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accuracy of information and reports, the publisher as 
well as DAN-SA does not accept any responsibility, 
whatsoever, for any errors, omissions, or for any effects 
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publication may be used or reproduced in any form 
without the written permission of DAN-SA. E&OE.
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We are happy to bring you another edition of Alert Diver LITE! As always, 
we hope you will find the articles insightful and informative. One that 
particularly rang true for me is the Fitness article, which emphasises the 
need to step away from a sedentary lifestyle and get more exercise, do more 
dives and live life to the fullest!

I am deeply aware of the privilege we have in being able to explore 
the underwater world. Another day, another dive… What I enjoy most is the 
serenity, freedom and profound inner peace I experience in the tranquillity 
of submersion. This is a stark contrast to the usual hustle and bustle of 
everyday life. Life continues at a roaring pace unless we make time to stop, 
or another event forces us to stop and reflect.

Just such an event recently shook the DAN-SA medical team. Less 
than a week after attending a hotline workshop and refresher training, we 
received news that Dr Imraan Khallil passed away in a serious motor vehicle 
accident. It seemed surreal that a colleague with whom we had spoken just 
a few days prior was not with us anymore.

During such a final event one tends to look back at the beginning. I 
thought back to the first telephone call from a (then unknown) colleague, 
who happened to be a diver and was interested in doing the diving 
medicine course, followed by the postgraduate diploma in occupational 
medicine. Being the brilliant man that he was, Imraan scored top grades in 
the class for both. After that he ran a very successful diving medicine and 

Jack Meintjes
DAN-SA Medical Director

PERSPECTIVES
occupational health practice, and generously helped so many divers (and 
non-divers) many times at reduced or zero cost.

He was involved in high-level training in diving medicine, with doctors 
from all over the world spending time in his practice to gain experience 
in diving medicine. He would show them the ropes and teach them the 
important aspects of diving medicine. One student stayed for more than 
a year! During last year’s course, two students commented on the great 
setup he had and how the clinic where they worked did not even provide 
stethoscopes… The next morning he arrived with a stethoscope for each of 
them! There are so many stories I can relay, including visits to his home and 
meeting his wonderful family. To sum up Imraan in a single word or phrase 
is simply impossible. Words and phrases that come to mind include humility, 
generosity, joy, excellence and being a good friend.

Imraan, we pray that you experience the serenity and peace you got to 
know underwater. You will be sorely missed!  
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Letters Messages

Come and join the DAN-SA team at 
one of our upcoming shows where 
we promote safe diving in a fun, 
sexy way.

14-15 June
3

UPCOMING EVENTS 

Find out more on our social media

DAN LETTERS
Professional, friendly service from DAN-SA
My family and I went on holiday to South Africa 
on 12 February 2017. This was the first trip out 
of Madagascar for my nine-year-old daughter, 
Isoletta. On 13 February we were ready to board 
our flight to Cape Town. While my wife was 
handing in our boarding passes at the gate my 
daughter said, “Papa, I feel like I need to throw  
up but I don’t”. I was still holding our  
two-year-old son, Enzo, when she said, “Papa,  
I can’t see”.  I looked into her eyes and they 
were still open; suddenly, they rolled back in her 
head so I could just see the whites of her eyes. 
I managed to catch her before she collapsed on 
the floor. 

I alerted the lady in charge of the flight 
who in turn got my wife’s attention. My wife took 
our little boy and I was left on the floor with 
my daughter. Luckily, I have a certain amount of 
medical training, which helped me to keep calm 
and assess the situation. However, nothing is the 
same when it is the love of your life lying in  
your arms. 

We alerted the airport’s medical team and 
they came shortly after. I asked for to her be put 
on oxygen and she was taken to their medical 
department for further treatment, but still no one 
knew what was wrong with her. I had my DAN card 
in my wallet and phoned immediately. Because it 
was after 16:00, I was rerouted to Netcare. I gave 
them my DAN details and next thing we were in 
the ambulance, off to a nearby clinic. 

Six hours later we got the all-clear to leave 
the clinic with a very sad daughter because we 
had missed our flight. It was determined that 
because she had lived on an island all her life, the 
altitude and pollution of Johannesburg was too 
much for her lungs, causing her to experience a 
lack of oxygen. 

The next day, we were off to Cape Town for 
our holiday. My wife contacted DAN-SA to see how 
we could recover some of the costs incurred and 
how to go about it. As insurance companies can 
take forever and dealing with them can lead to 
painstakingly long fights, she decided to send the 
email right away. She was in contact with a lady 
by the name of Laurel Reyneke. To our surprise, 
Laurel sorted out everything fast and with no 
fighting. It was painless; two phone calls, two 
emails and it was done. In less than two weeks we 
had the money in our account, paid out in full. She 
also sent us continuous updates on our file, letting 
us know what was happening. 

We are so grateful to the DAN-SA team 
and would just like to thank everyone for 
the professional service and, most of all, the 
friendliness we experienced. 
Jacques Vieira and family

SA’s PREMIER DIVING MAGAZINE

https://www.facebook.com/SubmergeMagazine/
https://www.facebook.com/DANSA.org/
www.dansa.org
www.submerge.co.za
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Incident Insight

Entangled in Kelp 
By Brittany Trout

There are important lessons to be 
learnt from the following tragedy: a 
lack of training or proper equipment, 
poor buddy practices or panic 
underwater can lead to fatalities.

THE DIVERS
On his first-ever night dive, Sam, an uncertified and 
inexperienced diver with fewer than 15 lifetime dives, 
descended to catch lobsters with two other uncertified 
divers (Dave and Tim). The three descended, while a fourth 
diver (Ron) planned to freedive and assist with hauling in 
the anticipated lobster catch. A fifth diver (Eric) remained on 
the boat. (Note: All names are fictitious.)

THE INCIDENT
Dave’s cylinder slipped out of his BCD strap five minutes 
into the dive. He alerted Tim of the issue and signalled that 
he was going to the surface to adjust his gear. Dave and Tim 
went to the surface, while Sam, unaware of their decision, 
continued with the dive. When Dave and Tim returned to 
the boat, they realised Sam had not followed them and were 
unsure of his location. They conducted a brief surface search 
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and concluded he must still be at depth. While freediving, 
Ron saw Sam entangled in kelp at approximately 7.6 m. 
Sam was still wearing his mask and his regulator was in his 
mouth. He was conscious and fighting to free himself from 
the thick kelp.

Sam began to panic, causing him to flail and become 
even more entangled. After several unsuccessful attempts 
to free Sam from the thick kelp, Ron returned to the 
surface and alerted the others that Sam was entangled and 
needed help. Eric responded with scuba gear from the boat. 
Unfortunately, by the time Eric got there, Sam was no longer 
wearing his mask, his regulator was not in his mouth, and 
he was not breathing. Eric cut Sam free and brought him to 
the surface. Another boat that had heard the distressed calls 
for help was there to pull Sam out of water. CPR was started 
immediately, and Sam was transported to a local hospital, 
where he was pronounced dead.

FATALITY ANALYSIS
Understanding the root causes and the series of events 
leading to a dive fatality is important for the prevention of 
future incidents. Investigators recovered the dive gear, which 
they tested and found to be working properly. The cylinder 
contained more than 2 000 psi on recovery, indicating that 
Sam did not run out of air; however, his regulator was found 
out of his mouth when he was recovered. 

The trigger in this case was kelp entanglement, which 
turned this dive into an emergency and began the chain 
of events that led to the fatality. Sam’s panic served as 
the disabling agent, causing him to engage in irrational 
behaviour that did not help to resolve the entanglement 
and led him to drop his regulator. Losing his regulator 
caused him to suffer asphyxia and drown.

DISCUSSION
The decedent, Sam, was not a certified diver. He had some 
previous dive experience, but he lacked proper training and 
had never conducted a night dive before the fatal dive. Dave 
and Tim also lacked formal training and certification even 
though they had more experience. Formal scuba training 
through certifying agencies equips divers with knowledge 
along with the skills necessary for safe diving. Training 
prepares a diver to respond calmly and confidently to 
emergency situations. Diving that involves unique risks – in 
this case, night diving, lobster hunting and kelp-forest diving 
– requires additional training, preparedness and appropriate 
equipment. Acquiring certifications for such environments  
is recommended.

Diving in kelp requires streamlined equipment to 
reduce the risk of entanglement and a cutting tool to 
resolve possible entanglement. Sam was not carrying a 
cutting tool, and it is unknown whether his equipment was 
streamlined. In addition to being responsible for one’s own 

safety by obtaining the appropriate training for specifically 
risky environments, it is also wise to dive with a divemaster 
and/or rescue diver trained to react in emergency rescue 
situations.

Buddy diving means diving in pairs, not in an 
odd-numbered group. Pair diving is the best practice to 
prevent buddy separation. In a group of three or more, 
miscommunication among dive buddies is more likely 
even for trained divers, because it can be unclear who has 
been in communication with which buddy. In this incident, 
Dave and Tim communicated the ascent to one another, 
but Sam remained unaware of the situation. This may have 
contributed to Sam’s panic because he could not locate 
others to help free him from the kelp.

A medical emergency or equipment failure did not 
trigger this incident. It was caused by a foreseeable factor 
for which the divers were not prepared. Although a lack of 
formal training may have contributed to this fatal incident, 
there are other valuable lessons in this tragedy that 
certified divers should not overlook. 

Investigators recovered the dive gear, which 
they tested and found to be working properly.

Diving in kelp requires streamlined equipment 
and a cutting tool.

Image by Janet Middleton.
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Dive Industry Profile
Fiona Ayerst, Professional Underwater Photographer  

iona Ayerst is a professional stills underwater 
photographer. She is also a writer, public speaker, 
and a passionate conservationist who speaks 

up for animal rights. Fiona has a legal degree and practised 
as a litigation attorney in Johannesburg over the course 
of 18 years. DAN-SA recently caught up with Fiona’s hectic 
lifestyle and fired off a couple of questions.

HOW DID YOU GET INTO  
UNDERWATER PHOTOGRAPHY?
I feel safe and happy in water. It is my “go to” place if I am 
ever stressed. I have always been fascinated with animals, 
particularly those of the oceans. I try to show people what 
many of them may otherwise never see – the beautiful 
underwater world.

YOU OFTEN PHOTOGRAPH SHARKS – IS IT 
NOT A BIT INTIMIDATING TO GET SO CLOSE 
TO SHARKS WHILE PHOTOGRAPHING THEM?
Sharks are inquisitive creatures. I have not yet felt 
particularly threatened but when a shark swims through 
your legs, there is always a moment of intense panic, no 
matter how many times you have swum with them.

WHAT HAS BEEN ONE OF YOUR  
BIGGEST CHALLENGES?
One of the most difficult things for me has been balancing 
my life as a mother and entrepreneur. I had a child at age 
45 and this was a time when my career as an underwater 
photographer was gaining momentum. My career had to 
take a different path for a while, as a result of Finn’s birth. 
I am back on track now that he is seven and have no  
regrets whatsoever.

IS THERE A DAY THAT REALLY STICKS  
OUT AS BEING ONE OF THE BEST?
Definitely. I was in Sodwana Bay in 2014 when I swam 
with two whale sharks, six dolphins and three humpback 
whales at the same time. It was one of those “Walter Mitty” 
moments where I was so stunned that I did not want to miss 
the scene and I did not take a photograph. It was all over in 
about 10 seconds. Nothing stays the same for long in the 
fluidity of the ocean. I will never forget those 10 seconds 
and those moments, for me, were life-changing. I try to 
apply the thoughts and feelings of those specific moments 
to many of the things I do and think. My experiences in the 
water give me a positive outlook on life, in general.

THERE IS GREAT DEBATE OVER HOW BIG A 
PROBLEM OUR OCEANS ARE CURRENTLY 
FACING. WHERE DO YOU STAND?
I am concerned for the oceans. Most people have concerns 
around whales and dolphins but very few people know that 
if just one sea cucumber is picked up from the sea floor, a 
myriad of smaller animals living on it die too. Very little in 
our world is balanced at present. If protected, the sea can 
bounce back strong and hard. In 2016, I read that 21 Marine 
Protected Areas have been proposed for South Africa. That 
was the best news I have read in years. 

WHAT ARE YOUR BIGGEST  
CONCERNS FOR THE OCEANS?
I have been diving for more than 25 years and I, along with 
many avid long-term divers, have seen a decline in the 
numbers of fish, and in particular, sharks. I am hopeful that 
the world is awakening to the need to protect our oceans. 
People think the problem is beyond them but it is not. I urge 
everyone who reads this to pick up as much plastic as you 
can whenever and wherever you see it, as likely no-one else 
is going to do it. If that is all you can do to help, then do it, 
as it is one of the best things you can do for the ocean.

HOW IMPORTANT IS  
CONSERVATION TO YOU?
I am busy re-thinking the word “conservation” and how 
and if it is working in the way we Westerners use it. I am 
not sure it really is. There are a lot of social media posts 
showing people care, and that is wonderful, but I have a 
concern that “armchair conservation” is stopping them from 
actually doing something, other than posting, which makes 
no difference at all. I would urge people to stop posting and 
get doing.

I urge everyone who reads this to pick up as 
much plastic as you can whenever and wherever 
you see it.
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Hello, hello
I’M AT A PLACE CALLED VERTIGO 

By Dr Cecilia Roberts 

Divers experience different types of vertigo. This is how it can be avoided. 

“H
ello, hello. I’m at a 
place called Vertigo. 
It’s everything I wish 

I didn’t know. Except you give 
me something I can feel, feel!” 
– U2, 2004. Anyone who has ever 
experienced vertigo will surely agree 
with Bono’s words in the U2 hit, “Vertigo”.

The word “vertigo” is derived from the Latin word 
vertere which means “to turn”. It is a specific kind of 
rotational dizziness in which an individual experiences the 
sensation that they or their surroundings are moving, whirling 
or spinning in the absence of actual movement. They may also 
suffer light-headedness, confusion and a loss of balance. Vertigo may 
be accompanied by nausea, vomiting, uncontrolled eye movement and 
even tinnitus (ringing in the ear) or hearing loss. Vertigo is a normal 
phenomenon following actual spinning, such as after getting off a 
merry-go-round. Once the body has come to a standstill, the fluid in the 
semi-circular canals of the inner ear continues to move, which causes a 
mismatch between what your eyes are seeing and the internal sensory 
input. The lack of a stable visual reference point also adds to this effect. 

In the diving environment, there are many stimuli that may produce 
vertigo. There are also certain diving-related illnesses and injuries that 
may produce symptoms of vertigo. If vertigo is temporary, it is usually 
stimuli-related. If not, it is usually more serious, thus pathology-related. 

Some of the different causes of vertigo experienced in the diving 
environment are discussed below. 

Medical
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To avoid ABV, do not dive when feeling sick 
or congested or immediately after an upper 
respiratory tract infection or cold.

CALORIC VERTIGO
This transient form of vertigo is experienced due to 
unequal vestibular apparatus stimulation by cold water. 
On immersion, cold water usually enters both ears 
symmetrically. However, if cold water enters only one ear 
canal or if one eardrum is perforated causing more direct 
stimulation of that ear, it can bring about vertigo.  
One-sided ear canal obstructions are caused by poor-fitting, 
asymmetric hoods, lumps of ear wax, swimmer’s ear, bony 
outgrowths in the ear canal, or even foreign bodies, such as 
ear plugs or air bubbles. 

The perforation of the eardrum is a brief but dramatic 
cause of significant vertigo. In the diving environment, 
the three major predisposing factors that cause tympanic 
membrane perforation that lead to vertigo are middle-ear 
barotrauma of descent, forceful auto-inflation of the middle 
ear and shock waves (such as those caused by falling onto 
the ear when entering the water from a boat or from the 
discharge of explosives in the water). 

ALTERNOBARIC VERTIGO
Alternobaric vertigo (ABV) is a common cause of vertigo 
which accounts for about 60% of vertigo in divers. 
Ironically, it is more evident in experienced scuba divers. 
ABV occurs mostly on ascent (block-version) but can also 
be experienced during descent (squeeze-version). With a 
change in depth comes a change in pressure in the middle 
ear air spaces. Thus, when one ear equalises normally and 
the other one fails to equalise at the same rate, there is an 
inequality of pressure across the inner ear, which sends a 
confusing signal to the brain and causes vertigo. A sudden 
ascent or bolting to the surface due to panic will only 
worsen the effect as it increases the asymmetric pressure 
difference (block-version). The best way to cope with this 
pressure difference is to stop, then descend slightly and to 
hold on to a steady object and focus on a fixed point, and 
then wait for the pressure to equalise. Equalising techniques 
should not be attempted as it may worsen the problem. 
Symptoms usually resolve within seconds but may last up to 
10 minutes. 

Although not dangerous in itself, ABV is hazardous 
if it causes panic followed by an uncontrolled ascent or 
inappropriate behaviour, nausea and vomiting with the 
risk of aspiration, disorientation with trouble navigating 
(especially in cave or wreck diving) or drowning. Inadvertent 
descent when experiencing ABV may also lead to ear 
barotrauma if equalising measures are then neglected. 

To avoid ABV, do not dive when feeling sick or 
congested or immediately after an upper respiratory tract 
infection or cold. Never force air into the ears. If you have 
had previous encounters with ABV, avoid diving when the 

insides of your ears are feeling “sticky”. Remember to ascend 
and descend slowly and to equalise early and often during a 
descent. Consult a diving medical practitioner before diving 
if you have a history of Eustachian tube dysfunction, serious 
middle ear infection or swimmer’s ear. 

INNER EAR DECOMPRESSION SICKNESS
One of the causes of vertigo that is harder to treat is an 
inner ear bend or decompression sickness (DCS), although, 
fortunately, this is rare. It is more common in technical or 
commercial diving, especially following deep dives using 
helium as a breathing gas. Helium is associated with the 
counter-diffusion of gases, which plays an important role 
in the development of inner ear DCS. It may, however, also 
be present in air scuba diving following a rapid ascent 
after a long bottom time and may also be accompanied 
by other manifestations of DCS, particularly mottled skin 
rashes. The vertigo is usually delayed and only starts after 
the decompression has stopped or when the person is on 
the dive boat. It also lasts a lot longer and will continue 
when back ashore. Sensorineural hearing loss may also be 
present. Timely contact with the DAN-SA medical team is 
key to establish the severity and likely diagnosis to ensure 
appropriate management.

BAROTRAUMA
Barotrauma of the external, middle and inner ear and 
the forceful auto inflation of the middle ear can all bring 
about vertigo. This is more likely and severe in the upright 
position. The inability to equalise the middle ear space 
may produce unequal pressure gradients with vestibular 
confusion and may result in vertigo (similar to ABV). 
Alternatively, forceful auto-inflation of the middle ear may 
cause the rupture of the inner ear membranes and even 
leakage of fluid due to a round window rupture. Vertigo, 
ringing in the ear and hearing loss after a no-decompression 
dive should alert the diver to possible inner ear barotrauma. 
This requires urgent evaluation by a specialist for 
medication to preserve hearing and for the possible surgical 
repair of the fistula.

GAS TOXICITY
Because of the interference with cerebral functioning, 
various gas toxicities may cause sensory disturbances, 
including vertigo. Nitrogen narcosis, usually experienced 
when breathing air at depths beyond 30 m, can cause 
dizziness that may mimic or even contribute to vertigo, 
especially in conjunction with a dysbaric or caloric stimulus. 
On the other hand, high carbon dioxide (CO2) levels can 
lead to disorientation which may be confused with vertigo. 
A sudden reduction in high CO2 exposure may, however, 
also cause vertigo due to the CO2-off effect. Vertigo is also 
a well-known warning symptom of central nervous system 
oxygen toxicity. It is seen most commonly when divers  
use oxygen gas mixes or rebreathing equipment and  
when the recommended safe oxygen exposures (O₂  
time-pressure limits) are exceeded. Furthermore, high 
pressure neurological syndrome (HPNS) is seen in 
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The Tullio phenomenon is a fascinating 
occurrence of vertigo due to the exposure to 
loud noises.

commercial divers. It is provoked by rapid compression and 
is characterised by vertigo, nystagmus, nausea and tremors. 
Other gas issues such as hypoxia (due to breathing mixture 
or rebreather problems), hyperventilation (or hypocapnia) 
and carbon monoxide (CO) poisoning may all present with 
the onset of vertigo due to the disturbance in the level of 
consciousness.

SENSORY DEPRIVATION
A lack of sensory input, especially spatial orientation signals, 
is likely to cause vertigo. An example is the fear of heights 
that is experienced by some scuba divers, causing dizziness 
when looking down into deep waters. This can be overcome 
by focusing on an object in the level plane of vision and by 
swimming along ledges, the seabed or the surface.

MOTION SICKNESS
Due to a disproportionate and unequal vestibular response 
to motion, some divers can suffer nausea, vomiting, vertigo 
and even fainting on the dive boat or while decompressing 
during safety stops or even swimming.

THE TULLIO PHENOMENON
The Tullio phenomenon is a fascinating, albeit rare, 
occurrence of vertigo due to the exposure to loud noises. 
It has been observed in compression chambers without 
muffling systems over the air inlets, in helmet divers, in 

caisson workers and in aircrews. The most pronounced 
version is associated with a hernia (superior semi-circular 
canal dehiscence) of one of the semi-circular canals of the 
inner ear. This bulge permits abnormal fluid shifts in the 
presence of pressure of a loud sound, thus provoking vertigo. 
The condition usually requires surgical repair.

FINAL THOUGHTS
Whatever the cause, vertigo in the diving environment is 
potentially hazardous and should be managed calmly and 
quickly. A controlled ascent is required with protection of 
the airway, if vomiting occurs. Unless it is transient (less 
than 10 minutes with no other symptoms related to the 
ear or otherwise), suspend further diving until a diving 
medical practitioner has been consulted. Treatment is mostly 
symptomatic and includes bed rest and sometimes drugs 
like antihistamines, topical decongestants, steroid sprays or 
antibiotics. Recompression is the treatment of choice in DCS 
but, if inner ear barotrauma is suspected, referral to an ear, 
nose and throat specialist is required.
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YOUR ADVENTURE 
YOUR SAFETY

        ’s Diving Safety 
Essentials App is here!
The DAN-SA App provides divers with a new way to learn about safety.

The DAN-SA App helps you locate DAN Industry, Diving Safety and HIRA 
Partners as well as Diving Doctors. You can access your DAN-SA profile via 
the member portal, keep up to date with the latest DAN-SA news and access 
essential health and diving resources.

https://itunes.apple.com/us/app/dan-diving-safety-essentials/id1203031898?mt=8
https://play.google.com/store/apps/details?id=com.bf.app6a956d
http://www.dansa.org/dan-app-overview
http://www.dansa.org/dan-app-overview
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Without Bubbles 
A look at rebreather diving

By David P. Reilly and Neal W. Pollock, Ph.D

Using a closed-circuit rebreather leads to a very different dive experience. A CCR is 
highly effective on deep dives, can reduce your gas usage and provides a peaceful 
alternative to the noise of open-circuit scuba. However, using a CCR also introduces 
new risks and complications. 

he first thing you notice when diving a  
closed-circuit rebreather (CCR) is the lack of 
noise. Unlike open-circuit (OC) scuba, with its 

sounds of pressurised inspiratory air flow and its torrents of 
exhaled bubbles, rebreathers provide a relatively quiet way 
to dive. CCRs also allow a degree of gas conservation not 
possible with OC systems. While the added complexity of the 
devices puts an extra burden on divers, rebreathers are very 
useful for certain applications.

HOW CCRS WORK
A person breathing air extracts only a fraction of the 
available oxygen. An inspired breath holds 21% oxygen 
and an expired breath about 16%. Instead of losing the 
expired oxygen during exhalation, CCRs are a closed loop 
in which the diver’s breathing provides the motive force to 

T
push gas through the circuit. System components include 
the counterlung, a flexible bladder that expands during 
exhalation and contracts during inhalation; the scrubber, a 
material that removes carbon dioxide (CO2) from the expired 
gas; flexible hoses with one-way valves to control the 
direction of gas flow; sensors to analyse the oxygen content 
of the inspired gas; and valves for the automatic and/or 
manual addition of gases into the circuit. The gases are 
oxygen and a diluent, the latter typically a breathable gas 
with a lower fraction of oxygen. Depending on the planned 
dive, the diluent may be air, nitrox or another gas mix.

The rebreather electronics evaluate and adjust the 
gas inside the breathing loop to maintain gas composition 
and volume during the dive. Oxygen sensors, usually 
more than one for redundancy, continuously monitor the 
partial pressure of oxygen (PO2) and add oxygen, usually 

Image by Dr Michael Hindley.
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automatically, when the PO2 falls below a setpoint selected 
by either the diver or the operating system. If the PO2 rises 
appreciably above the setpoint, the diver can manually 
reduce the PO2 by adding diluent. 

CO2 and water vapour in the diver’s exhaled breath 
react to form carbonic acid, which then reacts with the 
scrubber material in an exothermic (heat-releasing)  
reaction that removes CO2 from the gas in the loop before  
it is rebreathed. 

BENEFITS OF CCRS
By recycling exhaled gas, rebreathers allow almost all of 
the oxygen in the supply to be used, dramatically reducing 
gas volume requirements. The magnitude of this benefit 
increases with depth, where OC divers lose large amounts of 
gas through exhalation. Even though divers need more gas 
molecules at depth to fill their lungs, closed-circuit systems 
almost entirely eliminate expired losses. Since metabolism 
is mostly independent of depth, a diver at 6 m of seawater 
would consume roughly the same amount of oxygen as  
he or she would with similar exertion and thermal stress  
at 61 m. 

CCR efficiency makes extreme dives possible at 
a fraction of the operating cost and complexity of OC 
operations. Not only do rebreathers require much less gas, 
but they can also reduce the need for different mixtures 
for the travel, bottom and decompression phases of dives 
(although bailout supplies are still needed).

Regulating PO2 in accordance with a setpoint reduces 
inert gas uptake in the descent and bottom phases of 
modest-depth dives and increases inert gas elimination 
during the ascent and stop phases. This optimises 
decompression while controlling the risk of oxygen toxicity.

Divers tend to appreciate the warm, moist breathing 
gas maintained in the circuit, particularly during long dives.

Finally, rebreathers’ quiet operation makes them less 
obtrusive in the environment, enabling closer encounters 
with a variety of underwater creatures. The relatively 
bubble-free operation provides further benefit in overhead 
environments where exhaled bubbles can damage 
structures or compromise visibility.

CHALLENGES WITH CCRS
Compared with OC scuba, rebreathers require significantly 
more effort for maintenance, assembly, testing and 
monitoring during dives. Instead of focusing only on 
remaining gas pressure, closed-circuit divers must be aware 
of gas volume and composition in the loop. 

When diving a CCR, simple actions can have great 
impacts on diver safety. For example, a rapid descent will 
transiently generate a very high PO2 (hyperoxia) due to 
the increase in ambient pressure and concentration of 
gases within the circuit. Similarly, rapid ascents can lead to 

transient states of marked hypoxia (insufficient oxygen) in 
the circuit. 

More insidious hazards can develop if assembly or 
operation problems allow some or all of the exhaled gas 
to bypass CO2 scrubbing. A build-up in CO2 can lead to a 
debilitating state of intoxication and reduce the threshold 
for oxygen-induced seizures and decompression sickness. 
Hypoxia, hyperoxia and hypercapnia are all of critical 
concern because life-threatening incapacitation can develop 
before the diver recognises symptoms and takes corrective 
actions. While manufacturers put a great deal of effort into 
reducing the risk of problems, CCR divers are at risk from 
both simple and complicated errors. 

CO2 monitoring in rebreather circuits is an active area 
of development. Some units employ a series of temperature 
sensors to measure the reaction front (the peak of 
exothermic heat production) moving through the scrubber 
material. This does not measure CO2, but it does indicate 
when the scrubber material is active and then inactive 
(exhausted). It is important to realise that this technology 
does not detect CO2 that may leak past the scrubber to 
reach the inspiratory side of the circuit. Some degree of 
scrubber bypass can occur if critical components are left 
out or improperly assembled or if gas finds a path through 
the scrubber bed in which CO2 scrubbing is not effective 
(channelling). 

A recent study evaluating the typical five-minute 
prebreathe protocol found that an absence of scrubber could 
not be reliably identified, nor could a partly-failed scrubber.1 

Subjects may be unaware of a high-risk compromised state. 
In-line CO2 monitoring technologies are now available and 
in active development, but a standard of robust and reliable 
monitoring with little false signalling has not yet been 
achieved, primarily due to the challenges of monitoring in 
the high-humidity loop environment. Until truly trustworthy 
monitoring is in place, special care is required to minimise 
the risk of CO2 accumulation.

The work of breathing (WOB) in CCR diving can be 
greater and more dynamic than in OC diving. WOB is a 
result of the resistance to the flow of breathing gas caused 
by the circuit components and pathway and the position 
of the counterlung relative to the diver. Rebreather design 

By recycling exhaled gas, rebreathers allow 
almost all the oxygen in the supply to be used.

Image by Sabrina Hindley.
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and scrubber material heavily influence performance 
characteristics. For example, a finer-grain material can be 
more effective at removing CO2 but at the cost of greater 
flow restriction.

CCR breathing is facilitated by highly flexible 
counterlungs that allow easy inhalation and exhalation. The 
position of the counterlung relative to the diver influences 
the static lung load (SLL), which contributes to WOB. SLL 
can be computed as the difference in pressure between the 
counterlung and a reference point within the diver’s lungs 
known as the centroid. A pressure imbalance occurs when 
the counterlung is located above or below the centroid in 
the water column.5 

There are three classic counterlung positions:  
front-mounted, back-mounted and over-the-shoulder (OTS). 
In a prone diving position, front-mounted counterlungs will 
be deeper than the centroid and thus at a higher pressure 
because of the additional hydrostatic (water) pressure. This 
will have a tendency to push gas into the diver’s lungs, 
making inhalation easier and exhalation more difficult.  
This case is referred to as positive SLL. Conversely,  
back-mounted counterlungs on the same diver would  
create a negative SLL. OTS counterlungs are popular 
because they can minimise SLL through a range of typical 
diver attitude and trim positions, but they add unwelcome 
bulk to the front profile of the diver. Several manufacturers 
are exploring or offering the option of a mostly  
rear-mounted set of counterlungs, with small volumes 
wrapping over the top of the shoulders. In any case, 
excessive SLL, either positive or negative, will have 
undesirable effects. Given that inspiratory resistance is 
generally associated with more troublesome physiological 
and psychological effects than expiratory resistance, a 
neutral to slightly positive SLL is often preferable. 

The WOB associated with increased gas density 
produces practical depth limits for a given rebreather 
design. As a rule, physical effort should be aggressively 
minimised at depth. An unusually well-documented fatal 
rebreather incident which occurred during a deep dive 
highlights how easily extreme exposures can exceed  
safety margins.3

Finally, buoyancy control is different with rebreather 
systems. Breathing cannot be used for small-scale vertical 
corrections since exhaling into or inhaling from the 
counterlung does not change the gas volume in the  
human-machine circuit. CCR divers must also remember to 
close the mouthpiece before removing it to keep gas from 
escaping the circuit. Losing loop volume creates a loss of 
positive buoyancy, and introducing a substantial volume 
of water into the circuit will interfere with scrubber function.

PRACTICAL ISSUES 
The use of rebreathers has markedly increased in the past 
20 years. Though activity data are limited, the number of 
fatalities involving rebreathers has also increased.2,4 While 
the specifics of accident cases vary, the relative complexity 
of the equipment appears to impose a significant risk.

Not all dive operators support rebreather diving. There 
can be a core incompatibility between the typically short 

dive profiles of OC divers and the often longer profiles of 
CCR divers. While the efficiency of closed-circuit rigs can 
make them favourable for remote operations, difficulties in 
locating scrubber material and high-pressure oxygen stores 
can be an issue. The need for gas cylinders different from 
the OC diving norm and the difficulties of transporting gas 
cylinders by air can be substantial impediments.

The ability to maintain a fixed PO2 is a powerful 
capability. The risk of oxygen toxicity is controlled by 
limiting PO2 to safe levels. Inert gas elimination is improved 
by keeping the PO2 elevated during ascent. CCR dives can 
produce substantial oxygen exposures. The National Oceanic 
and Atmospheric Administration (NOAA) central nervous 
system (CNS) oxygen toxicity exposure limits provide 
guidance. The single-dive limit is 45 minutes at a PO2 of  
1.6 ATA, 150 minutes at 1.4 ATA, 210 minutes at 1.2 ATA and 
300 minutes at 1.0 ATA. While the selection of optimal PO2 
is complicated and evolving, it is important to appreciate 
that running a high PO2 at the bottom during a deep dive 
offers little benefit in reducing inert gas uptake since it will 
still be a small fraction of the total gas pressure, but this 
will increase the total oxygen exposure dose. It can make 
more sense to run with a modest PO2 at depth and increase 
it during ascent, where the high PO2 can have a much 
greater impact on inert gas elimination. The best choices for 
PO2 are influenced by the specifics of the dive.

Situations may develop that require a CCR diver to “get 
off the loop”. The diluent gas supply is usually a breathable 
mix that can be used for bailout. Since this source is limited, 
CCR divers usually carry additional supplies to ensure safe 
ascent. Switching to OC bailout can create or dramatically 
increase a decompression obligation since the optimised 
mix provided by the rebreather during ascent is gone. 
Bailout options will depend on the situation and available 
equipment configurations. Preparedness and response 
strategies can be complex for more extreme dives. Groups 
will sometimes rely on team bailout, in which a pooled 
supply of bailout gas is necessary to complete the bailout 
obligation of a single diver. This poses additional risk for 
team separation or multiple unit failures.

The capital investment required for rebreather 
purchase, training and maintenance is considerable. Regular 
use is required both to justify the expense and to maintain 
critical skills. 

CCR OR OC?
Rebreathers provide another tool for diving and, like any 
tool, should be used thoughtfully. The capabilities of  
closed-circuit systems make them a valuable alternative 
to open-circuit, but divers must appreciate the increased 
complexity and weigh the risks before adopting this mode 
of diving.

REFERENCES:
1. Deng, C., Pollock, N.W., Gant, N., 

Hannam, J.A., Dooley, A., Mesley, 
P. & Mitchell, S.J. 2015. The five 
minute prebreathe in evaluating 
carbon dioxide absorption in 
a closed-circuit rebreather: a 
randomized single-blind study. 
Diving Hyperb Med, 44(1):16-24.

2. Fock, A.W. 2013. Analysis of 
recreational closed-circuit 
rebreather deaths 1998-2010. 
Diving Hyperb Med, 43(2):78-85.

3. Mitchell, S.J., Cronje, F.J., 
Meintjes, W.A.J. & Britz, H.C. 
2007. Fatal respiratory failure 
during a “technical” rebreather 
dive at extreme pressure. Aviat 
Space Environ Med, 78(2):81-6.

4. Vann, R.D., Pollock, N.W. & 
Denoble, P.J. 2007. Rebreather 
fatality investigation. In: 
Pollock, N.W. & Godfrey, 
J.M., eds. 2007. Proceedings 
of the American Academy of 
Underwater Sciences 26th 
Symposium: Diving for Science 
2007, Dauphin Island, Alabama, 
9-10 March 2007:101-110.

5. Warkander, D.E., Nagasawa, G.K. 
& Lundgren, C.E.G. 2001. Effects 
of inspiratory and expiratory 
resistance in divers’ breathing 
apparatus. Undersea Hyperb 
Med, 28(2):63-73.

The capabilities of closed-circuit systems make 
them a valuable alternative to open-circuit.



91

Gear

1

MedicalDMO profile

DAN-SA HOTLINE

In a diving emergency, call:
0800 020 111 (local)
+27 828 10 60 10 (int.) www.dansa.org

Medical  
advice

http://www.dansa.org


92

Fitness

Step Away from 
the Computer 
By Jessica Adams, Ph.D

Sitting all day is literally killing you: The longer you sit, 
the shorter you live. It is a scary fact. At the office, make 
sure you step away from your desk now and then and 
do these small movements.  

rolonged sitting jeopardises your health by 
increasing the risk of cancer, diabetes, obesity 
and cardiovascular disease. A hallmark of 

excessive sitting is a combination of long, weak back and 
gluteal muscles and short, tight pectorals, abs, hip flexors 
and quadriceps. Then there is the sore back, the “spare tyre” 
around the midsection and the diminished brain activity (in 
the prefrontal cortex). It is quite ironic that all this sitting is 
frequently done in the name of productivity (at work) and 
relaxation (watching television).

Prior to quitting your desk job in the name of good 
health, try these simple steps to increase your daily physical 
activity. Physical activity is not the same as exercise; these 
are regular movement breaks that can be incorporated 
throughout your day without changing out of your work 
clothes or needing to hit the showers.

P
It is pretty simple to combat the effects of sitting if 

you take the initiative to simply get up. You have probably 
already heard about some methods of increasing your daily 
steps: taking the stairs, parking farther away and walking 
to talk to a colleague rather than sending an email. Just 
taking a moment to stand will “turn on” areas of your brain. 
These are excellent habits, and you can complement them 
by incorporating the following stretching and strengthening 
activities at regular intervals throughout your day.
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Just taking a moment to stand will “turn on” 
areas of your brain.

DAN NOTE 
To avoid an increased 
risk of decompression 
sickness, DAN-SA  
recommends 
that divers avoid 
strenuous exercise for 
24 hours after making 
a dive. 
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SHOULDER ROLL AND RETRACT
Consider your posture as you read this article, drive 
your car or sit (or slump) at your workstation. Most daily 
activities occur in front of us, which yields tight anterior 
(front) musculature and lax posterior (back) musculature, 
particularly in the shoulder area. Years of poor posture can 
even lead to kyphosis (humpback) over time.

Incorporating shoulder rolls and retractions can combat 
some of the ill effects of poor posture. This will increase 
your shoulder mobility by stretching the chest muscles and 
strengthening the back muscles. It will also promote easier 
zipping and unzipping of your wetsuit, donning of your BCD 
and recovery of your hoses.

Tip: Some people reflexively hold their breath during 
this static contraction, which is not healthy.  Always 
breathe continuously to avoid a spike in blood pressure. 

LUNGING HIP-FLEXOR STRETCH 
(WITH A STAIR)
A lunging hip stretch is an excellent activity since it serves 
to simultaneously strengthen and stretch. This hip stretch 
targets your hip flexors, which actually shorten from 
prolonged sitting. It also strengthens your hip and knee 
extensor muscles. 

Tip: Make sure your back stays in an upright position so 
you feel the stretch in the front of the crease of your hip.
Challenge: Once you are comfortable, progress to 
placing the top of your foot on the stair; this will be a 
less stable position but will provide a greater stretch.

HIP THRUSTERS
Hip thrusters are the opposite of the deadly desk-sitting 
position. This activity simultaneously strengthens your back 
and stretches the front of your body.

Tip: Ideally your belly should be flat like a table.

1. Begin seated or, ideally, standing. Maintain good 
posture throughout.

2. Elevate your shoulders toward your ears as high as 
possible (shrug your shoulders).

3. Rotate your shoulders around toward the back with a 
circular motion.

4. With your shoulders still back, rotate them downward.
5. Squeeze your shoulder blades together and hold for 

10 seconds, actively engaging your rhomboids.

1. Locate a bottom stair or a single stair in a safe area.
2. Facing away from the stair, take a giant step forward.
3. Place one foot on the stair behind you. Place the sole 

of your foot on the stair.
4. Bend your front knee, slowly lowering your body into 

the stretch.
5. Hold for five seconds, then repeat.

1. Start sitting on the floor in front of a chair. (Make sure 
the chair is in a stable position against a wall or desk, 
especially if it is on wheels.)

2. Lean your upper back against the front of the chair. 
3. Your feet should be closer than shoulder width apart, 

with the soles of your feet on the floor.
4. Lift your butt off the ground so your shoulders, hips 

and knees are aligned. 
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Medical queries  
By the DAN medical staff

GORD and concussion 

Q | On a recent dive, a buddy rolled backward 
into the water and his tank valve hit me on the 
head. I saw a flash and was disoriented for a 
few seconds. I have felt lightheaded and a little 
out of it for the past few days. I am guessing I 
should avoid diving for the time being; when 
will it be safe for me to get back in the water?

A | You are absolutely right to avoid diving for now. The 
primary concerns following a head injury are lapses in 
consciousness and the risk of seizures. Even a brief loss 
of focus can lead to a loss of buoyancy control and a 
rapid ascent with potentially dire consequences such as 
pulmonary barotrauma or arterial gas embolism. Seizures 
underwater can cause loss of the regulator, loss of airway 
control and, ultimately, drowning. Seizures that occur out of 
the water are typically transient and manageable events; 
seizures that occur underwater are typically fatal. 
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Q | Why do I get GORD symptoms when I dive 
and not any other time?

A | Gastro-oesophageal reflux disease (GORD) is a condition 
in which stomach contents (food or liquid) leak backward 
from the stomach into the oesophagus, the tube that 
connects the mouth to the stomach. This can irritate 
the oesophagus and result in burning sensations, chest 
discomfort, bad breath and cough. GORD is an extremely 
common disease with a prevalence of 25% in Westernised 
countries. It is a significant source of physical discomfort.

Once food enters the stomach, a ring of muscle fibres 
prevents it from moving back into the oesophagus. These 
fibres are known as the cardiac sphincter and, when 
functioning properly, form a one-way valve. If this sphincter 
does not close well, food, liquid and stomach acid can leak 
back into the oesophagus. Reflux can be sufficiently severe 
to even damage the oesophagus. Heartburn and  
gastro-oesophageal reflux symptoms can be brought on  
or made worse by pregnancy, obesity, overeating and certain 
medical conditions as well as ingestion of coffee, citrus, 
chocolate, tomato products and some medications (aspirin 
and ibuprofen are two common examples). 

Divers may experience symptoms of GORD as a result 
of a tight-fitting weight belt, BCD or wetsuit. Furthermore, 
unusual positions in which divers may find themselves, 
especially head-down positions, may exacerbate  
the symptoms. 

Many people experience occasional, mild heartburn,  
but if reflux occurs while diving a diver could be at 
significant risk of injury due to regurgitation or vomiting. 
Aspirating food or acid into the lungs or regulator could 
result in an emergency. 

If you experience regular or serious reflux symptoms, be 
sure to seek medical advice before diving. If you experience 
symptoms of GORD after diving, check with your primary care 
physician to rule out more serious issues before diving again.
Lucie Gijzen, M.D., and Sam Gerson, M.D.

ASK US 
ANYTHING
DAN-SA is here to 
answer all your 
medical questions. 
You can call the  
DAN-SA Hotline 
at  0800 020 111 
toll free from inside 
South Africa or  
+27 828 10 60 10 
from outside of  
South Africa. You 
can also email any 
questions to 
mail@dansa.org 

The Brain Injury Association of America classifies 
concussion as follows:

GRADE 1 CONCUSSION (MILD)
 - Person is confused but remains conscious
 - Signs: Temporary confusion, inability to think clearly, 

difficulty following directions
 - Time: Symptoms clear within 15 minutes

GRADE 2 CONCUSSION (MODERATE) 
 - Person remains conscious, but develops amnesia
 - Signs: Similar to Grade 1
 - Time: Symptoms last for more than 15 minutes

GRADE 3 CONCUSSION (SEVERE) 
 - Person loses consciousness
 - Signs: Noticeable disruption of brain function 

exhibited in physical, cognitive and behavioural ways
 - Time: Unconsciousness lasts for seconds or minutes

The potential for returning to diving varies based on the 
severity of the injury. Doctors trained in dive medicine 
generally recommend the following periods for returning to 
diving after recovery from a head injury:
 - Mild: 30 days out of the water
 - Moderate: one year out of the water
 - Severe: three years out of the water

Please note that the clock starts not with the initial injury, 
but at the time you become symptom-free. If you are still 
experiencing symptoms of a head injury such as headaches, 
seizures, periods of amnesia or any other symptoms, the 
waiting period has not yet begun.

These recommendations are all general guidelines; 
you should be evaluated by a physician trained in dive 
medicine before considering a return to scuba diving – for 
your own safety as well as that of others. Remember, diving 
is a buddy sport, and any event that occurs underwater also 
affects your buddy, other members of the dive group and 
potential rescuers. 
Frances Smith, EMT-P, DMT

Medline
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Parting shot

The Djibouti Giant

Parting Shot gives you a chance to share your interesting dive stories and images with us. If you have encountered a rare, unique or exciting activity 
underwater, all you have to do is send through your high-resolution image (300 DPI) along with your story (including a brief description of your 
creature, location of the dive site and pertinent photo information) and contact details to partingshot@dansa.org and your submission could appear 
in the next edition of Alert Diver LITE! (All images submitted for Parting Shot become the property of DAN-SA.) 

DAN-SA member Eve Marshall submitted this edition’s 
Parting Shot image. This is her story:

This photograph was taken at the stunning Triton 69 
Reef, which is one the deeper diving sites off Sodwana Bay. 

At 50 m you can spot this amazing, oversized Djibouti giant 
nudibranch. These nudibranchs have spectacular colouration 
and some even have shrimps living in their gills. They can 
reach 50 cm in length with gills as big as your hand.

mailto:partingshot@dansa.org
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