovascular response to hyperbaric environments.

Depth  Systolic Diastolic
0 msw  126 83
 (N = 3) (120–130) (81–85)
0 msw underwater  131 75
 (N = 5) (127–136) (68–85)
3 msw sitting  142 86
 (N = 5) (136–149) (81–91)
3 msw lying  137 87
 (N = 5) (134–140) (82–91)

 Diver 1 Diver 2 Diver 3
 Systolic Diastolic Systolic Diastolic Systolic Diastolic

Surface 133 87 130 87 121 82
(N = 4) (127–139) (80–92) (129–131) (81–92) (119–122) (77–85)
3 msw 121 81 128 83 118 78
(N = 4) (120–123) (71–89) (125–131) (79–88) (112–123) (76–79)
10 msw 134 92 121 87 127 87
(N = 5) (130–137) (81–101) (112–137) (70–107) (125–130) (82–93)

Figure 8
Comparison of prototype and Pabisch TOP-MATIC 

BP measurements on the surface

Figure 9
Hyperbaric chamber: prototype vs Pabisch

Figure 10
Hyperbaric chamber: prototype vs stethoscope

Table 1
BP measurements (mmHg) during swimming pool 

tests; measurements were taken at each depth in lying 
and sitting positions (mean values and ranges shown)

Table 2
Field test in the 10.5 mfw research pool in lying position (blood pressure mean values and ranges shown; mmHg)
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Future work

Several pool and field studies are planned with elite breath-
hold and scuba divers at various dive sites, including at the 
2008 freediving world championships. Professional scuba 
divers from military and/or civil rescue organizations will 
be involved in the scuba tests.
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Abstract

(Harding S, Gee P. Personality as a predisposing factor for DCI: a pilot study. Diving and Hyperbaric Medicine. 2008; 38: 
134-8.)
This study aimed to identify differences in personality characteristics related to decompression illness (DCI) in recreational 
scuba divers. A matched control group of nine divers (without DCI) and a research group of nine divers (with DCI) were 
recruited. Following a chamber dive (control group), or treatment for DCI (study group), three psychometric scales – Locus 
of Control, Eysenck’s Personality Questionnaire – Revised, and Sensation Seeking Scale – were administered together with 
a diving history questionnaire and questions on motoring. One significant difference was identified and lay between engine 
sizes, with those experiencing DCI having cars with larger engines (P < 0.01). The data were inconsistent with previous 
research that suggested a relationship between sensation seeking and risk taking. Further research is needed to elucidate 
the relationship between diving injury and personality.

Introduction

Scuba divers, be they recreational, occupational or military, 
are routinely screened for medical fitness as a number 

of medical conditions are known risk factors for diving 
injury. In addition to medical fitness, it is also possible 
that psychological characteristics are related to the risk of 
diving injury; however, psychological assessment of divers 
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is far from routine. The occupational and military diver may 
undergo some form of psychometric testing during their 
career, but not as part of a routine assessment.1

There are many reasons why scuba divers are injured in 
the water. Improper use or care of equipment, and failure 
to follow recommended procedures are among the leading 
causes.2  As these can be seen as examples of suboptimal 
behaviour, it seems reasonable to speculate that the 
likelihood of such errors may be related to the personality 
characteristics of the individual.

There is some support in the literature for the suggestion that 
personality may be related to competence in professional 
divers. For example, navy divers were found to be more 
autonomous and less dependent on others than the general 
population,3 and Baddeley et al included personality 
variables in their attempt to determine what makes a 
‘good’ or ‘bad’ commercial diver.4  However, there is little 
evidence relating to recreational divers, despite there being 
a large number involved in the sport (between 1996 and 
2005 the number of people gaining certification with the 
Professional Association of Diving Instructors increased 
by approximately three per cent a year from 6,965,480 
to 14,730,658).5  Along with this increase in the number 
of people participating in scuba diving, there has been an 
increase in the absolute number and in the proportion of 
divers that are involved in an incident. The British SubAqua 
Club annual incident reports show that in 1995 at least 0.25% 
of BSAC divers were involved in an incident; in 2005 this 
had risen to just short of 0.5%.2

Although there has been limited research investigating 
personality characteristics of recreational divers, there has 
been considerable research on personality factors and risk 
in motoring.6–8  Like diving, motoring is an area where 
inadequate maintenance or errors in judgement can have 
serious consequences. This similarity led us to select some 
of the most significant psychological variables that have been 
associated with risky motoring for examination.

Using the psychometric scale Locus of Control (LoC), 
research has shown that people with an external LoC reacted 
slower than people with an internal LoC when the cruise 
control failed on a test vehicle following a lead vehicle on 
a test track.9  Actuarial data show that the highest accident 
rate in motoring incidents is in young men 16 to 24 years 
old.10  It is also this group that scores highest in sensation 
seeking.11  It has been shown that high sensation seekers 
take longer than their low sensation seeking counterparts 
to recognise hazards when driving.9

The Eysenck Personality Questionnaire – Revised (EPQR) 
is another measure of personality that has been used in 
motoring research. Young males with traffic violations 
were found to have significantly higher extroversion 
scores than a control group.12  It has also been noted that 
neuroticism might be a risk factor, with research suggesting 

that those scoring high on neuroticism were more likely to 
be overwhelmed with feelings of fear and anxiety during 
underwater accidents, resulting in ineffective behaviour 
such as panic.6

Taking a lead from such research on personality and risky 
motoring behaviour, the present study aimed to identify 
possible personality differences between recreational divers 
who have experienced DCI and those who have not.

Methods

PARTICIPANTS

The study was carried out at the Diving Diseases Research 
Centre (DDRC) in Plymouth, United Kingdom (UK). The 
study was approved by the Local Research Ethics Committee 
following British Psychological Society Guidelines and 
the Declaration of Helsinki. Written informed consent was 
obtained. The participants were nine recreational divers not 
suffering from DCI (two females, seven males; average age 
36.5 years), and nine recreational divers that had presented 
with suspected DCI (two females, seven males; average age 
39.4 years). Divers with a suspected patent foramen ovale 
(PFO) were excluded from the study. The nonDCI cases 
were members of the University of Plymouth subaqua 
club approached following recompression chamber dives 
undertaken as an experience dive or during their attendance 
at the DDRC for a sport diving medical.

INSTRUMENTS

Diving and motoring questionnaire

A diving and motoring questionnaire was developed by 
the staff at DDRC as part of the assessment of patients 
presenting for treatment. It contains requests for demographic 
information and diving history: number of dives, qualifying 
bodies (PADI, BSAC, etc) and level of qualification. The 
motoring section covers such factors as the number of 
years driving, number of accidents, engine size of current 
vehicle and other motorised vehicle ownership. The number 
of driving licence endorsement points awarded following 
conviction for motoring offences was recorded. More severe 
offences or repeated minor offences lead to a higher points 
total. Twelve points or more leads to a suspension of the 
driving licence in the UK.

Locus of Control

LoC was measured using Rotter’s scale.13  LoC varies from 
‘internal’ (high personal control over events) to ‘external’ 
(causes of events seen to be outside personal control). 
Rotter’s LoC has been used in a wide range of fields from 
perceptions of justice to sporting injuries and has also been 
used in studies of risky motoring behaviour.13  Externality 
appears to be related to a failure to take precautionary steps 
to avoid the occurrence of unfavourable outcomes.14  The 
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scale is a continuum from 0 to 23, with the norm set at 10, 
therefore scores below 10 represent an internal LoC, and 
above 10 an external LoC.

Eysenck Personality Questionnaire – Revised (EPQR)

The EPQR assesses emotional stability, extroversion, 
neuroticism and the tendency to give socially desirable 
answers.15  A typical introvert is a quiet, retiring sort of 
person, inward looking, fond of books rather than people, 
tending to plan ahead and look before he leaps. A typical 
extrovert is sociable, likes parties, has many friends, needs to 
have people to talk to, and does not like reading or studying 
by himself.16  The EPQR has been found to correlate 
with traffic convictions and involvement in crashes and an 
interaction of high extroversion and neuroticism has been 
found in in people involved in accidents.16–19

Sensation Seeking Scale

Zuckerman’s Sensation Seeking Scale has been demonstrated 
to have consistent links to risky motoring behaviour.20,21,22  
The scale is subdivided into four subscales; thrill and 
adventureseeking (TAS), experienceseeking (ES), 
disinhibition (Dis), and boredomsusceptibility (BS).

PROCEDURE

The study was conducted over a period of two months in 
the summer of 2002. Participants were individually briefed. 
They were then allowed to complete the questionnaires 
on their own to maximise privacy. On completion of the 
questionnaires the researcher debriefed the participants. 
The DCI group completed their questionnaires once they 
had been discharged from DDRC.

STATISTICAL ANALYSIS

All statistical analysis used in this research was conducted 
using the nonparametric MannWhitney U test, with the 
level of significance set at P < 0.05.

Results

Table 1 shows the average number of dives logged and level 
of qualification of the two groups. No significant differences 
between the groups on the level of diving qualification, 
(z = 1.26, P = 0.26, two tailed), or the number of dives 
performed since being qualified, (z = 0.86, P = 0.86, two 
tailed) were found.

Table 2 shows how the LoC scores for the DCI group 
compare to those of the general population, NonDCI group 
and the naval divers as studied by Biersner and LaRocco.3  
The difference in LoC found between the DCI and NonDCI 
groups was not statistically significant, (z = 0.56, P = 0.61, 
two tailed).

Motoring data (Table 3) indicate that the DCI group drove 
cars with significantly larger engines (z = 2.39, P = 0.015, 
two tailed). There was no difference in the average number 
of penalty points/endorsements on their licences compared 
to the control group. The DCI group did show a higher 
incidence of involvement in accidents, but this failed to 
reach significance.

The DCI group reported lower levels of experience seeking, 
but this was not statistically significant (z = 1.52, P = 0.14, 
two tailed). The DCI group also scored lower than the 
nonDCI group on thrill and adventureseeking behaviour 
on the SSS, but this difference also was not statistically 
significant (z = 1.54, P = 0.16, two tailed). No statistical 
differences were found between groups or norms on any of 
the EPQR subscales (Lying: z = 1.39, P = 0.19, two-tailed; 
Extroversion: z = 0.04, P = 1.0, two-tailed; Neuroticism: z 
= 0.53, P = 0.61, two-tailed).

Discussion

The only significant difference found in this study was that in 
the engine size of vehicles owned by the DCI and NonDCI 
groups. There were no statistically significant differences 
in the selected personality measures between recreational 

  Number of dives logged
 NonDCI divers 358
 (range) (3–4,000)
 DCI divers 380
 (range) (4–1,500)
  Level of qualification *
 NonDCI divers 2.33 +/- 0.87
 DCI divers 1.78 +/- 0.97

* Qualifications were coded to allow for comparison between 
groups: a coding of 1 = in training, 2 = British Sub-Aqua Club 
(BSAC) qualification level of ‘Club Diver’ and 3 = BSAC 
qualification of ‘Sport Diver’

 LoC * Range
NonDCI divers 8.11 1–15
DCI divers 9.22 2–15
Navy divers3 7.37 not reported
Norms14 10.00 0–23

* ‘Internal’ LoC is less than 10.00 and ‘External’ LoC is greater 
than 10.00; the range of scores is 0–23

Table 1
Number of dives logged and qualification level of

DCI and non-DCI groups

Table 2
Mean scores on LoC scale
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scuba divers that had or had not suffered a recent case of 
DCI. However, the small sample size recruited for the study 
severely limits the confidence with which conclusions about 
personality effects or their absence can be made.

The difference in engine size between the groups within 
this study is challenging to explain. Unfortunately data 
regarding income level, ‘type of employment’ and the 
specifics of second motor vehicles were not recorded, 
and to date no literature has been identified exploring the 
relationship between engine size, accidents and personality. 
One explanation may be the location of DDRC; the members 
of the DCI group did not live in the South West peninsula 
of the UK. This means that they had to travel in excess of 
100 miles to their dive sites, whereas the control group were 
local and would not necessarily require such a large vehicle 
to undertake their diving. However, the willingness to travel 
to participate in scuba diving could also suggest a higher 
desire to participate in risky sports.
 
It is possible that the relationships between personality 
and diving found in professional divers do not exist in 
recreational divers. While a person who chooses diving as 
a career may be of a distinct ‘type’, those participating as 
a recreational activity are likely to be more typical of the 
general population. The question of whether this typicality 
extends to those who are at greatest risk of suffering DCI 
awaits research with greater statistical power.

The nature of this pilot study meant that only a short 
recruitment period was used and the number of DCI cases 
treated (without suspected PFOs) at DDRC was less than the 
authors had anticipated. A multicentre and/or longitudinal 
study would facilitate greater numbers of divers to be 
recruited.

The preferred way to examine the role of personality as a 
predisposing factor in DCI would be to measure variables 
before as well as after the incident. Without such data the 
possibility of the experience having an effect on supposedly 
stable personality characteristics cannot be ruled out. The 
authors are investigating the possibility of a longitudinal 
study of a relatively large sample of divers in order to 
address this issue.

Despite the problems outlined above, the authors consider 
that the work has value as a first attempt to examine this 
relationship in recreational divers. There were several 
interesting trends in the data. For example, Biersner and 
LaRocco found that navy divers had a significantly more 
internal LoC than the population norms published by 
Rotter.3,13  Although the LoCs of the DCI and NonDCI 
groups in the present study were not significantly different 
from each other or from the norm, the mean for the DCI 
group was higher than that of the NonDCI group. Many 
diving accidents are at least in part attributable to failure to 
follow correct procedures,2 and the suggestion that divers 
who suffer DCI might have less belief in their own agency 
is interesting and may merit reexamination with a larger 
sample.

Adie et al found that the weight given to the role of safety 
procedures in reducing accident risk differed between 
offshore and nonoffshore divers.23  They proposed that the 
more highly trained offshore divers place lower emphasis 
on the role of organisational culture and higher emphasis 
on individual competency in preventing accidents. This may 
transpose to the recreational diving community, with those 
with greater diving experience placing less emphasis on the 
level of accredited dive qualifications obtained and more 
on the individual diver’s safety record, and other divers’ 
recommendations. This may be an alternative methodology 
to explore personality, diving experience, safety, and DCI.

Future work on personality and DCI might benefit from the 
inclusion of trait anxiety as a variable, as use of the STAI 
(State Trait Anxiety Inventory) with novice divers suggested 
that trait anxiety may predict panic behaviour.6  It is likely 
that a diver who is more susceptible to panic would be more 
likely to be involved in a diving incident.

Conclusions

The present research failed to reveal significant differences 
between the groups studied in selected personality 
characteristics. Further work is needed to ascertain whether 
the lack of statistical significance is attributable to the small 
sample size or reflects an absence of relationship in the 
population.

 Average engine size (cc) Average endorsement points Involved in a road accident
Normal population 1723 *  #  #

NonDCI divers 1730 2.33 0.67 §

DCI divers 2288 2.33 0.78 §

* Department for Transport (2005)
# Information not available from the Department for Vehicle Licensing (2005)
§ A coding of 0 meant that the participant had not been involved in a motoring accident, 1 meant that they had been in an accident

Table 3
Mean data of engine size and licence endorsements
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Introduction

Calcific uraemic arteriolopathy (CUA), also known as 
‘calciphylaxis’, is a syndrome of ischaemic necrotic skin 
ulcers caused by subcutaneous and small vessel calcification. 
It occurs mainly in patients with uraemia caused by endstage 
renal failure (ESRF). Hypercalcaemia, hyperphosphataemia 
and hyperparathyroidism are also thought to be precipitating 
factors and can feature as part of the syndrome. The 
condition usually presents as nodules of subcutaneous 
calcification that develop into painful violaceous ulcers 
(livedo reticularis) which become progressively necrotic.1  
Secondary infection of the ulcers is common in the setting 
of underlying uraemia and immune compromise. This can 
progress to sepsis, which is associated with a mortality 
of 60–80%.2  CUA more commonly affects females and 
younger patients on longterm dialysis and has a prevalence 
of up to 4% in patients undergoing haemodialysis.3

The term calciphylaxis was first used by Sleye in 1962 
when he induced metastatic soft tissue calcification in 
rats in a twostage process. He first sensitised rats with 
Vitamin D analogues and parathyroid hormone (PTH) 
and then, after a critical period, challenged them with 
injections of irritant substances (egg albumin, iron) or 
local trauma.4  The areas of skin challenged developed the 
characteristic ulceration described above. The word was 
coined because the mechanism of calcification was proposed 
to be a hypersensitivity reaction, and originates from the 
combination of calcium and anaphylaxis.

Calciphylaxis was first described in humans by Rees and 
Coles in 1969 who found medial calcification and intimal 
hyperplasia of arterioles occurring in the presence of 
uraemia.5  The arteriolar calcification led to ischaemic tissue 
necrosis which then itself became calcified and necrotic.1  
Skin breakdown and wound development was then triggered 
by minor trauma and progressed to extensive ulceration. 
In 1998, Coates et al found that the previously described 
derangements in calcium, phosphate and PTH were often 
not present in patients with calciphylaxis and so proposed 
the use of a more descriptive term of “calcific uraemic 
arteriolopathy” (CUA).6

Hyperbaric oxygen (HBO) therapy involves breathing 100% 
oxygen at an elevated ambient pressure, usually 203−253 
kPa. In hypoxic tissue, such as that found in and around 
problem ulcers, it restores tissue oxygen tension (P

tc
O

2
) 

to physiologically normal or supranormal levels. This 
enhances fibroblast proliferation, collagen formation and 
angioneogenesis to aid ulcer healing. Wound healing may 
also be enhanced by systemic effects such as the mobilization 
of vasculogenic stem cells.7  The elevation of P

tc
O

2
 also 

improves neutrophil function and polymorphonuclear 
leukocytemediated bacterial killing of organisms commonly 
found in associated ulcer infection.2,8  It is by these 
mechanisms that HBO probably exerts its effect in CUA.

HBO has been used in the treatment of CUA wounds for 
many years but published evidence of its efficacy is limited 
to isolated case reports and small case series.2,9–14  The first 
case series by Podymow and colleagues reported complete 

Hyperbaric oxygen therapy in the treatment of skin ulcers due 
to calcific uraemic arteriolopathy: experience from an Australian 
hyperbaric unit
Mark Edsell, Michael Bailey, Keith Joe and Ian Millar
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Calciphylaxis, hyperbaric oxygen therapy, chronic wounds, outcome

Abstract
(Edsell ME, Bailey M, Joe K, Millar I. Hyperbaric oxygen therapy in the treatment of skin ulcers due to calcific uraemic 
arteriolopathy: experience from an Australian hyperbaric unit. Diving and Hyperbaric Medicine. 2008; 38: 139-44.)
Introduction: Calcific uraemic arteriolopathy (CUA), also known as ‘calciphylaxis’, is a syndrome of ischaemic necrotic 
ulcers occurring in uraemic patients with endstage renal failure. It is a debilitating condition with a high morbidity and 
mortality. Hyperbaric oxygen (HBO) has been used to treat such wounds for many years but evidence of its efficacy is 
limited.
Aim: We aimed to study the efficacy of HBO on the healing of problem ulcers secondary to CUA.
Method: A retrospective case review of all patients with chronic skin ulcers secondary to CUA treated at the Alfred Hospital 
Hyperbaric Unit from July 1997 to March 2006 (n = 20).
Results: HBO was beneficial in eleven (55%) patients, with six of these (30%) experiencing complete resolution of their 
ulcers on completion of their treatment. Advancing age was identified as a predictor of a positive outcome (P = 0.02). There 
was no statistical correlation between the number of HBO treatments and ulcer healing.
Conclusion: HBO can benefit patients with chronic nonhealing wounds secondary to CUA, but its precise role remains 
undefined.
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healing in two out of five patients with CUA.2  A year later 
Basile et al published a larger series of nine patients with 
distal lesions, eight of whom had their ulcers heal after 
an average of 41 HBO treatments.9  Not all reports have 
shown benefit, however, and HBO has failed to become a 
universally accepted treatment.13  This review aimed to study 
the benefit of HBO in those patients treated at the Alfred 
Hospital, Melbourne.

Methods

After submission to the Hospital Ethics Committee, the study 
was approved as a quality assurance project. All patients 
treated at The Alfred Hospital Hyperbaric Unit for chronic 
nonhealing skin ulcers secondary to CUA from July 1997 to 
March 2006 inclusive were retrospectively studied. Patients 
were identified by searching the unit patient database 
(FileMaker Pro 5.5, Filemaker Inc, Santa Clara, California). 
Patient information was obtained regarding age, gender, 
cause for renal failure, presence of diabetes, dialysis type 
and the distribution of CUA lesions. Lesions were defined as 
either ‘proximal’, referring to lesions of the trunk, buttocks 
or upper thighs, or ‘distal’, referring to lesions of the arms 
and lower legs. Where both proximal and distal lesions were 
present, patients were assigned to the proximal group (being 
indicative of more extensive disease).

HBO data retrieved included the duration and number 
of treatments, and the degree of pressurisation. Patients 
typically received HBO for 90 minutes at between 203 
and 243 kPa for five days per week. A therapeutic course 
of treatment was, for the purpose of this study, defined as 
more than two weeks (ten treatments) of therapy as this is 
the minimum prescribed to treat nonhealing wounds of other 
aetiologies at our institution. Eight patients who received less 
were considered to have been withdrawn before receiving a 
therapeutic dose and were therefore excluded from further 
study. Patients were defined as having multiple treatment 
courses if there was a break in treatment of more than one 
month.

Efficacy of HBO was assessed using a sixpoint outcome 
score (Table 1), which was created from outcome measures 
used in the previous case studies.2,9 This was aided by 
photographs when available. In the absence of photographs, 

outcome was based on the wound assessment made in 
the medical record. Healing was defined as a stepwise 
improvement of the ulcers evidenced by resolution of 
necrotic areas, granulation, reduction in wound size, and 
subsequent scar formation. Outcome assessment was made 
when each patient’s treatment at the hyperbaric unit came 
to an end. Patient follow up was undertaken in mid 2008, 
aiming to evaluate mortality and progression of wounds 
subsequent to treatment.

Results were analysed using SAS version 8.2 (SAS Institute 
Inc., Cary, NC, USA). Relationships between continuous 
variables were determined using Spearman correlation 
coefficients, whilst relationships between continuous and 
categorical variables were determined using Wilcoxon rank 
sum tests. A twosided Pvalue of 0.05 was considered to be 
statistically significant.

Results

Twentyeight patients with a diagnosis of CUA were 
identified from the hyperbaric unit database. Eight of the 
28 patients received ten treatments or fewer (median 2.5, 
range 0−7) and were excluded from further analysis. Reasons 
for discontinuation or refusal of therapy included patient 
refusal, anxiety/claustrophobia, respiratory comorbidity 
and withdrawal by referring medical staff for palliation. Of 
the remaining twenty patients, two patients had missing data 
pertaining to their calcium/phosphate levels. The mean age 
of the treated patients was 56 years (SD 10.7) and twelve 
were female. Study patient characteristics are summarised 
in Table 2. The study group received between 17 and 83 
treatments (median 51, mean 50.6) and five patients received 
more than one course of HBOT (median 1, range 13).

Eleven of the 20 patients treated had improvement in their 
wounds with HBO (an outcome score of 3 or more), of 
whom six healed completely. The five patients who received 
multiple courses all showed improvements in healing by 
the end of each course, only to subsequently deteriorate 
and require further treatment. Surgical debridement, skin 
grafting, antibiotics and wound care were administered as 
indicated.

In half of the patients, the decision to stop HBO was due 
to factors external to the hyperbaric physician. Reasons 
included being stopped by referring physician (three 
patients), withdrawal for palliation (two patients), attendance 
issues (two patients), patient decision (two patients) and 
death due to other causes (one patient). No demonstrable 
doseresponse relationship was seen between the number of 
HBO sessions and ulcer healing (P = 0.42).

There were no statistically significant correlations between 
wound healing and gender, diabetic comorbidity, or the type 
of dialysis therapy used to treat the renal failure (Table 3). 
Similarly, normal serum calcium and potassium levels at 
the time of assessment, or a history of parathyroidectomy, 

Score Description
0 Severe deterioration leading to morbidity/mortality
1 Increase in wound size/necrotic tissue area
2 No change
3 Healing of necrotic areas with granulation tissue
4 Reduction in wound size
5 Scar formation/resolution of wound

Table 1
Six-point score used to assess healing in

skin ulcers due to CUA
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was not a predictor of a successful outcome. There was 
no correlation between the site of the lesion and a worse 
outcome (P = 0.39). Advancing age was the only predictor 
of positive outcome (P = 0.02), older patients tending to do 
better with HBO.

Followup information was available for 16 of the 20 
patients. Ten had died and six remained alive at a mean 
follow up of 51 weeks. Of the nine patients who had not 
responded to HBO (scores of 1 or 2), two were unable to 
be contacted and the other seven had died; two patients 
immediately followed cessation of HBO and withdrawal 
of active therapy and, in the remaining five, the longest 
survival was 15 weeks. In contrast, of the five patients who 
had healed at the end of their courses of HBO, the four who 
were contactable were alive and had remained healed after 
12, 34, 46 and 89 weeks. One had experienced new CUA 
lesions at a previously unaffected site but these had again 
responded completely to HBO treatment. Of the four patients 
with a very limited response to HBO (score of 3), one was 
not contactable, and one died of systemic sepsis shortly 
after ceasing HBO, but the other two continued to heal and 
remained alive after 27 and 98 weeks. The two patients who 
substantially, but not completely, healed (score of 4) both 
survived for a further four years.

Discussion

In our study, the age, sex distribution and prevalence of 
diabetes in the patients were all similar to those of the two 
previous published series.2,9  However, we were unable to 
reproduce a healing rate of 89% (8 of 9 patients) described 
in Basile’s case series.9  By comparison, only 30% of our 
patients experienced a complete resolution of their ulcers, 
similar to the original series by Podymow et al.2  This study, 
combined with our own, probably represents a more accurate 
picture of the healing rate for CUA ulcers. Historically, 
a worse outcome has been associated with patients with 
proximal lesions. In our study, more patients had proximal 
lesions (six patients), but on analysis we found no correlation 
between the site of the lesion and a worse outcome.

The high mortality at follow up probably reflects the 
natural history of patients who develop CUA but there are 
insufficient data in our series and in the literature to confirm 
this. Response to HBO appears to be a predictor of mortality, 
the eight early deaths all occurring in patients with poor or 
no response.

Of the patient factors studied, age was a significant predictor 
of success with older patients being more likely to have 
a positive outcome with HBO. The exact reason for this 
cannot be ascertained from our study. However, it may be 
reasonable to postulate that more aggressive forms of CUA, 
renal failure, or of the underlying cause of said renal failure 
are seen in younger patients. Whatever the reason, it would 
be difficult to base a decision to treat with HBO on age alone 
– the patient with the most dramatic turnaround from life 
-threatening, extensive proximal disease to good long-term 
function was only 45 years old.

Regarding HBO, all treatments were given at pressures 
between 203 and 243 kPa, but there was no relation between 
the pressure or number of treatments and outcome. Thus 
the selection of which patients will respond to HBO, and 
the most effective treatment regimen (number of sessions) 
remains largely inconclusive.

A multimodal, multidisciplinary approach to treatment is 
usual for CUA. The complex nature of calciphylaxis and 
its comorbidities can produce many barriers to successful 
treatment. In half of our patients, the decision to stop 
treatment was not made by the hyperbaric physician.  For 
some patients, receiving daily hyperbaric oxygen therapy 
in conjunction with intermittent dialysis and interhospital 
transfer is too demanding. Close liaison between patient, 
renal unit and hyperbaric unit is essential to improve 
efficiency and minimise the chance of patients missing 
valuable dialysis or HBO. During periods of HBO, many of 
our patients received dialysis at The Alfred to avoid patients 
spending time and energy commuting between treatment 
centres.

In addition to providing HBO, most hyperbaric units 
can provide an important coordinating role due to their 
position of being able to review patients daily and follow 
the progress of healing. Routine wound care and antibiotics 
when necessary are administered. CUA skin ulcers are often 
associated with severe ischaemic pain and distress. Pain 
management and psychological support are other aspects 
of treatment well managed by hyperbaric physicians many 
of whom have a background in anaesthesia.

Referral for surgical debridement and skin grafting may also 
be necessary. Half of our patients healed after skin grafting. 
A key role for HBO may be as a preoperative optimizer 
of the wound base by improving the microcirculation and 
encouraging healthy granulation prior to skin grafting. 
However care must be taken in patients with widespread 

Patient characteristic Pvalue
Advancing age 0.02
Gender 0.73
Number of HBO treatments 0.42
Site of CUA lesion 0.39
Type of dialysis 0.42
Coexisting diabetes 0.54
Abnormal Ca2+/PO4- 0.94
History of previous parathyroidectomy 0.63
CUA proven on biopsy 0.45

Table 3
Statistical correlation between patient 

characteristics and skin ulcer healing (outcome) 
when treated with HBO



Diving and Hyperbaric Medicine  Volume 38 No. 3 September 2008 143

calcific deposits. The donor site must first be investigated 
for the presence of calciphylaxis as new ulcers can be 
generated from the surgical insult. On the evidence of this 
study, grafting may be best reserved for older patients with 
isolated lower limb CUA.

Control of calcium and phosphate levels and surgical 
parathyroidectomy are recognised treatments for CUA. 
A retrospective case series by Angelis and colleagues 

reported an 80% healing rate in patients who underwent 
parathyroidectomy.3   This was reinforced by a recent study 
by Duffy and colleagues who retrospectively studied two 
cohorts of patients with CUA ulcers. Those treated with 
total or partial surgical parathyroidectomy (six patients) 
demonstrated a 100% healing rate compared with those 
treated with medical therapy (nine patients) of whom only 
two had improvement in the skin lesions. The surgery 
group also showed a survival benefit over the 80month 
follow up (median survival 39 versus three months using 
KaplanMeyer analysis).15  The majority of our patients 
had previously undergone parathyroidectomy and had good 
control of calcium and phosphate prior to starting HBO. 
Given this was a group who had largely failed to show ulcer 
healing despite ‘conventional’ therapy our 30% healing rate 
may represent significant benefit, but without comparative 
controls no definitive conclusions can be drawn.

A common observation in our patients was that the severe 
pain often associated with CUA lesions usually diminished 
and in some cases ceased after several weeks of treatment 
with HBO, but unfortunately objective scoring of this was 
not undertaken. This is something which deserves further 
study: if HBO can contribute to an improved quality of life 
by reducing pain then it may be justifiable, even in some 
terminal cases. It is important to qualify this with the fact 
that for some patients, the logistics of travel to a hyperbaric 
facility could represent an inappropriate burden during the 
final weeks of life.

When examining therapeutic options for CUA in the absence 
of higher order evidence, it is useful to consider mechanisms 
of action. Medical and surgical therapies involve controlling 
metabolic derangement to arrest or reverse the process of 
systemic calcification. In contrast HBO acts to reverse tissue 
hypoxia at the wound site and as such can be considered 
a local treatment for hypoxic ulceration but not for the 
underlying CUA (Table 4).  However, a further observation in 
our patients was that longterm responders reported softening 
and improved flexibility of their tissues. This may represent 
some reversal of the CUA process but assuming any causal 
relationship would be inappropriate at this stage.
 
The pathogenesis of CUA is incompletely understood. 
However, it is reasonable to postulate that calcium deposition 
in small vessels will lead to local tissue hypoxia around the 
wound margins akin to many chronic wounds. Restoration of 
tissue normoxia, the goal of therapy in hypoxic wounds, may 

be difficult to achieve in patients with arterial calcification 
leading to a reduced macrovascular blood flow. Any benefit 
demonstrated from HBO in calciphylaxis seems just as likely 
to be due to enhanced neutrophil function in patients with 
multiple barriers to healing, including diabetes and uraemia. 
In addition, optimising neutrophil function may render the 
patient resistant to secondary infection, the commonest cause 
of death in CUA.

This study reflects our belief that prolonged treatment with 
HBO is often required to heal these wounds. We believe 
this probably induces microvascular angioneogenesis not 
only in hypoxic areas at the wound site but also at other 
sites of calcification. This may in turn provide some degree 
of protection from ischaemic injury to these sites in the 
future.

The results of this study can be compared with the recently 
published interim analysis of the study by Hawkins et al, 
which evaluates outcomes of chronic hypoxic wounds 
treated with HBO.16  This prospective study of 110 patients 
showed an overall good response in 52.3% receiving HBO. 
Skin ulcers due to CUA were not examined as a subgroup 
in this report but analysis of wounds caused by peripheral 
vascular disease and venous disease demonstrated a good 
response in 23.5% and 45.5% respectively at the end of 
treatment with HBO. The healing rate of 30% in our study 
is, therefore, consistent with these results and supports the 
view that whilst HBO is not a cureall for refractory wounds, 
it is at least one treatment option for patients with skin ulcers 
secondary to CUA. However, patients should be informed 
of the potentially prolonged treatment course that may be 
required and the effect this may have on other aspects of 
their ongoing medical care.

For the future, there have recently been a number of case 
reports of treatment of  CUA with agents aimed at modifying 
calcium and/or phosphate kinetics, including chelating 
agents and bisphosphonate therapy.17,18 It seems reasonable 
to speculate that such strategies could be synergistic with 

 Systemic therapies Wound therapies
Medical 
 Reduce dialysate Topical antibacterial
 calcium preparations
 Anticoagulation HBO
 Phosphate binders
Surgical 
 Parathyroidectomy Wound debridement
 (partial or total) Skin grafting
General 
 Antibiotics Avoid triggering factors
 Analgesics

Table 4
Therapeutic options for patients with CUA
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HBO in managing this difficult problem but this remains 
to be explored.
 
Limitations of our study are those inherent in all retrospective 
reviews, such as record keeping and a lack of comparative 
controls.  Patients who received more than one treatment 
course all showed improvement with each course but 
analysis was done on the patient’s eventual outcome 
rather than that of the individual course, as this would 
have positively biased the outcome. Out of necessity, the 
outcome score was developed from previously published 
wound assessment outcomes but has not been validated. 
More robust, prospective studies of CUA therapeutics will 
probably need to be multicentred and given the difficulty in 
organizing and funding randomized trials, this would seem 
an ideal area for a welldesigned registry.

Conclusion

In a proportion of our CUA patients, HBO was beneficial in 
improving ulcer healing and resolution. However, this study 
does not support the healing rates achieved in the largest 
previous study. The ability to predict from clinical signs and 
symptoms which patients will benefit, and the most effective 
HBO regimen remains undefined.  Given CUA is a painful 
and debilitating condition, it remains reasonable to consider 
HBO as part of the multidisciplinary, multimodal treatment 
approach in those patients able to undertake the prolonged 
treatment that is often required. Prospective, casecontrolled 
trials are needed to clearly define the healing effect of HBO 
in this condition.
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Review article

Introduction

Contamination of a diver’s breathing air makes diving 
unpleasant at the very least and, in the worst cases, can prove 
fatal. In between these extremes, contamination may cause 
impairment of judgement and consciousness predisposing 
to accidents underwater, it can trigger cardiac arrhythmias 
or lower seizure threshold and may cause headache or 
respiratory compromise. Some long-term health effects 
of inhaled contaminants are also possible, but will not be 
addressed in this paper.

The diving environment carries special risks with respect 
to the use of compressed air breathing apparatus, as the 
increased pressure associated with depth results in a 
proportional increase in the partial pressure of gaseous 
contaminants breathed for any given volumetric level of 
contamination. Air that is acceptable at the surface may thus 
become toxic as the diver descends. To assist in preventing 
air-contamination deaths and critical incidents, as well as 
avoiding long-term health effects, various authorities publish 
divers’ air quality standards which specify the maximum 
levels of various contaminants. These are generally set at a 
more stringent level than used for compressed air breathed 
at normobaric pressure.

The risk of compressor-intake air being contaminated is 
generally well understood, although installations are still 
periodically noted where intakes are capable of entraining 
engine exhaust or volatile contaminants such as paint and 
solvent vapours. What appears less well known, however, 
is the potential for generation of such contaminants from 
within the compression process and the limitations and 
failure modes of commonly used filtration systems. This 
paper aims to summarise some of these issues in the hope 
that readers will play a part in minimising future risks for 
divers.

A chance meeting between the two authors led us to conclude 
that there was a widespread lack of knowledge regarding the 
potential for compressed air to be contaminated and that it 
is very likely that some, and possibly many, compressed air 
contamination-related deaths have been unrecognised and 
unreported. We have, therefore, drawn upon our experience 
and a wide range of reference sources to prepare this overview 
document for readers of Diving and Hyperbaric Medicine. 
This is not a formal literature review, but a summary of issues 
and a set of personal recommendations that we hope will 
stimulate further research and discussion, and help with the 
ongoing refinement of standards, procedures and training 
aimed at minimising risk for divers and others, such as fire 
fighters, who rely upon compressed breathing air.

Compressed breathing air – the potential for evil from within
Ian L Millar and Peter G Mouldey

Key words
Air, compressors, carbon monoxide, toxins, exogenous poison, clinical toxicology, standards

Abstract

(Millar IL, Mouldey PG. Compressed breathing air – the potential for evil from within. Diving and Hyperbaric Medicine. 
2008; 38: 145-51.)
Human underwater activities rely on an adequate supply of breathable compressed gas, usually air, free from contaminants 
that could cause incapacitation underwater or post-dive or longer-term health effects. Potentially fatal but well-known 
hazards are hypoxia secondary to steel cylinder corrosion and carbon monoxide (CO) poisoning due to contaminated intake 
air. Another phenomenon may be behind some previously unexplained episodes of underwater incapacitation and perhaps 
death: low-level CO poisoning and/or the effects of gaseous contaminants generated within the compressor, including toluene 
and other volatile compounds. Many low molecular weight volatile contaminants are anaesthetic and will be potentiated by 
pressure and nitrogen narcosis. In sub-anaesthetic doses, impaired judgement, lowered seizure threshold and sensitisation 
of the heart to arrhythmias may occur. Toxic compounds can be volatilised from some compressor oils, especially mineral 
oils, in overheated compressors, or be created de novo under certain combinations of temperature, humidity and pressure, 
perhaps catalysed by metal traces from compressor wear and tear. Most volatiles can be removed by activated carbon filtration 
but many filters are undersized and may overload in hot, moist conditions and with short dwell times. A compressor that 
passes normal testing could contaminate one or more cylinders after heating up and then return to producing clean air as 
the filters dry and the systems cool. The scope of this problem is very unclear as air quality is tested infrequently and often 
inadequately, even after fatalities. More research is needed as well as better education regarding the safe operation and 
limitations of high-pressure breathing air compressors.
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Oil mists, water vapour and particulates

The principal contaminants of concern are carbon monoxide 
and volatile hydrocarbons. With respect to oil mist and 
droplets, the lubricants used in breathing air compressors 
are generally chosen for their biological inertness and it has 
usually been assumed that small amounts of aerosolised 
liquid should be well tolerated. Data specifically addressing 
compressor oils are limited, so some caution remains 
appropriate. Water vapour itself is desirable with respect to 
the diver’s airways but must be limited to avoid regulator 
freezing for cold-water divers and to reduce corrosion in 
steel cylinders. Dry air also inhibits the growth of bacteria 
in compressed air systems. More importantly with respect to 
this discussion, moisture substantially degrades adsorption 
filter function and is an indicator of systems at risk of 
supplying contaminated air. The degree of dryness required 
depends significantly upon pressure and compressed air 
standards and guidelines usually take account of this. To 
date it has generally been considered that particulates are 
well captured by filtration but this may not be so: pollens 
have been reported to have contaminated scuba cylinders, 
triggering dyspnoea in an individual with borderline airway 
hyper-responsiveness.1  It can be speculated that micro-
particles might have other health effects and might even 
act as catalysts for chemical transformation of oils and 
other contaminants within the compressor system but little 
information seems available on this subject at this time.

Air quality standards

There are some major differences between jurisdictions 
with respect to the testing methodology required and 
acceptable contaminant levels for compressed breathing 
air. The most dramatic difference is that both Canada and 
the United States set standards for volatile hydrocarbons 
and require air samples to be tested by a laboratory whilst 
the UK, most of Europe, Australia and New Zealand allow 
field testing with colorimetric tubes and do not specifically 
call for volatile contaminant testing, instead setting only 
general requirements for divers’ air to be free from toxic 
contaminants (Table 1).

There are also requirements for there to be “no odour” or 
“no objectionable odour”. The lack of a specific volatile 
hydrocarbon test requirement in Europe and Australasia 
means that, although subjective, odour detection is extremely 
important as at very low concentrations these substances will 
not be detected by testing with oil detector tubes but will 
generally have a detectable smell.

Carbon monoxide (CO)

CO is a colourless, odourless product of combustion which 
reversibly binds haemoglobin, inhibiting oxygen transport 
and resulting in a chemically induced hypoxia. Excess CO 
interacts with various intracellular energy-chain enzymes 
causing oxidative stress and direct cellular toxicity. CO is 
also a feature of normal biology, being generated from haem 
by the action of haem oxygenase. Endogenous CO acts as 
a neurotransmitter and appears to have anti-oxidant and 
cytoprotective qualities that are only now being elucidated. 
Some of the toxic effects of CO poisoning probably 
result from disruption of this normal CO biology but at 
low levels exogenous CO may not be as detrimental as 
previously thought, provided the person is at rest and at the 
surface. Clinical trials have been commenced using CO as 
a therapeutic gas to modulate processes such as ischaemia-
reperfusion injury. Interestingly, the doses used have been 
as high as 500 ppm, 10 times higher than commonly set as 
the occupational health and safety limit for ambient air.2,3  
These trials have triggered criticism as such levels have 
been demonstrated to carry significant risk in patients with 
cardiovascular or respiratory disease.4  Even relatively 
low levels of CO inhalation therefore remain undesirable 
for older or unfit divers as uptake will increase with depth 
and exertion, bringing with it an increased risk of cardiac 
ischaemia and/or arrhythmia. Also critical to the case for 
avoiding low-level CO inhalation is the significant reduction 
in exercise tolerance that results.5

Volatile hydrocarbons

Volatile hydrocarbons are those lower molecular weight 
hydrocarbons that exist in the gaseous form at temperatures 

Table 1
Comparison of standards for compressed air for divers (CO2 – carbon dioxide; CO –  carbon monoxide)

Jurisdiction Applicable Standard CO2 CO Oil mist Volatile Halogenated Moisture
     hydrocarbons hydrocarbons content
 (ppm) (ppm) (mg.m-3) (ppm1) (ppm) (mg.m-3)
Australia & NZ AS/NSZ2299.12007 480 10 0.5 NS NS 50
Canada CSA 275.22004 500 5 1.0 2    5 3    5 21
USA CGA G7.12004 1000 10 5.0  25 NS NS4 
Europe EN 120211999 500 15 0.5 NS NS 25
UK EN 12021 + HSE DVIS9 500 3 0.5 NS NS 25

NS = not specified 1methane equivalents 2oil mist and particulates 3 volatile nonmethane hydrocarbons 
4 CGA G7.1 Grade E air
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associated with diving. These should be differentiated from 
the higher molecular weight hydrocarbons and fluorocarbons 
that are used as lubricants in compressors and to lubricate 
seals and breathing equipment components.

One of the most common groups of volatile hydrocarbons 
of concern is the so-called BTEX group: benzene, toluene, 
ethylbenzene and xylene. These are most commonly 
found in petroleum fuels and as solvents in paints, paint 
thinners, inks, degreasers and cleaning fluids. Unlike oil 
mists and droplets, which do not generally pass beyond the 
lungs, volatile hydrocarbons are in gaseous form at body 
temperature and are readily absorbed and widely distributed 
in the body, including the brain, in the same manner and with 
similar pharmacokinetics to volatile anaesthetic agents. They 
also act as anaesthetic agents; albeit with a less than ideal 
side-effect profile. They often cause initial excitation and 
increased cardiac irritability, predisposing to arrhythmias 
and sudden cardiac death, in addition to the high risk of 
death if divers achieve anaesthetic levels resulting in loss of 
consciousness underwater. At intermediate levels, cognitive 
impairment may increase the risk of lack of buoyancy control 
or other errors that may lead to injury or death. Some agents 
appear to lower seizure threshold.6

Although all volatile hydrocarbons can cause such 
problems, one of the most discussed reports of diving air 
contamination involved toluene.7 This readily vaporised 
liquid is most commonly encountered as a major component 
of automotive petrol but is also used as a cleaning solvent, 
in paints and in glues including some dive suit repair glues. 
The lethal concentration for human toluene exposure has 
been estimated at 1,800–2,000 ppm for one hour but for 
a scuba diver underwater the threshold for impairment 
is probably more important.8  The American Industrial 
Hygiene Association’s ERPG-2 limits estimate the airborne 
concentration limits at which individuals are still capable of 
taking protective action. For toluene, this is 300 ppm and 
the US Occupational Health and Safety Authority sets a 
’Permissible Exposure Limit’ of 200 ppm.9 

For divers’ air, the British version of EN 12021 recommends 
that contaminant levels should be below 10% of the eight-
hour time-weighted average (TWA) allowed for surface 
workplaces.10  Using this principle would suggest the danger 
limit for toluene in divers’ air may be around 20–30 ppm and 
the recommended limit may be as low as 2–5 ppm; from 10 
per cent of the TWA up to 10 per cent of the “no observed 
adverse effects level” which appears to be around 50 ppm.11  
It is likely that any compressor-generated contamination 
would contain a mix of toxic substances and their effects 
are almost certainly additive, if not synergistic. In addition 
to this, nitrogen will further potentiate the consciousness-
impairing effects. This provides a good basis for the 
conservative limits for volatile hydrocarbons as adopted in 
the United States and even more stringently in Canada.

Other volatile solvents

In addition to the BTEX group, many other agents used 
as industrial cleaning fluids are highly volatile and very 
narcotic if inhaled. Examples are acetone and chlorinated 
solvents such as trichloroethylene. If these are not adequately 
removed from compressor systems they can show up in 
compressed air.

Production of CO and volatile hydrocarbons inside 
compressors

In oil-lubricated compressors, small quantities of oil 
entering the compression chambers can undergo oxidative 
and/or thermal breakdown given the presence of oxygen 
(within the air being compressed) and/or sufficient heat. 
Some hydrocarbon breakdown pathways may also require 
water vapour and catalysts, which can be provided by 
intake air humidity and traces of metals from the wearing 
of compressor components respectively. This problem is 
most common in high-pressure (HP) compressors used for 
filling scuba cylinders as these are usually oil-lubricated 
and higher heat production is a necessary by-product of 
high pressure compression. HP compressors are usually 
three- or four-stage, air-cooled machines with inter-coolers 
between compression stages. Overheating is a relatively 
common problem, however, particularly in hot climates 
and when small compressors designed for filling individual 
cylinders are used continuously, for instance in low-budget 
commercial or club diving installations. HP compressors 
should be fitted with over-temperature alarms with automatic 
shut-down mechanisms but this is not always the case.

It has been hypothesised that the particular toxic oil 
breakdown products produced from any one oil type and 
compressor combination may depend upon a critical 
temperature range. Partial pressure of oxygen (determined 
by air pressure), water content and trace-metal catalyst type 
may also be important. An overheated or poorly maintained 
compressor can thus be considered analogous to an oil 
refinery catalytic cracking tower, which breaks down higher 
molecular weight hydrocarbons into smaller molecules, 
including acidic gases and other toxic compounds. This 
concept allows for a phenomenon of major concern: a 
compressor that produces clean air when cool may produce 
dangerous contamination of one or more cylinders as it 
heats up under load. Where cylinders are individually 
filled this could produce seemingly random contamination 
that would escape detection by routine air quality testing 
of the compressor with air samples taken shortly after a 
cold start. Where the compressor fills a large capacity air 
bank, any short period of contaminant production may be 
of less concern, as the contaminated air will be diluted in 
the bank with all fills from the bank receiving low levels 
of contamination rather than one or two cylinders being 
filled to a level associated with the potential for underwater 
toxicity.
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The oil-type debate

Much is made of the advantages of one oil type over another 
for breathing-air compressors. Most HP compressor oils are 
of mineral or synthetic origin as these are generally more 
stable at higher temperatures. Some are classified as ‘food 
grade’. Suitability for ingestion does not, however, imply 
that any particular oil is less harmful for inhalation. Oil 
droplet and mist contamination of breathing air is universally 
limited by standards and, in practice, any non-volatile oil 
mist inhalation that occurs seems to be relatively well 
tolerated. The widely used United States ACGIH limits 
for mineral oil contamination of ambient breathing air in a 
work place allow time-weighted averages of 5 mg.m-3 for 
an eight-hour working day. These sorts of levels are most 
commonly encountered in machine shop workers operating 
equipment such as lathes and metal milling machines, where 
the cutters and the item being drilled or shaped are cooled 
and lubricated by a spray of ‘cutting oil’.

Whilst contamination of breathing air by mists of lubricant 
oil is not unknown in the setting of on-line, low-pressure, 
surface-supply diving compressors, the major concern for 
HP compressors is the stability of lubricants at high pressures 
and temperatures and avoidance of breakdown into volatile 
toxic by-products. It may be that newer synthetic oils with 
increased anti-oxidant and thermal resistance properties 
are the least likely to be broken down into lower molecular 
weight gases. However, it remains difficult to compare 
manufacturers’ product claims, given the non-standardized 
testing regimens employed. Unfortunately there is limited 
reporting of the actual composition of oils as this is generally 
considered proprietary information. Currently, the best 
available guidance is to review both the oil suppliers’ and 
the compressor manufacturers’ guidelines when selecting 
the oil for a breathing-air compressor installation.

Filtration

Compressor first-stage intakes should be protected by dust 
filters. Inlet-air carbon dioxide (CO

2
) absorption is also 

sometimes employed, especially in urban or industrial 
settings where elevated CO

2
 levels may be such as to 

represent a risk when breathed at up to six times atmospheric 
pressure. (CO

2
 is not removed by standard post-compression 

filter systems).

Considerable quantities of oil/water mist are produced 
during post-compression cooling of compressed air and 
HP compressors typically employ oil-water separators 
immediately after some or all of the three or four compression 
stages. The oil-water condensate that is drained carries with 
it some of the contaminant load but the higher the intake 
air humidity, the more water will need to be removed and 
this is critical, as water logging of downstream adsorbents 
such as activated charcoal (AC) severely degrades their 
function. Some more elaborate HP installations include 
refrigerated dryer/separators after the final compression, 

providing improved protection against water overloading 
of the final filters.

After it is compressed, air requires filtration before it will be 
suitable for breathing. Filtration can be relatively minimal 
for low-pressure compression of clean air using ‘oil-free’ 
compressors but for high-pressure compressors, systems 
are needed that will eliminate not only particles but also 
the oil mists, residual water vapour and any hydrocarbon 
contamination or carbon monoxide produced by the 
compression process. This requires a number of different 
components and these may be contained in separate filter 
elements or combined into combination cartridges.

In addition to particle filtration, filter systems usually 
incorporate a desiccant bed to remove residual moisture. An 
AC bed then removes volatile hydrocarbons plus odour. AC 
beds are capable of adsorbing most low molecular weight 
hydrocarbons and their performance is, therefore, critical in 
the prevention of contamination of breathing air. AC beds 
have a number of critical performance factors and failure 
modes, however. Their performance degrades over their 
normal service life, but degradation increases dramatically 
with excessive adsorption of hydrocarbons, with elevated 
temperature or if desiccant failure allows moisture through 
to the AC bed.

AC does not absorb CO and, therefore, better filter systems 
incorporate a catalytic element such as a manganese/copper 
oxide combination (Hopcalite), which oxidises CO to CO

2
 

with the small amounts of additional CO
2
 generated usually 

not presenting a problem for the diver. As with AC, most 
catalytic beds function best with very low moisture contents 
and some are extremely moisture sensitive.

The need for dry AC and catalyst means that the overall 
filter-system processing capacity is often limited by the 
type and volume of desiccant in the cartridge, and another 
feature of better quality filter systems is, therefore, larger 
capacity desiccant and AC beds to provide some redundancy. 
Probably the most critical factor affecting filter performance, 
however, is the temperature of the air entering the desiccant 
and AC elements. As the temperature of breathing air  
increases, most often due to a poorly installed compressor 
or high ambient temperatures, the processing life of the 
cartridge must be corrected downwards. As an example, one 
major manufacturer suggests limiting filter life to 20 per cent 
of normal if the filter is exposed to an air stream temperature 
of 50°C rather than the ‘normal’ 20°C.

A final critical performance element is the pressure of the 
air passing through the filters. Filters perform optimally if 
air passes through them relatively slowly, allowing adequate 
‘dwell time’ for contaminants to be trapped, absorbed into 
media such as desiccant or adsorbed onto media such as 
activated carbon. If the pressure within the filter system is 
low, any given atmospheric volume will pass more rapidly, 
reducing dwell time. In a worst-case scenario, the high initial 
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air velocity can also physically damage filters, releasing 
particles to contaminate the downstream system. Such 
problems can be avoided by installing a pressure-maintaining 
valve downstream of the filters. This will minimise the risk 
of contaminant breakthrough at the start of filling an empty 
cylinder or receiver.

Regrettably, it would appear that many compressors are 
purchased with a standard combination filter unit that does 
not include CO catalyst and which is not sized for operation 
at high ambient air temperature or in some cases even for 
the compressor’s free air delivery at the start of compression 
when pressures are low and flows highest. Any filter that 
is relatively undersized will carry a high risk of allowing 
volatile hydrocarbon ‘breakthrough’, especially in the 
latter part of its nominal life and if used in hot and humid 
conditions.

The limitations of current air quality testing

Most HP compressor air testing is undertaken by periodically 
sending samples for analysis by a laboratory, or sampling 
on site by passing air through proprietary colour-change 
detector tubes. The maximum intervals allowable between 
tests generally range from three to six months. Such 
intermittent testing is an inherently weak system, as test 
samples can be taken when the compressor is first started 
or after installation of new filter elements, providing no 
certainty that the air will be clean once the compressor is 
hot or the filters are nearing their end of service.

To date, screening for low levels of volatile hydrocarbons has 
required laboratory testing, using either gas chromatography 
with flame ionisation detection (GC/FID) or infrared 
spectroscopy (IR) techniques. There is no colour-change 
detector tube available that is sensitive or has a sufficiently 
broadspectrum to detect the large number of potential 
volatile hydrocarbons found in compressed breathing air. 
In both Canada and the USA air must be tested for volatile 
hydrocarbons by laboratories which use GC/FID or IR 
techniques.

Continuous, on-line hydrocarbon monitoring would be ideal 
and suitable analysers have been available for some time, 
but these are expensive and rarely used. Recently, portable 
volatile hydrocarbon IR analysers have become available 
to the diving industry, initially to address the problem of 
commercial divers being affected by contamination of the 
diving bell with volatile hydrocarbons from pipeline or oil-
well sources.12 Some compressors are fitted with moisture 
detectors to alert users to desiccant exhaustion and this 
seems a useful feature that is available now. Continuous CO 
detection technology is readily available but surprisingly 
rarely used. Low cost CO monitors are now becoming 
widely available and inexpensive electronic-chip-based gas 
detectors of many types are expected to dramatically increase 
monitoring possibilities over the next few years.

What is the evidence this is a real problem?

Although deaths continue to occur as a result of compressor-
intake contamination, there is relatively little concrete 
evidence of a widespread problem related to compressor 
production of either CO or volatile hydrocarbons. There is 
some, however, and it is of particular concern that we could 
be missing a wider problem. In one cave-diving incident in 
Florida, a near miss occurred due to toluene contamination, 
with the diver initially becoming disoriented and swimming 
in an agitated fashion before becoming lethargic, requiring 
rescue. Another interesting case involved a breathing-air 
compressor installation at a Canadian Fire Department  
station, which produced CO on several occasions. The 
contamination disappeared after a full overhaul and filter 
change only to recur shortly afterwards and appears most 
likely to have been due to a poor installation location which 
allowed recirculation of hot exhaust air and resulted in 
compressor overheating with consequent oil breakdown 
contaminating the breathing air.13

A substantial deficiency in our knowledge arises from the 
fact that many fatalities do not have their air tested using 
techniques that would detect low levels of CO or volatile 
hydrocarbons. Levels that do not cause loss of consciousness 
may still be important if they have pre-disposed the diver to 
cardiac arrhythmia or underwater impairment of judgement 
leading to fatal error. In the 1995–2000 DAN fatality data, 
145 fatalities were recorded as a result of drowning or near-
drowning with the initial injury or problem “unknown”.14  It 
seems reasonable to speculate that gas contamination may 
have contributed to some of these deaths. A DAN review of 
451 fatalities over a five-year period suggests that only 15 
per cent of the divers had a carboxyhaemoglobin (COHb) 
measurement taken at the time of death. Three per cent of 
those sampled had a fatal concentration of COHb at the time 
of measurement.15

In 2006, the UK Health and Safety Executive reported 
on an examination of diving equipment implicated in 54 
accidents and incidents of all types. Whilst only five involved 
a suspected ‘bad fill’, 41 of the 54 air samples tested failed 
the moisture content standard.16  The Swedish Consumer 
Agency sampled air from nine dive suppliers in 1996, finding 
one case of oil contamination. In 2007, five of 20 failed, two 
due to excess CO

2
 and three due to moisture.17  In parts of 

the USA where laboratory analysis of air is required rather 
than simple detector tube sampling, rates of failure to meet 
acceptable CO levels have been as high as 3 per cent in 
recreational dive air (10 ppm limit), and the US Navy has 
encountered similar problems at a frequency of 2.5 per cent 
using an CO specification of 20 ppm.18,19

Whilst this does not confirm there is a specific problem 
with volatile hydrocarbon contamination produced within 
compressors, it does suggest there is probably a systematic 
deficiency in the quality and performance of compressor 
installations.
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Nitrox compression

With the rapid increase in the recreational use of nitrox, there 
are many instances of conventional HP air compressors being 
used with oxygen-enrichment systems feeding the intake in 
order to provide nitrox scuba cylinder fills. Although special 
nitrox compression systems are available commercially, 
make-shift arrangements are of concern with respect to the 
risk of fire as well as contamination of breathing air. The 
increased oxygen concentration passing through nitrox 
compressors degrades the compressor oil much more rapidly 
than would happen normally, which may generate toxic 
by-products, shorten the compressor and filter life, and 
increase the risk of contamination of breathing air. High-
quality synthetic oils should, in theory, be less susceptible 
to thermal and oxidative degradation than mineral oils. Even 
so, evolving recommendations suggest oil changes may be 
needed after only 25 per cent of the time usually allowed.

Discussion

Whilst it remains unclear to what extent there may be a 
problem with contamination of breathing air generated by 
compressors, it is clear that air quality is an important issue 
that has been inadequately addressed. In order to better 
discern the extent of this potential problem and to reduce 
risk, we offer the following recommendations:

All accident investigations should include laboratory 
testing of air by a specialist air-quality laboratory. The 
diver’s blood should also be sampled for COHb and the 
time interval recorded from cessation of potential CO 
exposure to blood sampling with a record of whether 
the diver was breathing air or oxygen.
Existing requirements for divers’ breathing air to have 
very low levels of CO (generally < 10 ppm) remain 
appropriate and it may be that even lower limits would 
be wise to minimise risk for older and less fit individuals. 
Certainly all measures necessary should be taken to 
avoid the risk of substantially higher amounts entering 
breathing-gas supplies.
Standards authorities should consider mandating 
maximum levels of volatile hydrocarbon contaminants 
and, where this does not presently exist, should also 
consider requirements for third-party testing or other 
means of quality control.
Micro-particulates should also be considered further.

With respect to compressor installations, we suggest the 
following:

Manufacturer’s installation, use, oil type and maintenance 
recommendations should be strictly adhered to and all 
maintenance should be logged.
Compressors designed for periodic filling of small 
numbers of cylinders should not be used for continuous 
service installations.
Even basic HP compressor systems should have 
high temperature alarms with automatic compressor 
shutdown plus real-time moisture and CO monitoring.

•

•

•

•

•

•

•

Installations should be in well-ventilated locations with 
intakes that guarantee uncontaminated air. 
If there is choice of size, filter systems should be larger 
rather than smaller and should be changed at intervals 
corrected for high ambient operating temperatures using 
the filter manufacturer’s correction factors.
Air purifier systems should incorporate a catalyst system 
to convert any entrained or internally produced CO to 
less dangerous CO

2
.

Air test samples should be taken with the compressor 
well warmed up so it is running at full temperature. 
Whilst testing after installing new filters will validate 
that the filter has been installed correctly and is not 
faulty, there is a case for also testing towards the end of 
nominal filter life so as to obtain measurements of air 
quality indicative of ‘worst-case’ scenarios.

For divers, we would suggest asking questions, looking for 
certificates of compliance with appropriate standards or 
codes of practice and investigating standards of air-quality 
control at destinations before travel. Particular caution 
should be applied for hot, humid locations, especially if 
compressors are installed near walls, in small rooms or if 
run in the heat of the day rather than at cooler times.

The most accessible and remarkably sensitive analytic 
method for hydrocarbons is to get into the habit of smelling 
cylinder air well before a dive. If the diver does not have a 
clear nose and intact sense of smell they should ask someone 
else to perform this service. Many contaminants have a 
significant “oily”, “rubbery” or “solvent” type smell. A 
“musty” smell may indicate excessive moisture is present. 
Being odourless, CO will not be detected by smell, but CO 
analysers have become significantly cheaper and could well 
be used alongside the oxygen analysers that have become 
routine for nitrox divers. 

If CO or unusual odour is noted, abort the dive.

Finally, it would be useful if the industry, consumer agencies 
and researchers were to conduct regular surveys of air 
quality to provide a clearer picture of how often low-level 
contamination is occurring.
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10 ppm), as well as increased levels of carbon dioxide and 
methane. A second cylinder owned by the diver returned 
similar analysis. Both cylinders were filled at the same time 
at the same dive shop.

The coroner’s finding was that “death [was] due to asphyxia 
due to his cylinder gas being contaminated with carbon 
monoxide, brought about by an idiosyncratic malfunction 
of the air compressing equipment”. There was no evidence 
of any other cylinders filled on that day reported as 
contaminated, so this was an isolated finding, the cause of 
which was unknown.

This case is from the New Zealand diving fatality data.
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Case report

Introduction

Pulmonary oedema is a rare and probably underreported, 
divingrelated event with only infrequent reports in the 
literature since the first report in 1981. However, the 
pathophysiological mechanism remains elusive. To date 
this phenomenon has been reported only in patients with 
no evidence of underlying cardiac disease.

Case history

Mrs A was a previously fit and well 69yearold lady. She 
originally denied any exertional dyspnoea in the period 
preceding her decision to start diving. In retrospect, she 
reported some minor exertional dyspnoea in the preceding 
months; however, she had not felt it sufficient to be of 
significance. Her only past medical history was that of 
treated hypothyroidism. Her social history was significant 
in that she was still working and consumed half a bottle 
of wine per day. She had no previous history to suggest 
ischaemic heart disease.

She presented with a history that, at her second diving 
lesson one week prior, she had developed chest tightness 
and dyspnoea following ascent from four metres’ depth. This 
first episode was not severe and settled within 24 hours. No 
medical attention was sought.

On her third dive, she had successfully ascended without 
difficulty midway through the lesson in a chlorinated pool 
heated to 28°C. She then descended again for the duration 
of the lesson. At the end of the lesson she had to swim 
underwater the entire length of an Olympicsized swimming 

pool (50 metres) to ascend near steps. On this second ascent, 
she noted marked shortness of breath and chest tightness. 
Onlookers described her as being blue.

On initial medical assessment, she was hypotensive and in 
acute pulmonary oedema. There was a left bundle branch 
block on electrocardiogram (ECG), which was presumed to 
be new as there were no previous ECGs to compare with. 
Symptoms improved with oxygen, intravenous frusemide 
and morphine. Initial chest Xray showed unequivocal 
pulmonary oedema (Figure 1a).

Subsequently inpatient angiography showed only mild 
coronary artery disease. Echocardiogram revealed global 
systolic dysfunction with an ejection fraction of 45% and 
no regional wall motion abnormalities. Fasting glucose 
was normal, fasting cholesterol mildly elevated. Her 
renal function was normal. Repeat chest Xray showed 
resolution of pulmonary oedema (Figure 1b). No troponin 
rise was noted; Btype naturetic peptide was not performed.  
Spirometry as an inpatient was normal with a forced 
expiratory volume in one second of 2.76 litres (112% of 
predicted) and forced vital capacity of 3.25 litres (106% 
of predicted).

In this case, we strongly recommended that she never dive 
again. She has been followed up by the cardiology service 
and has not dived again. Her repeat echocardiogram, 
however, revealed a mildly dilated left ventricle with 
abnormal septal motion consistent with persisting left bundle 
branch block. There was evidence of ongoing moderate 
global left ventricular dysfunction with a calculated ejection 
fraction of 37%. The left ventricular diastolic parameters 
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Abstract

(Kenealy H, Whyte K. Divingrelated pulmonary oedema as an unusual presentation of alcoholic cardiomyopathy. Diving 
and Hyperbaric Medicine. 2008; 38: 152-4.)
Diving-related pulmonary oedema (DRPO) is an uncommon and incompletely understood phenomenon. Pulmonary 
oedema has been rarely documented in shallow water. It is also associated with cold water and exertion and has been seen in 
swimmers as well as divers with no underlying heart disease. We describe an otherwise well 69yearold lady who developed 
divingrelated pulmonary oedema on her second and third dives in a shallow, heated pool. Followup echocardiogram 
revealed moderate global left ventricular dysfunction with an ejection fraction of 37%. There was a history of alcohol 
consumption of half a bottle of wine per day, which combined with the echocardiographic findings led to the diagnosis of 
alcoholic cardiomyopathy. We believe this not only to be the oldest patient with a documented case of DRPO but also the 
first report where it has clearly unmasked clinically significant underlying heart disease.
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were consistent with abnormal left ventricular relaxation 
with mildly increased enddiastolic pressure. There were 
no valvular or rightsided abnormalities noted.

She continues to have symptoms of shortness of breath on 
exertion consistent with NYHA class II. It is now considered 
that her diving-related pulmonary oedema (DRPO) 
was an unusual presentation of a mild, occult alcoholic 
cardiomyopathy.

Discussion

PATHOPHYSIOLOGY

Pulmonary oedema is thought to be a rare complication 
of diving.1  The mechanism is not completely understood. 
The first case series was published in 1981 by Wilmhurst 
et al.2  They described 11 divers in cold British waters who 
developed pulmonary oedema. The proposed mechanism 
was that of increased peripheral vascular resistance due to 
cold exposure thus raising both preload and afterload. They 
showed that healthy controls did not show the same degree 
of increased vascular resistance in the forearm when exposed 
to cold stimulus as those that developed pulmonary oedema. 
However, this finding was not replicated in a further study.1  
Cases arising from warm-water diving have been reported, 
shedding doubt on the causative role of cold water in the 
development of DRPO.3

There have since been reports of pulmonary oedema while 
swimming (not diving) in cold waters.4  Studies in military 
personnel suggest there is an association with strenuous 
activity.1,3  Immersion in water leads to redistribution of 
blood and an increase in pulmonary capillary pressure, 
thus increasing the risk of pulmonary capillary leak. Cold 
immersion is thought to increase this redistribution of blood.1  
Although cold may be a risk factor because it increases 
peripheral vascular constriction and thus cardiac preload 
and afterload, it is clear that cold-water diving is not a 
prerequisite for DRPO.

It appears that multiple factors may contribute to the risk of 
DRPO and in any individual a complex interaction of factors 
may precipitate an episode of DRPO.

DEMOGRAPHICS AND DIVE CHARACTERISTICS

Cases reported in the literature number over 30 as described 
in a recent review.5  The cases have ranged in age from 
23 to 61, mean ages have been quoted as 43.3 years and 
45.6 years.1,6−8  The water temperatures have ranged from 
approximately 0°C 6 to 25°C.6,9  The diving depths range 
from 3.3 to 42 metres’ sea water.1,9

DRPO is thought to be under reported given that spontaneous 
recovery has been observed to occur, as probably occurred 
in our patient during her second diving lesson the previous 

Figure 1
Figure 1a is a portable chest Xray taken on arrival at the emergency department, demonstrating pulmonary 

oedema. Figure 1b is a followup chest Xray a day later after treatment with intravenous frusemide.
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week.5  Symptoms often resolve with supportive treatment 
only once patients are removed from the water, such that 
diuretics are not always necessary.

DRPO AND CARDIAC DISEASE

Our patient is the first unequivocal report of DRPO 
unmasking underlying cardiac disease, in her case a probable 
alcoholic cardiomyopathy. There has been one case reported 
in a series by Hampson et al in which a 60yearold lady with 
preexisting hypertension developed DRPO and was found 
to have mitral valve prolapse with mitral regurgitation on 
echocardiogram.7  She had normal left ventricular systolic 
function and successfully completed seven subsequent dives 
in waters of approximately 25°C with a wetsuit. In this case 
we would suggest that the role, if any, of her mitral valve 
disease in the development of DRPO was uncertain.

During a dive the water pressure on the thoracic cage alters 
chest wall compliance, pooling of blood in the lungs alters 
the lung compliance and gas density increases airway 
resistance. These factors result in the need to generate a 
more negative pleural pressure to maintain tidal volume. 
This will, in turn, lead to a higher pressure gradient across 
the left ventricular (LV) wall, which results in increased 
LV wall stress and work – in contradistinction to the effect 
of CPAP in acute pulmonary oedema where the positive 
pressure decreases the pressure gradient across the LV and 
hence reduces the LV wall stress and work.10,11  We postulate 
that the additional load imposed on the LV during these dives 
by the effect of immersion on both central vascular pressures 
and on the LV transmural pressure precipitated pulmonary 
oedema in our patient.

LIKELIHOOD OF RECURRENCE AND RETURN TO 
DIVING

These reports indicate that some but not all will have 
recurrence of symptoms when rechallenged.1,3  There is no 
way to predict who will or will not redevelop symptoms. 
Slade et al reported a case series of eight middle-aged divers 
with DRPO.6  Their subjects ranged from people doing their 
first dive to very experienced divers. Subsequently three of 
their patients successfully resumed diving.

Tetzlaff and Thorsen support the practice of advising 
sufferers to not dive again.5  For those who will not follow 
this advice, there is anecdotal evidence in 15 cases that a 
5 mg dose of nifedipine taken orally before a dive may 
prevent recurrent attacks.12  During followup, it has been 
shown that most patients with DRPO will develop systemic 
hypertension.8  In our patient we believe the underlying 
cardiomyopathy would make further attempts at diving 
hazardous for the reasons outlined above.

Disclaimer

We declare no conflicts of interest. The authors are salaried 

employees and no additional funding was provided for this 
article.
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SPUMS Annual Scientific Meeting 2008

Background and objective

There have been relatively few studies examining the 
prevalence and characteristics of lung function changes 
occurring in recreational scuba divers. A pilot study 
conducted by the author identified a number of divers 
with low FEV

1
/FVC ratios.1  The current field study, using 

spirometry for the assessment of lung function in recreational 
scuba divers, has two objectives:
1. To identify the physiological effects of recreational 
seawater scuba diving on lung function.
2. To monitor forced expired air volume in one second 
(FEV

1
)

 
in a cohort of divers over a period of three years.

This project is ongoing, and this report summarises the 
work done in 2006.

Materials and Methods

Ethics approval was received from The University of 
Adelaide. Following written consent, data were collected 
from qualified scuba divers while at the SPUMS ASM in 
New Zealand in 2007. Participants completed a questionnaire 
requesting information on relevant health history and scuba 
diving experience. Data on the dive profiles of each diver 
were collected postdive. EasyOne spirometers, known for 
their stability and reliability,2 were used to measure divers’ 
forced vital capacity (FVC), forced expired air volume in 
one second (FEV

1
), and forced expiratory flows at 25, 50 

and 75% of the forced vital capacity (FEF
25

, FEF
50

, FEF
75

). 
Spirometry was conducted pre- and early postdive on board 
the diving vessel.

Results 

Data have been collected from 100 subjects. Results of 
38 were rejected from analysis as they did not meet ATS/
ERS international standard criteria for acceptability and 
reproducibility. Of the 62 remaining subjects, 43 were male 
and 19 female. Ages ranged from 19 to 68 years (mean 47 
years).
Using body mass index (BMI) scales, 16 had a BMI < 25, 
37 were overweight (BMI 25−30) and 9 obese (BMI ≥ 30). 
Sixteen had predive FEV

1
/FVC ratio values less than 75%. 

Data were analysed using paired samples ttests. There was a 
statistically significant decrease in FVC from predive (4.78 
+/ 1.04 L) to postdive (4.67+/ 1.00 L, t(61) = 2.41, P = 
0.02). The eta squared statistic (0.09) indicated a moderate 
effect size.

Commentary

Previous research has shown that lung function can be 
affected by several factors, such as the physiological 
reduction in lung volume on immersion, breathing in 
saltwater, hyperoxia or hypoxia and decompression stress. 
These studies, however, have focused on professional divers 
and have been conducted in artificial environments rather 
than in the natural enviroment.3−5

Due to the popularity of recreational diving, and because 
of the need to meet less stringent medical standards than 
for professional diving, it is important that information on 
risks related to recreational diving be available to the diving 
public. It is hoped that the present study will increase our 
understanding of the physiological effects of scuba diving 
thus allowing for betterinformed decisions and improved 
medical support of recreational diving.
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Travellers to Papua New Guinea are advised to take 
prophylaxis against malaria. All four human Plasmodium 
species are present in the country, P. falciparum being 
dominant, and the disease is endemic in many regions, 
especially the lowlands.1

Diving in a location that requires divers to consider malaria 
prophylaxis raises the question: “Are there adverse drug 
effects of antimalarial prophylaxis that may be relevant to the 
recreational scuba diver?” This question can be subdivided 
into two:

Does taking prophylactic drugs compromise diver 
safety?
Do these drugs interact in any clinically meaningful way 
with other drugs that divers might commonly take, either 
on a regular basis for the treatment of common medical 
conditions that do not themselves preclude diving, or 
with drugs that might be taken specifically to facilitate 
diving itself (e.g., antihistamines, decongestants and 
analgesics)?

SPUMS conferences attract a diverse group of attendees 
with respect to age, diving ability and health. Divers over 
50 years of age are not uncommon and many would be 
taking medications for common medical conditions, e.g., 
hypertension, hyperlipidaemia, osteoarthritis and others. 
Antihistamines, decongestants, simple analgesics and 
nonsteroidal antiinflammatory drugs (NSAIDs) would not 
be uncommon additions to a diver’s kit and, accepting that 
no drug is free from adverse effects, there is little evidence 
to suggest that taking the aforementioned agents significantly 
compromises actual diver safety during a dive.

Anecdotal evidence derived from discussions with 
conference attendees suggests that most who do take 
malaria prophylaxis choose between doxycycline and 
mefloquine, with the majority choosing the former despite 
the need to take the drug for four weeks after leaving the 
malarious region. Simply considering either drug alone 
without consideration for any other drugs that the diver 
might take, it is well known that doxycycline can cause 
photosensitivity and gastrointestinal effects commonly 
seen with many antibiotics, e.g., nausea, loose bowels and 
specifically for this tetracycline, oesophagitis. Mefloquine 
is reported to commonly cause nausea, vomiting, abdominal 
pain, headache and dizziness. Less common are severe 
neuropsychiatric effects such as delirium and the drug can 
prolong the QT interval.2  Kitchener et al carried out an 
openlabel prospective study of over a thousand Australian 
soldiers serving in East Timor in 2001, who were taking 
either doxycycline or mefloquine. They found an incidence 

•

•

of severe sleep disturbance, headache and fatigue of less than 
2% for both drugs (4% severe nausea with mefloquine, c.f. 
no reports on doxycycline) and concluded that mefloquine 
was generally well tolerated and should continue to be used 
in those intolerant of doxycycline.3

However, does this recommendation change when one 
considers other drugs that a diver might be taking? Assessing 
the likelihood and clinical significance of an interaction 
between two or more drugs is a more precise science now 
that the role of the cytochrome P450 enzyme family in 
drug metabolism is better understood. For many drugs 
the enzymatic pathways of their metabolism and in turn 
how they may affect the metabolism of other drugs is well 
understood.4  Nevertheless pharmacists and prescribers are 
bombarded, mostly via prescribing and dispensing software, 
with warnings of drug interactions that in reality have 
minimal if any clinical significance.

Doxycycline given together with warfarin usually results 
in an increase in the international normalised ratio (INR). 
Mefloquine lowers seizure threshold and can antagonise the 
effect of anticonvulsants and should be avoided with other 
drugs that can lower seizure threshold e.g., the tricyclic 
(TCA) and selective serotonin receptor uptake inhibitor 
(SSRI) classes of antidepressants. Mefloquine should not be 
given with quinine, quinidine or chloroquine because of risk 
of ECG abnormalities, but such combinations are unlikely 
to be used by a diver.

In summary, malaria prophylaxis with either doxycycline or 
mefloquine is likely to be well tolerated by most divers and 
should not preclude them taking their normal medications, 
as well as those that might be used on a shortterm basis 
to make their diving a ‘medically troublefree’ experience. 
One possible exception might be a diver who takes a 
tricyclic or SSRI antidepressant where one would suggest 
doxycycline as the preferred agent. However, many diving 
physicians would regard these drugs, and the underlying 
depressive illness, as contra-indications to diving. Diving 
and warfarin are an unlikely but possible combination, and 
if an anticoagulated diver were to take doxycycline it is 
likely that the dose of warfarin would need to be adjusted 
downwards to prevent a rise in INR and, therefore, an 
increased risk of bleeding.
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Dengue fever

Most travellers to Papua New Guinea (PNG) are aware of 
the risk of malaria and the recommendation for malaria 
prophylaxis. However, malaria is not the only mosquito-
borne disease of significance endemic to the region. Dengue 
fever is the most prevalent mosquitoborne viral disease in 
the world and is endemic to PNG. Four antigenically related 
but distinct flaviviruses are responsible for the four different 
serotypes of disease seen (dengue types 1−4). Serological 
surveys in PNG have documented evidence of past infection 
in up to 63% of urban adults and 5% of rural adults.1  In 
1995, dengue type 3 was confirmed to be circulating in Lae 
and with dengue type 2 circulating in the Port Moresby area.1  
Unlike other mosquito-borne diseases where the mosquitoes 
are active from dusk to dawn, the Aedes aegypti mosquito 
which transmits dengue fever bites during the day. Rapid 
population growth, expanding urbanisation, inadequate 
municipal water supplies and difficulties with refuse disposal 
result in an abundance of new breeding sites for mosquito 
vectors, while human migration patterns disperse vectors and 
viruses into new areas. Insecticide spraying in response to 
dengue outbreaks is not very effective against Aedes aegypti 
as they breed inside houses.

Although travellers are at greater risk of ‘mild dengue’ fever, 
most are at exceedingly low risk of contracting dengue 
haemorrhagic fever (DHF) due to the lack of previous 
exposure. Classic dengue fever is an acute febrile illness 
characterised by headache, retroorbital pain, marked 
muscle and joint pains (breakbone fever) and a typically 
macular or maculopapular rash. The fever typically lasts 
five to seven days.

The greatest risk factor for development of DHF is a secondary 
infection with a different serotype from the original infecting 
virus. This form of the disease is characterised by increasing 
vascular permeability (plasma leakage syndrome), which 
is the most specific life-threatening feature. DHF has a 
case fatality rate of approximately 12% despite aggressive 

therapy. Warning signs for DHF include severe abdominal 
pain, persistent vomiting, an abrupt change from fever to 
hypothermia and abnormal mental status.

Treatment for dengue fever is symptomatic, including 
maintenance of adequate hydration and administration of 
antipyretics. Infection provides long-term protection against 
the particular serotype that caused the disease; however, it 
provides only shortlived immunity to the other three dengue 
serotypes.

Japanese encephalitis

Japanese encephalitis (JE) is also endemic in the region and 
is transmitted by the dusk-to-dawn biting Culex mosquito. 
The risk to travellers correlates with the duration of exposure 
in endemic areas. Symptomatic illness is uncommon (about 
one in 250 JEV infections leads to symptomatic illness), 
but there is a high fatality rate among those with clinical 
disease (mortality rates of approximately 30% are seen 
amongst hospitalised patients) and approximately 50% 
of survivors have severe neurological sequelae. Surviving 
children may have a better prognosis than adults. Treatment 
is supportive with a focus on management of intracranial 
pressure, optimisation of blood pressure, control of seizures 
and prevention of secondary complications.

Vaccination against JE is recommended for residents in JE 
endemic areas and travellers to endemic or epidemic areas 
during the transmission season, especially if exposure is 
prolonged and there is a greater likelihood of exposure to 
vectors, e.g., travel to rural areas. There is a current shortage 
of JE vaccine within Australia and measures have been put 
in place by the Department of Health and Ageing to limit 
supply to those at highest risk.2–4
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This update is based on a paper by Commodore Walker given at the SPUMS ASM, Papua New Guinea, 2008.

Milne Bay Province of Papua New Guinea is well known 
for its tourism and recreational and pearl-diving activities. 
There are a number of companies providing diving services, 
probably the highest concentration of diving activities in 
Papua New Guinea. 

Since the author moved to work at the Alotau Provincial 
General Hospital as the Consultant Anaesthetist in March 
2006, there have been three diving accidents attended to at 
the Emergency Department. 

Case report

A 38yearold, male pearl diver presented at an outlying 
health centre with headache, cough, chest pain, shortness 
of breath and numbness from the abdomen downwards after 
a working dive. A diagnosis of a jellyfish sting was made, 
and he was given IV fluids and antibiotics. The next day he 
also had weakness of the legs and urinary retention and was 
transferred to Alotau Hospital. He continued to be managed 

conservatively by the internal medical team, and by the 
eleventh day was mobilising with a frame and improving, but 
still had abnormal bowel and bladder function. The diagnosis 
of a jellyfish sting was given on the discharge letter.

Comment

This was a typical case of Type 2 decompression sickness 
misdiagnosed as “neurotoxicity from a jellyfish sting” 
despite the contrary diagnosis being advocated by others. It 
highlights the problems of the PNG health services attending 
to diving accidents. Paramount in any service delivery is the 
human resource available, in this case the medical officers. 
The need for continuing education in underwater medicine 
is highlighted, and the South Pacific Underwater Medicine 
Society’s role is appreciated in this regard. 

Dr Lucas Samof, Consultant Anaesthetist, Alotau General 
Hospital, Milne Bay, PNG 

Knowledge of underwater medicine in Milne Bay, Papua New 
Guinea [Abstract]
Lucas Samof 
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The world as it is

Introduction

Basic life support (BLS) in a diving bell (DB) or deck 
decompression chamber (DDC) is difficult due to the 
confined space, limited equipment and poor lighting. To date 
the only study addressing this issue was published by Myers 
and Bradley in 1981 and reflected the protocols of the time.1  
In 2006, Acott addressed emergency airway management 
using currently available extraglottic airway devices; 

however, the latest BLS guidelines were not discussed.2

Retrieval of an injured or unconscious diver to a DB is a 
complicated process that will ensure a considerable delay 
before any resuscitative efforts can be established. This 
process involves recognition that the diver is in trouble 
(known sequence of threatening events, oral communication 
is lost, a failure by the outside diver to answer signals via 
the umbilical or an indication from the diver’s bell gauge 
that the diver is not breathing) and the commencement of 
the recovery phase. Recovery is multifaceted and involves 
the bellman recovering the diver’s umbilical, uncoiling his 
own umbilical, switching to onboard gas supply, preparing 
the inside hoist, placing his helmet and fins on, exiting the 
bell after flooding it, locating the diver, attaching him to the 
hoist and then reentering the bell and pulling the diver in. 
Once the injured diver is inside the bell the bellman must 
evacuate the bell, remove his and the injured diver’s helmet 
and some of the victim’s gear so that he is able to place 
the victim in a semisupine position against the side of the 
bell or suspend him in the upright position by the pulley 

Basic life support in a diving bell and deck decompression chamber
Christopher John Acott
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Abstract

(Acott CJ. Basic life support in a diving bell and deck decompression chamber. Diving and Hyperbaric Medicine. 2008; 
38: 159-62.)
Basic life support (BLS) in a diving bell (DB) or deck decompression chamber (DDC) is difficult due to the confined space 
and limited equipment. Retrieval of the unconscious diver into the DB requires the use of a pulley system. Once inside the 
bell, space limitations dictate that any resuscitative efforts are attempted with the victim (diver) either suspended in the 
upright position by the pulley system or lying against the DB’s curved side in a semisupine position. BLS at best achieves 
a carotid artery systolic blood pressure of 40 mmHg or 30% of cardiac output in the supine position and, therefore, would 
be ineffective for a diver suspended on a pulley due to inadequate cerebral perfusion. Compressiononly cardiopulmonary 
resuscitation (CPR) may be the only option with the victim lying against the bell’s side due to an inability to perform 
rescue breathing. However, compression ventilation CPR is possible in a DDC provided space limitations do not deny the 
rescuers access to the patient. The use of an automatic external defibrillator in a hyperbaric chamber has not been studied 
and therefore cannot be recommended in a DB or DDC. The laryngeal mask airway has been recommended by the Diving 
Medical Advisory Committee, but an accompanying study suggests that a new device, the igel™ without an inflatable 
cuff, may be a more suitable airway option for the future.

Figure 1
A diver on anterior hoist inside the bell with the 

bellman almost obscured behind him. Once the hatch 
is closed, the diver lies semi-supine against the bell 
wall; the difficulties of access for resuscitation are 

obvious (photo from Acott 2007)
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system.3  BLS inside a DB is, therefore, extremely hard if 
not impossible to do (Figure 1).

Basic life support guidelines

Since 2000, the management of a sudden cardiac arrest 
(SCA) has changed. These changes were based on 
extensive evaluation of the current resuscitation evidence 
by the International Liaison Committee on Resuscitation 
(ILCOR).4−8  Changes to the BLS guidelines have attempted 
to simplify and eliminate timewasting procedures and were 
summarised in this journal recently.9

Any attempt at resuscitation is better than none.
External cardiac massage (ECM) should be started as 
soon as possible followed by early defibrillation via an 
automatic external defibrillator (AED).
Interruptions to external cardiac compressions should 
be minimized (kept to < 10 seconds).
The compression rate is 100 compressions per minute 
(although there is no human evidence identified for 
an optimal compressionventilation ratio for CPR in 
patients of any age).
The compression to ventilation ratio be 30:2 irrespective 
of the number of rescuers (this maintains international 
consistency, simplified teaching and increases the 
chance of skill retention).

Other changes that are relevant to BLS in a DB are that:
the carotid pulse is no longer palpated because the ‘no 
signs of life’ equals being unconscious, unresponsive, 
not breathing normally and not moving
the finger sweep to clear the airway only be performed 
if required
compressions and ventilation should be continued up 
until the first defibrillation attempt
chest compressions are important if defibrillation can’t 
be delivered within five minutes of collapse.

Current data indicate that prompt bystander cardiopulmonary 
resuscitation (CPR) is the main determinant of a successful 
outcome.6,9  The proportion of patients who survive a pre-
hospital event varies greatly (quoted rates are between 
20 and 50%) but the earlier bystander external cardiac 
compression (ECM) is commenced with the addition of 
early defibrillation the greater the chance of survival. 
Survival decreases by 7−10% for every minute without 
ECM. The importance of early bystander CPR was clearly 
shown by a retrospective study of 115 patients who suffered 
a prehospital cardiac arrest and were managed only by 
ambulance personnel. Those patients surviving to an 
emergency department showed a median response interval 
of seven minutes, whilst no patient survived to hospital 
where the response interval was greater than 14 minutes.10  
Because of the above and other data, it is important that all 
divers are trained in BLS.

ECM must be performed with the victim supine on a flat, 
hard surface and achieve a depth of about onethird of the 
chest diameter (studies have shown this can also be achieved 

•
•

•

•

•

•

•

•

•

with the rescuer’s leg or foot).6,11  Several case studies have 
also shown it can be performed successfully with the patient 
prone on a hard surface.11  Efficient ECM can achieve 20 to 
30 per cent of the cardiac output in the supine position with a 
carotid artery systolic pressure of 40 mmHg.6,9,12  These data 
suggest that CPR attempted with the victim upright hanging 
from a pulley (as recommended by the Comex company13)  
would be ineffective in maintaining cerebral perfusion and 
therefore should not be attempted.

The precordial thump

Because there are inherent difficulties in performing 
BLS in a DB or DDC the use of a precordial thump may 
be thought to be effective. However, there have been no 
prospective studies to recommend this, and while there are 
three case studies showing that it has converted a ventricular 
tachycardia/ventricular fibrillation (VT/VF) arrest to a 
perfusing rhythm, other studies have shown it to convert VT 
to fast VT , VF, asystole or complete heart block. Both the 
Australian Resuscitation Council (ARC) and the European 
Resuscitation Council (ERC) recommend that the precordial 
thump should be used only in a witnessed, monitored VF 
or VT cardiac arrest within the first 15 seconds and only if 
a defibrillator is not readily available. The American Heart 
Association (AHA) has no recommendations for or against 
its use except that it is not included in BLS training.4,7−9,11  

The precordial thump is, therefore, not recommended for 
use in a DB or DDC.

Compressiononly CPR

Compressiononly CPR is an option when the rescuers 
are unwilling or unable to do rescue breathing (mouth to 
mouth) and should be continuous at a rate of approximately 
100 compressions per minute. Some animal studies and 
extrapolation from clinical evidence suggest that rescue 
breathing (RB) is not essential within the first five minutes 
of adult CPR for a VF sudden cardiac arrest (this type of 
arrest is generally regarded as nonasphyxial). This may be 
applicable to BLS in a DB because the diver would have 
been breathing a gas mixture containing approximately 50 
kPa of oxygen. If the airway is open, passive chest recoil 
following compressions may provide some air exchange. 
Historically the older methods of CPR (Silvester, Shafer and 
Holger Nielson) provided some ventilation despite the lack 
of rescue breathing. Observational studies of adult cardiac 
arrest show that survival rates are better with compression 
only than with no CPR but were not as good as normal 
compressionventilation CPR.4,6−9  Access to the victim’s 
airway is limited once lying against the wall of the DB and 
so compressiononly CPR may be the only option if the 
victim has suffered a cardiac event. Compressionventilation 
CPR may be effective if performed inside a DDC because 
the patient would be supine and on a hard surface; however, 
the position of the resuscitator(s) relative to the patient is 
dependent on the size and shape of the chamber and access 
to the victim’s airway may be limited.
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Basic life support in a diving bell

There is no current recommendation from the Diving 
Medical Advisory Committee (DMAC) for an AED to be 
present at a diving platform or included in the diver’s medical 
kit for a DB or DDC, although the use of a laryngeal mask 
has been recommended.14  Space limitations, plus a lack of 
testing in a hyperbaric environment often prevent an AED 
from being carried in a DB or DDC. The insertion of an 
intravenous cannula and the administration of vasopressors 
or antiarrthymics are also clearly not an option due to the 
inability to identify the victim’s cardiac rhythm. However, 
as stated by the ARC, ERC and AHA the foundation of 
good advanced cardiac life support is good BLS and not 
pharmacological intervention.4,7,8

The recommended use of a cervical collar to stabilise the 
head also needs to be reassessed.14  If applied incorrectly 
cervical immobilisation can cause airway obstruction in 
unconscious victims and a rise in intracranial pressure.15  
Application will also waste time before ECM can commence. 
The use of a cervical collar should only be considered when 
there is clear evidence for a neck injury, which is infrequent 
in diving accidents managed underwater.

A new extraglottic airway device (EAD), the igel™, was 
tested by Acott, and considered likely to be suitable for use 
in a DB or DDC.16  The igel was more effective in achieving 
an airway from different positions of the operator, and was 
preferred by diver medical technicians when compared to 
the classic laryngeal mask airway for emergency airway 
management. However, the current ILCOR 2005 guidelines 
provide information on different methods and devices and it 
is too early to recommend the incorporation of the igel into 
a proposed new BLS algorithm for a DB or DDC except as 
one of various alternatives. Keeping the airway patent is of 
the utmost importance in BLS, and not the device used.

Recommendations

The time must be noted when the bellman has recognised 
that the diver is in trouble. Timing is important because the 
chances of survival decrease 7−10% per minute. Once the 
diver is brought into the DB he should be checked for signs 
of life after his helmet has been removed and his airway 
cleared/suctioned if required. If there are no signs of life the 
bellman can try to insert an EAD. If the bellman is unable to 
insert the EAD, then a nasopharyngeal or Guedel airway can 
be used. Two rescue breaths (RBs) should be given via the 
EAD prior to laying the diver against the side of the DB and 
commencing ECM. If the bellman still has access to the EAD 
and is able to give rescue breathing, then the recommended 
ratio of two breaths and 30 compressions should be used. 
If not, then compressiononly CPR should be used at a rate 
of 100 compressions per minute. If there are no signs of 
recovery, it is currently unclear after what time interval CPR 
should be abandoned (the ILCOR 2005 document suggests 
BLS should be continued till defibrillation or 20 minutes of 

asystole). However, this length of time is complicated by 
a number of factors underwater, for instance by how long 
it took for resuscitation to be commenced from the time it 
was noted that the diver was unresponsive and requiring 
rescue.10

Two proposed algorithms, one for when signs of life are 
absent and one for when they are present, for the resuscitation 
of a diver in a bell are shown in Figures 2 and 3.

Reassessment of CPR skills

CPR skills have been shown to decline rapidly following 
initial achievement of competency. The ARC recommends 
that CPR skills are reassessed annually. The assessment 
should focus on the provision of adequate CPR and not on the 
technicalities.4  These recommendations have implications 
for DMT training.

Figure 2
Summary of resuscitation in a diving bell for

a diver without signs of life 

* DMAC recommends the use of a suction device in a DB or 
DDC.
** Do not attempt to resuscitate with the diver suspended from the 
pulley in upright position. Patient is placed against the DB wall 
(which will be semi-supine) or supine in a DDC.
*** This time is determined by the retrieval time to get the diver 
into the bell. 
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Summary

ECM should be commenced as soon as the diver is 
brought into the bell. If RB cannot be performed then 
compressiononly CPR should be used. Timing of events 
is crucial in determining how long resuscitative efforts are 
continued.
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Introduction

From the age of early to mid-forties, the amplitude of 
accommodation declines and those in this age group and 
older begin to have difficulty with near tasks. This is 
presbyopia, yet another of the signs of maturity that strike 
at this stage of life.1

One relevant fact for divers is that poorer light conditions 
prevail underwater. This can result in increased or earlier 
presbyopic effects, probably due to slightly dilated pupils 
in the reduced light. This is more marked in dirty water or 
high-latitude, cold water diving. In the latter, the sunlight 
is at a much lower angle and less penetrates the water 
column. Should a diver have interests such as underwater 
photography, which demands critical near vision underwater, 
they may well notice presbyopic changes underwater before 
they notice them in normal life.

Choices in the correction of presbyopia for divers

Correction of presbyopia in normal life comes in many 
forms. Simple reading spectacles, progressive lenses, bifocal 
lenses or bifocal contact lenses are the most common. Diving 
masks certainly bring constraints and limitations. Contact 
lenses may have physiological compromises imposed.2  
Another factor can be the diver’s standard of uncorrected 
vision, or their refractive error.

The easiest situation is when there is no great distance 
refractive error so that a near-vision correction is required 
only for reading a gauge or computer. In this case a small 
plus-powered reading segment like a small bifocal can be 
bonded to the lower inside of the mask glass. This is usually 
on the non-dominant side, where most divers hang their 
pressure or combi-gauge. The front surface of the lens has to 
be flat or plano in order for it to be bonded to the inside of the 
dive mask without any bubbles being trapped in between.

Also available are plastics lenses with a negative electrostatic 
charge, some with Fresnel optics, that adhere to the inside 
of the dive-mask glass without adhesive. These are adequate 

for reading a gauge or combo. Some early presbyopes have 
discovered that a carefully placed pinhole can be sufficient 
for them to read a gauge if they are diving in conditions 
with reasonable light levels. This aid is insufficient for any 
critical tasks.

Many divers have a distance refractive error in addition to 
their presbyopia. During their day-to-day life they wear 
progressive spectacles which enable them to focus at any 
distance from far to near. Progressive lenses are generally 
regarded as the most convenient everyday form of spectacle 
correction for presbyopes.3 Because these lenses utilise 
very complicated curves split between the back and front 
surfaces it is not possible to bond them to the flat posterior 
glass surface of a dive mask. 

Therefore, in order to be able to see at both distance and near, 
one has to use bifocal lenses because they can be ground with 
a flat front surface with all the power on the back surface. 
Because the facemask utilizes a flat, toughened glass plate, 
a glass-fused bifocal lens is normally used. The flat front 
surface of the lens is bonded to the back surface of the mask 
glass plate in the appropriate position before the eyes. Such 
a glass-fused bifocal lens has a segment of glass of a higher 
refractive index fused to it and annealed under prolonged 
high temperature.

Generally a bifocal lens suffers from the disadvantage of 
offering sharp vision at distance and at near, but not at 
intermediate distances. On the other hand, the progressive 
lens has the great advantage of also offering sharp vision at 
intermediate distances, such as when viewing a computer 
monitor. The difference in power between the top distance 
portion and the lower, reading portion of a bifocal or 
progressive lens is termed the addition.

When underwater, critical intermediate vision is generally 
necessary only for specialised interests such as underwater 
photography, observation of macro life, and some scientific 
requirements. A technique for achieving this for divers is 
described below.

New thoughts on the correction of presbyopia for divers
Quentin M Bennett 

Key words
Eyes, vision, optometry, diving, equipment

Abstract

(Bennett QM. New thoughts on the correction of presbyopia for divers. Diving and Hyperbaric Medicine. 2008; 38: 163-
4.)
Some new ideas on the correction of presbyopia for divers, particularly those with demands for critical near vision underwater, 
are discussed. Progressive lenses cannot be satisfactorily bonded to a dive mask, so efforts to mimic the properties of  
progressive lenses using bifocal lenses are described.
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Method

Using a variation of a technique known in contact lens 
practice and refractive surgery as simultaneous vision or 
monovision, we have been trying to mimic aspects of the 
effects of a progressive lens for diving. For these techniques, 
as used above water, the dominant eye is usually corrected 
for distance and the non-dominant eye for near. Underwater 
we utilise only the technique for near and intermediate 
vision.

Monovision works well for some people, but is disliked 
by others. It does compromise binocular vision and could 
never be recommended for occupations requiring either good 
distance judgement or constant work at a single distance. 
Examples of occupations requiring good binocular vision 
and accurate distance judgement, making them unsuitable 
candidates for monovision, would include drivers, pilots 
and crane operators.

With the variance that we have utilised for diving, distance 
vision in both eyes is properly corrected and balanced. We 
use monovision or simultaneous vision at intermediate and 
near distance only, and this is done by providing different 
bifocal additions in each eye. We utilize this type of 
correction only for persons who have good binocular vision 
with its resulting ability to fuse slightly different images.

An easy illustration would be an emmetrope who requires 
no correction for distance. Depending on his or her exact 
requirements we may give them bifocal segments with 
reading powers of +3.00 diopter in the right eye and +1.50 in 
the left. With these lenses the right eye’s focus is theoretically 
at about 0.30 m and the left at 0.66 m. Assuming the diver 
has good binocular functions the then fused image from 
both eyes gives a depth of field not dissimilar to that of a 
progressive lens.

Requirements underwater are very different from those 
in our normal life on land where an average  progressive 
spectacle addition for someone over 55 years of age is 
likely to be about +2.25, theoretically giving sharp focus 
from around 40 cm to infinity. For a presbyopic  diver who 
uses an underwater digital camera and needs to inspect the 
screen, and who also uses a wrist-mounted computer, I will 
frequently suggest  a +3.00 addition in the dominant eye, 
and a +1.25 or +1.50 in the non-dominant eye. This way 
they can comfortably see their camera screen or computer, 
and yet are able to examine things on the reef at almost a 
metre away. But they also have distance vision at the top 
of their lens, so we are mimicking a progressive lens fairly 
satisfactorily.

Obviously different divers have different requirements or 
interests and the near addition will differ with regard to 
these and the diver’s age and degree of presbyopia. If the 
manifest presbyopia is quite low and the diver is able to 

see their camera screen or computer well with a reasonably 
low addition, then simultaneous vision at near may not be 
necessary. This is because a lower addition has a greater 
depth of field.

Comments

One thing that is very helpful to those outside the ophthalmic 
professions who may be giving advice on corrections is 
a basic understanding of the dioptric power system. The 
dioptric power of a lens is the reciprocal of the focal length 
in metres. For example, a lens with a focal length of 0.50 m 
has a power of 2 diopters. One with a focal length of 0.33 m 
is 3 diopters power and so on. If we could look at the earlier 
example of having a 3 diopter addition before the dominant 
eye, the focus of the bifocal addition would be at about 0.33 
m with this eye, and the other eye with a +1.50 addition 
would have its focus at 0.66 m. So, from knowing the 
required focus distance, one can work out an approximation 
of the required lens power. Remember, however, that if the 
diver still has some remaining accommodation these figures 
won’t be exact and the focus will be closer, so a lower 
addition would be called for.

As with everything when dealing with human beings, there 
is great variance and no two people are the same, so  one 
must remain flexible when prescribing lens power, and think 
carefully of the diver’s requirements.
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Summary of the 2007 report prepared by Colin Wilson

Brian Cumming has been involved for a number of years 
in collating information on diving incidents and producing 
excellent reports for the British SubAqua Club (BSAC). The 
summaries of the years 2005 and 2006 have previously been 
discussed in this journal and the full reports remain easily 
available.1−4  We are encouraged to browse the reports to 
learn from others’ mistakes. Information is collected from 
various sources: Her Majesty’s Coastguard (HMCG) 40%, 
BSAC members’ reports 25%, Royal National Lifeboat 
Institute (RNLI) 14%, newspapers 5% and any other sources 
available to him.  Following an overview, details of incidents 
are then classified under the following headings: fatalities, 
decompression incidents, injury/illness, boating and surface 
incidents, ascent problems, technique problems, equipment 
problems and miscellaneous incidents. Where incidents have 
more than one cause or effect, then the most appropriate 
grouping is used; for example, an ascent problem leading 
to decompression illness is classified under ‘decompression 
incidents’. Where available, details are then given of the 
cases in the various categories.

In 2007, 349 incidents were collected, a fall from the 2000 
to 2005 plateau of about 400. Future years will provide 
answers to whether this really is an improving trend or not. 
With the data collection methods employed, it is very likely 
that all United Kingdom fatalities have been collected, but 
it is unlikely that the decompression illness category will be 
complete. However, the method of data collection remains 
unchanged, so it is realistic to assume that these trends are 
reasonably accurate. The two areas of greatest interest are 
those relating to fatalities and to decompression illness.

Fatalities

The numbers recorded were fewer than previous years 
with 12 fatal incidents, though one of these occurred while 
snorkelling. This is much lower than the 17.7 average of 
the last decade, but with low numbers small changes can 
make big apparent differences. Often there are multiple 
causes involved in an incident but unfortunately in five cases 
there was insufficient information available to be clear as to 
the chain of events and root causes. More than one major 
factor may be associated with each fatality and these are 
summarised as follows:

Two divers suffered heart attacks, though one of these 
was in a 79yearold snorkel diver.
There were two other cases where it was likely that 
an acute medical problem was the predominant cause 
though there was no hard evidence for this.
Four fatalities involved divers using rebreathers. In these 
cases, the role of the rebreather in the incident was not 

•

•

•

clear, and problems with them or their misuse cannot 
be ruled out. One of these rebreather divers surfaced 
having missed all his decompression stops following a 
dive to 75 metres’ sea water (msw).
Two incidents involved divers trapped in wrecks and 
running out of air. In one incident, there was a double 
fatality.
Two incidents involved three people diving together 
with the likelihood that separation was a contributory 
factor.
One diver was diving solo.

The details of the fatalities do not approach the comprehensive 
reports from New Zealand and Australia but they are still a 
valuable resource.5,6

From the fatalities section:
Case 1
“A rebreather diver entered the water ahead of his two 
buddies and dived to place a decompression cylinder on a 
shot line. He resurfaced and spoke to a fourth diver who was 
preparing to enter the water. Although they had planned to 
dive together, when the two buddies entered the water the 
first diver had already left the surface again. They continued 
their dive and, several minutes later, they saw the torchlight 
of the first diver. They found him lying on the bottom at a 
depth of 50 msw; he was unconscious, his mouthpiece was 
out of his mouth and he was tangled in some branches and 
other debris. They freed him and sent him to the surface. 
They started their ascent and met the fourth diver coming 
down. The fourth diver returned to the surface and found 
the casualty on his back with his mask off, he recovered 
him to the side, removed him from the water and started 
resuscitation procedures. Ten minutes later the casualty’s 
two buddies surfaced and contacted the emergency services. 
The casualty was taken to hospital where he was declared 
dead. It is thought that the casualty was diving with a 
rebreather that he had built himself.”

Case 2
“Two rebreather divers entered the water and commenced 
their dive down a shot line to a wreck. They conducted a 
bubble check at six msw and exchanged OK signals at 20 
msw. They reached the top of the wreck at 32 msw. One of 
the pair indicated that all was not well. The dive leader 
signalled that they should ascend and they started to do 
so. Two metres into the ascent the troubled diver became 
agitated, closed and removed his rebreather mouthpiece and 
placed his baleout regulator into his mouth. He then spat 
this regulator out and began to panic. His buddy placed the 
regulator back into his mouth and attempted to purge it; he 
discovered that it was not turned on. He turned the cylinder 
on and attempted to put the regulator into the diver’s mouth, 

•

•

•

British SubAqua Club (BSAC) Diving Incidents report 2007
Compiled by Brian Cumming, diving safety and incidents advisor
<http://www.bsac.org/page/1062/incidentreport2007.htm >
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but the diver was not able to take the regulator and he fell 
unconscious. The pair had sunk to the bottom at a depth of 
35 msw. The buddy dropped the casualty’s weight belt and 
inflated both their jackets. They made a buoyant ascent to 
the surface. Their total dive time was six minutes. At the 
surface the casualty was not breathing. The buddy called 
for help and tried to give rescue breaths; this was difficult 
to do because of their inflated BCDs and sidemounted gas 
cylinders. Their boat reached them quickly but they could 
not get the casualty back into the boat. His rebreather was 
removed and he was held by the boat. The Coastguard 
was alerted and five minutes later a helicopter arrived. 
After some difficulty the casualty was airlifted to hospital 
where he died three days later. The buddy was airlifted to 
a recompression chamber for precautionary treatment. The 
casualty had had a problem with his rebreather one month 
earlier and had suffered from hypercapnia.”

Decompression incidents

In 2007, there were 81 reports involving 89 cases of 
decompression illness (DCI), showing an incident rate 
similar to recent years. However, there has been a dramatic 
reduction, by over half, from the peak of 173 cases in 2002. 
There is continued concern voiced about the number of 
abnormal ascents with or without omitted decompression, 
as commented on in previous years’ reports. Thankfully 
ascent problems do not always result in DCI and are thus 
recorded in the ascent section; a number of these cases are 
avoidable.

The major causal factors associated with the 89 DCI cases 
in the 2007 report were:

24 involved diving deeper than 30 msw
24 involved rapid ascents
28 involved repetitive diving
13 involved missed decompression
some cases involved more than one of these causes.

In addition, there were a number of reports from the RNLI 
of “diver illness”, without further clarification, which may 
have been further cases of DCI.

From the decompression illness section:
Case 3
“A diver conducted a dive using a rebreather to a maximum 
depth of 36 msw. During the dive she became separated 
from her buddy but continued solo as previously agreed. 
Her dive duration was 48 minutes including a twominute 
stop at 14 msw and a threeminute stop at 3 msw. She 
sneezed several times during the dive. Later she felt a little 
unwell. This feeling continued and three days later she 
visited her doctor with symptoms of severe lethargy and 
loss of balance. She was referred to a recompression facility 
where cerebral DCI was diagnosed. She received a series 
of fourteen recompression treatments which fully resolved 
her symptoms. She was tested for a patent foramen ovale 
(PFO) and a large shunt was found.”

•
•
•
•
•

Case 4
“A diver conducted a dive to a depth of 30 msw. After 26 
minutes she conducted a oneminute stop at 9 msw and a 
six-minute stop at 6 msw. After this dive, her left shoulder, 
armpit and chest felt very itchy. She took some antihistamine 
tablets. She ate lunch, felt thirsty but didn’t drink much. 
After a twohour surface interval she dived to 23 msw for 
a drift dive. A delayed SMB was deployed after 25 minutes 
and she made a slow ascent to 9 msw for a oneminute stop 
and then to 6 msw for a threeminute stop. During this stop 
she experienced a discomfort in her left breast, which felt 
like suit squeeze. She left the water and dekitted. Within 
minutes the discomfort became an intense pain, which lasted 
for about 25 minutes. The following morning the breast was 
swollen, uncomfortable and felt as if it were on fire. Diving 
medical advice was sought and she was told that it was not 
diving related. Then advice was sought from a recompression 
facility and she was asked to attend for examination. She 
received recompression treatment, which greatly eased her 
symptoms. (Coastguard report).”

The BSAC yearly incident report once again is a useful read 
and Brian Cumming is highly commended for collecting, 
analysing and producing it. Thanks should also go to those 
who make their information available.
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Articles reprinted from other sources

Executive summary

This is a report about the use and misuse of citation data in 
the assessment of scientific research. The idea that research 
assessment must be done using “simple and objective” 
methods is increasingly prevalent today. The “simple and 
objective” methods are broadly interpreted as bibliometrics, 
that is, citation data and the statistics derived from them. 
There is a belief that citation statistics are inherently 
more accurate because they substitute simple numbers 
for complex judgments, and hence overcome the possible 
subjectivity of peer review. But this belief is unfounded. 
 
Relying on statistics is not more accurate when the statistics 
are improperly used. Indeed, statistics can mislead when 
they are misapplied or misunderstood. Much of modern 
bibliometrics seems to rely on experience and intuition 
about the interpretation and validity of citation statistics. 
 
While numbers appear to be “objective”, their objectivity 
can be illusory. The meaning of a citation can be even 
more subjective than peer review. Because this subjectivity 
is less obvious for citations, those who use citation 
data are less likely to understand their limitations. 
 
The sole reliance on citation data provides at best an incomplete 
and often shallow understanding of research, an understanding 
that is valid only when reinforced by other judgments. 
Numbers are not inherently superior to sound judgments. 
 
Using citation data to assess research ultimately 
means using citationbased statistics to rank things; 
journals, papers, people, programs, and disciplines. 
The statist ical  tools used to rank these things 
are often misunderstood and misused.
 
For journals, the impact factor is most often used for 
ranking. This is a simple average derived from the 
distribution of citations for a collection of articles in 
the journal. The average captures only a small amount 

of information about that distribution, and it is a rather 
crude statistic. In addition, there are many confounding 
factors when judging journals by citations, and any 
comparison of journals requires caution when using impact 
factors. Using the impact factor alone to judge a journal 
is like using weight alone to judge a person’s health. 
 
For papers, instead of relying on the actual count of 
citations to compare individual papers, people frequently 
substitute the impact factor of the journals in which the 
papers appear. They believe that higher impact factors 
must mean higher citation counts. But this is often not 
the case! This is a pervasive misuse of statistics that 
needs to be challenged whenever and wherever it occurs. 
 
For individual scientists, complete citation records can 
be difficult to compare. As a consequence, there have 
been attempts to find simple statistics that capture the full 
complexity of a scientist’s citation record with a single 
number. The most notable of these is the hindex, which 
seems to be gaining in popularity. But even a casual 
inspection of the hindex and its variants shows that these 
are naive attempts to understand complicated citation 
records. While they capture a small amount of information 
about the distribution of a scientist’s citations, they lose 
crucial information that is essential for the assessment of 
research. The validity of statistics such as the impact factor 
and hindex is neither well understood nor well studied. 
The connection of these statistics with research quality is 
sometimes established on the basis of “experience.” The 
justification for relying on them is that they are “readily 
available.” The few studies of these statistics that were done 
focused narrowly on showing a correlation with some other 
measure of quality rather than on determining how one can 
best derive useful information from citation data.

Key words
Reprinted from, research, writing – medical, general 
interest

Joint Committee on Quantitative Assessment of Research 
Citation Statistics
A report from the International Mathematical Union (IMU) in cooperation with the 
International Council of Industrial and Applied Mathematics (ICIAM) and the Institute 
of Mathematical Statistics (IMS) < http://www.mathunion.org/Publications/Report/
CitationStatistics > 

Editors’s comment: The Research Office of the Christchurch School of Medicine and Health Sciences of the University of 
Otago recently drew the Editor’s attention to this document. The Executive Summary is reproduced here as these comments 
have implications for all medical and scientific authors and research workers.
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The poetry doctor

Born explosively from my inhalation
Its infancy is short lived.
As it assumes an adult jellyfish form,
Its translucent dome reflecting the rays of sunlight
Dappled by wave and cloud,
Its lenslike properties distorting its surrounds.
It Boyles towards the surface,
An expanding mass dividing amoebically.
Again and again creating a cluster of clones,
Each adding and accelerating the reproductive cycle.
The simplicity and singularity of the origin is
Soon overwhelmed by the complexity and multiplicity of 
the masses
Ever expanding like a nuclear cloud.
Suddenly in a gurgling and rippling of the surface
It is lost, an extinction of this creation
Absorbed into the amorphous atmosphere
Yet still present, still existing.
I lay on my back inhaling and exhaling observing the 
sequence repeat.
Is this a fastforwarded, repeated replay of mankind?
Such philosophical dilemmas disturb my peace
So I roll over and continue my dive.

John Parker
<www.thepoetrydoctor.com>

Thoughts that Bubble up
The primary function of  language is to be a tool for 
communication. In everyday oral communication body 
language also plays a role, and misunderstandings due to 
less precise ways of expressing oneself can be clarified on 
the spot. In scientific writing precision is important.

Divers who descend in water are compressed. When they 
ascend they are decompressed. Accordingly, all dives ending 
at the surface are decompression dives. A diver who does 
not perform a decompression dive will thus remain at depth. 
Some dives require decompression stops in order to reduce 
the risk of decompression illness. My point is that, in general, 
one should pay more attention to semantics, and particularly 
so in scientific writing.

Otto I Molvær
Norway

Key words
Decompression, letters (to the Editor)

Editor’s comment: I share Dr Molvær’s irritation about this 
loose usage. Last week in Vanuatu, a group of divers I was 
with surfaced after a 35 msw dive without having incurred 
the need for a ‘stop’ on their computers, having done a 
‘multi-level’ dive. On the DCIEM tables (which I carry), 
this dive required two stops of five minutes at 6 msw and ten 
minutes at 3 msw, which I duly did at the end of the dive. It is 
time all divers recognised that both ‘multi-level’ diving and 
‘safety’ stops are forms of decompression stop diving.

Letter to the Editor
Decompression dives

Active sonar and marine mammals

There has been a recent world-wide concern regarding the 
impact of anthropogenic noise on the marine environment. 
A series of high profile events have served to heighten our 
awareness of these problems, particularly the potential 
impact of active naval sonar on marine mammals. Three 
specific incidents of beaked whale strandings in association 
with naval activities with active sonar have been given wide 
media coverage. These were in 1996 off Greece, 2000 off 
the Bahamas and 2002 off the Canary Islands. Hypotheses 
involving symptoms similar to human decompression illness 
were proposed and published.

Though the precise ways in which sounds can harm marine 
mammals is not fully understood, very loud noises could 
lead to auditory and/or non-auditory tissue injury. At lower 
levels, noise may mask communication, etc, leading to 
inappropriate behaviours and interference with individual 
animal interactions. Chronic acoustic stress may also 
result in increased vulnerability to disease and injury from 
cumulative effects.

A number of steps could help to lower the risks. 
Human behaviour could be modified; for instance, 
careful selection of location and timing of operations, 
and improved overall performance whilst minimizing 
the emission of acoustic energy. 
The effectiveness of ‘ramping up’ – starting sonar at 
relatively low levels and then gradually increasing to 
operational levels – is highly disputed. 
Improving risk assessment and mitigation is very 
difficult in that the impact mechanisms are so poorly  
understood.
Improved marine mammal detection - visual watch,  
infrared detection and light applification technologies, 
passive and active sonar detection.

The circumstantial evidence provides enough impetus that 
the risk must be managed.

Abstracted from an article by Theriault JA. Marine 
mammals and active sonar. Sea Technology. 2005; 
November: 23-29.

•
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Book reviews

Hard cover, 440 pages
ISBN 9781930536463
Flagstaff, AZ: Best Publishing Company; 2008
Price: US$49.50 plus postage
Copies can be ordered from Best Publishing Company, 2355 
North Steves Boulevard, POBox 30100, Flagstaff, AZ, USA 
860030100
<www.bestpub.com>
Phone: +19285271055
Fax: +19285260370

The explosionlike interest in hyperpressure for medical use 
might lead to what may be called a fashion. When reading 
a prospectus of such an (HBO) institution, one feels clearly 
that an attempt was made to make a business out of it. I 
think it was exactly the abandonment of the strictly rational 
indications that was the reason why this promising therapy 
was already abolished at its very start in the century. The 
same danger is menacing now. Providing a patient with 
concentrated oxygen seems to come up to the high value 
which the public is apt to ascribe to natural medicine. I 
received a large number of letters from different countries 
in which doctors as well as laymen asked me to put patients 
into the chamber for reasons which were quite irrational, 
and sometimes even ridiculous. So I think it is one of our 
responsibilities, all of us being deeply interested in the 
real value of hyperbaric oxygen drenching, to prevent an 
unscientific development of hyperpressure therapy.

Does this ring a bell? The previous paragraph comprises 
the exact words of Prof Ite Boerema in his final address of 
the First International Congress on Hyperbaric Medicine, 
45 years ago.

This book is a reedition of the Proceedings of this First 
International Congress, held in Amsterdam in 1963 and 
edited by I Boerema, WH Brummelkamp and NG Meijne. It 
has been reprinted now thanks to the efforts and funding of 
the Foundation of the International Congress on Hyperbaric 
Medicine, who endeavour to progressively reprint all 
Proceedings since the very start of clinical hyperbaric 
oxygen therapy in 1963.

The First Congress was strictly limited to invited clinicians 
and scientists, who were apparently handpicked by Professsor 
Boerema and his colleagues. The Proceedings cover a wide 
range of topics, from medical indications to tank building 

problems, to physiological and pharmacological problems. 
As hyperbaric oxygen started as a surgical specialty, it is not 
surprising that most of the discussed indications are surgical 
in nature: anaerobic infections, coronary infarction, cancer 
therapy, congenital cardiac surgery under pressure to name 
a few. There are no divingrelated papers.

Although the era of the “Randomised Controlled Trial” 
had not yet arrived, one cannot but be impressed by the 
careful design and thoughtful evaluation and reporting of 
the many different experiments and casecohort studies that 
are reported. It is clear that these pioneers in hyperbaric 
medicine had a scientific mindset that surpassed many of 
us younger “scientists”. While browsing through the book 
(it is unfortunately difficult to read it in one go, due to its 
volume) I was struck by multiple “déjàvu” experiences. In 
fact, it seems that our currentday difficulties in providing 
unequivocal scientific proof for the efficacy of HBO 
therapy, the danger of institutions promoting HBO therapy 
for doubtful and even “nonsense” indications on a purely 
commercial motivation, standardisation of hyperbaric 
treatments, hyperbaric safety and security and their financial 
implications, were all present and addressed already 45 
years ago.

The book itself is wellpresented, in hardcover and bound. 
The format matches the other Proceedings of ICHM 
Congresses, published by Best. The cover, however, in glossy 
colour print, does not follow the same canvascovered look of 
the ICHM series. This in my view is a bit of a pity, especially 
as this reprint is meant to be the first step in completing the 
series of ICHM Proceedings backwards.

As for the editing, I fell upon a few disturbing typographical 
errors in the Table of Contents (“coronary infection” instead 
of “infarction”; “hyperbalic chamber”), but fortunately the 
rest of the book seems to have been carefully controlled 
and corrected.

In order not to unnecessarily repeat scientific efforts and 
errors again and again, it is necessary to know and consider 
scientific data and reports even from the first years of 
hyperbaric medicine. Even if some of the reported uses 
of hyperbaric oxygen have now been abandoned or seem 
superfluous, many things can be learned from reading the 
observations and thoughts of our predecessors. This book, 
and any subsequent reprints of early International Congress 
Proceedings that may follow, have an incontestable historical 
and educational value and are well worth their place on any 
hyperbaric scientist’s bookshelf.

Peter Germonpré
Centre for Hyperbaric Oxygen Therapy, Brussels

Key words
Book reviews, history, meetings, hyperbaric oxygen

Clinical application of hyperbaric 
oxygen
I Boerema, WH Brummelkamp and NG 
Meijne, editors
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I first met Peter Bennett in late 1964, when, as a secondyear 
medical student, I and other undergraduate divers from 
Cambridge University spent time at the Royal Naval 
Physiological Laboratory, Alverstoke. I had not known 
that Peter, like me, was a ‘Pompeyite’ (born and bred in 
Portsmouth, just across the harbour from Alverstoke). It 
was extraordinary to realise that we must have attended the 
same opera performances at the King’s Theatre as boys; life 
is certainly full of coincidence! We have met intermittently 
since at meetings and when I spent a short period at Duke 
in the late 1980s.

I have always taken a particular interest in Peter’s work 
because of my early involvement with field studies on diver 
performance and nitrogen narcosis under Professor Alan 
Baddeley’s tutelage, and still have my copy of Peter’s 1966 
seminal work, The aetiology of compressed air intoxication 
and inert gas narcosis. This book and the 1969 first edition 
of Bennett and Elliott, Physiology and medicine of diving, 
were the catalysts for my enthusiasm for diving physiology 
and medicine over the past four decades, and I am sure that 
I am not the only physician in the world for whom this is 
the case. There is no question that he has had a very major 
influence on the field, and the bibliography of over 300 
publications at the end of this book attest to this, as do the 
many international awards and recognitions that he has 
received. For anyone working in his areas of research, the 
bibliography will save much computer search time.

To the very depths chronicles Peter’s life from a dockyard 
worker’s son to the pinnacle of his career at Duke, and 
catalogues the development of his major research interests 
and the thinking that went behind it. The development 
of the Divers Alert Network (DAN) from its early days 
in a back room at the FG Hall Hyperbaric Laboratory at 
Duke University Medical Center to the presentday, large 
organization is covered extensively. Much of the end of the 
book is devoted to telling his side of the story regarding the 
internal strife within DAN during the period 2000 to 2003, 
and his enforced early ‘retirement’ from DAN. Anyone 
involved in diving during this period will be aware at least 

To the very depths: a memoir of 
Professor Peter B Bennett
Peter B Bennett

of the countless rumours regarding the battle for control of 
DAN between Bennett and members of the DAN Board. 
This book does little to help one understand what was really 
going on behind the scenes, though it provides a vigorous 
personal defence, coloured by a sense of resentment and 
anger. Earlier parts of the book that describe his initial 
years and later internal political problems at Duke smack 
somewhat of the same. 

As a reader, what I want from an autobiography is to come 
away understanding the person better, their motives, beliefs, 
loves, hatreds and philosophy of life. I do not gain much 
of this here; Peter Bennett keeps his cards fairly tight to 
his chest and this is a disappointment. The author, like Eric 
Kindwall in his memoir a few years back, could have done 
with a good editor. Because a scientist or physician has much 
experience of writing scientific papers and monographs 
does not mean he writes well in a literary sense. There is a 
degree of repetition, and the cataloguing of awards becomes 
frankly boring.

An interesting read, in which Bennett the scientist is to the 
fore, Bennett the man seems somewhat hidden.

Michael Davis, Editor
Hyperbaric Medicine Unit, Christchurch

Key words
Book reviews, autobiography, DAN – Divers Alert Network, 
general interest
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South Pacific Underwater Medicine Society 
Diploma of Diving and Hyperbaric Medicine

SPUMS notices and news

Requirements for candidates

In order for the Diploma of Diving and Hyperbaric Medicine 
to be awarded by the Society, the candidate must comply 
with the following conditions:

The candidate must be medically qualified, and be a 
current financial member of the Society of at least two 
years’ standing.
The candidate must supply evidence of satisfactory 
completion of an examined twoweek fulltime course in 
Diving and Hyperbaric Medicine at an approved facility. 
The list of approved facilities providing twoweek 
courses is provided on the SPUMS website.
The candidate must have completed the equivalent 
(as determined by the Education Officer) of at least 
six months’ fulltime clinical training in an approved 
Hyperbaric Medicine Unit.
The candidate must submit a written proposal for 
research in a relevant area of underwater or hyperbaric 
medicine, and in a standard format, for approval by the 
Academic Board before commencing their research 
project.
The candidate must produce, to the satisfaction of the 
Academic Board, a written report on the approved 
research project, in the form of a scientific paper suitable 
for publication. Accompanying this written report should 
be a request to be considered for the SPUMS Diploma 
and supporting documentation for 1–4 above.

Additional information – prospective approval of 
projects is required

The candidate must contact the Education Officer in writing 
(email is acceptable) to advise of their intended candidacy, 
seek approval of their courses in Diving and Hyperbaric 
Medicine and training time in the intended Hyperbaric 
Medicine Unit, discuss the proposed subject matter of their 
research, and obtain instructions before submitting any 
written material or commencing a research project.

All research reports must clearly test a hypothesis. Original 
basic or clinical research is acceptable. Case series reports 
may be acceptable if thoroughly documented, subject 
to quantitative analysis, and the subject is extensively 
researched and discussed in detail. Reports of a single 
case are insufficient. Review articles may be acceptable if 
the world literature is thoroughly analysed and discussed, 
and the subject has not recently been similarly reviewed. 
Previously published material will not be considered.
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It is expected that all research will be conducted in 
accordance with the joint NHMRC/AVCC statement and 
guidelines on research practice (available at http://www.
health.gov.au/nhmrc/research/general/nhmrcavc.htm) or the 
equivalent requirement of the country in which the research 
is conducted. All research involving humans or animals must 
be accompanied by documented evidence of approval by an 
appropriate research ethics committee. It is expected that 
the research project and the written report will be primarily 
the work of the candidate, and that the candidate is the first 
author, where there are more than one.

The Academic Board reserves the right to modify any of 
these requirements from time to time. The Academic Board 
consists of:
Associate Professor David Smart, Education Officer, 
Associate Professor Mike Davis, Dr Simon Mitchell.

All enquiries should be addressed to the Education 
Officer:
Associate Professor David Smart
GPO Box 463
Hobart, Tasmania 7001
Email: <david.smart@dhhs.tas.gov.au>

Key words
Qualifications, underwater medicine, hyperbaric oxygen, 
research

Dr Carl Edmonds

The South Pacific Underwater Medicine Society and the 
European Underwater and Baromedical Society wish to 
congratulate Dr Edmonds on his award in June 2008 of 
the Medal of the Order of Australia (OAM). The citation 
reads “for service to subaquatic and hyperbaric medicine 
as a practitioner, researcher and educator, and to the 
advancement of diving safety.”

A short interview with Carl is available at:
<http://www.smh.com.au/news/national/high-honours-for-
howard-and-his-righthand-man/2008/06/08/121286345830
1.html>
As always, Carl provides a twist to the tail!

HTNA 2008 Meeting SPUMS Prize

At the 2008 Hyperbaric Technicians and Nurses Association 
annual meeting, the SPUMS Prize for the best presentation 
by an HTNA member went to S/N Loo Mui from Singapore 
for her poster “Relationship between time to hyperbaric 
treatment and clinical outcomes of divers treated at the 
Naval Hyperbaric Centre, Singapore”.
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Eligible candidates are invited to present for the examination 
for the Certificate in Diving and Hyperbaric Medicine of the 
Australian and New Zealand College of Anaesthetists.

Eligibility criteria are:
1 Fellowship of a Specialist College in Australia or New 

Zealand. This includes all specialties, and the Royal 
Australian College of General Practitioners.

2 Completion of training courses in Diving Medicine 
and in Hyperbaric Medicine of at least 4 weeks’ total 
duration. For example, one of: 
a  ANZHMG course at Prince of Wales Hospital 

Sydney, and Royal Adelaide Hospital or HMAS 
Penguin diving medical officers course OR  

b Auckland University Diploma in Diving and 
Hyperbaric Medicine.

3 EITHER:
a Completion of the Diploma of the South Pacific 

Underwater Medicine Society, including 6 months’ 
full-time equivalent experience in a hyperbaric unit 
and successful completion of a thesis or research 
project approved by the Assessor, SPUMS.

b and Completion of a further 12 months’ full-time 
equivalent clinical experience in a hospital-based 
hyperbaric unit which is approved for training in 
Diving and Hyperbaric Medicine by the ANZCA.

  OR:

ANZCA Certificate in Diving and Hyperbaric Medicine

c Completion of 18 months’ full-time equivalent 
experience in a hospital-based hyperbaric unit 
which is approved for training in Diving and 
Hyperbaric Medicine by the ANZCA

d and Completion of a formal project in accordance 
with ANZCA Professional Document TE11 
“Formal Project Guidelines”. The formal project 
must be constructed around a topic which is relevant 
to the practice of Diving and Hyperbaric Medicine, 
and must be approved by the ANZCA Assessor prior 
to commencement.

4 Completion of a workbook documenting the details of 
clinical exposure attained during the training period.

5 Candidates who do not hold an Australian or New 
Zealand specialist qualification in Anaesthesia, 
Intensive Care or Emergency Medicine are required to 
demonstrate airway skills competency as specified by 
ANZCA in the document “Airway skills requirement 
for training in Diving and Hyperbaric Medicine”.

All details are available on the ANZCA website at:
<www.anzca.edu.au/edutraining/DHM/index.htm>

Dr Margaret Walker, FANZCA
Chair, ANZCA/ASA Special Interest Group in Diving and 
Hyperbaric Medicine
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38th Annual Scientific Meeting
24–30 May 2009 

                                                                                      

THEMES:

Diving, Flying and Space Exploration 

Future synergies in Diving Accident Management 

Ear Injuries and ENT Workshop 
The ENT workshop will cover ENT diagnostic dilemmas in divers, practical case 

examples of ear injuries, principles and practical use of Tympanometry.

Keynote Speaker  

Professor Bruce Spiess MD, FAHA 
Bruce Spiess is Professor and Chief of Cardiothoracic Anesthesia and Director of Research in the 
Department of Anesthesiology at Virginia Commonwealth University. As Director of the Virginia 
Commonwealth University Reanimation Engineering Shock Center (VCURES) he is researching 
perfluorocarbons as blood substitutes and their potential in treating decompression illness and gas embolism. 
Professor Spiess also conducts research into decompression sickness and submarine escape with the United 
States Navy, and is working with NASA on decompression sickness in astronauts.                     

Abstracts
Abstracts for presentation should be submitted before March 31st 2009 as a Word file of up to 250 words 
(excluding references – four only) and with only one figure.   Intending speakers are reminded that it is 
SPUMS policy that their presentation is published as a full paper in Diving and Hyperbaric Medicine. The
Editor will contact speakers prior to the meeting. 

Papers should reflect the theme of the conference: Diving, flying (including aeromedical retrieval), 
space exploration, future synergies in diving accident management, systems of care and treatment. 

If you wish to present a paper please contact the Convenor.
                                                                                            

SPUMS 2009 Convenor: 
Associate Professor David Smart 

Education Officer SPUMS 
GPO Box 463 HOBART 7001 

Tasmania, AUSTRALIA 
E-mail: <dsmart@iinet.net.au> 

Phone: +61-(0)3-6222-8193      Fax: +61-(0)3-6222-7268 
Mobile: +61-(0)419-508577
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FIRST ANNOUNCEMENT

Venue:
King’s College Conference Centre, University of Aberdeen

Hosts:
University of Aberdeen and Aberdeen Royal Infirmary Hyperbaric Medicine Unit. 

Key topics will include: 
Health technology assessment and hyperbaric oxygen therapy 
Diving research and treatment of decompression illness 
Treatment of ORN and diabetic foot 

Contact details: 
EUBS 2009 
c/o Environmental & Occupational Medicine 
Liberty Safe Work Research Centre, 
Foresterhill Road, Aberdeen, AB25 2ZP 
Phone: +44(0)1224558188 
Fax: +44(0)1224551826
E-mail: <hyperbaric@abdn.ac.uk>
<www.hyperchamber.com/EUBS2009>

•
•
•
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PRESIDENT
Professor Alf O Brubakk
NTNU, Dept Circulation & Imaging
N7089 Trondheim, Norway
Phone: +47(0)73598904
Fax: +4773(0)597940
Email: <alf.o.brubakk@ntnu.no>

VICE PRESIDENT
Dr Peter Germonpré
Centre for Hyperbaric Oxygen Therapy
Military Hospital Brussels
B1120 Brussels, Belgium
Phone: +32(0)22644868
Fax: +32(0)22644861
Email: <peter.germonpre@mil.be>

IMMEDIATE PAST PRESIDENT
Dr Noemi Bitterman
Technion, Israel Institute of Technology
Technion City
Haifa 32000, Israel
Phone: +972(0)48294909
Fax: +972(0)48246631
Email: <noemib@tx.technion.ac.il>

PAST PRESIDENT
Dr Ramiro CaliCorleo
Hyperbaric Unit, St. Luke’s Hospital
G’Mangia, Malta
Phone: +356(0)21234765
Fax: +356(0)21372484
Email: <irocali@daneurope.org>

HONORARY SECRETARY
Dr Joerg Schmutz
Foundation for Hyperbaric Medicine
Kleinhuningerstrasse 177
CH4057 Basel, Switzerland
Phone: +41(0)61631306
Fax: +4161(0)6313006
Email: <joerg.schmutz@hin.ch>

MEMBER AT LARGE 2008
Dr Peter Knessl
Steinechtweg 18
CH-4452 Itingen/BL
Switzerland
Phone: +41-(0)44-716-7105
E-mail: <pknessl@bluewin.ch>

MEMBER AT LARGE 2007
Dr Phil Bryson
DDRC, The Hyperbaric Medical Centre
Tamar Science Park, Research Way
Derriford, Plymouth
Devon, PL6 8BU, United Kingdom
Phone: +44(0)1752209999
Fax: +44(0)1752209115
Email: <phil.bryson@ddrc.org>

MEMBER AT LARGE 2006
Professor Maide Cimsit
Department Underwater and Hyperbaric Medicine
Istanbul Faculty of Medicine
80620 Istanbul, Turkey
Phone: +212(0)5313544
Email: <cimsit@istanbul.edu.tr>

HONORARY TREASURER & MEMBERSHIP 
SECRETARY
Ms Patricia Wooding
16 Burselm Avenue
Hainault, Ilford
Essex, IG6 3EH, United Kingdom
Phone & Fax: +44(0)2085001778
Email: <patriciawooding@btinternet.com>

NEWSLETTER EDITOR
Dr Peter HJ Mueller
PO Box 1225
D76753 Bellheim, Germany
Phone: +49(0)727274161
Fax: +49(0)7272774511
Email: <pete@ejuhm.de>

EXECUTIVE  COMMITTEE (as of January 2008)
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EUBS Financial Statement 2007
Sterling Account

Opening Bank Balance at 1st January 2007  £     1,316.78 

Petty Cash at 1st January 2007  £         25.73   

 £    1,342.51 

Income

Membership Fees  £     8,907.36 

Paypay  £           0.21 

Journal Advertising  £       187.00 

 £    9,094.57 

Expenditure

Secretarial Fees  £       600.00 

Cardnet/Bank Charges  £       675.57 

Petty Cash for Postage/Stationery/Copying  £       207.74 

Telephone/Fax/Sundries  £         82.46 

Computer repair  £       170.00 

Travel/Hotel Expenses  Treasurer  Meeting 05  £       856.50 

Journal Expenses  September 06 Issue  £       161.39 

Transfer to Euro account  £     1,000.00   

Closing Bank Balance at 31st December 2007  £     6,647.89 

Petty Cash at 31st December 2007  £         35.53   

Sterling Account  £    6,683.42 

Euro Account

Opening Bank Balance at 1st January 2007  €    2,798.61 

Income

Membership Fees  €     1,734.92 

P Kness  €       794.01 

Transfer from Sterling account  €     1,409.90   

 €    3,938.83 

Expenditure

Bank Charges  €       169.45 

Journal expenses  Dec 06 Issue  €     1,539.34 

Journal expenses  Jun 07 Issue  €     1,490.19 

Web site fees  €       372.32 

Travel Grants  €     2,050.00   

€    5,621.30 

Closing Bank Balance at 31st December 2007 Euro Account  €    1,116.14 

Exchange Rate at 31st December 2007 £1=€1.3864

Effective Sterling Balance in Euro Account  £       805.06 

Total Balance of both accounts as of 31st December 2007  £    7,488.48 
Ms P Wooding, EUBS Treasurer/Membership Secretary
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Situations vacant

Applications are sought for 2009 appointment as fulltime 
Registrar in Hyperbaric Medicine at The Alfred Hospital 
in Melbourne, Australia. Usual fellowship durations are 
6−12 months (February to July and/or August to January 
inclusive). The Alfred Hyperbaric Service is an integrated 
department within a major academic teaching hospital and 
operates a large, modern, rectangular, multiplace hyperbaric 
chamber. It provides around 4−5,000 treatments per annum 
to a range of ambulatory through to critically ill patients each 
year, including around 30 divers, 30 necrotising softtissue 

Official 
Agents 
SPUMS 

ASM 2009

ALLWAYS DIVE
EXPEDITIONS

168 High Street
Ashburton, Melbourne

Vic. Australia 3147
TEL: (03) 9885 8863
Fax: (03) 9885 1164

TOLL FREE: 1800 338 239

Contact us for all your travel requirements within Australia and overseas.

<allways@bigpond.com.au>

Ask us about our lowcost air fares to all destinations

infection cases and 150 acute trauma and ischaemia cases 
in addition to problem chronic wound and post radiotherapy 
cases. Opportunities can be provided to attend formal 
courses and to undertake research.

For further information contact:
Dr Ian Millar, Unit Director
Phone: +61(0)390762269
Email: <i.millar@alfred.org.au>

The Alfred Hospital, Australia
Registrar / Fellow in Diving and Hyperbaric Medicine

Dates: 7 to 8 November 2008
Venue: Grand Plaza Nakatsu Hotel, Nakatsu City, Japan
Website: <www.maruroku.co.jp/grandplaza/>
Registration: 20,000 yen
Sponsors: Japanese Society of Hyperbaric and Undersea 
Medicine <http://www.coara.or.jp/~gensin/3rdcongress/>
and Undersea and Hyperbaric Medical Society
Abstract submissions: 15 January−31 July 2008

For further information contact the Congress office: 
Kawashima Orthopaedic Hospital, 141 Miyabu, Nakatsu 
city, Oita prefecture, Japan, 8710012
Phone: +81979240464
Fax: +81979246258
Email: <newujnr_3rdcongress@yahoo.co.jp>

The Hyperbaric Research Prize encourages the scientific 
advancement of hyperbaric medicine and will be awarded 
annually whenever a suitable nominee is identified. It will 
recognise a scholarly published work or body of work(s) 
either as original research or as a significant advancement in 
the understanding of earlier published science. The scope of 
this work includes doctoral and postdoctoral dissertations. 
The Hyperbaric Research Prize is international in scope. 
However, the research must be available in English. 
The Hyperbaric Research Prize takes the form of 
commissioned art piece and US$10,000 honorarium.

For detailed information please contact:
Baromedical Research Foundation
5 Medical Park, Columbia, SC 29203, USA
Phone: +1-803-434-7101
Fax: +1-803-434-4354
E-mail: <samir.desai@palmettohealth.org>

Third Congress of US−Japan Panel on 
AerospaceDiving Physiology & Technology, 
and Hyperbaric Medicine (3rd New UJNR)

The Hyperbaric Research Prize
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International Symposium

Dates: 18 to 19 December 2008
Venue: Trondheim, Norway

In 1908 Haldane and co-workers published their paper “The 
prevention of compressed-air illness”, that has formed the 
basis of modern decompression procedures. It is our belief 
that diving will be of increasing importance in the future. 
Climatic changes, lack of food and an increasing need for 
energy will force better use of our underwater resources. This 
movement will force a development of new and improved 
technologies for surviving, working and playing underwater, 
allowing us to dive deeper and stay longer. Still, however, 
physiology will be a limiting factor, increasing the need 
for better understanding of the effect of the underwater 
environment on man.

For further information contact: Alf O Brubakk 
E-mail: <alfb©ntnu.no>

The future of diving: 100 years of Haldane 
and beyond

THE HISTORICAL DIVING SOCIETY
CONFERENCE 2008

Date: Saturday 25 October 2008
Venue: Merseyside Maritime Museum, Albert Quay, 
Liverpool

Speakers and subjects are:
Christopher Swann: The Development of Commercial 
Helium Diving
Dr Pavel Borovikov: The History of Diving in Russia
Sven Erik Jørgensen: Danish Diving: From Bells to 
Hansen
Don Hale: Crabb - was he the real James Bond?

Tickets cost £25, obtainable from The Historical Diving 
Society, 25 Gatton Road, Reigate, Surrey, RH2 0HB
Phone: +44(0)1737249961,
Email: <enquiries@thehds.com>

Diving medicine
The Royal Society of Medicine in association with

the Diving Diseases Research Centre

Dates: 2731 October 2008 
Venue: International Hall, Lansdowne Terrace, London

Who should attend: Doctors interested in recreational 
diving pre hospital care medicine

Faculty: Drs Elliott Singer, Churchill Medical Centre 
London; Denny Levett, UCL; Pieter Bothma, James Paget 
University Hospital, GorlestononSea; Sean Hopson, 
Devon; Steven Harrison, Whipps Cross University Hospital 
NHS Trust, London and Oliver Sykes (Course Leader), 
London

Topics include: Role and responsibilities of the diving 
doctor; Diving pathophysiology; Hyperbaric chamber 
familiarisation and orientation; Fitness to dive; Prevention 
of diving accidents; Management of chamber medical 
emergencies; Diving and disabilities.

Fees: RSM Fellow: £870, NonFellow: £950, Student 
Member: £500, Student NonMember: £600

For more information or a booking form contact:
Phone: +44(0)2072903946 (Nicole Leida)
E-mail: <nicole.leida@rsm.ac.uk>
Book online at: <www.rsm.ac.uk/diary>

Introductory Course in Diving and
Hyperbaric Medicine

Dates:  9 to 20 March 2009
Venue:  Prince of Wales Hospital, Sydney, Australia

Course content includes:
History of hyperbaric oxygen
Physics and physiology of compression
Accepted indications of hyperbaric oxygen (including 
necrotising infections, acute CO poisoning, 
osteoradionecrosis and problem wound healing)
Wound assessment including transcutaneous oximetry
Visit to HMAS Penguin
Marine envenomation
Practical sessions including assessment of fitness to 
dive

Contact for information:
Ms Gabrielle Janik, Course Administrator
Phone: +61-(0)2-9382-3880
Fax: +61-(0)2-9382-3882
E-mail: <Gabrielle.Janik@sesiahs.health.nsw.gov.au>

This course is approved as a CPD Learning Project by 
ANZCA – Cat 2, Level 2 – 2 credits per hour (Approval 
No. 1191)

•
•
•

•
•
•
•

The Australia and New Zealand 
Hyperbaric Medicine Group
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DIVING HISTORICAL 
SOCIETY 

AUSTRALIA, SE ASIA

P. O Box 347, Dingley Village, 
Victoria, 3172, Australia
Email: 
<deswill@dingley.net>
Website: 
<www.classicdiver.org>

Venue: King’s College Conference Centre, University of 
Aberdeen, Aberdeen

Guest speakers: 
Professor John Yarnold, Institute of Cancer Research
Mr Richard Shaw, University of Liverpool
Professor Richard Moon, Duke University

For further information and online registration go to 
the BHA2008 website:
<http://www.hyperchamber.com/BHA2008/index.html>
For more information on the BHA go to:
<www.hyperbaric.org.uk>

ROYAL ADELAIDE HOSPITAL DIVER MEDICAL 
TECHNICIAN (DMT) & DIVING MEDICAL 

OFFICER COURSES 2008

DMT courses
November/December 2008
Unit 1: 24 − 28 November
Unit 2: 1 − 5 December
Unit 3: 8 − 12 December

DMT refresher course 2008
27 − 31 October

There are no further Medical Officer courses in 2008

For more information contact:
Lorna Mirabelli
Senior Administrative Assistant
Hyperbaric Medicine Unit, Royal Adelaide Hospital
Phone: +61(0)882225116
Fax: +61(0)882324207
Email: <Lmirabel@mail.rah.sa.gov.au>

2008 ROYAL AUSTRALIAN NAVY MEDICAL 
OFFICERS’ UNDERWATER MEDICINE COURSE

Dates: 10 to 21 November 2008
Venue: HMAS Penguin, Sydney
Cost: $1,833.00

The Medical Officers’ Underwater Medicine Course seeks 
to provide the medical practitioner with an understanding 
of the range of potential medical problems faced by divers. 
Considerable emphasis is placed on the contra-indications 
to diving and the diving medical, together with the 
pathophysiology, diagnosis and management of the more 
common diving-related illnesses.

For information and application forms contact:
The Officer in Charge, Submarine & Underwater Medicine 
Unit, HMAS PENGUIN,
Middle Head Road, Mosman, 2088 NSW, Australia
Phone: +61-(0)2-9960-0572
Fax: +61-(0)2-9960-4435
E-mail: <Scott.Squires@defence.gov.au>

UNDERSEA & HYPERBARIC MEDICAL SOCIETY
Annual Scientific Meeting 2009

Preliminary notice

Dates: 25 to 27 June 2009

Venue: Crowne Plaza Resort 
Los Cabos-Grand Faro
Blvd San Jose s/n, Zona Hoteler 
San Jose del Cabo, 23400 Mexico

For further information:
E-mail: <uhms@uhms.org>
Website: <www.uhms.org>

Dates: 9 to 13 December 2008
Venue: Langkawi Island, Malaysia
Course fees: Level I US$700; Level IIa US$900

A course for experienced diving medical examiners and 
diving medicine physicians. This twopart course covers 
advanced aspects of diving medicine not usually detailed in 
recreational and military courses. The major emphasis will 
be on mixedgas, deep and saturation diving operations.
Course Directors: Professor David Elliott
 Dr Jurg Wendling
Course Coordinator: Dr Tony Lee

Sponsor: Hyperbarichealth
For background information visit:
<http://www.dmacdiving.org/courses/>
Contact: <hyperbarichealth@gmail.com>
Fax: +61(0)395580216 or +6052428533

Asian Hyperbaric & Diving Medical 
Association

DMACEDTC Level I & IIa
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Diving and Hyperbaric Medicine welcomes contributions 
(including letters to the Editor) on all aspects of diving 
and hyperbaric medicine. Manuscripts must be offered 
exclusively to Diving and Hyperbaric Medicine, unless 
clearly authenticated copyright exemption accompanies the 
manuscript. All manuscripts, including SPUMS Diploma 
theses, will be subject to peer review. Accepted contributions 
will be subject to editing.

Contributions should be sent to:
The Editor, Diving and Hyperbaric Medicine,
C/o Hyperbaric Medicine Unit, Christchurch Hospital,
Private Bag 4710, Christchurch, New Zealand.
Email: <spumsj@cdhb.govt.nz>

Requirements for manuscripts
Documents should be submitted electronically on disk or as 
attachments to email. The preferred format is Microsoft® 
Office Word 2003. Paper submissions will also be accepted. 
All articles should include a title page, giving the title of the 
paper and the full names and qualifications of the authors, and 
the positions they held when doing the work being reported. 
Identify one author as correspondent, with their full postal 
address, telephone and fax numbers, and email address 
supplied. The text should generally be subdivided into the 
following sections: an Abstract of no more than 250 words, 
Introduction, Methods, Results, Discussion, Conclusion(s), 
Acknowledgements and References. Acknowledgements 
should be brief. Legends for tables and figures should appear 
at the end of the text file after the references.

The text should be doublespaced, using both upper and 
lower case. Headings should conform to the current format 
in Diving and Hyperbaric Medicine. All pages should be 
numbered. Underlining should not be used. Measurements 
are to be in SI units (mmHg are acceptable for blood pressure 
measurements) and normal ranges should be included. 
Abbreviations may be used once they have been shown in 
brackets after the complete expression, e.g., decompression 
illness (DCI) can thereafter be referred to as DCI.

The preferred length for original articles is up to 3,000 words. 
Including more than five authors requires justification, as 
does more than 30 references. Case reports should not exceed 
1,500 words, with a maximum of 15 references. Abstracts 
are required for all articles. Letters to the Editor should 
not exceed 500 words with a maximum of five references. 
Legends for figures and tables should generally be less than 
40 words in length.

Illustrations, figures and tables should not be embedded in 
the wordprocessor document, only their position indicated. 
No captions or symbol definitions should appear in the body 
of the table or image.
Table columns are preferred as tabseparated text rather than 

using the columns/tables options or other software and each 
submitted doublespaced as a separate file. 
Illustrations and figures should be submitted as separate 
electronic files in TIFF, high resolution JPG or BMP format. 
If figures are created in Excel, submit the complete Excel 
file. Large files (> 8 Mb) should be submitted on disc.
Photographs should be glossy, blackandwhite or colour. 
Colour is available only when it is essential and may 
be at the authors’ expense. Indicate magnification for 
photomicrographs.

References
The Journal reference style is the ‘Vancouver’ style (Uniform 
requirements for manuscripts submitted to biomedical 
journals, updated July 2003. Website for details: <http://
www.icmje.org/index.html>). In this system, references 
appear in the text as superscript numbers at the end of the 
sentence after the full stop.1,2  The references are numbered 
in order of quoting. Index Medicus abbreviations for journal 
names are to be used (<http://www.nlm.nih.gov/tsd/serials/
lji.html>). Examples of the exact format are given below:

Freeman P, Edmonds C. Inner ear barotrauma. Arch 
Otolaryngol. 1972; 95: 55663.
Hunter SE, Farmer JC. Ear and sinus problems in diving. In: 
Bove AA, editor. Bove and Davis’ diving medicine, 4th ed. 
Philadelphia: Saunders; 2003. p. 43159.

1�

2�

Instructions to authors
(revised August 2008)

There should be a space after the semicolon and after the 
colon, and a full stop after the journal and the page numbers. 
Titles of quoted books and journals should be in italics. 
Accuracy of the references is the responsibility of authors.

Any manuscript not complying with these requirements will 
be returned to the author before it will be considered for 
publication in Diving and Hyperbaric Medicine.

Consent
Studies on human subjects must comply with the Helsinki 
Declaration of 1975 and those using animals must comply 
with National Health and Medical Research Council 
Guidelines or their equivalent. A statement affirming Ethics 
Committee (Institutional Review Board) approval should 
be included in the text. A copy of that approval should be 
available if requested.

Copyright
Authors must agree to accept the standard conditions of 
publication. These grant Diving and Hyperbaric Medicine 
a nonexclusive licence to publish the article in printed 
form in Diving and Hyperbaric Medicine and in other 
media, including electronic form. Also granting the right to 
sublicence third parties to exercise all or any of these rights. 
Diving and Hyperbaric Medicine agrees that in publishing 
the article(s) and exercising this nonexclusive publishing 
sublicence, the author(s) will always be acknowledged as 
the copyright owner(s) of the article.

Full ‘Instructions to authors’ can be found on the EUBS 
and SPUMS websites and in Vol 38, June 2008 issue.
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DIVING INCIDENT MONITORING STUDY (DIMS)
DIMS	is	an	ongoing	study	of	diving	incidents.		An	incident	is	any	error	or	occurrence	which	could,	or	did,	reduce	the	
safety	margin	for	a	diver	on	a	particular	dive.		Please	report	anonymously	any	incident	occurring	in	your	dive	party.		
Most	incidents	cause	no	harm	but	reporting	them	will	give	valuable	information	about	which	incidents	are	common

and	which	tend	to	lead	to	diver	injury.	Using	this	information	to	alter	diver	behaviour	will	make	diving	safer.
Diving Incident Report Forms (Recreational or Cave and Technical)

can be downloaded from the DANAP website: <www.danasiapacific.org>
They should be returned to:

DIMS, 30 Park Ave, Rosslyn Park, South Australia 5072, Australia.

DAN Asia-Pacific DIVE ACCIDENT REPORTING PROJECT
This	project	is	an	ongoing	investigation	seeking	to	document	all	types	and	severities	of	divingrelated	accidents.	

Information,	all	of	which	is	treated	as	being	confidential	in	regard	to	identifying	details,	is	utilised
in	reports	on	fatal	and	nonfatal	cases.

Such	reports	can	be	used	by	interested	people	or	organisations	to	increase
diving	safety	through	better	awareness	of	critical	factors.	

Information	may	be	sent	(in	confidence	unless	otherwise	agreed)	to:
DAN	Research

Divers	Alert	Network	AsiaPacific
PO	Box	384,	Ashburton	VIC	3147,	Australia
Enquiries	to:	<research@danasiapacific.org>

DIVER EMERGENCY SERVICES PhoNE NuMbERS

DISCLAIMER
All opinions expressed in this publication are given in good faith and in all cases represent the views of the writer 

and are not necessarily representative of the policies of SPUMS or EUBS.

The DES numbers are generously supported by DAN

AUSTRALIA
1800088200  (in Australia, toll-free) 

+61882129242  (International)

NEW ZEALAND
08004DES-111 (in New Zealand, toll-free)

+6494458454 (International)

SOUTH-EAST ASIA
+657505546  (Singapore Navy) 

+6328159911  (Philippines)
+605-681-9485  (Malaysia)

852-3611-7326 (China)
010-4500-9113 (Korea)

+81-3-3812-4999 (Japan)

EUROPE
+39-06-4211-8685 (24-hour hotline)

LATIN AMERICA
+1-919-684-9111 (may be called collect; 

Spanish and Portuguese)

   SOUTHERN AFRICA
    0800-020-111 (in South Africa, toll-free)

+27-11-254-1112 (International, may be 
called collect)   
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