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Figure 3-2 Number of days in the diving series when the incident occurred

Familiarity with the incident dive site was reported in 66 cases. In 34 of those cases (52%), the diver was diving at the
site for the first time while 32 incidents (48%) occurred during return visits. The majority of incidents (59%) took place
during the first dive of the day, 27% during the second dive and 14% the third dive. Inexperience featured prominently
in reported incidents, with 68% of reports involving divers with less than two years since first certified to dive. Indeed, of
the 70 divers who reported their training status, 12 divers (17%) reported having no formal training. Four divers reported
having made 2000 dives or more, (two of those 5000 lifetime dives each). The mean number of dives made by the fifty
other divers who reported their experience was 137 dives (range 0-900). The mean number of dives made within the
previous year, for all divers, was 31 dives (range 1-107) and within the previous month 7 dives (range 1-12).

Characteristics of the divers involved in reported incidents are given in Table 3-1.

Table 3-1 Characteristics of divers involved in reported incidents

Male (n=55) Female (n=15) Overall (n=70, range)
Age 46 (range 17-71) 42 (range 14-64) 45 (range 14-71)
Body Mass Index 22 (n=41, range 13-38) 22 (n=12, range 16-49) 22 (n=53, range 13-49)

Nine of the reports (12%) involved the use of rebreathers while 65 (88%) involved open circuit diving. Four incidents
(5%) occurred at the surface, depth was not reported in 27 cases (36%) and among the remaining 43 reports (60%)
mean depth was 21 msw (69 fsw). Where reported depth was greater than 0 msw (0 fsw), the mean maximum depth of
the dive site was 27 msw (89 fsw). The mean maximum depth ever reached by the diver affected by the incident (n=52
reported, 70%) was 41 msw (135 fsw).
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The type of support each incident involved is presented in Table 3-2.

Table 3-2 Type of support through incident dives

Surface support type N (%)
Group 23 (31)
Dive partner — direct supervision throughout dive 17 (23)
Dive partner - limited supervision 16 (22)
Not reported 10 (14)
Other 3(4)
None/solo 2(3)
Underwater 2(3)
Surface supplied scuba 1(1)

Overhead diving was reported in 10 dives, including three in kelp and seven in caves. Time of day when the incident oc-
curred was noted in 68 cases and were at dawn (n=1, 1%), in the day (n=57, 84%), at dusk (n=5, 7%) or at night (n=5,
7%). Fifty-five dives (74%) were made in the ocean/sea, 12 (16%) in freshwater and seven (10%) were not described.
Water temperature showed a preference for warmer water, as shown in Table 3-3.

Table 3-3 Water temperature for reported incidents 2012/2013
Temp <4°C 4-9°C 10-15°C 16-20°C 21-26°C 27-32°C >32°C Unknown
N (%) 1 4 8 9 17 22 4 9

Visibility during incident dives ranged from poor (<3m, n=11, 17%), moderate (3-15m, n=29, 44%) to excellent (>15m,
n=26, 39%).

The altitude of incident dive sites was reported in 68 cases and ranged from 0-305m (n=65, 97%), 305-100m (n=1, 1%)
to >1000m (n=2, 3%).

The dive platform from which incident dives occurred are presented in Table 3-4.

Table 3-4 Dive platform for incident dives 2012/2013 (n=74)

Platform N (%)
Day boat 41 (55)
Beach/shore 13 (18)
Liveaboard 7(9)
Not declared 6 (8)
Pier 5(7)
Other 2(3)

The severity of the outcome was reported in 71 cases, as either death (n=12, 16%), injury (n=36, 49%) or no injury
reported (n=32, 43%). Case summaries describe incidents happening while diving wrecks (n=8, 11%), during training
dives (n=4, 5%), dives involving decompression (n=6, 8%), rapid ascents (n=9, 12%) and/or loss of buoyancy control
(n=7, 9%). Three incidents (8%) were caused by gas contamination and 16 (22%) were due to equipment malfunction,
as shown in Table 3-5.
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Table 3-5 Types of equipment malfunction reported to DAN through DIRS in 2012/2013 (n=16 cases)

Equipment failure

Frequency Percent

Regulator free flow

5 31

Malfunctioning BCD uncontrollable inflation

—
N

Air turned off by dive supervisor at entry

Current limited cells in rebreather

Full face mask leaking gas through unclosed vent

Second-stage swivel o-ring failure

Started the dive with an empty tank

High pressure SPG hose exploded

Low pressure hose spontaneous rupture

Loose screw on backplate allowed tanks and wing to pivot

Second stage leaking water

alalalalalalalalald
(>N Ne>N o>l No> N Neo>ll Norl o>l N>l Nep)

Of the 16 incidents involving equipment failure, 13 (81%) involved an air supply problem and the other three (19%) a

buoyancy control problem.

In 12 (16%) of the 74 reported incidents, the outcome was fatal; in 36 (49%) of cases, a non-fatal injury resulted as

shown in Table 3-6.

Table 3-6 Non-fatal injuries reported to DAN through DIRS in 2012/2013 (n=36 cases)

INJURY Frequency Percent
Decompression lliness 14 39
Ear injury 6 17
Gas poisoning 3 8
Near drowning 2 6
Immersion pulmonary edema 1 3
Stomach pain 1 3
Allergic reaction 1 3
Attacked by fish, head trauma 1 3
Barodontalgia —lost five fillings (two exploded) 1 3
Crushed fingers from boat at pier 1 3
Hit on head by boat, drowning, renal failure and atrial fibrilation 1 3
Hole in hand 1 3
Knee ligament 1 3
Myopia (short sightedness) 1 3
Numb fingers 1 3
Sealion bite to stomach 1 3
Thrown down on rocks, loss of consciousness 1 3
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While statistics can help identify certain possible targets for preventive interventions, case vignettes are richer in detail
and often highlight learning points. A selection of edited case reports now follows. These are actual reports from divers
received by DAN through the DAN Diving Incident Reporting System (DIRS). Units of measurement have been converted
into both imperial and metric, abbreviations and slang have been clarified and the names of people, dive boats, dive
businesses and specific locations have been removed. Other than those few changes, the original tone of each report
has been retained in the hope readers might get a more authentic feel for the experiences being reported. DAN thanks
everyone who supplied incident reports in 2012 and 2013.

Rebreathers

12-001: Immersion Pulmonary Edema

Wreck diving with a rebreather. Surface conditions: sunny, approximately 92°F (33°C), no current at surface, mild chop.
Reported bottom conditions prior to dive: 86°F (30°C) to thermocline at 200 fsw (61 msw), 52°F (11°C) at deck at 300
fsw (91 msw). With the reported cold conditions at the bottom, | borrowed a 5mm hood from one person and a 5mm
wetsuit from another person, as all | had was a 3mm wetsuit & hood. My buddy dove his dry suit.

The descent was uneventful. | noted the thermocline at 186 fsw (57 msw). It continued to get colder as we descended,
and was 52°F (11°C) at the deck of the wreck. Our plan was to swim along the deck until we got too cold and then
ascend. After a few minutes at depth, | had a tickle in my throat and coughed a few times. Visibility was easily 100 ft (30
m), and current was very mild. We swam slowly along the deck. | was quite cold. | continued to cough a bit every 30
seconds or so. After about 10 minutes at depth we were swimming over a hold between the smokestacks on the wreck,
and | felt like | was working hard and breathing hard while diving. | was getting really cold and decided | didn’t want to
work hard at depth while cold so | signaled my buddy to ascend. We began our ascent and decompression. | continued
to cough occasionally.

During the ascent, somewhere around 200 fsw (60 msw) | noticed a “gurgle” in my breathing. It felt like | was gargling
water right behind the top of my breastbone, below my Adams’ apple. | continued coughing and gurgling, which was not
normal. | had 52 minutes of decompression remaining on my dive computer at that point. | decided that | would simply
focus on staying on the loop, exercising as little as possible, to get as far through decompression as | could.

As we got to the first decompression stop in the 90 fsw (27 msw) range, we were back in the warm 86°F (30°C) water.
My buddy pulled back the hood from his dry suit to cool off. Since | was still coughing he pointed at my throat and | nod-
ded, ‘yes’, still coughing. Around 70 fsw (21 msw), | was having a hard time breathing over the gurgling and was very
hot, so | wanted to take off the borrowed hood. Ordinarily | would just get off the loop, remove my mask and pull off the
hood but it would have been very difficult to maintain proper decompression stop depth while performing this opera-
tion. | decided that | already had enough stressors and so instead handed my scissors to my buddy and asked him to
cut the hood off me. | asked him to cut the hood back from my forehead. He cut a bit (which helped with breathing),
but then stopped when he cut off a hunk of my hair. We continued decompression for a few more minutes. Breathing
continued to get harder. | grabbed my scissors again and this time pointed my buddy at cutting off the hood by cutting it
downward under my chin. | was a bit cooler without the hood and definitely better able to breathe over the gurgling as
we continued to decompress.

The boat rapidly came to us as is our emergency protocol and the safety diver entered the water with an open-circuit tank
of oxygen. She offered it to me and was going to clip it to me, but | waved her off and wrote on the slate — “no exercise,
can’t breathe”. | was quite worried that the oxygen bottle would compromise my buoyancy and | would need to swim. The
safety diver clipped the oxygen bottle to my buddy and swam back to the boat to report in.

We completed deco with me coughing and gurgling as | breathed. On the boat pickup, the captain placed the boat where
| didn’t have to swim at all and the safety diver removed my bail out bottles and fins in the water. As soon as | was on
deck, many hands removed my rebreather and wet suit, and | got started breathing 100% oxygen. The ambulance was
at dock when we got there. | refused the offered helicopter ride to the chamber and asked them to take me instead to
the local hospital to be treated for pulmonary edema, which they did. X-rays at the hospital confirmed pulmonary edema
and they kept me overnight for observation, took another x-ray in the morning that showed significant improvement, and
then released me. Today, the outcome is good, health is good and | have no lingering issues.
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12-002: Current limited cells cause excess solenoid firing

| noticed that the solenoid was firing too often for a constant depth dive. | bailed out and ended the dive with my buddy.
On the surface, | changed an oxygen cell and flushed with oxygen. The display was higher than 1.0 which implied that
the old cell had been current limited even at 1.0, let alone a set-point of 1.3. After changing all three cells, it was clear
that the old cells were the problem.

At the time, | owned five rebreathers; and thinking back, | realized that | hadn’t used this one in over a year. | didn’tdo a
cell check at 20 fsw (6 msw) to confirm that they could read over 1.3. Now | do a cell check on every dive.

Equipment Failures

13-010: Unintended rapid ascent due to uncontrolled inflation

Diving from a liveaboard near a remote island in South America, | was hanging out on a coral ledge at 93 fsw (28 msw)
watching Hammerhead and Galapagos sharks at a cleaning station. As | started to swim to a different position | hit the
inflator button on my new BCD. The button jammed and shot me straight up to the surface in an estimated 15 seconds,
despite me frantically pulling on the shoulder mounted dump valve. There was so much noise and so many bubbles sur-
rounding me and obscuring my vision that | probably could not have disconnected the inflator hose even if | had thought
to do so. | broke the surface not far from the dive skiff and was picked-up where upon the skiff driver immediately started
me on a DAN bottle of oxygen which | continued to breathe from after returning to the boat. Also at the dive master’s
direction, | took a cool shower, drank lots of water, stayed quiet and mostly out of the sun for remainder of the day. This
was the 18™ dive on the last diving day of a seven day diving trip. We had been diving nitrox at approximately a 32% mix
all week. Dives were generally in the 100 fsw (30 msw) range for 50-60 minutes. This particular dive was the first dive
of the last day and only lasted 20 minutes which may explain why | have had virtually no after effects from this incident.

13-011: High pressure hose rupture blasts gas under the skin

The accident happened to the boat driver, who decided to help one of the divers. The victim held the first stage regula-
tor with his left hand and opened the tank valve with his right hand. While doing this the high pressure hose exploded
and made a hole in the boat driver’s left hand which started to bleed and the most weird thing was seeing his left arm
full of air. We stopped the bleeding by applying pressure and we stop the air at his arm pit area with bandage pressure.
Then we massaged his arm to push the trapped air to his hand and it helped a bit, we saw some bubbles came out from
his hand. We administered oxygen during the time it took us to reach the harbor again, approximately 20 minutes. We
called ahead for an ambulance and when we arrived the ambulance was there. | recommended his boss take him to the
recompression chamber but he told me the doctors will take care of him. Later, | just asked for his state of health, his
boss told me he is OK and ready to get back to the job.

13-023: Freezing free-flow leads to emergency ascent

Dove to a depth of 60 ffw (18 mfw) in 39°F (4°C) fresh water and my regulator began to free flow. | could not stop it so
| retrieved my secondary mouthpiece and had trouble getting it in my mouth. Ascended to surface quickly and thawed
primary regulator. Descended again to 25 ffw (8 mfw) and made a 3 minute safety stop. After the dive, | discussed this
incident with a divemaster and realized that | should have left the primary in my mouth and ascended slowly.

13-039: Swivel O-ring failure causes loss of gas

We were diving and | was filming around 14 msw (45 fsw) when the dive guide spotted a stingray. After a total dive of 18
minutes | suddenly heard a loud bang and screaming. | looked around for the origin of the screaming when a stream of
bubbles came up from my regulator. | took my regulator out to check out the problem and saw that all the air came out
of my swivel. At the same moment | was finning towards our dive guide.

The dive guide saw me swimming towards him with my regulator in my hand. He finned fast towards me and gave right
away his own regulator. At that moment, my cylinder was getting buoyant and we went towards the surface while we
were buddy breathing. The dive guide spread his fins to slow down our ascent. This whole incident took less than two
minutes. | was calm and just before it happened had taken a deep breath of air. | was concerned about the buoyancy of
my aluminum cylinder. | could not close my valve otherwise that would have been my first action.
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The zodiac of the live-aboard was waiting for us at the surface. It took me back to the boat and the guide went back
down to the other divers. | rested by lying aboard for the first half hour and drank small sips of water. After that | looked
at my diving gear. The O-ring was sticking out of the Swivel. | took out the Swivel and | am not going to use it again.

Remote Location Injuries

12-005: Unrecognized decompression sickness

A 58-year-old female on a recreational dive trip in the tropics with her husband, reports repetitive dives on six consecu-
tive days with an appearance of torso “rash” after the fourth day of diving. The patient was unsure of the cause and re-
ports taking Aleve for “inflammation” with no improvement noted. She continued to dive and noticed the “rash” improved
while underwater. The torso discoloration then resolved after her last dive (on day six) and prior to her flight home. She
reported no issues on the flight home.

After returning home the diver made an internet search for “blotchy skin rash after diving” and learned about skin bends.
At that point, she contacted DAN and was directed to a DAN-trained referral physician. On subsequent examination the
diver was found “completely asymptomatic and intact neurologically with no pertinent findings to report.”

Editor: If any diver notices an unusual rash after diving then call the DAN Emergency Hotline on +1-919-684-9111

12-006: A warm post-dive shower is followed by a skin rash

After the third dive of the third day of our Caribbean dive trip, | was alarmed when | noticed my dive computer nitrogen
level indicator was near the red. | checked other dive computers on my buddies and saw the same so | was not too con-
cerned as it was still in the yellow zone. After getting back to my room, | decided to wash my suit and just jumped in the
shower to wash it. | used warm water to rinse the soap out while | showered, in hindsight | realized that was a mistake
as it probably caused the rash | later had on my chest. While waiting for supper, | was very thirsty and drank several
glasses of icy water. | was having trouble taking a deep breath without coughing and | felt very tired. Just before supper
| felt sick and went to my room. Thanks to my dive partners’ alertness they came in to check on me. | remember them
asking me if | was ok and then | passed out. They opened my shirt and noticed a rash on my chest. They demanded that
| go to hospital immediately and began to administer oxygen from the resort. My dive partner was on the phone with DAN
emergency most of the one hour trip to the hospital. It was frustrating for us as they put him on hold for a very long time.

After a complete check over at the medical center, it was determined that | was not having heart issues so they took
me to the decompression chamber which was another 20 minutes away. The doctors there made another exam and
determined that | probably had some decompression sickness but that it wasn’t severe enough to need any time in the
chamber. The hospital then called and informed us that | was very dehydrated based on the blood test they had done.
We decided to go back to the hospital for more observation and to administer a saline IV. They talked me into staying
overnight. | had another incident later in the night when | passed out once more. The remainder of the stay was fine and
| was discharged the next morning. | did not dive the remainder of the trip.

Editor: The DAN Emergency Hotline works 24-hours a day, every day, to arrange evacuations and treatment all over
the world, often through the night when island staff need to be found and woken. This can be frustrating for divers when
they do not know what is happening behind the scenes.

13-029: Yachtsman suffers stroke, evacuated by DAN

After traveling by sailboat to many remote islands around the Caribbean for five years, my wife and | were on our way
from the coast of Guatemala to the Rio Dulce River in our 44’ Island Packet sailboat. As we were approaching the sand
bar at the entrance to the river, my face became flushed and | had an enormous headache. While trying to navigate the
entrance to the river | found that | could not focus on the compass to stay on course. | felt like my eyes were crossing
so | couldn’t steer properly. The next thing | knew, | was on a panga (a small dugout style motorboat used throughout
Central & South America) headed for the local hospital (clinic) in Livingston.

When | passed out, my wife had taken the wheel and headed back out to sea so we wouldn’t run aground. She found
three young men in the panga and yelled for them to help. They lifted me out of the sailboat into the panga. One of
them stayed on the sailboat to take it into Livingston. The other two stayed with me in the panga. When we arrived at
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the hospital, the nurses and doctors immediately began examining me. | was conscious but very groggy (out of it). After
a period of time, the doctors thought | had either had a heart attack or a stroke. This hospital was really nothing more
than a clinic to treat locals for colds and minor ilinesses. The doctors told my wife they needed to give me some aspirin
in case | might have had a heart attack. They sent her down the street to the pharmacy to purchase the aspirin as they
did not have any in the clinic.

After consultations with others in the clinic, the doctor decided that | needed to be transported to Guatemala City, a 5
hour overland trip. They began calling around town to see if someone had a car to transport me in. At that time, my wife
decided to call DAN to see if | should be med-evaced back to the US. After consultation with DAN doctors and local doc-
tors, DAN decided that | should be med-evaced back to the US since the local doctors were not sure what was causing
the seizure. Since my condition had stabilized, DAN advised us that a plane would be sent by 12:30 pm the next day to
pick me up. Around 12:15 pm, | was worried that we had not heard from DAN and asked my wife if we should call them
again. Then before she could make a call, a doctor and a medic from DAN walked into the clinic and announced, “We’re
here to take you home”.

Livingston does not have an airport and the nearest location was five hours away in Guatemala City. So DAN had ar-
ranged with the Guatemalan army to land on an Army Base 30 minutes away by boat. They had arranged to have a boat
ready to take us to the army base where a Lear Jet awaited. The plane had to make a stop in Tikal to clear customs and
then headed directly for Florida, our home. When we arrived at the airport, DAN had arranged for customs to be there
to clear us in and had an ambulance waiting to take us to the hospital.

When we arrived at the hospital, the local emergency room staff was waiting for us and immediately took us to a room
they had prepared for us in the Intensive Care Unit (ICU). The DAN doctor and medic did not leave until the ICU staff
had me hooked up to all the machines and the hospital nurses and doctors were responsible for my care.

It was amazing to see the efficiency and effort that DAN had employed to get me safely back home to a “real” hospital.

Editor: DAN Membership is not the same as DAN Insurance. If divers intend visiting a remote destination then good
quality insurance coverage can prove to be a life saver.

Out of Gas Reports

13-001: Omitted pre-dive check and a forgotten skill at the surface
My wife and | were on a twilight/night dive. | geared up quickly, checked my regulator and BCD inflator but failed to check
my SPG. | entered the water and the group (led by a divemaster) quickly descended.

| noticed my regulator breathing much harder. Soon after | only received half a breath and realized my tank was empty.
| rapidly decided between swimming to my wife and swimming to the surface, and headed for her. She was swimming
away from me but | caught up to her. | was already feeling air hunger when | reached her. | grabbed her octopus but put
it into my mouth upside-down and was initially unable to obtain air from it. After several more tries | got a breath of half
water, half air. | signaled to my wife to surface. We made an emergency swimming ascent. On surfacing, | dropped my
weights and she inflated her BCD (I was unable to inflate via the power inflator - the tank was empty). We shouted for
help, and eventually a snorkeling instructor came to our aid, guiding us to another boat, where we left the water. Neither
of us was injured, although | did aspirate some seawater.

We determined that the dive crew had given me a nearly empty tank, and | did not detect it since | had not checked my
SPG.

Editor: No-one expects to run out of gas while diving. Rather than panic and head for the surface, this diver kept a cool
head and ascended on his wife’s alternate air source. At the surface though, he did not inflate his BCD because he was
out of gas. Remember, orally inflating a BCD is a basic skill taught in open water diver courses and it is worth occasion-
ally practicing this skill at the end of a dive.
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13-018: Starting dive in overhead cavern with half empty tanks

A 25-year-old female diver performing a second dive on a 63 cubic foot (~9 Litres*) tank without refilling it. The diver ran
out of air at about 50 fsw (15 msw) in an overhead environment. While exiting the cavern while breathing from another
diver’s alternate second stage, the divers became entangled in a line. While attempting to free themselves, that diver
also ran out of air. The divers conducted an emergency swimming ascent out of the cavern and then made a rapid as-
cent the last 20 feet (6 m) to the surface. Both divers inhaled water during the ascent. Upon reaching the surface, the
divers were given emergency oxygen and EMS responded to the scene. The husband refused treatment, the wife was
transported to the hospital where she remained overnight for observation and was then discharged.

*In the US, tank volumes are specified as though the tank is filled with air to its working pressure and then the gas con-
tained within the tank were to be released into normal atmospheric pressure. In this case the diver’s tank would hold the
equivalent of 63 cubic feet of gas at atmospheric pressure, compressed into the tank. Outside the US, tank volumes are
simply the volume of water each tank holds. Depending upon the working pressure, it is common in the US for a 9 Litre
tank to hold 63 cubic feet of compressed air, so that is the equivalent volume suggested here in brackets.

13-032: Unknown air pressure leads a public safety diver to make an emergency ascent

This was a night dive training for a volunteer water rescue group. It was a shore based dive, tendered, wearing a full-
face mask with voice communications. Our full face mask has a “gill” that allows the diver to breathe outside air on the
surface so the mask can be in place and yet not breathe tank air. Prior to submerging, the “gill” is closed so tank air is
then used but air is not let out of the mask. | believed | had closed mine, however it was not closed completely. There is a
little flap that is supposed to prevent air from escaping out of the gill, however, apparently mine was not seated correctly
so once | submerged, my regulator was flowing some amount of air out the gill continuously. Being at night and in murky
water, the shore support didn’t notice it and, since it wasn’t a leak between my face and the mask, | didn’t notice it either.

| commenced my search pattern and at five minutes the shore tender asked me for an air pressure reading. Even with
a light, with the murky water and fogged face mask, | couldn’t read my pressure gauge. | asked the tender if | should
surface to read it, but because it was only five minutes into my dive, and | was the 5th diver and we still hadn’t found
the dummy and it was getting late, they said “no, you are good. Keep searching”. Because the full face mask had a
good positive pressure, air was escaping out the gill but no water was coming in. This increased my air consumption
to 3-times or more of my regular air consumption. At 10 minutes they were going to call for another air check but the
tender was distracted by the on scene commander trying to give updated search instructions. At a little after 11 minutes
| started getting water in my mask. The air pressure in the tank was no longer enough to keep water from coming in the
gill and water would leak down to the regulator, then when | inhaled it would splash up in my face from the area of the
regulator, not from the gill. Because | was still getting some air, but the purge button wasn’t doing anything, | assumed
my regu- lator had failed. | was at approximately 20 fsw (6 msw) depth and did a slow emergency ascent, exhaling all
the way to the surface. Fortunately, | had no issues or follow-on complications, although | did breathe 100% pure oxygen
for several minutes after the dive. For me it was a great reminder to make better pre-dive gear checks, not let the tender
be responsible for my safety, and not get complacent or let standards relax towards the end of a dive.

Editor. This case serves as a good reminder that, ultimately, every diver is responsible for his/her own safety.

Encounters with Marine Life

13-024: Head wound inflicted by trigger fish

| was attacked by a large king triggerfish while diving one of the reef sanctuaries just out from the beach. The fish hit
me hard in the head from behind. My buddy saw that | had a large bite wound in my scalp and we quickly aborted the
dive. The divemaster and | skipped the safety stop and had the boat take us back to the beach where an emergency
responder was waiting.

| didn’t see the fish before it charged at me. It charged once, turned, and once more charged right at me before | could
turn and fin away. | fended off the animal with my dive camera initially before it struck me in the head. The divemaster
and several others in my group witnessed the attack. The divemaster applied pressure on the ascent, then | applied pres-
sure with a towel while on the boat ride back to the beach. | was helped to a lounge chair on the beach where the resort
emergency responder provided first aid and cleaned and dressed the wound. | was then taken to the hospital for stitches.
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13-030: Diver bitten on stomach by seal

| was called to respond by a liveaboard’s land-based representative who stated that one of their ship’s passengers had
been a victim of a sea lion attack, consisting of a bite to the stomach. Upon arrival at the beach, the patient had already
been bandaged by the crew prior to my arrival. We transported him to a private clinic. Once under the doctor’s care, |
assisted with removing the bandages and was able to evaluate the wounds, consisting of mainly two parallel lacerations
of 2" x ¥2" x V2" deep (5 cm x 1 cm x 1 cm deep) approximately and some minor “satellite” puncture wounds. The doctor
and his staff then proceeded to clean the wound, apply local anesthesia and suture. Two internal stiches were required
for each laceration as well as a drain device/“shunt”. Surface coil stiches for both lacerations and one of the puncture
wounds also were necessary. As a precaution, a tetanus shot was also given to the patient by a nurse with the doctor’s
prescription.

That evening the patient was released by the physician and escorted by us to his hotel. DAN World / Traveler EMS was
contacted immediately after via e-mail and later by phone. The patient, who was lucid and conscious during the whole
process, stated that at the time when the sea lion attack took place, he was SCUBA diving at less than 20 fsw (6 msw),
with a group of about 24 other divers, at the sea lion colony under the supervision of at least one divemaster/guide.
After the attack took place, he was assisted by fellow divers and crew aboard the ship, and his 3.2 mm wet suit removed
before first aid was provided on board.

Buoyancy Problems

13-003: Rough seas demand greater fitness

With 5-6 feet (1-2 m) seas and a current described as a half knot, this dive involved poor decision making all around.
Many divers were seasick, myself included. | was diving in a drysuit and double 108s (15-Ls) with a wing. | elected to
go in the water last and was advised to “get below the current immediately” so | had no air in either the drysuit or wing.
| was determined to dive because | had already spent the money and wasn’t going to waste it.

The current was strong enough that divers went in holding a rope and the first mate pulled them to the hang bar. | believe
the current was closer to 3 or 4 knots. After a giant stride entry, | was pulled to the hang bar but could not swim into the
current and immediately realized | was in trouble. My inflator had gone over my back and | could not reach it, and | did
not think to use the drysuit inflator. Kicked myself to the surface telling mate | needed help. He wanted to pull me back
to the hang bar. Finally, the dive operator heard me and entered the water to check on me and assist me to the ladder. |
could not make him understand that | needed my inflator. The seas seemed huge. | was seeing the starboard side prop
from the port side of the boat. | have no recollection of the journey to the ladder but | must have missed it because | was
on the current rope, on my back and “zooming” to the end of it. Something was tugging my regulator and | was inhal-
ing a mist of water and air. After a tremendous effort by the operator and my dive buddy, | had the ladder but the boat
took a large wave, turned me sideways and the ladder hit me on the temple. | saw my vision narrow to a yellow tinged
tunnel and remember only my loss of the current line, sinking, a mighty push on my feet and reacquisition of the line.
| remember hearing shouts to get ropes on me. | continued struggling and finally | was on the rear platform, unable to
move. | was simply exhausted and could not move to help myself onto the boat.

| was somehow gotten onto the boat, stripped of my drysuit, given oxygen immediately and for the whole ride in. A Coast
Guard craft intercepted us on the way, put medics on board and we continued in to the USCG Station to a waiting
ambulance. At the hospital | was diagnosed as a salt water “partial” drowning and given continuous oxygen therapy.
| was later transferred to hospital where treatment continued and it was noted that | had a kidney issue. My existing
medications were adjusted (I am diabetic and was being treated with Naproxin for some joint pain). | was released the
next day, went home to my own doctor and was immediately admitted to the local hospital where they continued treat-
ment for drowning, then renal failure and finally atrial fibrillation. | was in the hospital for about 10 days and continued
to convalesce for nearly a month.

This incident was my fault entirely, making poor decisions at each point. | was seasick, dehydrated, overheated, div-
ing with the wrong gear, determined to go simply to avoid wasting the money, ignoring the experience of other divers
who chose not to dive, accepting the notion that I'd feel better in the water and finally diving with no buoyancy. | have
recovered completely, have had some dives since then and plan to continue diving but with this experience as a guide
for future decisions.
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13-020: Diver drops weight to establish positive buoyancy
Dropped weight, unable to stay buoyant at the surface.

Editor: Correct weighting, confirmed by a buoyancy check at the start of every dive, not only reduces drag in the water
and thus reduces air consumption, it ensures a diver can achieve positive buoyancy at the surface after the dive.

13-031: Experienced diver helps prevent an uncontrolled ascent
| regularly dive with a small group of experienced divers. On this occasion, an Advanced Open Water Diver with about
30 dives experience came with us to do an after work dive on a wreck with a maximum depth of 110 fsw (34 msw).

Afew minutes into my dive | heard a rapid tank tapping and another diver pointed him out to me as he ascended from the
wreck far from the anchor line. He was buoyant and gaining speed. | was diving with a Diver Propulsion Vehicle (DPV)
and was able to quickly ascend from 90 fsw (27 msw) to 65 fsw (20 msw) and bring him back to the anchor line at 90
fsw (27 msw). If | had not grabbed him he would have made an uncontrolled accent and surfaced in current, unable to
get back to the boat on his own. On the anchor line other divers came over, we communicated that I'd take him up and
that the other divers would finish their dives.

We worked our way up the anchor line taking it extra slow and did an extra-long safety stop. By the time we were ready
to surface from the safety stop he looked much better although he had thrown up through the regulator during the safety
stop. We made it back on the boat. | made sure there were no medical issues other than seasickness and we made an
assessment of the incident.

Polluted Gas

13-022: Contaminated gas affects several divers on the same boat

| noticed a weird taste when checking my regulator during pre-dive check . Not knowing what it was | entered the water.
Shortly after, | started having vision and breathing issues. | signaled my dive partner and we surfaced; both of us could
barely make it to the boat. My friend on board said that my eyes were rolling upwards in my head when | exited the water
with the help of a deck hand. After some time, | threw up and had a hard time breathing. The episode lasted about an
hour. My dive partner was also taken with the same symptoms along with one other diver who almost drowned at the
rear of the boat. After contacting the dive shop to inform them to check the equipment they use to fill their tanks, they
denied any issues and informed us they would send copies of their most recent inspection, but this never happened.

Editor: If any diver suspects a polluted tank fill and they have legal control over that tank then contact DAN for a gas
analysis kit and have your gas tested.

Ear Injuries

13-005: Trouble equalizing leads to barotrauma

| was participating in the first dive of a series of seven dives planned over four days. During the descent, at around
20-30 fsw (6-9 msw), | had difficulty equalizing the left ear and felt pain for a few seconds to a minute. | stopped the de-
scent, signalled my divemaster, ascended a bit and equalized until the discomfort passed. That worked and | continued
my descent. The same thing happened again at around 50 fsw (15 msw) but this time suddenly | heard a loud explosion
sound in my left ear and immediately felt a strong pain. It disappeared almost as fast at it had appeared and | continued
my dive. | also felt very dizzy and nauseous for about a minute but that soon also disappeared. | had no other problems
for the rest of the dive and we ascended.

| continued diving as scheduled without any other problems. However, the mild pain in my left ear remained until the end
of the trip. | consulted a doctor to be sure | could fly back home. He found middle-ear barotrauma and a bacterial infection
of my left ear. When | was back home, | saw a doctor skilled in dive medicine. Sixteen days after that explosion event.
She said the otitis had healed. Six weeks later, | saw the doctor again and she declared that my ear was completely
healed. She checked my ears, did a couple of tests and told me that | could dive again.
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13-021: An assistant instructor suffers a reverse block

| was an assistant instructor with a group of three students, one instructor and a divemaster for the deep dive. At the end
of the dive we ascended and | experienced a reverse block in my right ear. | descended again until it was relieved and
then very slowly started ascending again. | was not able to clear it for about 10 minutes. Several times | had to descend
and then try to ascend again. Even when | managed to clear it such that | could surface without severe pain, my right
ear was still very sore. The next day, | got an appointment with my primary care physician in the afternoon. He sent me
to an ENT. The ENT said that the eardrum and Eustachian tube were fine. They performed a pressure test on both ears,
as well as a hearing test. Everything appeared to be fine and my hearing was very good in both ears.

Miscellaneous Reports

13-025: Stomach pain after a training dive

My daughter, 14 years of age, was taking practical exercises as part of the Open Water Diver certification. The day after
her first open water immersion, my daughter complained of abdominal pain during the whole surface interval between
dives. Her instructor diminished the pain by indicating we did not have to worry, as it was probably accumulated gas,
which happens very often while diving. After her second immersion, her pain increased up to a point where it was un-
comfortable for her, but later receded. The pain eased and mildly increased during the following day, yet on the next day
it peaked and we had to take her to the hospital where she received a physical exam and several clinical tests.

After the tests, my daughter was diagnosed with decompression iliness Type 1 caused by a diving accident. The doctor
considered it necessary and urgent for her to be immediately hospitalized and was treated in the hyperbaric chamber
for more than 4 hours. My daughter stayed at the hospital for two more days, with a second treatment at the chamber
for 90 mins before she was allowed to leave the hospital.

13-027: Buoyancy wing comes loose during dive

Avery experienced technical diver got distracted and mounted the wing (BC) on his double cylinders incorrectly (forward
backward). Already wearing a dry suit at a temperature of 30°C (86°F), he realized his mistake and quickly remounted
his equipment. The group was then divided into two teams. The three CCR divers descended 10 minutes before two OC
divers. The ship wreck lies 55 msw (180 fsw) deep in a place of strong current. The diver in question was the second
OC diver in the line of descent (last of the five divers). When he reached the bottom we noticed a large volume on the
right side of the double tanks. To our surprise the volume was the lower part of his wing (BC).

The back plate and wing are connected by two screws and the bottom screw had come loose, allowing the output of
the wing and movement side-to-side of his double cylinders. Immediately, we cancelled the dive and began to surface.
Through DSV speech we warned the diver of the situation and told him to keep his head up during the ascent to prevent
the double cylinders deviating laterally. At the surface, the diver had trouble keeping afloat because of the wing; the wing
being in that position was not helping. Aided by the group at the surface, the diver left the water unharmed.

13-034: Post dive shower leads to case of skin bends

We made two boat dives and then one shore dive an hour after lunch. | felt fine when | went back to the place | was
staying at with friends. | took a shower and then started to itch. The itching got worse and then | started to feel pain in
my lower back, just by my hips, and in one breast. | also had a little blurred vision and some dizziness but that subsided
as soon as | ate dinner. So | pulled up my shirt and showed my friends and they were like, “OMG!” My skin was blotched
in red. | called DAN and they referred me to a doctor, who happened to be right next door. | had a case of “skin bends”
He did a series of tests. Very informative doctor said that the nitrogen liked to attach itself to the fatty parts of the body
so that explained why | was having the pain in the areas that | did. He told me to return the next day for a visit and said
that most of this should subside on its own. And thankfully it did. The next day the pain and the blotches were gone and
he gave me strict orders, no more diving this trip. I'm really glad | had DAN insurance | can’t even imagine what it would
have been like without it. Thank you all for your help and concern. You did everything to get me the help that | needed.
Appreciate you all very much. I'm back home and all is good.
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13-038: Diver enters the water with tank valve turned off

| went out with a reputable dive outfit to the nature preserve near a Pacific Island. The group went out with four divers
and two divemasters. The drop in was a negative buoyancy back roll into the deep side of a vertical wall (800 msw,
2600 fsw deep). The divemasters stated that this was due to the currents. | was uncomfortable with this entry style with
the experience of the divers in the group but said nothing. Also, the other divers were all in rental gear of generally poor
quality. A loss of buoyancy on entry would mean we would never find the body much less be able to affect a rescue.
As | was the only experienced diver in the group of clients, | dropped in first. Prior to entry, | checked all my gear and
tested my regulator and inflator. | then dumped the air from my BCD and moved into position. The deck hand checked
all my equipment and made sure my tank valve was opened. | rolled in and dropped down 6-10 feet (~3 m) and took my
first breath. Nothing. Now | was underwater, slightly negatively buoyant, with no air for breathing or inflation. | kicked for
all I had and was able to reach the boat and grab a hold of the swim deck. The deck hand was then able to reach over
and turn my air back on.

Analysis: The deck hand turned my air off instead of on and did so without my knowledge. Had | not had high quality
equipment, well-tuned buoyancy and good fitness I’'m not sure | would have survived this simple mishap.

Editor: Always turn the valve all the way on, or all the way off, and take a breath while looking at the gauge before enter-
ing the water. If the pressure gauge indicates you have gas, and it does not move when you breathe from the regulator,
then you will not find yourself in the same situation as this diver.
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SECTION 4. BREATH-HOLD DIVE INCIDENTS
Neal W. Pollock

4.1 Introduction

Breath-hold diving is defined as in-water activity involving some diving equipment, but no self-contained or surface-
supplied breathing gas. Breath-hold divers operate in a wide range of environments, pursue an assortment of goals, and
wear various combinations and designs of suit, external weight, mask, snorkel and/or fin(s).

Common breath-hold activities include snorkeling, spearfishing, collecting and freediving. Snorkelers may remain com-
pletely on the surface with no purposeful breath-hold, or they may use breath-hold in typically limited surface diving efforts.
Breath-hold spearfishing incorporates the act of underwater hunting for food into the breath-hold exercise. Collecting
generally refers to underwater hunting without spear devices. Maximizing breath-hold time and/or depth is generally not
the primary motivator for either spearfishing or collecting. The challenges of the hunt, however, can encourage divers to
push their limits. Freedivers are explicitly employing breath-hold techniques, with or without descent from the surface.
Increasing breath-hold time and/or dive depth are common goals. The nature of the dives will vary dramatically with the
individual skill and training level of participants.

Competitive freediving has grown in popularity in the past two decades. Discovering a talent for breath-hold performance
can rapidly catapult a competitor from novice to elite status. The field has developed rapidly as an extreme sport. The
International Association for the Development of Apnea (AIDA; http://www.aida-international.org) recognizes numerous
competitive disciplines. The organization tracks record performance and ensures compliance with accepted safety stan-
dards. The disciplines and current record performances are summarized in Table 4.1-1. These records are not shown
to promote competition, only to demonstrate that breath-hold diving can be quite different from the classic view of skin
diving activity.
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Table 4.1-1 AIDA-Recognized Competitive Freediving Disciplines and Record Performance (current August 2015)

Record Performance

Discibli D inti
iscipline escription Male Fomale
Static Apnea (min:s) resting, immersed breath-hold in controlled water (usually a shallow 11:35 9:02
swimming pool)
Dynamic Apnea - with fins (ft [m]) | horizontal swim in controlled water 922 (281) 778 (237)
Dynamic Apnea - no fins (ft [m]) horizontal swim in controlled water 741 (226) 597 (182)
No-Limits (ft [m]) vertical descent to a maximum depth on a weighted sled; ascent with | 702 (214) 525 (160)

a lit bag deployed by the diver

Variable Weight/Ballast (ft [m]) vertical descent to a maximum depth on weighted sled; ascent by 476 (145) 417 (127)
pulling up a line and/or kicking

Constant Weight - with fins (ft [m]) | vertical self-propelled swimming to a maximum depth and back to 420 (128) 331 (101)
surface; no line assistance allowed

Constant Weight - no fins (ft [m]) | vertical self-propelled swimming to a maximum depth and back to 331 (101) 233 (71)
surface; no line assistance allowed

Free Immersion (ft [m]) vertical excursion propelled by pulling on the rope during descentand | 397 (121) 299 (91)
ascent; no fins

Extensive safety and disqualification protocols have kept the incident rate in competitive freediving extremely low." The
same level of safety does not always exist outside of organized events. The risk of injury or death is higher for breath-
hold divers who do not have proper training or who fail to ensure the presence of adequate safety backups when pushing
their limits. Educational efforts are critical since it requires little equipment to practice breath-hold. The lack of equipment
definitely should not be equated to inherent safety. Breath-hold divers are susceptible to the physiological stress of im-
mersion, hypoxia, hypercapnia, and, if diving vertically, to potentially immense squeeze forces. Loss of consciousness
is the most obvious concern with breath-hold diving. Additional risks include entanglement, entrapment and problematic
boat or animal interactions.

DAN began active collection of breath-hold incident case data in 2005. The initial effort included a retrospective review
of cases from 2004, (those reported to DAN or found through active Internet searches). Automated keyword searches
were then established to capture new reports as soon as they appeared online. A database was developed to target
information of primary interest. Details on the structure of the database can be found in the proceedings of the 2006
breath-hold workshop.? Unlike the data analyzed by DAN for compressed-gas diving injuries, the breath-hold incidents
include cases without geographical restriction. Reviews of breath-hold incidents have been included in DAN annual div-
ing reports since 2005. Electronic copies of these reports are available for download at no cost (http://www.diversalert-
network.org/medical/report). The annual number of cases captured from 2004 through 2013 (meantstandard deviation)
was 65118 (range 30-82; Figure 4.1-1).
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Figure 4.1-1; Breath-hold incident case capture, 2004-2013, fatal and non-fatal (n=649)

Number of Cases

The purpose of incident data collection and analysis is not to assign blame but to learn from past events. Some incidents
occur even when sound experience, planning, equipment and support are in place. Such events serve as reminders
of the fundamental risks and encourage us to evaluate our behaviors accordingly. Other incidents arise from flaws in
equipment maintenance, equipment use, training, or procedures. Incident analysis and program review can reduce the
future risk for all participants.

A fundamental challenge in the study of injuries is incomplete information. The investigative effort can require a sub-
stantial amount of deductive reasoning and often some guesswork to interpret events. In this report, we summarize the
available data and speculate when reasonable.

4.2 Cases in 2010-2013

Most cases were initially identified through automated internet searches, typically as online newspaper articles. Some
cases were reported to DAN directly by individuals involved in or aware of particular incidents. Complete details were
rarely available.

A total of 300 breath-hold cases were captured in 2010-2013; 243 fatal (81%) and 57 non-fatal (19%). The annual tallies
are found in Table 4.2-1.

Table 4-2.1 Breath-hold cases 2010-2013

Year Fatal Non-Fatal Total
2010 56 (69%) 25 81
2011 54 (82%) 12 66
2012 71 (87%) 1" 82
2013 62 (87%) 9 71
All 243 (81%) 57 300
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Incidents were reported from 42 different countries. Forty percent (n=119) occurred in the US, distributed between 10
states or territories. More than three events occurred in three states: Hawaii (40 cases; 34%), Florida (33 cases; 28%)
and California (24 cases; 20%). This concentration is similar to that seen in previous years and almost certainly reflects
the popularity of water-related activities and possibly some reporting bias. It is highly unlikely that our fatal case capture
reflects true total numbers. It is certain that some fatal events that could have involved breath-holding are not reported in
such a way as to enter our database. This situation is even more marked for non-fatal cases. The non-fatal cases represent
an anecdotal sample, useful for insight and illustration, but in no way representative of the frequency of related events.

The maijority of incidents in which the environment is known occurred in the ocean (n=271; 91% of the 298 with known
environment). Fourteen cases occurred in lakes or quarries, nine in swimming pools, two in rivers or springs, and two
in caves.

The primary activity described for the incident dive was most frequently snorkeling (n=164; 56% of the 293 with activity
reported), then spearfishing (n=53; 18%), freediving (n=46; 16%), and collecting (n=30; 10%). The utility of this catego-
rization is probably limited for fatal cases. The presence of specific equipment, for example, a speargun, or a history or
communicated plan for an outing provides weight for categorical assignment, but specific actions or events contributing
to an incident can easily confound categorical distinctions, as can reporter bias.

Figure 4.2-1 presents the sex and age breakdown for the 2010-2013 cases. The majority of victims were male (n=247;
83% of the 299 with sex identified). The mean age (t+standard deviation) was 42+18 years, ranging from 7 to 93 years.
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Figure 4.2-1: Age and sex distribution of breath-hold incident victims in 2010-2013 (for 283 of 300 total)

Information regarding the support available to divers was captured in 74% (n=223) of the cases. The most common
patterns were diving with a partner (n=70; 31% of known), diving with a group (n=67; 30% of known), and then solo or
unsupported (n=52; 23%). A large number of additional cases (n=34; 15%), was best described as activity with oversight
somewhat removed and likely not immediately available for support. This was most commonly seen with families or groups
remaining on shore while the in-water activity was taking place. The effectiveness of oversight is difficult to evaluate in
most cases, but the delay to recognize a developing problem is a factor common to many injuries. There is no chance
of someone else being able to recognize problems and render aid when diving alone. Protection may be only somewhat
improved by others remaining on shore. Close supervision and the capability to take immediate and appropriate action
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can resolve many potential problems before they become serious. This is best achieved by a partner or group standing
by in the water to provide support.

Evaluating the effectiveness of the assistance provided to stricken victims can be difficult. Immediately bringing an
otherwise healthy but unconscious breath-hold diver to the surface and then protecting the airway from further water
entry can be highly effective in preserving life. A slower recovery would likely be less effective, but the determination of
the impact of a delay is challenging if for no other reason than it is not known exactly when a problem arose. It should
also be appreciated that even a quick response might not make a difference for a medically-compromised individual.

Close and informed support is likely to improve outcomes, certainly over completely unsupervised activity and likely over
poorly supervised activity. The informed partner or monitor can ask questions to more fully appreciate and be prepared
for risk. The lack of informed supervision may grow if efforts to ban breath-hold activity in swimming pools continues to
take root. It is easy for swimmers to hide such activities from lifeguards or other swimmers, leaving potential rescuers
much less prepared if problems do occur. Rather than banning breath-hold, a more prudent course may be to ensure
that all swimmers, breath-hold divers, instructors, lifeguards, and parents appreciate the risks and the reasonable limits
of safe practice. Understanding factors playing a role in incidents is one of the best ways to advance understanding.

4.3 Cause of Death or Injury and Contributing Factors

Cause of death is typically determined by medical examiners assigned to fatality cases. The usefulness of the finding
can be limited, particularly if the cause of death is determined to be drowning. More important are the efforts to identify
root causes, triggers that can initiate a cascade of events, factors contributing to the unchecked cascade, and/or specific
disabling agents or injuries leading directly or indirectly to the outcome. The search for contributing factors is challenging,
particularly in the case of unwitnessed events, because physical evidence is often not present or possibly confounding.

The factors that lead to the inevitability of an incident are difficult to identify, but certainly of great value in preventing
future occurrences. The available data for all 300 cases were reviewed to identify the primary disabling agents (Table
4.3-1). Such could not be confidently established in over one-third of the cases, which were most often unwitnessed
events, some for which the body was not recovered, or those for which only minimal information was available.

Table 4.3-1 Primary disabling agent ascribed to 2010-2013 breath-hold incidents

Disabling Agent Count Percentage
Hypoxic blackout 40 25
Animal-involved injury 38 23

Medical health 29 18
Environmental conditions 24 15

Boat strike 21 13
Entanglement 5 3

Poor physical fitness 5 3

Total 162 100

Hypoxic Blackout

The most commonly identified disabling agent was hypoxic blackout (n=40; 25%). It is likely that many of the problems in
this group were consequences of intentional action. Outside of casual snorkeling, many breath-hold divers employ strate-
gies to extend breath-hold time, most notably hyperventilation. It certainly increases breath-hold time, but by delaying or
obliterating the normal warning system that keeps the breath-hold safe. The absence of physical evidence associated
with fatal events involving apparently young and physically fit individuals has led some to speculate on the possibility of
exotic conditions like long Q-T syndrome being contributing factors. While this is certainly possible, the much simpler
and more likely explanation in most cases is that excessive hyperventilation was the trigger.
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There is no simple formula to differentiate between safe and unsafe (excessive) hyperventilation. Breath-hold divers
must be sufficiently informed to appreciate the risk and then encouraged to err on the side of safety since loss of con-
sciousness typically develops without warning. Knowledge and thoughtful action are critical. Ignorance, or knowing but
thinking that the physiological hazards can be avoided, can create a very high mortal risk that is evident in our fatality
case reports every year.

Each normal respiratory cycle is followed by a brief interruption of breathing (apnea) prior to the next inspiration-expiration
cycle. The duration of the apnea is primarily controlled by the partial pressure of carbon dioxide in the arterial blood. The
range is fairly narrow during relaxed, involuntary respiration, from a high of 45-46 mm Hg at the start of the respiratory
cycle to a low of approximately 40 mm Hg at the end of the cycle. Voluntary breath-hold can allow the carbon dioxide
partial pressure to climb well into the 50 mm Hg range or beyond depending in large part on motivation. Eventually,
however, a breakpoint is reached when the urge to breathe is overwhelming. Many breath-hold divers know that venti-
lating the lungs in excess of metabolic need, that is, hyperventilation, will flush carbon dioxide from the body and delay
the point at which carbon dioxide accumulation reaches breakpoint during a subsequent breath-hold. The accumulation
of oxygen stores associated with hyperventilation is trivial in comparison with the clearance of carbon dioxide since the
normal concentration of carbon dioxide in the blood is 140-160 times the concentration found in the atmosphere. Without
hyperventilation, there is a buffer in oxygen stores. The urge to breathe rises while consciousness is still stable. Any
hyperventilation reduces carbon dioxide levels enough to erode the buffer. Very limited hyperventilation will not erode
the buffer enough to create a high risk of loss of consciousness, but it is a soft line to where excessive hyperventilation
can delay the urge to breathe long enough for the oxygen partial pressure to fall below the level necessary to maintain
consciousness, before any urge to breathe is felt. It is critical to understand that the loss of consciousness associated
with hyperventilation-augmented breath-hold can occur with absolutely no warning.

Breath-hold physiology is more complicated when divers travel vertically through the water column. The increasing
ambient pressure during descent increases the partial pressure of gases in the lungs and bloodstream. This effectively
makes more oxygen available to the cells. While the partial pressure of carbon dioxide concentration is also increased
by the ambient pressure increase, it will likely remain well below breakpoint in the first phase of the dive, particularly if
hyperventilation was employed to lower it pre-dive.

The most critical phase of the breath-hold occurs during surfacing, when the partial pressure of oxygen falls at a dramatic
rate due to the combined effect of metabolic consumption and the decrease in ambient pressure. A state of acute hypoxia
can develop rapidly, particularly in the shallowest water where the relative rate of pressure reduction is the greatest. The
carbon dioxide partial pressure will not help in this phase since it is also reduced by the reduction in ambient pressure,
potentially moderating or reducing the urge to breathe. Ultimately, the risk of hypoxia-induced loss of consciousness
without warning is elevated. The classic presentation of this condition — hypoxia of ascent — is seen in a diver who loses
consciousness just before or shortly after surfacing. Losing consciousness after surfacing and taking a breath is pos-
sible because it takes time for the newly inspired oxygen to reach the brain. Many will be familiar with the term ‘shallow
water blackout,’ but this label is frequently misapplied to cases where the change in ambient pressure is not a factor, in
addition to the fact that the term was originally coined to describe a very different condition of high carbon dioxide levels
associated with scrubber failure in closed-circuit rebreather divers. For these reasons ‘hypoxia of ascent’ is preferred.

The categorization of cases of blackout as hypoxic loss of consciousness (HLOC) or, more specifically, as hypoxia
of ascent is generally dependent on witness observations. Confirming where the loss of consciousness developed is
generally not possible in unwitnessed events. A victim found on the bottom could have lost consciousness there, but it
is more likely that consciousness was lost near the surface and was followed by a loss of airway gas (and the positive
buoyancy it provides) that ultimately caused the victim to sink to the bottom.

Hyperventilation-induced blackout is probably the greatest single life threat in breath-hold diving. The cases identified
almost certainly represent a marked underestimate of the problem even within our sample. At least some of the unwit-
nessed fatal cases likely involved hyperventilation-induced loss of consciousness, but this cannot be confirmed even
with autopsy because there is no specific physical evidence left to be discovered. Most cases that are resolved without
serious outcome are unlikely to be reported.
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It is very common for a diver rescued from blackout to wake within seconds and have no memory of the event. Some
may initially argue that they did not blackout until they realize that they came to their senses in surroundings different
from last recall. Those who experience these events firsthand (as victim or rescuer) realize how close anyone can be
to loss of consciousness in a very unforgiving environment. Regardless of what some want to believe, there is no reli-
able warning prior to blackout. The effect of hyperventilation to increase breath-hold diving risk was described in the
medical literature more than 50 years ago? and we are still losing divers to aggressive practice. It is likely that limiting
hyperventilation to no more than the equivalent of two full ventilatory exchanges will increase breath-hold time but not
will not remove enough carbon dioxide to inhibit the uncontrollable urge to breathe long enough for consciousness to be
threatened. Hyperventilation in excess of this limit will produce an escalating risk of abolishing the vital drive to breathe.

Animal-Involved Injury

The second most commonly identified disabling agent was animal-involved injury (n=38; 23%). Twenty-nine of the cases
involved sharks, three involved jellyfish, two involved a crocodile, one a barracuda, and one an alligator. The animal-
involved category is a class of incident most likely to be overrepresented in our database, given the physical evidence
of the altercation and the substantial media attention. At the same time, it is certain that many minor animal-involved
injuries will likely not be captured in our database.

Medical Health

The third most commonly identified disabling agent was health issues (n=29; 18%). Many of these presented with reason-
able to strong evidence of cardiac involvement; some were more ambiguous and could have involved cardiac issues or
physical fitness issues. Not having complete autopsy results for some of these cases makes confirmation difficult. The
associations between age, health and fatal diving injuries have been described for divers.?

While water activities can be healthful, they do create a physiological strain that can be problematic for individuals with
compromised health. Immersion in water, regardless of depth, prompts an increase in blood returning to the heart that
causes it to contract harder. Breathing resistance and physiological deadspace are increased by breathing through a
snorkel. Wearing bulky equipment, and particularly a weight belt, can increase the strain of swimming, as can entry and
exit requirements in rising sea state conditions. The initial exposure to immersion and any in-water activity is best done
under benign conditions with easy ingress and egress and no pressure to continue should discomfort arise. It is not
uncommon for vacationers to want to participate in ‘once in a lifetime activities’ that may expose them to more physi-
ological stress than advertised or expected. Those who are medically or physically compromised can be at undue risk,
a situation that may not be appreciated by them or by event organizers.

Environmental Conditions

Environmental conditions were identified as the primary disabling agent in 24 cases (15%); typically involving rough
water conditions. It is possible that a lack of physical capacity was critical to the outcome of these cases. Physical fit-
ness is rarely well documented, but can play a huge role in helping individuals handle a range of conditions. High levels
of physical fitness creates a reserve capacity that can be called upon whenever needed. Addressing emergent needs
quickly and without pushing physical limits can stop the cascade of events that often lead to poor outcomes.

Boat Strikes

There were 21 cases (13%) involving boat strikes. The physical trauma, typically involving propellers, can be devastating.
Itis possible that boat strikes are overrepresented in the database due to the greatest physical evidence and media atten-
tion. Itis also possible that low visibility equipment in common use by breath-hold divers may work against surface safety.

Entanglement
There were five cases in which entanglement was identified as the disabling agent. It is possible that poor physical fit-
ness and compromised medical health played a role in these cases.

Poor Physical Fitness
There were five cases in which poor physical fitness was specifically identified as the disabling agent. It is extremely
likely that poor physical fitness played a role in many other cases.

A cross-section of illustrative case studies is found in Appendix A.
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4.4 Reducing Breath-Hold Risks

Breath-hold diving includes a wide range of activities. Some are appropriately described as extreme; others as relatively
benign. The margin of safety can be quite narrow for extreme diving. In such activity, appropriate safety precautions and
backups are essential. The safety procedures employed in competitive freediving are usually extremely effective. Shifting
away from the tight controls of the competitive field or from the typical medically healthy, physically fit, and well-trained
participant can increase the risk.

The medical and physical fithess of individuals must be considered prior to participation in any diving activity. Those with
significant medical issues should be evaluated in advance, and may well be discouraged from participation. Those close
to the low physical fithess end of qualification should participate only under the most benign conditions. An orientation in
a shallow pool or confined water is much more appropriate than being dropped off the back of a boat in deep water with
the possibility of current or wave challenges. Implementing an orientation step for persons of possible concern might
encourage some to appropriately reconsider participation and others to participate with more comfort and confidence.

The blackout hazard associated with pre-breath-hold hyperventilation stands out as the greatest risk to generally healthy
individuals participating in breath-hold activity. Efforts to discourage hyperventilation face quiet but powerful resistance
because it is so effective at increasing breath-hold time. The risk of loss of consciousness without warning may be
difficult for the enthusiast to appreciate. Competitive freedivers increasingly acknowledge the inevitability of blackout
in association with hyperventilation-augmented dives. They protect themselves, however, by ensuring close support
throughout and following every dive.

The greatest risk is to divers without extensive backup support, whether these are unmonitored novices who have
discovered hyperventilation or experienced spearfishermen determined to not let the fish get away. Safety-oriented
education and rational guidelines are required for both groups to keep them safe. Buddy-diving in a one-up, one-down
manner in good visibility water shallow enough for all divers to get to the bottom easily can take the novice safely through
the relatively high-risk phase of learning. A group of three (one-down, two-up) may be preferable as dive depths begin
to increase. It is a typical rule of thumb to allow a recovery period of at least twice the dive duration for modest dives,
progressively longer for deeper dives. A group of three or four, diving in series, facilitates this schedule and ensures that
one or more of the divers available at the surface for backup is at least partially rested. This is important since it is highly
unlikely that optimal performance will be achieved during the stress of a rescue. Establishing safe habits in the begin-
ning will hopefully keep safe habits in place. Safety protocols become more complicated as dive depths are increased,
potentially involving counterbalance systems or mixed-gas diver support, but a commitment to safety can keep personal
and group practices evolving appropriately.

Freedivers should be defensively weighted, neutrally buoyant with empty lungs at 30 ft (9 m) or deeper, to ensure that
if they have problems at or near the surface they are more likely to remain at the surface where they can be found and
assisted more quickly and easily. Overweighting can cause a diver to sink; especially if gas is expelled from the airway
during ascent. Momentum established during ascent can carry the diver to the surface even if consciousness is lost.
Adequate support requires an appropriate network. Close support protocols that have divers shadowed during the final
portion of their ascent and the first 30 seconds of the post-dive period can address the majority of issues. The risk of
loss of consciousness continues post-breath-hold until the oxygen in an inspired breath reaches the brain to counter
hypoxia. The critical first aid when a victim is reached immediately after losing consciousness is to hold the airway clear
of the water. Consciousness is often quickly restored with no sequelae.

Another technique that creates some risk for breath-hold divers is lung packing. It is used to increase the volume of gas
in the lungs above normal total lung capacity immediately prior to commencing breath-hold. While it can assist the diver,
it also increases the likelihood of pulmonary barotrauma.* The hazards of all techniques must be appreciated as well as
the benefits. Each should be used thoughtfully and with caution foremost.

The solo freediver takes on much greater risk in all respects. The major price of independence is the loss of support in
the moments upon which a life can turn. The sense of self-confidence, if not invincibility, often stands in the way of smart
decision-making. The idea that blackout can occur without warning - while true - is a direct challenge to this self-perception.
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There are a couple of ways to strike a compromise. The simplest is to carefully restrict pre-dive hyperventilation. Two or
three deep inspiratory-expiratory exchanges prior to breath-hold will still reduce the carbon dioxide levels in the blood
and increase breath-hold time, but without creating the high risk of hypoxia-induced blackout associated with more hy-
perventilation. The alternative is to hyperventilate freely, but then limit dive time. Butler (2006)? reviewed published data
and concluded that limiting breath-hold time to 60 seconds could accommodate varying patterns of hyperventilation and
physical activity with minimal risk of loss of consciousness.? While the time limitation might be too restrictive for some,
it would be a good alternative for those making safety the top priority.

A freediver recovery vest is now available for breath-hold diving that will automatically inflate after a user preset time at
depth or maximum depth or if another descent immediately follows surfacing. While such a device would not eliminate
the risk of blackout or guarantee survival, it would improve the odds of survival by making sure that the diver was re-
turned to the surface.

Breath-hold divers spend a lot of time on the surface. To reduce the risk of undesirable boat interactions, they should
avoid boat traffic areas whenever possible and clearly mark their dive site with high visibility floats, flags and other
locally-recognized markers. In addition, they should wear high visibility colors to mark themselves. The predominance
of equipment in dark colors or, more recently, camouflage patterns, runs contrary to visual safety practices. The safest
choice is high visibility throughout - suit, hood, snorkel, gloves, fins, and whatever else might break the surface. Under-
water hunters may argue for the benefits of reducing their visibility underwater. Camouflaged divers have to rely more
on the surface floats, support boats and tenders to warn surface traffic of their presence.

All divers need to be aware of the hazards they face and strategies to reduce their risk. Receiving initial training by
qualified persons makes the transition into any activity smoother and safer. Ongoing education, which includes learning
from the mistakes of others, is important to ensure that the risk of participation remains low. Further background can be
found in a separate review.® As a final note, it must be remembered that problems not unrelated to diving can develop
during periods of diving activity. Appropriate and timely medical evaluation is at least prudent, but may also be critical
for a good outcome.

4.5 Ongoing Research

The greatest challenge in studying fatal events is that complete details are rarely available. DAN has established an online
reporting system to expand the collection of cases, particularly non-fatal events for which more complete details may be
available. It is expected that the additional insights will be extremely helpful in identifying additional factors contributing
to incidents. Visit the site at: http://DAN.org/IncidentReport. Continued effort is required to promote awareness among
breath-hold enthusiasts and community leaders.

4.6 Conclusion

A total of 300 breath-hold diving incidents occurring between 2010 and 2013 were collected by DAN; 243 fatal (81%)
and 57 non-fatal (19%). The victims were most often male (83%). The most commonly identified disabling agents were
hypoxic blackout (likely facilitated by excessive hyperventilation), animal-involved interactions (primarily between shark
and spearfishermen), health issues (primarily cardiac), environmental conditions, and boat strikes, respectively. Improving
the appreciation of hazards may offer the greatest defense against future adverse events. Sharing incident information
is an important part of that process. Our efforts will continue to expand case collection, both fatal and non-fatal, and to
provide insights for the community.
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APPENDIX A. BREATH-HOLD INCIDENT CASE REPORTS
Neal W. Pollock

Hypoxic Blackout

F - 10391

This 30-year-old male was freediving with friends in 10 m (30 ft). The group separated and he was diving alone for some
period of time. His friends subsequently found him floating motionless on the surface close to the boat. He was pulled
onto the boat and resuscitation initiated, albeit unsuccessfully. Autopsy records were not made available.

The details are limited in this unwitnessed event, but the diver’s decision to freedive without close supervision was a
critical problem. Apparently in good health, the most likely explanation was loss of consciousness resulting from hypoxia
of ascent. The victim’s weighting was appropriate for him to remain on the surface after ascent, but with no partner or
team providing close supervision and able to protect his airway, he succumbed.

F - 10401

This experienced and apparently healthy 31-year-old male was spearfishing with a group in approximately 100 fsw (30
msw) near a shipwreck. He descended to recover some equipment. Visual contact was not maintained by the group
on the surface. An unsuccessful search was initiated when the group recognized that he had been down too long. The
victim was subsequently recovered by police divers.

The unwitnessed events make interpretation speculative. Hypoxic blackout does seem to be the most likely issue. It is
possible that exertion at the bottom could have prompted loss of consciousness at that point, but it would be more likely
that blackout occurred during ascent, when oxygen levels fall rapidly through the combined effects of metabolic use and
decreasing ambient pressure. If the diver was not positively buoyant when consciousness was lost then he would sink to
the bottom. Maintaining visual contact could possibly have helped if loss of consciousness occurred later in the ascent,
when skilled divers might have been able to catch the victim and bring him to the surface more quickly.

NF - 10439

This 18-year-old male was spearfishing with a partner at a depth of approximately 65 fsw (20 msw). They began a re-
laxed ascent and his buddy noticed the victim slow and then begin to sink. He was able to catch him and bring him to
the surface and to their boat where they were assisted by two other freedivers. The victim regained consciousness, was
transferred to EMS, and made a full recovery.

This case demonstrates how a life-threatening event can be quickly managed by effective close supervision. The aware
and capable partner was able to quickly effect a rescue, undoubtedly the lifesaving action. It was fortunate that the partner
had sufficient reserve to rescue the victim without getting into trouble himself. In this case, having both divers underwa-
ter simultaneously was fortuitous. This is a good example of where a freediver recovery vest could have increased the
margin of safety. Even if the victim’s vest did not inflate immediately upon his loss of consciousness, his partner could
have established a secure hold on the victim and activated one of their vests to speed the ascent, reducing the risk of
a second blackout. It cannot be confirmed, but given the relaxed state of the victim immediately prior to the event, it is
likely that the victim employed excessive hyperventilation, delaying the urge to breathe long enough for hypoxic loss of
consciousness to develop with no warning. Limited hyperventilation is often used to reduce the carbon dioxide content of
the blood to delay the urge to breathe. The cost of this is a reduction in the time buffer between the urge to breathe and
a state of hypoxia that drives blackout. The erosion of the buffer time will not be noticed when all goes well. The problem
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is that there is no indicator to say how much of the buffer (if any) remains and what the true demands of the dive will be.
Not having a problem with a given level of hyperventilation on one dive provides no assurance that the same outcome
will follow another dive. It is critical that divers who choose to employ hyperventilation realize that it creates a substantial
risk. Hyperventilation should be used with great restraint and only when reliable close supervision by competent partners
is available. Limiting hyperventilation to the equivalent of no more than two full vital capacity exchanges appears to be
relative safe, that is, it does not erode the safety buffer so much that loss of consciousness is expected. There is no line
for absolute safety, though, so all breath-hold divers should appreciate the risk and keep it as low as feasible.

F - 12599

This 20-year-old male was freediving with a partner. He suffered from hypoxia of ascent, losing consciousness while
surfacing, and sinking back to the bottom. A scuba diver went in to recover him, but the subsequent attempts at resus-
citation were unsuccessful.

Defensive weighting calls for freedivers to be neutrally buoyant with empty lungs at a depth underwater, no less than 15
ft (5 m) for shallow diving, and in excess of 30 ft (9 m) for deeper diving. Since hypoxia of ascent most frequently devel-
ops as breath-hold divers are approaching the surface, this makes it easier for divers on the surface to effect a rescue,
bringing the unconscious victim to the surface quickly. Victims often recover quickly when their airways are protected
from further water entry. The time required to deploy a surface diver and bring a victim up from the bottom can be too
long for successful resuscitation.

Animal-Involved Injury

F -10412

This 24-year-old male was spearfishing from a small boat with a partner. They speared a large grouper that subsequently
retreated under some rocks at about 35 fsw (11 msw). The pair took turns trying to wrestle the fish out. The third person
remaining on the boat observed that both men made five to 10 dives attempting the recovery. The victim failed to surface
from his last descent. His partner subsequently found him unresponsive on the bottom and brought him to the surface.
The victim was then pulled into the boat and resuscitation efforts initiated while transporting him to onshore EMS. The
victim did not regain consciousness.

The competitive drive of spearfishing can distract participants to push themselves beyond safe limits. Excessive hyper-
ventilation (ventilatory exchange in excess of the equivalent of two full vital capacity exchanges) might be used to quickly
prepare for the next breath-hold, and the normal termination of a dive could be delayed if a goal is felt to be in sight.
Such conditions are probably the most likely to lead to hypoxic blackout on the bottom. If not there, a delayed ascent
increases the likelihood of hypoxia of ascent.

F - 13637

This 68-year-old male was spearfishing with a group when he was attacked by a shark estimated to be 16 ft (5 m) in
length, possibly a tiger. He was separated from the group when the shark struck. It was unclear if he was carrying any
catch with him at the time.

The risk of shark-human conflict can increase when catch is carried by or near a diver, especially in low visibility conditions.

Medical Health

F - 10419

This 68-year-old female was snorkeling with a partner in calm waters accessed from shore. She complained feeling ill
and wanted to return to shore. She then appeared to be disoriented and slipped underwater. Her partner was able to
bring her into shore and start resuscitation efforts until EMS arrived. She was pronounced dead of heart failure at the
local hospital.

The benign conditions and surface-based activity make it likely that medical health played a pivotal role. Many vacationers
with no diving experience consider snorkeling as an alternative to experience the water. It is generally not well appreci-
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ated or communicated that even benign conditions impart a significant physiological load. Immersion in water causes a
shift in the blood volume from the periphery to the central circulation, putting an additional burden on the heart that has
to pump harder to manage the increased load. Breathing through a snorkel adds ventilatory deadspace and breathing
resistance. Ballast weight given to the snorkeler increases the work that must be done to move with the load, more so
if the extra ballast creates poor trim and increases frontal surface area during swimming. Inefficient kicking technique
can demand more effort than would otherwise be required. The stress of the experience, particularly if all factors are
not optimal, can add an additional physiological burden. Ultimately, while snorkeling can be a desirable activity, it is not
without risk and may not be appropriate for health-compromised individuals. Close supervision and fast response to
problems help manage the risk.

F - 12577
This 50-year-old male tourist was snorkeling alone. He was found floating and unresponsive and removed from the water.
Efforts to resuscitate were unsuccessful. An autopsy concluded death from cardiac arrest, not drowning.

See comments in case above.

F - 12617

This 60-year-old male with a medical history of heart problems was snorkeling while on vacation. He lost consciousness
while in the water. He was then taken onto a boat where efforts at resuscitation were unsuccessful. The death was ruled
as natural causes, cardiac-related.

See comments in case two above.

Environmental Conditions

F - 10399

This 33-year-old male abalone diver was struck by large wave and began to struggle. He was quickly lost from the sight
of his companions. He had no known medical conditions and was reportedly a good swimmer. His body was found face
down and recovered 200-300 yd (60-90 m) offshore approximately 80 min later by a rescue helicopter. The Coast Guard
described conditions as clear skies, minimal winds and swells of 2-4 ft (0.6-1.3 m).

Incidents involving seafood harvesters are common, particularly during short open seasons. The risk is increased if
participants do not maintain their skills and physical fitness outside of the season. The time pressure can increase the
risk to participants, encouraging them to exceed their capabilities. Efforts should be made to ensure physical readiness
in advance of the opening.

F - 12603

This 29-year-old male was snorkeling with friends when a strong wind and high wave advisory was in effect. He was
swimming near a reef 660-1000 ft (200-300 m) from shore when strong winds and waves associated with a tropical storm
swept him out to sea. His body was recovered on the surface the next day by a Coast Guard patrol vessel.

Active weather systems create hazards, making it unsafe to be in the water. If caught unaware during building conditions,
a rapid exit is generally best, avoiding rough terrain, if possible.

Boat Strikes

NF - 10415
This 32-year-old male snorkeler run over by speed boat. He suffered serious but non-life-threatening lacerations to his
legs and feet. He did not have a diver-down flag near him, as was legally required in that state.

Breath-hold divers often spend more time on the surface than compressed gas divers. Safety from boat traffic must be
considered in activity planning. Flying appropriate and recognized dive flags, staying close to marked and staffed safety
platforms, avoiding all but low traffic areas, wearing high visibility equipment, watchfulness, and public education are all
important elements to promote safety.
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F - 11473

This 50-year-old female was on a commercial snorkeling tour boat. The water conditions were described as rougher
than normal. She was one of the first in the water once it arrived on site. She was apparently swept under the boat and
was fatally injured by the turning propeller.

Safety procedures on on motorized boats should ensure that snorkelers cannot be brought into the proximity of turning
propellers. Engines should be secured and boats stopped before divers enter the water. Watchfulness is critical to avoid
being too close to spinning propellers.

NF - 10443

This male snorkeler was at a depth of approximately three feet (one meter), above a coral reef and near a commercial
dive boat. A speedboat passed over the diver at high speed, towing the victim for approximately 1000 ft (300 m) before
stopping. The diver had propeller marks on his weights and was bruised, but had no major injuries. The boat operator
was in violation of local law concerning maximum speed (5 knots) and proximity to the reef (1000 ft [300 m]) and to
boats flying a dive flag (165 ft [50 m]). The boat operator was angry, however, and claimed that the diver should pay for
the damage to the boat.

Boat operators are generally responsible and do not set out to injure others, but the onus remains on the surface swim-
mer to protect his or her own safety.

Poor Practice

F - 10393

This 21-year-old male was with two friends at night near a shallow freshwater cave. He chose to swim through the cave
alone, and did not surface. His friends did not have lights to search for him. His body was later recovered from a depth
of eight feet (3 m) of water.

Breath-hold diving through a cave, even a shallow one, carries significant risk. Doing so at night, and when partners did
not have lights to make rendering assistance feasible, increased the risk substantially. It is unclear whether the victim
became disoriented or experienced physical trauma, but in any case, even with the small distances involved, the situ-
ation had no margin of error.

F - 11503

This 24-year-old male was snorkeling with a group in approximately 12 ft (4 m) of water depth about 100 yd (30 m) from
shore in a lake. He developed cramps and was unable to support himself. He was wearing a weight belt and sank to the
bottom. He was recovered by a lifeguard, but attempts at resuscitation were unsuccessful.

Weight belts are worn in a manner to be quickly ditched in case of emergency. Dropping the ballast weight makes it
easier to ascend and/or stay at the surface. The fact that many fatal victims are found on the bottom with weight belts
still in place indicates that thoughts of ditching may be forgotten during periods of stress, even if the ditching could im-
mediately resolve the situation. The importance of proper ditchable ballast - that which can be dropped with minimal,
and generally one-handed effort - should be reinforced during training and ongoing activity.

F - 12595
This 40-year-old male was collecting sea cucumbers. A rope tied to his waist was entangled on a reef that he swam
through. He was unsuccessful in freeing himself and drowned.

Loose equipment can pose a hazard. Care must be taken to reduce the risk of entanglement. A second level of protec-
tion may be provided by tools carried to help with extrication.
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APPENDIX B. DIVING RELATED FATALITIES IN AUSTRALIAN WATERS 2010

John Lippmann, Christopher Lawrence, Andrew Fock, Thomas Wodak, Scott Jamieson, Richard
Harris, Douglas Walker.

Introduction

DAN Asia-Pacific collects information on diving and snorkelling fatalities throughout the Asia-Pacific region.
However, the effectiveness of this data collection varies greatly between countries.

In Australia, dive fatalities are comparatively well investigated and most are logged on a National Coronial
Database to which DAN AP has access. It often takes several years before the coronial investigations are
completed and for detailed information to become available.

Dive fatality reporting plays an enormously important role in accident prevention, and DAN AP is committed
to providing substantial resources in pursuing this task.

The reports shown here are only brief summaries of the cases for 2010. Detailed reports of these deaths
have been published in the joint journal of the South Pacific Underwater Medical Society (SPUMS) & Euro-
pean Baromedical Society (EUBS).* We are very grateful to the various Australian State Coroners and the
NCIS for their assistance with this project, and to the members of the public who have provided information.
We need divers to contact us when they hear of diving-related fatalities so that we can collect as much
information as possible.

*Lippmann J, Lawrence C, Wodak T, Fock A, Jamieson S, Harris R, Walker D. Provisional report on diving-
related fatalities in Australian waters 2010. Diving & Hyperb Med. 2015; 45(3):154-175.

Each year in Australia there are deaths associated with snorkeling and diving using compressed gas (i.e., SCUBA or
surface-supplied breathing apparatus). Although some accidents are unavoidable, many might have been prevented
through better education about the proposed activity and/or associated risks; proper medical screening; greater experi-
ence; commonsense; improved supervision; or better equipment maintenance and design. The aim of the DAN Dive
Fatality Monitoring is to educate divers and the diving industry and to inform diving doctors on the causes of fatal dive
accidents in the hope of reducing the incidence of similar accidents in the future and of detecting, in advance, those
who may be at risk. This report includes the diving-related fatalities between 1 January and 31 December 2010 that are
recorded on the DAN Asia-Pacific (AP) database.
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Breath-hold and snorkeling fatalities

BH 10/01

This 39-year-old male, other than being obese, appeared to have been relatively healthy. He was an experienced snor-
keler and scuba diver who was certified seven years earlier but had been diving unqualified for many years prior to that.
He regularly dived alone catching crabs. On a warm, still night, he went snorkeling alone at a familiar site with a large
wreck in 4-6 msw (13 -20 fsw). When he failed to return home, a large air, sea and underwater search was conducted
the next day, without success. Police divers searched inside the wreck but found no trace of the victim. However, three
months later, the victim’s badly decomposed body was found within a compartment inside the wreck. His body was soon
recovered by police divers. His weight belt was still in place but his mask, snorkel and one fin had been displaced. The
cause of death was unknown.

BH 10/02
This 77-year-old male overseas tourist was obese, with a history of coronary bypass surgery, hypertension and high
cholesterol. His swimming and snorkeling ability and experience were unreported.

He and a friend were on a day trip to the Great Barrier Reef (GBR) on a large tourist vessel. The group was taken to
an anchored pontoon, from which organized snorkeling is conducted. In addition to public announcements of the risks
posed by various health conditions when snorkeling, there was a pre-snorkel briefing and guests were asked to declare
relevant medical details. The victim didn’t make any declaration.

He was provided with a mask, snorkel, fins, stinger suit and a life vest. There was a surface chop, waves up to one meter
(three feet) high and a strong current. Soon after entering the water, the victim was swamped by some swells, banged
his head on a buoy, began to panic and signalled for help. The lookout sent a nearby boat to assist but the victim soon
became unconscious. The boat driver and two assistants could not lift the victim into the boat due to his size, so they
towed him to the pontoon. CPR was commenced and oxygen gear and an AED were brought. The battery of the AED
was flat and needed to be replaced, which delayed its use by several minutes. CPR was continued for a total of about
50 minutes before the victim was pronounced dead. The cause of death was cardiac-related.

BH 10/03

This fit, active 27-year-old man had no known existing medical conditions. He was a qualified scuba diver and keen
spearfisher. Dressed in board shorts and wearing a mask, snorkel and fins, he was thought to have been practicing
extending his breath-hold time in the swimming pool of the residential complex where he lived.

Another tenant entered the pool area and noticed the victim lying motionless on the bottom of the pool, apparently
unconscious. He called for help and for an ambulance, while a bystander entered the water and, with difficulty, lifted
the victim to the surface and out of the pool. He was unconscious, not breathing and his face was blue. When another
person arrived, CPR was commenced and continued until paramedics arrived. There were stomach contents and frothy
sputum in the victim’s mouth. Advanced life support (ALS) was implemented and he was transported to hospital where
he died the next day. The cause of death was drowning, likely as a result of ‘breathholding blackout’.

BH 10/04

This 24-year-old, male, overseas tourist was in Australia on a working holiday. His medical history is unknown although
his friend believed him to be healthy, but “not a strong swimmer”. The victim and his friend were on a guided tour of a
semi-tropical island with an inland freshwater lake. Wearing shorts, swim goggles and a snorkel, the victim snorkeled
for a short time before returning to shore. He then re-entered the water and the friend noticed him snorkeling about five
metres from the shore. The friend looked away for possibly 30 seconds, and when he turned back his friend was nowhere
in sight. Despite a short search by the group and others, the victim was not found. Police divers found the victim’s body
the next day, after a presumed submersion time of 16 hours. The cause of death was given as drowning.

BH 10/05
This 55-year-old man was severely obese. He had a history of coronary artery bypass , diabetes, hypertension and high
cholesterol. His swimming ability and snorkeling experience were unknown
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The victim went on a snorkel safari on the GBR. At the dive shop, he and others were briefed on medical issues and
snorkeling and were asked to write any personal medical conditions on the relevant form. The victim declared hyperten-
sion but no other medical conditions. Because of his size, the tour operator assessed him as a potential risk and allocated
him to a small group with a snorkel guide. At the dive site, the victim wore a mask, snorkel, fins and a two-piece wetsuit
without a weight belt. He also took a ‘noodle’ buoyancy aid. The water was described as calm and visibility was 3—6
meters (10-20 feet). There was no current.

Shortly after entering the water, the victim rolled onto his back, holding onto the ‘noodle’ and complained that his wetsuit
was too tight. The guide handed him a life ring to help support him while she removed his wetsuit top. He became dis-
tressed, and asked to return to the boat. The guide signalled to the boat driver and they began to swim towards the boat.
When the boat arrived, the victim could not lift himself into it and became less responsive. The boat driver was unable to
drag him aboard owing to his size and the guide used the ‘noodle’ to support the victim as they were towed to the boat.
Two staff dragged the now unconscious victim onto the boat and rolled him into the recovery position to help clear frothy
sputum from his mouth. BLS began promptly and supplemental oxygenwas added using a resuscitation mask with oxy-
gen inlet. Contrary to local regulations, there was no defibrillator available on the boat. The victim was taken to a nearby
island, arriving about 55 minutes later. Resuscitation was soon abandoned. The cause of death was cardiac-related.

BH 10/06

This 27-year-old, male tourist was on a working holiday. There was no information about his medical history. He was
described by his friends as a weak swimmer. He and four friends went swimming from a surf prone beach with a coral
reef nearby. At the time, waves were reported to be less than one meter. The visibility was not reported, but a local diver
later stated that it typically became poor in the afternoons, owing to a freshening wind and choppy surface conditions.
The victim was wearing a mask, snorkel and board shorts.

After snorkeling for a while, the friends headed further from shore while the victim remained closer to the beach. When
the friends returned around 20 minutes later, there was no sign of him. They notified locals who contacted the police.
There was little information provided due to language difficulties and the absence of a proper interpreter. Eventually, the
victim’s body was found the next morning lying on the seabed about 10 meters (33 feet) from shore, at a depth of about
6 meters (20 feet). He was still wearing his mask and snorkel. The cause of death was given as drowning.

BH 10/07

This 73-year-old man had a history of heart arrhythmia (atrial fibrillation) and bilateral hip replacements. His swimming
experience was not reported. He had snorkeled before, although it seems he was relatively inexperienced as two days
earlier he was reported to have “swallowed a lot of water”.

He was on a vessel with six friends when they decided to snorkel. He was wearing a mask, snorkel and ‘rashie’ but no
fins. The water was warm and there was not much current. After about 20 minutes, the victim signalled to the boat driver
that he wanted to be picked up. He said that he was OK but did not want to snorkel any longer. While trying to board
the boat, made more difficult due to his large size, he became exhausted, short of breath and began coughing. He was
unable to climb the ladder despite assistance from others. With his leg straddled over the boat, he was slowly towed to
the main vessel.

After being helped aboard, he was sitting in a deck chair near the stern, looking very ill, and wheezing, exhausted and
short of breath. He fell out of the chair and was unable to get back into it. He became unconscious and was rolled onto
his side so that “muck” could be cleared from his mouth. BLS was commenced and continued during the boat ride to a
nearby island, where two nurses applied ALS, unsuccessfully.

The cause of death was given as drowning due to cardiac arrhythmia.

BH 10/08

This 60-year-old man was reported as “fit for his age”, a highly experienced freediver and spearfisher, as well as an ac-
tive and experienced recreational and commercial scuba diver. He was being treated for well-controlled bipolar affective
disorder, depression, hypothyroidism and insomnia.
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The victim went spearfishing with a friend, also an experienced spearfisherman, at a familiar site. Wearing a wetsuit,
weight belt and carrying mask, snorkel, fins and a line with float, the pair walked about 350 meters (1,148 feet) from the
car park down a rocky hill to reach the shoreline. However, the victim had to return to the car to retrieve a forgotten item.
They entered the water from the rocky shore. The weather was warm, there was a light wind and the swell was around
1.5 meters (5 feet) high. The buddy described the conditions as “challenging, but not beyond their capabilities”. After
swimming through a channel in the rocks they began spearfishing in 10—-15 meters (32-49 feet). After several dives, the
victim reported that he was “having trouble catching my breath and am going in”. The buddy said that he would follow
soon and, after several more dives, he also swam, against a current, towards the agreed exit point. When nearby, the
buddy noticed the victim’s fins on a rock and saw the victim floating face-up at the surface near the rocky shoreline, still
wearing his weightbelt. When the buddy reached him, the victim was unconscious, blue and not breathing.

He began CPR, assisted by bystanders. After every few cycles the airway needed to be cleared of water and stomach
contents. The victim died despite continued resuscitation by the buddy and ambulance crew.

The friend later reported that on their last dive outing approximately five weeks earlier, which involved strenuous breath-
hold dives over an extended period, the victim “ran out of steam” while swimming back to shore. The buddy noted that
his friend looked unwell and, on feeling his pulse believed it to be very fast. He advised the victim to see a doctor but
this advice went unheeded. Apparently he had been scuba diving in the interim. The cause of death was cardiac-related.

BH 10/09

This 30-year-old man was an experienced and apparently competent breath-hold diver and a member of a spearfishing
club. He appeared to be healthy and was receiving no medical treatment. He went spearfishing from a small boat with
two others.

The weather was warm, the water temperature 22°C (72°F), the current light and visibility was at least 15 meters (49
feet). They initially anchored the boat in a depth of about 15 meters (49 feet) and dived there for about an hour. When
they reboarded the boat, the victim seemed to be fine but mentioned that it had been a bit deep for him. They moved
and anchored in shallower water, about 10 meters (33 feet) deep and dived again. After a while the victim swam off by
himself and snorkelled nearer to the boat.

When his companions returned to the boat about 35 minutes later, the victim was found nearby, floating vertically just
below the surface, unconscious, with his weight belt on. He was dragged onto the boat and one buddy commenced
CPR while the other called for help. It was necessary to roll the victim onto his side periodically to drain large amounts
of water and blood-stained froth. CPR was continued until paramedics were available but the victim was declared dead
shortly afterwards. The cause of death was given as drowning secondary to heart disease.

BH 10/10

This 64-year-old woman was an overseas tourist who was reported to be a competent swimmer but with no prior snor-
keling experience. The victim and her daughter were among other tourists on a commercial snorkel tour on a charter
boat. Prior to departure, she signed a liability waiver that confirmed that she could swim and was aware of the risks on
the planned activity. Although she spoke no English, her daughter, a fluent English-speaker, translated it for her. She
was issued with a mask, snorkel, fins and wetsuit which were dry-tested for correct fit.

Once at the site, the victim entered the water with nine other snorkelers and a guide to snorkel with some manta rays.
The depth and visibility were about 15 to 20 meters (49-66 feet), and the water was described as calm and warm with
no current or surge. As the rest of her group were re-boarding, the victim was seen snorkeling without obvious distress,
with her arms by her side and finning some 10 meters (33 feet) from the boat. A crew member entered the water to help
her but before he reached her she went limp. He rolled her over and noticed that she was unconscious with froth flowing
from her mouth.

She was brought aboard and placed in the recovery position as she was vomiting. Her airway was cleared and she was
found not to be breathing. CPR was begun and oxygen equipment was provided but proved useless as the only delivery
device was a non-rebreather mask which is unsuitable for use with a non-breathing victim. Resuscitation efforts were
abandoned about one hour later.
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At the request of the family, only an external autopsy was conducted and, as a result, the cause of death was recorded
as “unascertainable”.

BH 10/11

This fit 31-year-old man was an experienced breath-hold diver and spearfisherman. He had recently attended an ex-
tended apnoea training program. He and six friends, also experienced, set out for a day’s spearfishing from two boats.
After some ‘warm-up’ diving at depths of 12 meters (39 feet), they moved to a new site, anchoring the boats on a wreck.
The depth ranged from 23 meters (75 feet) at the top of the wreck to up to 30 meters (98 feet) to the sand.

The victim and five of his friends entered the water while one of the group remained on a boat as a lookout. The victim
was wearing a mask, snorkel, fins; 1.5 mm thick wetsuit with hood; weight belt with 4.5 kg (2.2 Ib) and was carrying a
speargun. When they entered the water there was no current. They dived for a while using a ‘one-down-one-up’ proto-
col for greater safety. After a while, one of the group’s spear became stuck in the wreck. The victim offered to get it and
was reported to be seen “breathing-up” on the surface before descending, carrying a friend’s speargun. After about 30
seconds, the owner of the stuck spear felt the tension on its attached cord release, indicating that the victim had freed
it but became concerned when the victim failed to surface. The buddies then performed many dives in an unsuccessful
attempt to find their friend.

Almost four hours later, about five minutes into their search, police divers located his body near the wreck at a depth of
30 meters (98 feet). He was brought to the surface and declared dead by a doctor who had arrived with one of the search
teams. The cause of death was given as drowning (possibly subsequent to ‘breathholding blackout’.)

BH 10/12

This 28-year-old male overseas tourist was an experienced spearfisherman who had qualified as an Open Water Diver
in his home country four months earlier. He was working on a large live-aboard vessel on the GBR in exchange for a
discount on accommodation and diving. He did not declare any medical conditions on a pre-dive/snorkel medical ques-
tionnaire. He could hold his breath underwater for up to 90 seconds and tended to snorkel alone.

After a briefing, the victim entered the water with around 30 others. He was wearing a mask, snorkel and fins, a stinger
vest and bathers. The weather and sea conditions were described as good with a slight breeze and current, and visibility
of 10 meters (33 feet). The skipper of the vessel was reported to have been acting as the sole look-out.

When a pre-departure head-count was taken about two hours later, the victim was missing. After an on-board search,
some boats and snorkelers entered the water and, after about 20 minutes, found the victim’s body close to where he
had last been seen by a witness, and reportedly by the skipper, outside the delegated snorkeling area. He was lying on
the seabed. He was brought on board and CPR was begun but was unsuccessful. One rescuer reported that the boat’s
bag-valve-mask O, unit was not functional due to a missing part.

Scuba diving fatalities

SC 10/01

Although still obese, this 46-year-old woman had lost 40 kg since having gastric banding surgery five years earlier. Since
losing the weight, she was described as being in good health, despite controlled hypertension. She led a reasonably
active lifestyle. She had begun diver training 17 months earlier but withdrew shortly into it. One year later, she recom-
menced training and successfully completed this several months before this incident. She had also completed several
post-certification dives.

The victim and her buddy, a much more experienced diver, set out on a shore dive in a small harbour. The weather was
described as cool but sunny, there was a slight chop on the surface of the sheltered waters although it was rougher
beyond the shelter of the rocks, where there was also some surge. The victim and her buddy, both wearing standard
scuba gear, entered the water from the boat ramp and swam underwater towards a rock wall. Visibility was good initially
but deteriorated nearer to the wall. The victim indicated that her dive computer was not working although at this time she
seemed to be fine. About 40 minutes into the dive, the victim grabbed her buddy’s arm and showed her gauge, which
now read 30 bar. After checking her own gauge (which read 120 bar), the buddy handed her ‘octopus’ to the victim and
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they swam along together for about five minutes at a depth of approximately 7 meters (23 feet) before the victim grabbed
the buddy and indicated, insistently, that she wanted to surface.

On reaching the surface, after what was described as a slow, controlled ascent, the victim was very anxious, gasping
for air and unable to speak, only communicating by nodding or shaking her head. They were now about 100 meters
(328 feet) from shore and, as they were being swamped by waves, the buddy suggested they re-descend. When the
victim continued to shake her head and struggle, the buddy told her to roll onto her back and began to tow her towards
a moored boat. After about five minutes she noticed that the victim was unconscious and then called for help.

Rescuers arrived within about two minutes and, after some in-water rescue breathing, the victim was dragged into a boat
where BLS was begun by bystanders who were relieved by paramedics on reaching shore. The victim failed to respond.
The cause of death was given as drowning.

SC 10/02

This 46-year-old woman was healthy and led an active lifestyle. She was a strong swimmer who certified as a diver 27
years earlier and had done more than 86 dives, although had none for the past 11 years. She had two sets of her own
regulators — one was old and familiar, the other newer and yet unused. A friend had lent the victim and her husband a
full cylinder which her husband had tried out some three months earlier, leaving it with a residual pressure thought to
be about 150 bar.

The dive site was off a sandy beach in a protected bay with surrounding reef. On arrival, she had dressed into a 3mm
wetsuit, weight belt with 5.5 kg (12 Ibs) of weights, mask, snorkel, fins, BCD and was using her old scuba regulator and
a 10 L steel tank. She was seen entering the water alone. Conditions at the time were reported to have been a light wind,
quite choppy, a swell of less than one metre inside the reef, a depth of 1-5 m, a slight current, a water temperature of
18°C and visibility likely to be less than 2 meters (7 feet). She was reported missing approximately 5 hours later.

Police divers located her body two days later, submerged at a depth of less than 1 meter (3 feet), 20 meters (66 feet) from
shore and about 150 meters (492 feet) from where she had entered. Most of her equipment was still in place, including
her weight belt, although her regulator was out of her mouth and her mask was slightly displaced (although marks on
her forehead indicated that this was recent) and it contained some “pink fluid”. The cylinder was empty.

When later tested by police, the equipment was found to be in poor condition. The cylinder contained some seawater
which was tested and believed likely to have been introduced post mortem. The low pressure hose had some obvious
weaknesses and was easily bent and, when this occurred, the air supply to the demand valve was completely cut off.
The demand valve, which although reported to have a slight ‘free-flow’, was found to be difficult to breathe from and al-
lowed water ingress in inverted positions. The BCD inflator/deflator mechanism was also faulty, leaking air into the BCD
indicating that the wearer would need to dump air regularly to maintain their position in the water. The cause of death
was given as drowning.

SC 10/03

The victim was a 51-year-old experienced male cave diver who had no known medical problems and appeared healthy.
He had performed many freshwater cave dives with a regular cave diving buddy over the past nine years. This buddy
described him as a calm and safe diver. The victim normally dived with twin back-mounted cylinders of air, but on this
particular weekend he was trying a sidemount diving system for the first time. He was also using new regulators and a
new drysuit, although he was an experienced drysuit diver. He and his regular cave diving buddy completed two cave
dives the previous day without incident, aside from the victim falling and injuring his toe.

The next day the pair prepared to dive in a deeper, less restrictive cave. The visibility was clear. His buddy stated that
the victim was not himself. In fact, he had been somewhat withdrawn and unhappy all weekend. He was distracted,
disorganised and required several reminders about usually routine aspects of dive preparation. The divers both used
twin cylinders of air (the victim in his new side-mount configuration) and each diver also carried an additional ‘travel’ gas
cylinder containing nitrox.
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After about 7 minutes, the pair dropped their travel gas cylinders at 35 meters (115 feet), the victim needing some help
with this task. From this point, the victim was not responding swiftly to signals and was already possibly suffering the
effects of narcosis. A degree of buddy separation then followed with the buddy dropping down to 45 meters (148 feet)
before being joined by the victim. The buddy then headed down further to 52 meters (171 feet) for three minutes before
seeing the victim above him, inverted in his drysuit. The buddy assisted with righting the victim, at which time the latter
indicated he wanted to ascend. The buddy led the pair back to the travel cylinders but again the victim fell behind. He
had stopped and was motionless and facing back into the cave. A light signal attracted his attention, and then the victim
swam out past the buddy but failed to stop and collect his travel cylinder. He then became inverted again but, on this oc-
casion, when the buddy tried to assist, the victim appeared to panic and pull the buddy’s mask off. The buddy performed
a barely controlled ascent along the steep roof of the cave, closely avoiding drowning himself. After recomposing himself
on the surface, he re-descended to do his decompression. He looked down to see the victim swimming along the cave
floor at around 35 meters (115 feet) before he became inverted for the last time and stopped breathing.

When police divers recovered the victim’s body the next day, they found him to be entangled in the guideline and his
side-mount cylinders were completely empty. When tested, all other equipment was found to be in good working order.
The cause of death was given as drowning.

SC 10/04

This 48-year-old man was described as overweight with a history of diabetes and cardiac disease. He was a keen and
regular diver although he had not dived since some cardiac surgery 11 months earlier. He was also not taking required
post-surgical medication. He had spent a few days fishing with friends and had complained of chest pain and shortness
of breath several days before going diving.

The victim and his regular buddy went scuba diving from a small boat. One friend remained on board and other friends
were on another boat nearby. Earlier that day, the victim had complained of breathing difficulty and chest pain and he
appeared to be stressed while gearing up. The plan was to catch some crayfish and abalone.

The victim and his buddy entered the water and descended to the seabed at a depth of 6 meters (20 feet). After about
10 minutes, he indicated that he was having difficulty breathing, signalled to his buddy and ascended. On the surface,
he was distressed and told his buddy that his chest hurt and he could not breathe. When the boats came alongside,
he was dragged onto one of the boats, “in and out of consciousness” and with froth coming from his mouth. One of his
companions began CPR for a short time before paramedics arrived and implemented ALS for about 25 minutes before
pronouncing him dead. The cause of death was cardiac-related.

SC 10/05

This 31-year-old woman had no known medical history and appeared to be healthy. She had suffered a non-fatal drown-
ing incident as a child. She and her partner had learned to dive two years earlier in an attempt to help her overcome her
fear of the water. They were both certified as Open Water Divers in Thailand two years earlier but were inexperienced,
having done only seven dives, all under supervision, the last being nine months prior, and all in Thailand’s tropical waters.

She and her partner/buddy entered the water from the shore for their first unsupervised dive. There was a light wind
and surface conditions were likely to have been calm, with visibility of around 8 m and the water temperature was about
14°C (57°F).

After about 20 minutes at a depth of around 4 meters (13 feet), the buddy could not see the victim and surfaced to look
for her or her bubbles. Unable to see either, he re-descended and looked underwater for another five minutes before
surfacing and returning to shore. He then phoned a local dive shop to ask for advice. The owner immediately contacted
other divers who he knew were nearby and asked them to help with a search. The victim was soon found lying face-up
on the bottom at a depth of 4 meters (13 feet) with her regulator out of her mouth. She was brought to the surface and
dragged onto the boat where CPR was begun. Resuscitation was continued by paramedics when they arrived, but was
unsuccessful. The cause of death was given as undetermined was likely to have been drowning.
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SC 10/06

This 49-year-old woman was severely obese, with a history of mild hypertension, high cholesterol, anxiety and depres-
sion. Over the previous year she had been hospitalized several times for acute chest pain which settled after heart
medication was given. Standard cardiac investigations at that time showed no evidence of a heart attack. On-going
symptoms resulted in further cardiac tests which were not definitive. She also suffered episodes of acute shortness of
breath requiring hospital admission. Further tests revealed little and she was prescribed Salbutamol (a common asthma
medication) although there was no definite diagnosis of asthma.

In an effort to improve her fitness, she enrolled in an Open Water Course. She underwent a diving medical with a doctor
with training in the assessment of fitness to dive but it appears that she didn’t reveal her previous cardiac and respiratory
problems. The doctor noted her obesity and hypertension but issued a fitness to dive certificate.

On the day of the first open water dive, the victim and four other students were under the supervision of two instructors
and a trainee divemaster. The dive was from the shore and along a jetty, a relatively shallow site with sand banks before
deeper water. The conditions were windy with a slight surface current. The group geared-up on the beach. The victim
was wearing a 6.5-mm wetsuit and hood, BCD, 14 kg (30 Ibs) of weights distributed between a weight belt, integrated
pockets and ankle weights and a scuba unit. She was buddied with the trainee divemaster. The divers waded about 50
meters (164 feet) into the water parallel to the pier until they reached chest-deep water. They then put on their fins and
snorkeled for a few minutes to the dive buoy to descend. The depth here was 2.5 msw (8.2 fsw). However, the victim was
too buoyant, so her buddy put an additional 3 kg (7 Ibs) of weights into her BCD pockets before she was able to descend.

Almost immediately, after possibly a meter of descent, the victim signalled that she wanted to ascend. When she and her
buddy reached the surface, the buddy inflated the victim’s BCD. The victim complained of breathlessness and nausea
and was noted to be breathing rapidly and deeply, with a faint wheeze. Her buddy began to tow her to shallower water
but the victim began to panic when a wave washed over. The buddy continued to alternately tow the victim and support
her as they walked slowly towards shore. After another small wave splashed over the victim’s face, she began to cough
and became flushed. She asked a bystander to fetch her Salbutamol from her bag. Once in shallower water the victim
was helped to remove her hood and scuba unit and to unzip her wetsuit. She self-administered a total of four puffs of
Salbutamol and an ambulance was called. However, she soon deteriorated and became unresponsive and looked blue
with yellow, frothy sputum coming from her mouth. She was dragged to shore and placed in the recovery position as the
rescuers believed that she was still breathing. Paramedics arrived soon afterwards and found her to be unconscious, not
breathing and pulseless. ALS was begun, with suction required frequently, but the victim failed to respond. The cause
of death was unascertained, however, cardiac-related pulmonary edema was likely.

Rebreather fatality

RB 10/01
This 49-year-old man was obese and had a history of depression and migraine. He also had a history of chest pain which
had been investigated but no cause found.

He was a qualified divemaster and had been an active and experienced open-circuit diver. He had recently purchased a
10-year-old Drager Dolphin rebreather which had been converted from a semi-closed to a fully-closed unit by the friend
who had sold it to him. That friend also certified him to use a Dolphin rebreather two months earlier. There is some de-
bate about the configuration of the unit during this training. The diver’s logs indicated that he had possibly done about
10 dives using this unit; all relatively shallow.

On the day of the incident, the victim’s buddy, with whom he had dived about ten times before, stated that the victim
appeared to be quieter than usual and complained of having a headache. He said that he would take some medication
for his headache and the buddy offered him a seasickness medication, which he took. The pair then set out with other
divers on a charter boat which took them to a wreck sitting at a maximum depth of about 39 m.

The victim was wearing a drysuit with undergarments, hood, leg gaiters, boots and fins, mask, BCD, his rebreather (with
one cylinder of air and one of oxygen), a bail-out cylinder (containing nitrox 29.6) which was connected to his drysuit
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inflator. He carried 11 kg (24 Ibs) of weight, distributed around the shoulders of his rebreather and in two ditchable mesh
bags. The buddy was diving on open-circuit breathing nitrox 30.

After their initial descent was aborted by the victim, they re-descended and reached the wreck at a depth of 36 meters
(118 feet). The pair swam around the wreck for a while until, wishing to stay with his no-decompression limits, the buddy
indicated that he wanted to surface. The victim signalled agreement and they began to ascend. However, the victim
appeared to have trouble leaving the bottom. Not knowing what the problem was, the buddy offered assistance but was
waved away by the now wide-eyed and anxious-looking victim. Finally, the buddy grabbed the victim and inflated his
own BCD, but this was insufficient to lift them as the victim was so heavy. When the buddy let go of the victim, his own
positive buoyancy caused him to rise rapidly until he could dump some gas. Unable to see the victim, he then decided
to do a controlled ascent to get help, believing that the victim was conscious and breathing when he last saw him.

Shortly afterwards, a trio of divers found the victim lying on the deck of the wreck. He was unresponsive, his eyes were
closed and his regulator was hanging loosely in one corner of his mouth. Two of them held the victim, one inflated her
BCD and they brought him to the surface.

He was unconscious and frothy sputum was oozing from his mouth and nose. He was soon dragged aboard the dive
boat and CPR was commenced and continued as the boat sped back to the jetty, where paramedics implemented ALS,
without success.

The ditched rebreather unit was received by police four days later. When examined it had been modified to work as a
mechanically operated closed circuit unit. Both the oxygen and diluent tanks were empty and the diluent tank contained
seawater. The mouthpiece was partially bitten through. The bailout cylinder was turned off and contained 190 bar pressure.

The cause of death was given as unascertained. While a convulsion was not observed, the indication that the mouth-
piece was bitten through is highly suggestive of convulsion from oxygen toxicity.

Surface supplied breathing apparatus diving fatality

SS 10/01

This 48-year-old man had a history of cardiac abnormality and suffered from angina, and a variety of cardiac arrhythmias.
He had previously been on a several medications, there was no record of any currently prescribed medications. Although
he was severely obese (BMI 36.9 kg'm2), he was described as reasonably fit and played underwater hockey. There is
no record of him having any training, certification or medical examination for scuba diving.

The victim, who was said to have been a keen and scallop diver of many years, went diving for scallops with two friends
from a boat. The weather was reported to have been sunny and calm with a light wind. After an uneventful dive to 6 msw
(20 fsw), the group moved to a new site, anchoring their boat in about 8 msw (26 fsw) depth. The victim was wearing a
wetsuit with an additional vest with attached hood but was not wearing a BCD.

After a surface interval of 30 minutes, he and one of the friends dived together, using a home-made ‘Hookah’ while their
friend remained on the boat to watch the compressor. The victim’s ‘hookah’ hose was threaded under his weight belt
from behind, between his legs and under his weight belt at the front, around his left shoulder and, finally, around his neck
to the demand valve. He did not carry a bail-out bottle. The pair soon became separated as visibility deteriorated. After
surfacing, the buddy looked back and saw the victim on the surface about 40 meters (131 feet) away, struggling, with his
head and shoulders just above the water. He was wearing his mask and his regulator was out his mouth. He sank briefly
before surfacing again and calling for help. The friend in the boat began to haul in the line and the victim was brought to
the surface unconscious, and not breathing. CPR was attempted but was not successful.

When later tested, the Hookah unit was found to be in poor condition with multiple faults, some which likely contributed
to the incident by interrupting the air supply. The cause of death was given as cerebral arterial gas embolism (CAGE).
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APPENDIX C. ASIA-PACIFIC DIVING DEATHS 2010 (EXCLUDING AUSTRALIA)

Scott Jamieson & John Lippmann

Following are summaries of the 41 diving (snorkeling and compressed gas) deaths within the Asia-Pacific region (ex-
cluding Australia) recorded by DAN Asia-Pacific for the 2010 calendar year. We believe that this account likely far from
exhaustive and that many incidents escape scrutiny through lack of reporting or visibility.

Relatively little information is often available at all, or readily assessable by DAN Asia-Pacific, for fatalities in most countries
in the Asia-Pacific. Australia is the greatest exception and so these are reported separately. With many of the following
cases, the information received was scant, often consisting of a single paragraph in a news report with very little detail.

In addition, in some of the developing countries, autopsies are often not conducted, or are done by examiners without
diving medical knowledge. For this reason, the possible disabling injuries or causes of death are not suggested here.

FiJI

FJ-SC 10/01

This 19-year-old male was part of a group collecting sea cucumbers (beche-de-mer). He surfaced screaming and then
disappeared. His diving equipment and catch were recovered but the victim was not seen again. Of note: At this same
location two years prior, another diver was taken by a shark.

FJ-SC 10/02

This 64-year-old American tourist was diving with a group. On surfacing, he experienced stroke-like symptoms, aspirated
water and lost consciousness as a result of complications from a pre-existing medical condition (cancer). Resuscitation
attempts were unsuccessful.

FJ-SC 10/03

This 28-year-old Australian female was an inexperienced diver who had completed one dive on this trip and seemed to
be quite unfamiliar with parts of her equipment. The dive site for the second dive was approximately 24 meters (78 feet)
deep, the water was choppy and a very strong current was running. The victim was diving, without an allocated buddy,
in a group consisting of two divemasters (DMs) and five other divers — another two divers were diving without guides.

Many of the divers became separated immediately on descent due to the current. The victim was last seen swimming
alone at a depth of about 6 meters (20 feet). Most of the other divers were surfacing at this stage due to low air from
working hard in the current. The two DMs were noted to have surfaced, switched tanks and quickly reentered the water.
One brought the victim to the surface about 17 minutes from when she was last seen alive. She was given on-going
CPR by some of the customers during the boat trip to shore and in a taxi to hospital. After 45 minutes she was declared
dead. The victim’s tank was completely empty. The oxygen equipment on the boat was almost completely out of gas,
corroded, missing parts and in very poor condition. The boat crew seemed to be untrained in CPR.
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