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EDI TORI AL

The dramatic story of the diving bell incident
isreportedindetail for a nunber of reasons.
First, it is a good story of suspense, of man
agai nst Murphy’s Law, with ultimte victoryto
t he good guys. But even nore than this, it is
a glinpse of the responsi bilities and probl ens
faced by oil industry diving supervisors and
divers. This story gives sone indication of
their high |l evel of awareness of, and response
to, problens we can discuss in confort. To
t hem hypothermia is a real danger, to us a
chapter heading. The fact that the details
have been nmade so freely avail abl e so rapidly
is highly significant, an indication of an
avareness of the need for the sharing of
information for the good of all. It is
instructivetonotetheefficient co-operation
of the two organi sations: doctors arecertainly
not the only ‘professionals’ in the diving
busi ness.

In the evolution of diving, first cane the
t ough, accepting, worki ng men wi t hout awar eness
of the possibility that there was anything
conplicated in diving, it was just another

job. Then canet he ENT speci al i sts, who becane
t he experts who cal | ed t he shot s, but they were
soon el bowed out by t he physi ol ogi sts, not all

of whomwer e experi enced in actual di ving. Now
it is the age of the anaesthetists, who have
sointegrated their specialty with physiol ogy
t hat Di vi ng Medi ci ne seens wi t hintheir sphere
of interest. That they deserve to hold a
position of pre-emnence indiving matters is
wi t nessed by t he paper gi ven by Dr Chris Acott

at the 1980 SPUM5 Scientific Meeting, here
printed. It is of great interest to knowthat

such expertise is available to victins, once
t he person of first contact becones aware of

t he need for such care. Dr Jimmy How s paper

on what may be described as “the third worl d”
of diving, whichis too easily disnm ssed as a
m nor probl emaffecting fewpeople, is a npbst
useful rem nder of the vast anpunt of ‘basic
di ving” which exists sinultaneously with the
wel | publicised “pinnacl es” of 1, 000 feet and
saturationdiving. It is hunblingto consider
the work tasks of large nunbers of sinple
divers, who include nmany sponge and pearl
divers around the world, and until recently
i ncl uded our own abal one di vers.

The paper by Dr Bassett i s nost wel cone, t hough
he brings no confort tothose hopeful soul s who
awai t Tables which are twice as generous in
depth/time allowance than even the npst
obscure present Tables. The day is not yet in
si ght when men canreally join the sea manmal s
and forget their adaptation to [|and, but
dol phi ns and whal es cannot hope to cone
ashore, so both parties have had to sacrifice
sonet hi ng for what t hey have gai ned. To forget
this is to end up in dead trouble.

This i s the year of the Di sabl ed and we wel cone
t he BS-AC paper on training. to disabled
peopl e. Readers will remenber Dr Ni ¢ Fl emi ng’s
cl assi c paper onthe training of a fewlsraeli
war - caused parapl egics. Difficulty has been
experienced in attenpting to followup this
group of divers, so the true value of the
effort involved cannot be fairly assessed.
Devoted instructors and intelligent, highly
nmotijvated pupils are absolute essentials
before attenpting any such trai ni ng and di vi ng
thereafter will require the provision of
strict safety backup nmeasures. Information
fromreaders concerning any type of disabled
divers will be wel coned.
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“LOST BELL” | NCI DENT: SURVI VI NG HYPOTHERM A

Based on information provided by Warton
WIllians Tayl or Diving Contractors

ABSTRACT

The unbilical of a bell (SDC) operating from
a wel | equi pped vessel began to | eak gas while
the bell was at 515 fsw, and ruptured during
rai sing procedures. The bell wre renained
intact. Duringtheraisingof thebell it |ost
pressure dramatically at 165 fsw, relief being

obt ai ned by urgent lowering to 400 fsw. The
two divers trapped in the bell reported that
they were cold and shivering but the true

severity of their hypot herm awas not appr eci at ed
until after therescue. Ship/bell comrunication
difficulties were experienced. Survival was
the result of the high state of training of all
concerned and t he avai l abil ity of two Survival
Kits in the bell for each diver. An inproved
(Mark I'l') 2 WSurvival Kit isreported. Rescue
was af fected by Conex divers operating froma
bell lowered from another ‘diving ship,
transfer in a strong current being nade
possi bl e by a swi mline between the two bells.
Post - deconpr essi on hel i copter flight to shore
was f ol | owed by a si npl e knee bend i n one di ver.

THE | NCI DENT

At approxi mat el y 10. 05 hours on 21.1.81 t he 2W
Superi nt endent visitedthe di ve shack t o check

t he progress of aroutine bell dive toinspect

a nmooring over 500 feet deep. Dive platform
was the well equi pped W Stena Seaspread. He
noted t hat the unbilical wi nch had 2 bars “up”

pressure set to counteract the tendency of the
unbilical to pay out as a result of the very

strong surface current (2 knots on the port

bow). Wile this was being discussed it was

noti ced that gas was escapi ng downstreamfrom
t he panel and bubbl es were seen t o be escapi ng
through the noonpool, though these were
difficult to observe because of the wave
action.

A message was sent to the two divers, both of
whomwere in the bell at this tine, toinform
themof this | eak of surface supply gas. They
repliedthat their onboard gas had just cut in.
As the bell was connected to the job and the
t ool basket was adj acent tothem one di ver was
instructed to | ock-out on onboard gas to stow
the TV caneral/cable and black Iight/cable
clear of the bell, in the basket, while the
ot her took the bell out of nption conpensation
into constant tension and pulled the clanp
wei ght off the seabed in preparation for
aborting the dive.

As the crane began to recover the basket cl ear
of the bell aloud noise together with a sharp
shudder was felt in the dive shack. The crane
driver inmmedi ately stopped haul i ng up when he
felt the shudder. At this precise nonent the
colour TV monitor went dead. |t was connected
to the canera in the basket. The diver was
urged back into the bell and a seal was
obtained. As the swimline was still attached
he was al | owed t o | ock- out agai n and renoveit.
He was abl e to report that the bell-unbilical -
basket were all clear. A seal was again

obt ai ned, one of the divers being seen to
indicate this to the bell rmonitor at the
preci se nonent that this TV nmonitor and the
communi cati ons went dead, the internal and

ext ernal gauges dropped off to zero, and the
urmbilical started to nove up as the tail
pressure of 2 bars took effect.

The Superintendent ran to the noonpool and

felt the main unmbilical. It was very sl ack.
The remai nder of the unbilical was recovered
in order to clear the noonpool for the
communi cati ons transducer. After several
attenpts contact was establ i shedwi ththe bell
and the divers were inforned of the plan to
lift them stage by stage, to 165 fswso that
t he st andby surface di ver coul d make a vi sual
check of the situation. The bell depth was
checked by i nterrogati on of t he Xbeacon onthe
bel I . Wen the bell reached 165 fsw
conmuni cati ons were very good but the surface
di ver was unabl e to see the bell and was swept
of f his intended route fromhis basket to the
bell wire. Having regard to this difficulty
and the fact that the vessel was on dynamc
positioning with thrusters running, this
di ver was recovered onto the ship and given
therapeutic Table 5. Two nore standby divers
wer e made ready should they be required. By
this tinme the bell had been at 41 netres for
about 20 mi nutes. There had been sone | oss of
pressure ascribed to cooling of the bell gas
but now there occurred a sudden | oss of bell
pressure, which the divers thought was a | oss
of seal and so demanded an urgent | oweri ng of
the bell. This descent was stopped at 400 f sw,
where the divers signifiedthey were happy to
remai n. Conmuni cations were difficult and
careful choice of all questions was required
to enabl e short clear replies to be nade.

I nviewof the changed situation, forinitially
the situation seened nerely to require the
wi nching up of the bell, it was decided to
request assistance fromthe M Uncle John,
whi ch had a diving systemand was rel atively
nearby. An energency control centre was set
up on shore al so. The divers were now dressed
intheir survival suits wi th enmergency onboard
battery packs supplying power for the bell
scrubber and lighting. Two hoses were nade
ready, one for gas (4% and the other for hot

water, it being intended to |ower these
attached to the bell wire for an energency
hook-up tenporarily, the transducer was

recovered and a sodasorb drumput around it to
act as ashieldfromthruster and surface noi se
i nterference. A slight inprovenent in
conmuni cati ons was obt ai ned. The bell was
sl ow y brought up 10 f eet but the divers call ed
and urged “all stop!”. Shortly after this a
bl ack and white TV canera was | ower ed down t he
bell wiretoascertainbell attitude (vertical)
and provi de additional Iight tothe divers. A
strong current was observed, nade visible by
the rapid plankton fl ow across the screen.

It was arranged wi th the Uncl e John that a swim
I'ine woul d be run down the bell wire and the
ot her end passed to t he Uncl e John and t her eby
to the rescue bell to enable it to |l ocate and

the divers cross despite the current. The
enmergency bell evacuation cross haul wireis
run to starboard and would not serve, so a
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surface diver was used to under run the
intended swmline to the ship’s port side.

Inorder toviewthe swmline whenit arrived
at the bell the TV canmera was recovered and run
down t he port gui de wire. Wenthe Uncl e John's
remote controlled vehicle arrived near the
crippled bell this swimline greatly assisted
t he Comex divers cross over toit. The gas and
hot wat er hoses were | ower ed down t he nai n bel |

wire to the bell. The Conex diver, after a
del ay caused by the strength of the current,

took a spare gas rig (AGA nask) and hot water

with DU fittingsonit tothe bell. Anmessage
board was used for comunications before
entering the bell. The Conex diver reported
the two bell divers to be “in high spirits”.

He sprayed hot wat er around themto sl oW y warm
themthrough. A second rescue di ver canme over

and after observing one diver for 20 m nutes
judged himfit to be escortedover tothe safety
of therescue bell. Duetothe current andthe
fact that the Uncle John's bell man now had 3
rigstotend, sone delay occurredwhiletherig
was untangl ed and taken back for the second
di ver.

The divers were transferred under pressure
aboard t he Uncl e John and exam ned by a doct or.
The bel | itself was recovered and t he probabl e
course of events established. It is surmised

that the strong current had drawn off an
excessive anmount of bell unbilical and that
this had snagged in at |east one place on a
number of possible snag points. The tool
basket had been lowered through a |oop of
snagged unbilical, effectively putting a

conpleteturnroundits wire. Chaffing of the
outer fibre covering of the unmbilical occurred
due to the friction of this wire as the ship
heaved. The initial |oss of pressure was due
to a hole wearing in the gas hose. The “bang”

heard by both divers and the surface crew was
probabl y t he TV cabl e snaggi ng and t hen parti ng
when t he t ool basket was rai sed, and t he act ual

severing of the unbilical was al nost certainly
caused when the basket was raised the second
tine: the SW. of thecraneisratedat 15tons.

Thi s snaggi ng expl ai ns why nei t her t he bel | nor
the surface experienced undue tension on the
unbilical, as the only excessive |oad would
have been bet ween t he t ool basket and t he poi nt

where the unbilical was trapped on the SALM

The bell’s internal depth gauge valves are
connected to the surface gauge via the
urmbi lical andit was throughthislinethat the
bel | depressurisation took place, the |oss
being linmted because the severed unbilical

trailed below the bell during the ascent and
only becane apparent when bell pressure
exceeded anbi ent at the open end. It was not

real i sed that the gauge val ve was open. From
| oss of servicestotransfer under pressure was
11 hours.

MEDI CAL  COMVENT

The di vers reported at debriefingthat they had
experienced fairly severe and uncontrol | abl e
convulsions in their arns and |egs. These
spasns occurred with no regularity and | ast ed
between 1 to 3 seconds, the affected |inb
suddenly jerked violently, uncontrol | ably and
wi t hout warning. This appears to have been a

hypothermia effect. The growing ability of
both diverstoignorethe coldastinm wore on,
suchthat towards thetime of their rescuethey
were rather unconcerned about it, is an
i ndi cation that they had suffered severe heat
| oss and wer e nuch worse of f thanthey real i sed
at the time of their rescue. It is suspected
t hat had rescue been del ayed anot her hour t hey
woul d have both becone unconscious, which
woul d have greatly increased the probl ens of

rescue. Inlinewththe North Sea practice,
they were airlifted by helicopter after the
conpletion of deconpression, the usual

prohibition of flying for 24 hours not being
applied to helicopter flights. This nmay be a
factor inthe devel opnent of a sinmpl e knee bend
i none of the divers. The diver who had t o work
the conmmunications suffered nore from heat
|l oss than his conpani on, because he had to
change fromthe foetal position they adopted
to conserve heat and get his hands free from
the survival pack. This matter has been noted
and the Mark Il Survival Kits have sleeves
(insulated and retractable).

DI SCUSSI ON

These divers survived because the positive
safety factors which had been deliberately
built into the diving procedures outwei ghed
the negative environnental factors, the chi ef
of which was heat |oss. Those invol ved
prepared for possible energency situations
through the provision of survival kits and
practice drills, they were alert and rapidin
their recognition of and response to troubl e,
of good norale, and willingness to call for
additional assistance at the appropriate
early stage. |t cannot have been al together
easy to request the assistance of another
di ving organi sation. The response of the
Comex diving organisation simlarly
denmonstrated that their personnel could
undertake a difficult and unfamliar rescue
task under adverse conditions, one which
required the co-operation of two diving
platfornms. The availability (and use) of two
survi val packs for each diver was critical to
their survival, thoughthis was not appreci at ed

till later. Had the trapped divers not acted
socorrectly toreducetheir heat lossinthis
helium atnmosphere, or acted in a panic

fashion, the outcone of this incident would
have been a double fatality. The incident
reveal ed the need for inproved conmuni cation
backup facility efficiency, surface/bell
contact assisting both situation assessnent
and mai nt enance of noral e by all parties, anew
avenue for the operation of Murphy’s Law (an
open gauge) and the val ue of survival suits.
The new 2WDi ver Survival Pack, the Mark |1,
will meet the problem experienced here of
increased |oss when operating essential
equi pnent (retractable insulated arms wth
mtts) and unit to reduce respiratory heat
| oss (thermal regenerator). The practice of
al  owi ng hel i copter flights soonafter | eaving
deconpressi on may require cl oser eval uati on.
That this full description of what occurred
was made freely avail able for publicationis
an excellent sign of awareness that diving
saf ety requires publication and di scussi on of
pr obl ens.



APPENDI X

2WDiver Survival Kit Mark 11

Presentation: The kit is vacuumpacked i n two
strong PVC canvas satchel s which incorporate
a w ndow showi ng the representation of the
contents and dressing procedure. The
conpressible itens have been selected for
their recovery properties after such packi ng.
Tiecordsarefittedtoassist ininstallation.
Closure is by sealed zips.

Contents

Ther mal Undersui t
i ncreases confort.

Survival Bag. The Holofil ™ bag has a full
harness fitted to hol d the di ver back onto the
seat in a slouched forward position, away from
the risk of fouling the bottomhatch. There
is an inflatabl e seat cushi on and wat er pr oof
back and bott omsecti on. External (retractable)
insulated arns allow the diver to work yet
remai n i nsul ated. Bag and harness are sized

plus towvel: dryness

for divers 54" to 6’ 6".

Breat hing System integrates thermal
regenerator and CO, scrubber. Dead space is
only 0.05 litre. Testing at Robert Gordon

Institute of Technologyisreportedtoshow95%
heat recovery in heliox at 300 m The oral
nasal has been selected for maxi mumconfort.

Consumabl es. A high energy pack ensures
energy balance and 1.5 pints of water is
supplied to offset dehydration. Also, four
sanitary bags are included.

Trai ni ng
It is vital that emergency equi pment be used
properly. A video cassette recording is

avai |l abl e on request.

SPUMS SCI ENTI FI C MEETI NG 1980

THURSDAY JUNE 26t h

DECOVPRESSI ON SI CKNESS SESSI ON_ ONE

Dr John Ml ler

My first case history is about a young | ady
of 22 who was on a package deal holiday from
Switzerland to the Cari bbean who was di vi ng
at about 100 feet. She sawa big fish which
surprised her. She shot towards the surface.
She was hel d by her conpani ons a short while
at about 70 feet and then she went to the
surf ace. She arrived on the surface
unconsci ous and needing artificial
respiration, she was al so paral ysed. She was
taken to the nearest reconpressi on chanber
and r econpr essed. She regai ned consci ousness,
but she was difficult to deal with. She was
very slow in nentation and she was still
paral ysed. They did as nuch for her there
as they coul d by treating her with one of the
short oxygen tables. Then they tel ephoned
us and we made arrangenents for her to be
shippedtoour facility. She was reconpressed
at Duke and subsequently nade a fairly good
recovery. But she still had sone residual
par al yses of her hip, which has taken about
4 to 5 nmonths to regress. It is fairly
typi cal of what we are doing.

This girl had both a cerebral air enboli smand
pr obabl y deconpr essi on si ckness. Thenmjority
of the cases that we get fromthe Cari bbean and
the Bahamas are a mixed type of |esion.

Anot her one that we had was a young wonan
taking an instructor’s course. She was
supposed to be doi ng a si nul at ed rescue where
she was the victi munconsci ous on the bottom
of atwenty foot tank. Another student was to
go down and give her a breath from his
regul ator, then support her airway and take
her tothe surface. He hyperinflated her | ungs
wi th an al mi ghty push on his purge button and
then managed to support her airway by pl aci ng
his whole hand around her |arynx. He
forceful ly dragged her to the surface despite
her protests. She was reconpressed in the
chanber there for her cerebral air enbolism

She was a little slowto regai n consci ousness
so they stayed | onger than 30 mnutes at 165
feet. Inthese circunstances they shoul d have
used US Navy Table 4, but they used an
“exceptional exposure” deconpression. This
gave her deconpression sickness which they
then treated inadequately. She devel oped a
recurrence. They did that five times, with
each recurrence getting worse and worse.

Eventual ly they shipped her to us. She
required a very prolonged treatnent indeed.

I want to talk about the elements in the
treatment of decompression sickness.
Reconpressionis the standard thingto do, and
the ot her things that are inportant are oxygen
and fluid therapy, adequate tine an depth and
then the use of specific pharmacol ogical
agents.

Figurel isasinplemn’s approachtotreating
a di ving acci dent, particul arly deconpression
si ckness when you have reconpressionfacilities
avail able. It has provedtobevery effective.
I includedthe possibility of havingunlinted
reconmpression facilities avail able, but nost
chanbers do not have unlimted capability. So
there are cut off points along the way to go
into. Either you have synptonms occurring on
the surface after a dive or at depth during
deconpressi on. W generally regard synptons
that occur at depth as being potentially nore
serious than sinilar synptons which started at
the surface. This is because a patient who
devel ops synptons at depthis not nearly as far

into his deconpression as a patient who
devel ops synptons at the surface. That is why
you go through a conplicated system of

calculating the time between dives and the
various sort of categories that you can get
into for a second dive during the day.

The synptons can be painonly, linmtedonlyto
the joints, or invol ving other organs as well.
The other organs are generally the central
nervous systemand/or the lungs. Usually if
one has sever e deconpr essi on si ckness i nvol vi ng
the lungs, otherwi se known as “the chokes”,
unless that is treated very rapidly the
patient will die. | donot knowof any patients
who have spontaneously recovered from the

chokes. This is not true in nost ot her cases
of central nervous system deconpression
sickness. It is true in a nunber of cases of

cerebral air enmbolism Regardl ess of what you
do they do not survive.
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THE DUKE UNIVERSITY FLOW-CHART FOR THE TREATMENT OF DECOMPRESSION SICKNESS
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T

=

PAIN ONLY
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FOR 10 MIN

1

ANY
OTHER
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—
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1 —
l
ALL
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fifoz DIVING =g¥$§§§ICN
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I
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DO NOT EXCEED

SYMPTOMS ECOMPRESS OM
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NO YES TABLE
165 FT ON AIR 60 FT INCREASE 100 FT INCREAS
FOR 10 MIN IN DEPTH IF | | IN DEPTH IF
PAIN ONLY ' SERIOUS SYSMPTOMS

SYMPTOMS
GONE

WAIT 2 HRS
INTERMITTENT Og
RICH BREATHING

YES (o) NO YES NO YTS
USN 60 FT ON O USN REMAIN AT USN SYMPTOMS
TABLE 3 FOR 45 MIN TABLE 8 165 FT ON AIR| TABLE 6A GONE
NO YES
YMPTOMS 1 I—l
» | CONTINUE WITH RESUME
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Yo 9ES Yo BREATHING REVIEW AT || saTvraTron J
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* Always use the oxygen version of USN Tabie 4,

DECOMPRESSION RATES
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I
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The idea is to establish a nunber of points,
based on t he pat hophysi ol ogy of deconpression
sickness, in order to nake decisions. The
first is whether the interval between
devel opment of synptons and the start of
treat ment exceeds 4 to 6 hours. |t takes that
time for all the intravascul ar phenonena to
stabilize around t he gas phase. Many patients
who are treated after the 4 to 6 hour period
are nore difficult to treat than if you have
themi mredi atel y after they devel op synpt ons.
Then there are a nunber of decision points
whet her or not the pati ent has got better after
a given time period or treatmnent.

The first thing is to reconpress the patient
to 60 feet, breathing oxygen. It is usual to
del i ver oxygen with air breaks, either as 25
m nutes of oxygenwith a5 mnute air break or
20 mi nutes of oxygenwith a5 mnute air break,
the i dea being to avoi d the onset of pul nonary
oxygentoxicity. W evaluate at the end of the
first oxygen period. The decisiontree gives
you the choice “synptons better” or “not
better”. If they arebetter andit isthe pain-
only bend, you can use a short oxygen treat nent
like USN Table 5. |If not better, you have to
stay | onger.

The phil osophy i s one of doi ng sonet hi ng t hat
isrational inrelationtothe pathophysiol ogy.
W are trying to treat the synmptonms and the
under | yi ng condition. W reconpress, then
assess the patient by synptonms without any
attenpt to nomi nate beforehand what sort of
table we are going to use. At the sane tine
we conti nue wi t h what ever adj uvant t her apy was
instituted. W use this flowchart primarily
to be able to know where we have been during
the treatnent. Wth this series of steps you
can eventual |y get yoursel f either out of your
own chain of capabilities or ultimately into
the bottomof the chart which says “foll owed
saturation nitrox therapy”, which | wll be
dealing with in Singapore.

The right hand side of the flow chart is
primarily designed for oxy-helium diving,
ei ther bounce or saturation. You reconpress
to 60 feet on oxygen, if the patient is not
better with a standard table 5 or table 6, you
imediately go to saturation oxy-helium
treatnent. W do not need to deal with that
any further.

There are occasions such as cerebral air
enbol i sm or sonebody who has the chokes or
sonebody who has a very high cord or |ower
brain stem deconpressi on sickness, when you
woul d be prepared to junp strai ght to 165 f eet
simply because the synptons are threatening
the patient’s life. Againif you followthat
t hrough you eventually get to the saturation
point. Myst people are put on USN Table 5
partly as an inducenment for people to report
their synptons on a Friday afternoon. Most of
us now use Table 6 nost of the time. 85% of
cases get conpletely better with one or the
ot her of these two Tables. Wen they do not
then you have a problem Qur solution is on
the flowchart. W goto 165 feet and stay for
an indeterm nate period of tinme, as long as 8
hours. Then we follow a proven safe pat hway
back from 165 feet to either 100 feet or 60

feet. At 100 feet we change to a safe oxygen
envi ronment so that we can stay there as | ong
as we | i ke. Then we foll owan appropri ate way
out when the rate of i nprovenent of the patient
has obvi ously sl owed down.

You can see the rationale that we have for
usingthistypeof flowchart. Al thoughit may
not be ideal, it isrational. It saves alot
of tine in making decisions sinply because a
| ot of thethinkingis donefor you beforehand.
It alsorestrictsthe nunber of Tabl es that are
used to arelatively small nunber. Also, if
we have a record of what we have done we can
t hen conpare responses between patients.

The adj uvant t herapy we use i s nmai nly bal anced
salt solution, or inthe Australian situation
Hart mann’s solution. W have slowy stopped
usi ng dextran over the last three years. In
many instances of central nervous system
oedenmn st eroids have been denonstrated to be
effective. Wether or not they are effective
in cerebral air enbolismor central nervous
deconpressi on sickness, we do not know. W
still use steroids and we tend to use it in
neur osurgi cal dosages. But we really do not
know whet her we are treating the patient or
treating oursel ves. W stopped usi ng hepari n.
It sounds good, reversing coagul opathy with

| ow dose heparin, but 5,000 wunits
subcut aneously, if you give it to enough
patients, wll occasionally produce total

hepari ni zati on of the patient, althoughit is
theoretically not possible. 1,000 units every
6 hours does not hi ng but keep the i ntravenous
open. | prefer to avoid those sorts of
conplications. W use appropriateantibiotics
and ot her therapy as required accordingtothe
patient’s condition.

Many reconpression facilities that people
consider to be pretty basic caninfact be used
for saturationtreatnent at apinch. It is not
that difficult toset up a scrubbing systemfor
CX2. In fact quite a nice scrubbing system
consists of a pair of pantihose. You take a
coupl e of handfuls of soda line and pack it
down into the toe and you knot the panti hose
above that lunp. Then you put anot her coupl e
of handfuls in and knot above that. You keep
on doi ng that until the whol e pai r of panti hose
is filled. You hang that up in the chanber.
That acts as a very good CO2 absorber. As the
C2 startstoriseabit, andyoucantell that
as you get alittle bit headachy, you massage
the I egs of the pantihose and by doi ng so you
change the active surface that is avail able.
Oxygen additionis no great problem Venturis
are used for all sorts of purposes andthey are
rel atively inexpensive. A venturi to add
oxygen provi des a good m xer for thegasinthe
chanmber. At a pinchyou can get by with a sheet
of masonite and do a Rolf Harri s wobbl e-board
routine to stir the gas.

During saturation treatnent at 100 feet you
have t o get t he oxygen down f romO0. 8 at nospher es
to 0.5 of an atnosphere. You can do that in
two ways. |If you have not spent alot of tine
at 165 feet, you can have the patient and the
attendants in the chanber breathe the oxygen
down. Then you just addlittle bits of oxygen
as you need it. O you can add additional
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ni trogen, whichis not much of a probl emif you
have access to nitrogen.

Al'l you need in terns of gas supply and gas
anal ysis, is a sinple oxygen anal yser, which
is pretty cheap, a supply of sodalinme, a sheet
of masonite, a few pairs of pantihose and of
course, oxygen. You also need sone sort of
cover over the chanber because if it is out in
the hot sun the peopleinsidew || get very hot
and becone dehydrated very, very quickly.
Once you have a cover over the chanmber you do
not need a sophisticated cooling systemto
cool it. If youhave adequat e evaporationthen
wet bl ankets on the chanmber will renove heat
fromthe chanber. If you are in a hum d, hot
climatethencoolingis somewhat noredifficult,
but it can be done i f you play a spray of water
on the chanber. Saturation treatment can be
done in nobst small chanbers, but it is
unconfortabl e and messy. It is not sonething
to be enbar ked upon |l i ghtly. Because of these
problens and the staffing and | ogistical
probl emof handling this sort of operation for
t he necessary length of tine the patients are
likelytobesent toanmjor centre rather than
treatedwith nitrox saturationinthe chanbers
around t he Cari bbean. General |y speaki ng, the
maj or centres they go to are oursel ves or the
chanmber at Brooks Air Force Base at San
Ant oni 0, Texas.

Chai rman (Dr Tony Sl ark)

| wouldliketotell youastory about apatient
of mne which was sinmlar to the story you
opened wi th. She was di vi ng under a | edge when
she sawj aws | ooki ng at her, so she said. She
darted straight to the surface. When she
reached us she was, as you said, “a bit slow
innmentation”. Her only conment was “Awshit”.
After being on the | ong oxygen Tabl e for about
hal f an hour she brightened up a great deal.
Her synptons al | di sappear ed and she woul d not
stop tal ki ng.

Dr John M Il er

Qur Swi ss girl had aremarkabl e i ncreasein her
| evel of mentation during her treatment. She
went from speaking only Gernman to beconing
mul ti-lingual during the course of 24 hours.
W al so have had one of these strange birds
that people did not like. That was the | ady
who was on the instructor’s course. She
arrived in a gold |l ame bikini. She was young
but very well wused. She was on her third
husband at the age of 24. She had scars from
various riding and notor cycl e acci dents. She
and her husband ran a travel business anobng
ot her things. They were both learning to fly
with the idea that they would get groups of
peopl e together, fly them in their own tax
deduct abl e aeroplane, to the Caribbean and
then teach themhow to dive. She was a fine
young | ady whose |i bi do was to say the | east,
extraordi nary.

Dr Ji my How

Inthetreatment of deconpression sickness you
really have to deal wth each individual
patient. It is not just the application of a
table or the application of a particular flow
chart. I think we have to determine the
response. | fully agree with John M1l er that
one shoul d hang on at 60 feet and then wait and

determ ne the type of tabl e accordingtothese
patient’s response. | amfrightened to have
tabl es and flowcharts in case we begin not to
think at all and just flowinto it in one way
or the other. Mst of us here, | think, are
not doing treatnent at all. But you may see
patients who turn up at your clinic or at your
hospital. | wouldliketotell you about acase
to enphasi ze howinportant it is that doctors
do not fall into the trap of applying tables
in our minds and forgetting that the patient
has t o be exam ned clinicallyto determ ne what
really is wong with him

Thi s happened | ast week whil e | was anxi ously
wai ting for youall toturn up. W had a case
that was three weeks del ayed. This chap had
a dive to 100 feet for 90 m nutes. Wen he
surfaced he had swelling on his face and
swel | i ng around hi s neck. That was all he had.
He was not dyspnoeic. He went to a general
practitioner. He was exam ned and treated for
nephritis for about a week. He was not getting
any better. Then he went downtothe Gover nnent
out patients. He was agai n exani ned and asked
to go home. Finally a registrar saw hi mand
when t hey took the history they found that he
had got a diving history so they thought it
coul d be bends. They quickly sent hi mover to
us to think about nmaybe pul nonary barotraunma
or sonme formof deconpression sickness. Now
al I of these doctors probably di d not do enough
clinical exam nation of the patient. M doctor
saw him exani ned hi mand gave ne t he hi story.
I said “Have you exam ned hin?” and he said
“Yes. The chest was clear, everything was
clear”. But | was not happy. Wththe swelling
of the face many things coul d have happened.
There coul d be | ynphoedena fromdeconpressi on
sickness or there could bearupturedlungw th
air tracking up both sides of the neck. So |
sai d “You cannot put hi mthe chanber until we
have a chest X-ray and have a look at it”. W
took a chest X-ray and the right apical |obe
was conpl etely opaque. W exam ned the case
agai n and we found dul | ness and di m ni shed air
entry on the right side. Wtching carefully
whi | e he breathed we coul d see that the chest
was not nmoving equally. Nowl stress all this
because we real | y | ook at our cases. Soneti nes
t he nonent you t hi nk of the bends you refer the
patient to a chanber just because he has been
di ving. People forget that heis a patient any
more and people forget about clinical
examni nati on. This patient had a conplete
opacity of the right upper |obe. Had we put
himinto the chanber, we woul d have been in a
bit of a problem

At the nmoment he is still in hospital being
bronchoscoped. Your guess is as good as m ne
as to what the diagnosis is. It could be a

carcinoma, it could be something from the
medi astinum or it could be an effusion into
that part of the lung. Cinical exam nation
isreallyinportant before puttingthe patient
inthechanber. | saythis because we soneti nes
get mi sdi agnoses sent to our hospital. It is
comon i n Si ngapor e wher e deconpr essi on si ckness
isreally not well known at all. W have no
l ectures in the University on such ill nesses.
It isinportant that know edge of deconpressi on
sickness be propagated. | find that proper
clinical exam nation will usually reveal the



correct diagnosis. Many cases have been
nm sdi agnosed as transverse nyel i tis andthings
like that. Once we have the proper di agnosis
and have exam ned t he case, we can gointo the
chamber. Then we can go into our flow chart
and deterni ne specifically which table we are

going to apply.

Chai rman (Dr Tony Sl ark)
| think that was a nost val uable comment. |

have been trying to inpress this sort of
knowl edge to all medical groups for a |long
tine. The diving accident patient deserves

the very best of medical managenent whet her
there is a reconpressi on chanber i medi ately
avai l able or not. | have also noticed that
doctorstendtoswitchoff if theythinkit may
be a diving accident and tend to not treat the
case as a patient whoreally requires the full
ganut of their normal medical skillsincluding
those of full investigation. Wecertainlytry
to nmake sure that everybody is given the
benefit of X-rays, ECG s and bl ood screening
tests, at least initiated, beforethey actually
go into the chanber.

| think that is very inportant and somet hi ng
that is often forgotten by our coll eagues.
When they know that sonebody is in fact a
di ving accident, they tend to feel that their
i gnorance of diving nmeans that they cannot
deal with the patient in a proper nmnedical
fashionat all. Thisis not true and we shoul d
try to educate our col |l eagues. Thank you very
much for meking that point, Jimy.

Dr Jimy How

| woul djust |liketoadd aword of caution here.
When one i s dealing with del ayed cases we can
play around a little with time. The caution
is that acute cases cone in. Then one shoul d
not try to run through a battery of tests and
delay another 4 to 6 hours. Ti me becones
preci ous. One should determne by a clear
clinical exam nati on whereyouthinktests are
i ndi cated. You shoul d proceed with them But
be very careful not to waste tine as tine is
as i nportant as conpression in the treatnent
of acute cases. Do not delay to a point that
j eopardi zes t he prognosi s of the patient. The
nm sdi agnosed cases that | have been talking
about | see at | east 4 days after theincident.
Then you really have to have a good clinical
exam nati on. You need a good clinical
exam nation in either case, but we need a bit
of speed in acute cases.

Question

Wiy did the young lady in the instructor’s
course, who obviously had an air enbolism
need treatnent for deconpression sickness?

Dr John MIler

She was at first not a case of deconpression
sickness, she was clearly a cerebral air
embolism They treated her by reconpression
to 165 feet. Then they stayed | onger than 30
m nutes at 165 feet. If you stay | ess than 30
m nutes at 165 feet you are all owed to fol |l ow
a very shortened course of reconpression
t her apy wher eby you conme back to 60 feet at 25
feet a mnute and then plug into the | onger of
the two short oxygen deconpression sickness

tables, whichis calledtable 6A |f you stay
longer than 30 minutes then you are
automatically comitted to a significantly
| onger deconpressi on. The standard treat ment
formats inthat situationarethe USNavy Tabl e
4 and the RN Table 71. That gets you into
sonet hing li ke a 36 or 38 hour deconpression.
They felt it was going to be too | ong, so they
switched the whole treatment then into an
experimental type of deconpression by using
t he exceptional exposure tabl es of the US Navy
Di ving Manual . They calculated the
“appropriate” deconpression from these and
t hat was what caused her deconpr essi on si ckness.
By the time she devel oped deconpression
si ckness she was in fact |ong since over the
cerebral air enbolism episode.

I mght al so echo what Ji my has said of the
need to quickly and thoroughly perform a
physi cal exam nation. For over 2 years we have
been |ooking very closely at people who
reput edly had a pain only bend. On a detail ed
neur ol ogi cal exam nation we kept on finding
relatively mnor, but neverthel ess present,
neur ol ogi cal dysfunction. Soahighproportion
of the people who claimthey feel the painin
ajoint al so have a patchy nunbness or alittle
weakness and not i nfrequently it is aroundthe
sacral distribution soyouhavetol ook at the
sacral outflow

Dr Chris Lourey

It is a total body disorder that you are
dealingwi th. W had a case, an abal one di ver,
who presented at one of the mmjor teaching
hospital sin Ml bournewithapaininhisknee.
The senior resident on duty was mldly aware
of deconpression sickness. He knewit was due
to bubbles so he applied an above the knee
tourni quet. The pain did not resolve. Somne
twel ve hours later he presented at Prince
Henry's Hospital, which has a chanber, not
with a Type 1 bend, but with a severe Type ||
vesti bul ar | esion.

One of the problens is that there is not only
al evel of ignoranceinthe community but that

there is a fair level of ignorance in the
prof ession. Not all of us have t he experience
or the skills of treating deconpression

sickness but we should be able to nake the
medi cal communi ty awar e of the salient features
of deconpression sickness.

Dr Ji nmy How

Also a point about air enbolism and
deconpr essi on si ckness. W shoul d not separate
air enbolism and ook at it sinply as air
enbolism nor deconpression sickness as
deconpr essi on si ckness requiringtwodi fferent
sets of Tables to treat. A clear history, a
good history is very, very necessary asin all
medi ci ne. Howl ong has he been underwater? |f
you have been underwat er | ong enough, whet her
you are going to get synptons or not, you are
going to bubble. It is just if you do not get
deconpr essi on si ckness nobody wil |l ever know
that they bubbl ed.

If the diver shoots upthere arelots and lots
of intravascul ar bubbl es. He is going to
bubbl e a great deal in addition to his air
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enbol i sm Sometimes air enbolism is not
cl eared because we are | ooki ng at two things.
Usual | y one t akes hi mt o 165 f eet and t hen cones
back to 60 feet after a short while. Sone
treatnments fail because that ascent from 165
feet to 60 feet was too rapid. |n many cases
it woul d be abetter i deato nove onthe US Navy
Table 4 or RNTable 71. | would certainly keep
himat 165 feet and bring himup slowy wth
intermttent oxygen at a partial pressure
close to or over 2 atnospheres at that depth.
We can now bring himup, taking care of both
the i ntravascul ar bubbl es al | over t he body and
the ruptured lung which gave rise to the air
emboli sm You nust | ook at the history, if he
has been di ving | ong enough, deep enough and
then he ruptured his |ung.

Dr John M1l er
Tabl e 6Awas desi gned excl usi vel y f or subnari ne

escape training accidents where there is
absol utely no tissue nitrogen | oading. There
thesituationisrelativelyclear cut. Cerebral

air enbolismassociated with diving is not at
all clear cut. In a nunber of the cases that
we have had, if you go very carefully into the
hi story, you can find sonet hi ng t hat may or may
not be related to a cerebral air enbolism
occurring or certainly one can put a pointer
to a mxed type of |esion.

Dr M ke Davis

| woul d|iketo add another casetothe twothat
we have heard already to reinforce how
i mportant an adequate history and exam nation
is. This was a man of 32 who presented with
a pain only bend in the right shoul der. When
he was exam ned he had nyst agrmus and one woul d
i medi ately assume that he had a cerebral
problem as well. H s nystagnus was due no
severe vital meningitis that had occurred 15
years earlier and had al ways been wi t h hi mever
since and had not got any worse on this
occasion. W do not believe he had a bend at
al |, but that this was purely a physical strain
to the shoul der doi ng sone heavy |ifting work
that was related to the dive. It is a good
example of how vital it is to take a good
hi story.

Dr John Ml er

Afurther exanpleis aproblemthat | had about
12 years ago in Turkey. This was a manin his
thirties who was grossly overweight. |
subsequent |y di scovered that he had a history
of chronic duodenal ul cer. He and sone fri ends
went spear fishing on a Sunday afternoon after
a Saturday night wedding. He had been 90
m nutes at 115 feet when the el astic broke as
he was | oadi ng his speargun. The butt of the
gun drove into his belly. He cane straight to
the surface and was comat ose when he reached
the surface.

You can i magi ne the ef fect of all that gas that
was i n his stomach, expandi ng and bl asti ng out
through the hole in the duodenum The ot her
peopl e with himdid not know any of this. He
arrived at the little chanber we had on the
expedi tioninaconatose state, havi ng apparent|y
been seen to be loading his speargun, the
el asti c broke, and go straight tothe surface.
You wi | | appreciate that my Turki sh was pretty

rudimnentary. We got himinto the chanber.
There was i nprovenent at 60 feet. So then we
went to 165 feet and he i nproved t r enendousl y.
He woke up and was able totalk to ne. | then
di scovered t hat hi s abdonen was board-1i ke and
elicited the history of the ulcer.
Unfortunately, the wetched man died in the
chanber bef ore anyt hi ng coul d be done for him
Againit is an exanpl e of the fact that you may
be deal i ng wi t h deconpr essi on si ckness but t he
deconpr essi on si ckness nay be maski ng soret hi ng
el se. It may be a duodenal ulcer or it could
be a bleed or it could be a nyocardial
i nfarction.

Dr Ji nmy How

I would liketo nmake two other points. Oneis,
do not | ook at the tabl es and t hen deci de t hat
he does not need any reconpressi on because hi s
dive was within the limts, so it cannot be
deconpressi on sickness. Divers do get
deconpressi on sickness, even though their
divewas withinthe tables. | do not knowwhy,
but they do. | have seen such cases. Two chaps
doi ng exactl y t he sane di ve, one chap got si ck,
the other did not.

The second point isthat it is easy to nmalinger
i n deconpression sickness. | have a speci al
way of wat chi ngthem They haveto wal k a great
distanceto nmy office. | get ny nmedics totake
a l ook at him how he cones in. Wen he wal ks
in he smles and then he changes into a very
sad man. You have got to knowthat heisreally
not very sick. But when he reaches ny door he
has here a pain, there a pain. They are great
guys because they know that the nonent you
di agnose them as sonet hi ng resi dual they get
about 2 weeks off the rig. They do not need
toget backtotherig. Theyget tineoff. Some
of themwould try to nalinger over here to get
off therigtoseetheir wives for afortnight.
So that is the second point.

I had a very unusual case where the di agnosis
was made on a full history. He was flown from
Diego Garcia to Singapore for treatnent. A
Tai wanese diver was enployed to build the
harbour at Di ego Garcia for the Anericans. He
canme up froma 45 feet di ve and t he hi story was
that he becanme totally blind and he col | apsed.

He was di agnosed as a case of deconpression
sickness. They radi oed to the Phili ppines as
the nearest place with an Anerican chanber.

The people in the Philippines said that it

woul d take too long to reach the Philippines
and that he had better go to Singapore. Wile
t he arrangenents were bei ng nade, the patient

regai ned his sight.

Being a Taiwanese diver we could speak
Mandarin with him which his enployers could
not do, and get a clear history. \Wat had
happened was that he cane up froma dive to 45
feet for about 45 m nutes. The wat er was col d.
After surfacing he grabbed hol d of therail on
the side of the boat and he could not feel
anything. He had a friend who had beentotally
paral ysed who had told himthat in paralysis
you first lose all your feeling and then you
become paral ysed. And this poor chap was so
cold, that he could not feel the rail. Wen
he caught hold of the railing the thing that



cane to m nd was his fri end who was par al ysed,

and he t hought he was going to be paral ysed.

He was so hysterical that he went totally
blind. He just could not see any nore and he
just fell on the deck. This sort of blindness
i s unusual in deconpression sickness. Mst
comonly it is a patchy fog, they see a bl ack
fog all over and rarely do you get a conplete
bl i ndness of this nature. After talkingtohim
we asked himto stand up and wal k. The chap
j ust stood up and he was wal ki ng around and he
was quite happy. Wereally could not call him
a case of deconpression sickness so we
di scharged him That night we went out to
di nner toget her and that was all the treatnment
he got. The next day we telephoned the
Ameri can Enbassy and sai d t hat t he pati ent was
quite well and that we had di scharged him So
you can see that all this takes us back again
to basics. Watch out for the synptomatol ogy
again the clinical examnation and the
synpt omat ol ogy. You have to match them up.

Question

Shoul d a patient with air enmbolismbe put in
t he Trendel enberg position?

Dr John Ml er

| donot thinkit is atrenendously rational or
useful thing to do. Evenif there were a |l ot
of gas trapped around the valves it woul d be
themtral val ve t hat woul d have bubbl es of gas
trapped under it and not the tricuspid val ve.
El evating the | egs nmi ght be useful if you are
dealing with a venous air enbolism Also it
is often very i nconveni ent to do when you are
transporting a patient. However, it is taught
fervently to nost paranedi cal personnel andit
certainly does no harm It certainly allows
a little bit of extra venous return for
somebody who for various reasons has had sone
i mpai rnment of cardiac output. |If the people
transporting the patient really fervently
desire to do this why not let themdo it?

But the Trendel enberg position increases the
central venous pressure andthereforeincreases
the intracranial pressure. That is going to
tend toincrease the back pressure whi ch woul d
tend to develop into cerebral oedema. So it
may even be a bad thing to do.

Dr Ji my How

| see it in another way. The nonment you have
bubbl es reachi ng the brain you can get into a
shock situation. If you conpare deconpression
si ckness i navi ators w t h deconpr essi on si ckness
in divers you find cerebral effects are
conmoner in aviators, while strangely enough
indivers it is the spinal cord that is nore
comonl y af fect ed wi t h deconpr essi on si ckness.
You can get a shock syndronme when the bl ood
pressure falls rapidly. | supposethat it is
due to the micro-danmage i n the vessel s and t he
effects of anoxia. By and |arge when you

record the bl ood pressure it islow | think
it wouldhelpif weusethat position. It would
push t he bl ood back to the vital organs. Wen

you have bubbl e formationit is mainly venous.
Venous return is increased when one is inthe

Trendel enberg position. | think it should be
the left lateral as well. This would tend to
al l ow the bl ood to rush through and t he | ungs
to filter out the bubbles. Sonmeone has said
that there is always a small intra-auricul ar
defect even in the adult. This would allow
bubbl estoreachthe arterial blood. Soif you
allow the bubbles to go freely through the
heart the chance of this is reduced. | still
teach the nedics to put the patient into that
position, because it will help in at |east
these two situations.

Dr Chris Acott

I f bubbl es reach the right side of the heart

the blood flowto the right ventricle will be
decr eased. So the anmount of blood that is
going into the left side of the heart wll

drop. Therefore the cardiac out put will drop.
That is why you get a drop in bl ood pressure.
Because of the air bubbl es trappedinthe |l ung

you get an increase in pul nonary vascul ar
resistance. The pul nonary artery pressureis
increased. So you get pressure rise in the

right ventricle. As 33%of adults have got a
patent i ntraventricul ar septumyou can get air
goingintotheleft side of the heart. Andit
may reach your brain. | think the decreasein
bl ood pressure is due to the decrease in
cardi ac output. Secondly it may be due to the
decreased blood flowto the vasonotor centre
of the brain.

Dr John Kni ght

As a change fromthe peopl e who have got good

chanbers | am going to talk about treating
deconpressi on sickness wi thout a chanber.
TABLE |
PRESENTI NG SYMPTOVS OF DECOVPRESSI ON
SI CKNESS. US NAVY
From Ri vera (1963). US Navy. 900 cases
Cerebral (including inner ear) 6. 4%
Spi nal 0.2%
Cardi orespiratory 0. 4%
Pain only 82. 7%
O her 10. 3%

If you follow the tables closely, serious
deconpressi on sickness has a pretty |ow
i nci dence, adding up to sonewhere about 7%
(Table 1). However, if you treat sports
di vers, who have deep water to divein, you get
a different picture. Ednonds worked i n Sydney
and Erde in Hawaii. They treated 100 people
and sonewhere above 50% had serious
deconpressi on si ckness (Table 2). Dependi ng
on where you are situated you are goi ng to get
a very different group of peopletotreat. W
are lucky here, we are not likely to get
serious deconpression sickness because we
have not been in any water deeper than about
60 feet sofar. Soevenif we are goingto have

trouble, we would be very unlikely to get
anyone seriously ill wth deconpression
si ckness.

11
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TABLE 2

PRESENTI NG SYMPTOVS OF DECOVPRESSI ON
S| CKNESS. SPORTS DI VERS

FromEr de & Ednonds (1975). Sports divers. 100

cases.
Cerebral (including inner ear) 33%
Spi nal 13%
Bot h spinal and cerebral 5%
Cardi orespiratory 1%
Pai n only 33%
O her 15%

How t o avoi d deconpressi on sickness ought to
be enphasi zed to divers. Table 3is asinple
collection of information. Mst diving boats
in Australia do not have a shot rope that will
dangl e directly beneath the boat. They have
arope and they may tie a tank onit, and it
dangl es at an angl e dependi ng on the currents
goi ng under the boat. Sone years ago t he Royal
Austral i an Navy rescued a hel i copt er when t hey
should not, as it was in 200 feet of water.
They would have done nuch better to have
enpl oyed a commerci al firmusing heliumto get
it for them But they felt they had to prove
that they coulddoit. It wasinaverycurrent
prone place. Their deconpressions were done
on shot ropes. But the shot ropes were not
vertical owwngtothecurrent. It is saidthat
every diver got bent during the recovery.

TABLE 3

HOW TO AVO D DECOVPRESSI ON SI CKNESS

Al ways do “no deconpression” dives
Know t he depth of water

Watch the tinme

Ascent at 60 feet per minute or slower
Do not fly within 12 hours of diving

If you must deconpress:
Fol | ow t abl es
Use a shot rope

Have spare air on the shot rope

FlI GURE |

NO- DECOVPRESSI ON LI M TS AND
72 CU FT CYLI NDER ENDURANCE

Time in 10 mnute intervals

0 N
101

n

@

5 5

5 20

&

=

- 304 / ™ = Slow swimming.

5 /7 Ventilation 18 1/min.

¥ 40 / == Average swimming.

= ! Ventilation 30 1/min.
504 ! emee No-Decompression Dive limits

I USN, RAN, RNPL Air tables

60 !

There is still anmythtaught in Australia that
you cannot get bent on one tank. In Figure 1
the black line is the no deconpressionlimts
of the USN, RAN and RNPL air Tables. They are
all within the thickness of that line. If you
swi mvery slowy and do not work too hard you
can make your air | ast to take you outside t hat
envel ope from30 netres downwards (the dotted
line). Evenif youare workingreasonably hard
and ventil ating at nearly doubl ethe rate (the
thin line) you can persuade your tank to | ast
you outside the safety envel ope at about 35
metres, which explainswhy | will not go deeper
than about 80 feet. Remenbering that the
safety envelope is not safe for everybody.

This is a story that was published in the
British Medi cal Journal in 1973. A34 year old
di ver who dived quite deeponair was alittle
short on deconpressiontine. He usedthe usual

treatment that divers use for their pain, beer

or whi sky or sone ot her al cohol i ¢ beverage. He
turned up at the hospital on anisland in the
Engl i sh Channel that di d not have a r econpr essi on
chanber, a little bit outside John Mller’'s
envel ope of 4-6 hours. Actually 15 hours after

sur faci ng. He conplained of a pain in his
right shoulder, that he was giddy, that he
coul d not wal k very wel |, and t hat he coul d not

nmove his right arm The doctors discovered
other things wong with him Treatnent was
rather difficult as he was drunk. They could
not get the patient over to England until the
next day. They thought that they really ought

totry something in the interval. They used
Dextran 40 to decrease the sludging and
correct the haenmoconcentration and stop |ipid
enbol i. They used sone heparintotry and sl ow
down the cl otting process. They used Manni t ol

to reduce the cerebral oedema, and they used
fructose to sober him up. They gave him
am nophyl Iine for the broncho-constriction.

Probably the nmpbst inportant thing that they
did was to gi ve hi moxygen. The point is that

he inproved with that treatnent.

TABLE 4

PROBLEM AND TREATMENT

Probl em Tr eat nent

Bubbl es Reduce size by
compressi on oxygen
br eat hi ng

Haenoconcentrati on I nfuse |iquids
Circul atory stagnation Dextran 40 and fl ui ds
Ti ssue anoxi a oxygen

When you are away fromhone and ni ce chanbers
you still have got the sanme problens with
deconpressi on sickness (Table 4). You have
got bubbl es t hat have got to be squashed. You
want to get the gas out of the bubbles and you
use oxygen for that. You can rehydrate them
by putting liquids in. You can inprove the
stagnation of the shut down circulation with
Dextran 40 and fluids. Odinary electrolyte
fluids are probably just as good. The Dextran
40 does work miracul ously in people who have
got shutdown areas and it seens to uncl unp and
free the red cells. But you nust give them



plenty of fluids with it otherw se you get a

jelly inthe term nal renal tubules. And you

cannot do much about that in the wilds.
TABLE 5

FACTORS AFFECTI NG SUSCEPTI BI LI TY

Previ ous Dives

Accl i mati sation Age

oesity Physi cal Condition

Al cohol Exertion

Fati gue Hydrati on

Chilling Intercurrent Il ness
Anxi ety Dr ugs

Table 5 lists the factors affecting

susceptibility to deconpression sickness. Age
and physical condition and hydration all
affect us. The norning after the night before
is not a goodtime to go diving but we all do
it. Those of us who have not dived for a year,
are a little anxious when we fall into the
water. Those of us who are diving wthout
adequat e protective clothing are prone to get
chilled. Those of us who have a headache nay
have t aken aspirin and be i nprovi ng. Those of
us who have got anxi eti es and are taki ng Val i um
do not know what wll happen underwater.
Al cohol and fatigue and obesity are pretty
regul ar conponents of a SPUMS neeting. As for
acclimatization, those of us who do not dive
very often are nore at ri sk than t he bl oke who
i s working under pressure every day.

TABLE 6

ADVANTAGES OF OXYCGEN THERAPY | N
9 METRES OF WATER

No ni trogen added to ti ssues during treatnent.
Bubbl es approxi mately hal ved in vol une.

Di aneter reduced approxi mately 20%

I ncreased tissue oxygenation.

Large nitrogen pressure gradient.

No ri sk of CNS oxygen toxicity.

No risk of DCS for attendants.

Wt suits still effective insulation.

Nowto turnto Carl Ednond’ s underwat er oxygen
treat ment whichis consi deredtobe controversial
but is in fact only taking the 60 feet oxygen
Tabl es out of the chanber and popping themin
the water at 9 metres (30 feet) (Table 6). It
has sonme advantages, you are not adding
nitrogen to the tissues, which you do if you
reconpress sonmebody on air. The bubbl e
di ameter goes down and there is a large
nitrogen pressure gradient while you are
breat hi ng oxygen at 9 netres (30 feet). You
i mprove tissue oxygenation. You should have
norisk of CNStoxicity. Youare certainly not
going to bend the attendant. And the wet suit
still keeps youreasonably warm | amnot goi ng
to say that this treatnent is ideal. In fact
| do not think it is ideal, but when you are
faced with a 12-24 hour del ay before getting
the patient to a chanber, and he has got to pay
for the aircraft, | think it is probably
wor t hwhi | e considering, if you have got this
equi pnent with you, treating him because you
may cure him and save himthat journey.

TABLE 7

REQUI REMENTS FOR EMERGENCY RECOVPRESSI| ON
I N WATER USI NG OXYGEN

Ful | face nask

Depth limt 9m

Wet suit

Shot rope

Support

Attendant in the water

Conmuni cati on system

Tabl e 7 shows what you need. The patient needs
to have a full face mask so that he can vomt

or go unconscious Ww thout drowning. The
patient nust wear protective clothing and
i nsul ation, a wet suit. You have got to have

a shot rope, so you knowwhere t he patient is.
You need to have ropes tied to the patient so
t hat he cannot drop deeper than 9 nmetres. They
have got to be supported becausetryingtostay

at one depth in the water is extrenely
difficult.
The pati ent nust be overwei ghted. Sittinghim

inthe bight of aropeis aperfectly adequate
way of supporting him But the patient will
not thank you. Inatrial of the equi pnent at
Truk, Janene got very fed up after about 20
mnutes sitting in the bight of the rope. W
had wei ght ed her around t he wai st, so her feet
were |l ight and fl oated up ti ppi ng her backwar ds.
Al so t he bi ght of the rope cut into her bottom
It will cut in even nore unconfortably if it
is tied round the waist. These people are
going to be in the water for nearly three
hours. You have got to have an attendant down
there to make sure that the patient is getting
better. It is best to have two attendants.
Thi s al | ows an ef fi ci ent comruni cati on system
The patient can speak into the full face mask
and the attendant can hear. Ayank ontheline
to get the second attendant down to take over
and the first attendant to take a message back
to the surface.

TABLE 8

TREATMVENT PLAN

Patient to 9 netres on oxygen (hose | ength
12m

Attendant breathing air.

30-90 mi nutes at 9 netres then ascend at one
nmetre event 12 minutes (or 1 foot every 4

nm nut es) .
If synptoms recur, halt ascent for 30
nm nut es. If oxygen runs out during the

patient to the surface.

Do not give the patient air underwater.
After surfacing gi ve 100%oxygen al ternate
hours for 12 hours.

Al'l you need on the jetty is a |arge oxygen
cylinder and t he yel | owbox. SPUMS has a back
pack that you bolt the oxygen hose to so that
the mask wi Il not pull off the patient’s face.
It is a good idea to have a non-return val ve
at the bottom of the oxygen line so that if
anyt hing goes wong the face mask does not
suddenly fill up with water. The hose is
marked of f in feet, because the treatment is

13
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extrenely sinple (Table 8). You take hi mdown
to 9 netres. You | eave him there for 30
mnutes, andthenif heis better, youpull him
up at the rate of a metre every 12 m nutes or
a foot every four mnutes. Marks which is
probably a better method of reducing pressure
than coming up in netre steps every 12 to 15
m nutes. Marks on the hose are a great help
in controlling the ascent.

I f he has a neurol ogi cal bend he gets at | east
60 m nutes at 9 metres bef ore bei ng br ought up.
The stay at 9 netres can be safely extended to
90 mi nutes. The E size cylinder will allow90
mnutes at 9 netres and the 120 m nutes of
deconpression as wel |l as having sonme left for
oxygen at the surface.

FI GURE 2

Face mask
M1110
|

Exhale Valve (with side inlet)
P D F 6555
c— ‘

l""\'r Adaptor for corrugated tubes

(male)
} oy
J 4l
4 litre Bag
0 B M 373804

0 B M 373056
FI GURE 3

ADAPTOR TO FIT A DI VING REGULATOR TO A
LARGE OXYCGEN CYLI NDER

Nut on threaded

O-ring Male connection

Large oxygen
¢ylinder outlet

Standard diving
regulator connection

One nust continue to give himoxygen once he
has been deconpressed. For oxygen at the
surface one can either use a sinple bag and
mask set up (Figure 2) made from readily
accessi bl e anaest heti ¢ equi pment or the diver’s
regul at or as recormended by M ke Davis. To use
a regulator with a D or E cylinder one needs
an adaptor (Figure 3) to screw into the
cylinder outlet inplace of the reducing val ve
used for the underwat er treatnment. The bag and
mask have t he advant age t hat you can watch t he
bag nmoving with each breath and see that the
chap is breathing properly.

Chai rman (Dr Tony Sl ark)

In New Zealand we reconmend that divers
besi des staying within the no-deconpression
(no-stops) linmts use up the spare air that
should renmain at the end of a no-stop dive
doi ng a deconpression stop. There is often a
great deal of interest to be found during the
20 foot level on the cliff face. This stop
enabl es you to use up your gas and will add to
your safety margins.

Question

You say that the person can vonit into the
mask. How do you get rid of the vonmt?

Dr John Kni ght

It is afull face mask and there is plenty of
space to vonmit into. After vonmiting, you just
pull the chin away and the vonit drains out.
Because it is afull face mask, if the patient
goes unconscious, he will not drown, but |
woul d not use the equi prent for an unconsci ous
patient.

Dr John Ml ler

In spite of the use of a wet suit the water
tenperature is terribly inportant. Thi s
system should not be used if the water
tenperature is | ess than 32-33°C. 2.5t0 3.5
hours in a wet suit in cooler water makes
hypothermia during treatnment a very real

issue. It is probablyuseful intheequatorial
belt. It is not useful in places like the
Cari bbean. It is not useful in Southern
Australia nor in New Zeal and waters. It is

usef ul of the

wor | d.

only in this warm water part

Dr Ni ck Cooper

Recently a treatment at Heron I|sland, using
t he Ednonds Under wat er Oxygen Appar atus hadto
be abandoned after 30 minutes because the
patient got too cold to tolerate stayi ng down

any longer. So hypothermiaisareal riskwth
this treatnent. Witer tenperature there is
about 24°C.

Dr Ji nmy How

Thi s probl emis very real. Youw |l be hearing
al ot about fishermen divers at the conference
who are three to four days away out i nthe South
China seadivingto get their fish. Wen they
get bent they take about three to four days to
reach Singapore. That is a very real problem
and this underwater oxygen treatnent could
hel p them trenendously.

Qur fishernen divers do al nbst exactly what is
recommended here. Wth one inportant
difference, they use air. Al so they go nmuch
deeper. They do wet deconpression therapy,
and do it very badly. The victim is
unconscious, and is lowered i n a basket back
to110feet or to 130 feet. Sonebody cones down
to acconpany him The saddest part of the
whol e story is that after he wakes up fromhis
unconsci ousness and hi s paral ysi s has i nproved



they wi nch hi mri ght back i nto paral ysi s again
because they pull him up wthout any
deconpr essi on stops. In fact they repeat
anot her dive. W keepontryingtoteach about
t he need for extra deconpression onthe second
di ve.

Dr John M1 ler

To enphasi ze t hat sone nore. The standard way
of producing an animal nodel of serious
deconpr essi on sickness is to give an animal a
dive that is either bends produci ng or al npst
so. Then, after asurfaceinterval, reconpress
to a predetermined depth, stay there for a
short while and deconpress straight to the
surface. That produces avery good spinal cord
deconpr essi on sickness. An anal ogue of that
soneti mes happens in humans. This is one of
the t hi ngs t hat bot hers me about t hi s under wat er
oxygen therapy. If the treatnent has not been
conpletely effective, thenit carrieswithit
the potential of turning the pain only bend
i nadequately treatedinto avery severe spi nal

cord injury. That would be another caveat.

Dr John Kni ght

The instructions that come with the kit say
that youtake himto 9 netres, 30 feet, and keep
hi mt here for half an hour. |f heis conpletely
better then you start deconpressing him [If
be is not conpletely better, you give him
anot her 30 minutes, and i f he has got a spi nal
problemin the first place, you give him at
| east an hour, and you can extend that by
another 30 minutes if you are worried. One E
size cylinder will do all that treatnent and
still have oxygen left for himto breathe at
the surface. | do not know how nmany tines it
has been used. | knowit has been used in New
Gui nea, Rabaul and Bougainville. It has been
used on patients wth neurol ogical bends.
Carl Ednmonds clains that everyone has been
consi derably inmproved and nost of them have
been render ed synpt omfree. Wen you consi der
that the alternativeis along delay, and then
a del ayed treatnent, | do think that it may
well have a part to play.

Dr John M1 ler

| agree than underwater oxygen therapy can
have a place, but within the caveats of the
need for a high water tenperature and the
possibility that if the treatnent is not
adequate that you could be in a worsening
situation.

Chai rman (Dr Tony Sl ark)

This only treats with pressure and oxygen and
is not in any way going to help the long term
bi ochemical results of bubble formation. It
is possible that relying upon this system at
a del ayed stage in the patient’s managenent
could result in further delays at a time when
one shoul d be treating, not bubbles, but what
t he bubbl es have subsequent!|y produced in the
bl ood, the prelimnary stage of coagul ation
coagul opat hy.

Dr Ji mmy How

| have mny reservations about this treatnent.
| woul d subscribe to 30 minutes at 9 netres.
But | am worried about convulsions if you
extendit for another 30 m nutes. W train our

Navy divers in oxygen sets and | have seen
convul sions at 25 feet. The only difference
here is that the treatnent is free flow,
whereas we have a circle system a closed
circuit, for our divers when breat hi ng oxygen.
Tomy mind, if youtry to pushit for another
30 mi nutes, the chances are quite highthat you
will get a convulsion even if you give them
free flow

Dr John M1l er
| treat people for 6 hours or nore at 2

at nospheres absolute breathing 100% oxygen
and t hey do not convul se. Adnmittedly they are

inachanber. Theinportant thingisthat they
are at rest. You are talking about one
situation and transposing to another. The

wor ki ng di ver is breathingonaclosedcircuit
rig which requires a certain amunt of CO to
activate the soda line. It is equipnent that
has got a fairly high breathing resistance.
The ef fort of worki ng and of breat hi ng agai nst
this resistance is quite enough to raise the
PaC02 which lowers the threshold for oxygen
convul si ons. Wth the underwater oxygen

treatment you have virtually no breathing
resistance and the patient is at rest, not
wor Ki ng. if the patient were to start
shivering, that might be a whole different
t hi ng.

Question

Do you regard oxygen therapy as essential in
the treatment of deconpression sickness?

Dr John Mller

Yes, but not necessarily in the water. Even

wi t hout reconpression you can give fluids and
sinplethingslikeaspirin. That was the point
in my talk about reports from the South of
France. | woul d give the patient a good fluid
| oad and maybe some aspirin. | would do that
even when | was going to use this underwater
oxygen equi pnent .

Question

What woul d you do if you were in the m ddl e of
the Coral Seawithadiver withapainonly bend
12 to 14 hours from a chanber?

Dr John Ml ler

It isquite sinple. You give hima good fluid
| oad. | woul d al so gi ve hi ma coupl e of aspirin
and while | was doing that, | woul d be having
hi m breat he oxygen as much as possible. By
t hen somet hing I'i ke 30 m nut es woul d have gone
by. |If he was getting better by hinmself, |
woul d conti nue fluidand oxygen. |f he was not
I woul d put hi mover the side to soak. There
ar e some advant ages i n gi vi ng hi moxygen at t he
surface. You will need tinme to exam ne him
because | want to find out whether or not he
has in fact got deconpression sickness. And
if he has, whether or not he has any
neur ol ogi cal conplications associated wth
it. If you havethe oxygentreatnent equi pnent
on hand, it is awfully easy and awfully
tenpting to use it when a guy says he has got
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apaininhisknee. | thinkthat what you should
doistoproceedw thdue caution, knowi ng t hat
you have got that as a back up. You can then
afford to be thorough.

Chai rman (Dr Tony Stark)
I vi ewt he pat hol ogy of deconpressi on si ckness

as going through various phases in which
different aspects of treatnment are nost
i mportant.

Inthefirst phaseit isreconpressionpressure
itself, that is the npst inportant factor.
Then hyper bari c oxygen becomnes nor e si gni fi cant
than pressure. Later, the pathol ogy changes
further and it may be that hyperbaric oxygen
is the only part of the treatnment that is
necessary at all. Going on further, neither
i s goingto nmake any di fference and the | esi ons
are absol utely permanent.

Q her questions were asked and st at enent s nade
by the audi ence. Unfortunately, the quality
of the recordi ng was not good enough to all ow
transcription.

SPUMS SCI ENTI FI C MEETI NG 1980

FRI DAY JUNE 27th
DECOVPRESSI ON S| CKNESS SESSI ON TWO

Dr Chris Acott

Cerebral oedena and t he use of barbiturates in
the treatnment of head injury is one of ny
interests. | have nade the assunption that

bubbl es inthe cerebral circul ati on causes the
same pat ho- physi ol ogi cal responses as an acute
head injury or an acute stroke. |If so, the
i schaem a, which is the primary neurol ogi cal

danage, is foll owed by secondary neur ol ogi cal

damage. We all know that the nost inportant

thing in treating head injuries is not the
actual primary insult, but the problemthat

secondary danmage i s caused t hr ough hypoxi a and
retention of CO,and an unclear airway. The
mai nstay in the treatnent of cerebral

deconpr essi on si ckness or cerebral air enbolism
i s reconpressional pressure, but before this
can be instituted we have to make the
di agnosi s. A reconpression chanber has to be
made ready and avail abl e. The diver has to be
transportedto the reconpression chanber. And
del ay has t o be mi ni m zed bet ween t he di agnosi s
bei ng made and t he di ver actual |y reachi ng t he

chanber . In South Australia we have a
reconpressi on chanber at the Royal Adel aide
Hospital. It is a Vickers nonoplace oxygen

chamber which | regard as a one nman coffin.

In South Australia the majority of diving is
done either on the Eyre Peninsul a or down the
coast fromAdel aide or at M Ganbler. Now M
Ganbi er presents a very special problem and
thisiswhat stinulatednmetothink about this.
People dive in sink-holes, caves in the
i mest one where the roof has fallenintoallow
access. These are alnost all on farns, and so
transport and getting facilities to the diver
is difficult. If somebody gets bent at M
Ganbler, it is 250 m | es to Adel ai de and about

250 m | es to Mel bourne, sotherew || be del ays
of up to probably three or four hours.

After Tuesday night’s talk, | think we have a

very, very good retrieval system in South
Australia. An Anaesthetic Registrar, or an
I CU Registrar, in his final year, or a Staff

Anaest heti st or Staff | CUperson goes out. W
al ways go out to the patient and bring the
patient back. This is in preference to
bringing the patient tous. W have a St Johns
Anbul ance aircraft onten m nute standby. The
pilot has to be within ten mnutes of the
Adel ai de ai rport. W have a helicopter and a
very efficient road system W take everything
with us, including resuscitation equipnment
and nonitoring equi pnent. W can intubate in
the field, we can monitor ECG s, we can put in
a CVP, and we can ventilate the patient with
a Birdrespirator. Here is an exanpl e of how
ef ficient our systemis. The pupilsof agirl,
aged 13, who had an extradural haenatons,
dilated up while the doctor, 150 miles from
Adel ai de, was talkingto me. W had that girl
onthetabl e with her head open wi thin 2 hours.

Because of the physical inpracticalitiesof M
Ganbi er, | consi dered what we shoul d doif sone
di ver cane up convul si ng and was unconsci ous.
Is there any first aid we can give the diver
at the site? And if reconpression treatnment
fails, isthere any ot her treatnent that we can
givethe diver after histreatnent? So |l began
to think about the use of barbiturates in
cerebral oederma, which after a del ay of about
three of four hours is probably the thingthat
we aretreating. Youhavetheprimary cerebral
insult whichis foll owed by cerebral hypoxi a.
This can either be global or focal. W know
that if we examine divers with bends very
cl osel y, you find subtl e neurol ogi cal changes,
whi ch neans they probably have got focal
| esions. The cerebral hypoxia sets up a chain
of events which then follows a never-ending
circle and ultimately | eads to neuronal death
and death of the patient.

Cat echol am ne- nedi ated hypermetabolism is
i ncreased. There is an increase in anaerobic
glycolysis which leads to an increase in
I actic acidosis. This acidosiscanleadtotwo
things. First aninter-cerebral hyperosnolarity
and oedenma which causes neuronal danmage.
Also, it leads to reactive hyperaem a and
di sturbed autoregulation of the cerebral
bl ood flow. Both of these |ead to vasogenic
oedena. So you get a raised intercranial
pressure which itself will decrease cerebral
perfusion pressure, and so reduce cerebral
per f usi on and so you have got secondary danage
to the neurones which then conpletes the
vicious circle leading to cerebral hypoxia,
and so you get the whole circle starting all
over again.

Way do | advocate the use of barbiturates?
Experi nmental evidence, nainly fromthe United
States, in baboons, nobnkeys and dogs, has
shown t hat experinental ani mal s, subjectedto
i schaem a, either gl obal or focal, have a 100%

survival rate if they are treated wth
barbiturates, either post or pre-ischaenic
epi sode. The response to post-ischaenia



treatment isquiteinportant. Reye' s syndroneg,
whi ch occurs mainly in children followi ng a

viral illness, and consists of cerebral
oederma, hepatic coma, liver failure and
hypogl ycaenmia had a nortality rate of 75%

until peopl e began to use barbiturates in the
treatment. Nowthenortalityrateiszero. In
atrial inPittsburg, inthe United States, 14
out of 22 patients who had a cardiac arrest
survived when treated with thi opentone after
the arrest. The arrest tinme was between 5
m nut es and 22 mi nutes of cardi ac standstill.
There is also good evidence conming fromthe
Uni t ed St at es about the use of barbiturates in
head i njury pati ents. Anaesthetists here know
that cerebral air enbolismoccurs in patients
on bypass, and they seemto survive and not
have any neuronal danmage at all even though
t hey have been shown by Doppl er nonitoring to
have bubbles being lodged in the cerebral
circulation. | think that probably the reason
isthat they were all i nduced withthiopentone
bef or ehand.

How do t he bar bi t urates work? They supposedly
depress the lactic acidosis induced by
cat echol amine rel ease intracellularly. They
al so, since 1950, have been known to decrease
the cerebral netabolic rate. They decrease
t he neuronal netabolism They decrease bl ood
pressure and so decrease cerebral bl ood flow
whi ch becomes quite inportant in treating
cerebral oedema. It is said that they have a
menbrane stabilizing effect.

If you are going to use barbiturates in head
injuries or the sort of situation | have
post ul at ed, one has to consi der when you have
to gi ve themand i n what dosage. Experi nmental
evidence suggests that you have to give
barbiturates within 3 hours of the primary
insult for it to have any effect. So when you
read about theinefficiency of barbituratesin
the journals, consider when the barbiturates
were actual ly gi ven. They can be gi ven either
pre- or post- ischaem a, but they have to be
given within 3 hours of theinsult andthisis
quite inportant. It is also no use deciding
24 hours after all treatnent has failedtogive
the fell owbarbiturates. Cinically, the dose
varies, however one has to give enough
barbiturate to make the EEG on the patient
i soel ectric. After that you can continue
giving barbiturate andit will have no effect-
on survival at all. Qur regime for head
injuries at the Flinders Medical Centre, in
Adel aide, is to start with aninitial dose of
3 to 15 ng per kg of thiopentone. This dose
is tolerated haenodynanically. This is
foll owed up by 1.54 ngs per hour for the next
24 hours. Then we switch over to saline and
anyl obar bi t one 1. 54 ng per kgthreetinmes aday
and this is titrated against the patient’s
intracrani al pressure, as we have a Ri chnond
screwintraventricular drainin place and are
nonitoring his intracranial pressure.

Ther e ar e obvi ousl y several probl ens associ at ed
with this giving of barbiturates:

1. You need t o have haenodynami ¢ nonitoring
bl ood pressure, pulse rate etc., even
CVP.

2. You have got to have a person who is
skilled in resuscitation, so obviously
you need an anaestheti st.

3. You need full resuscitation equipnent.

The other maj or thingis that the barbiturates
will alter all neurol ogical signs and so you
need a careful clinical assessnent bef or ehand,
using the dasgow coma scale and various
clinical evaluations of what is going on.

That sort of thing does not real |y present nuch
of a problemto us in South Australia, because
all our retrievals are done by anaestheti sts,
and we actually do these things in the field
wi t hout any probl ens.

Advant ages t hat nay be seen for this treatnent
are:

1. If a diver is convul sing then obviously
these convul sions are repressed.
2. I f you consider the cerebral conpliance

curvethestinuli responseinintracranial
pressure i s reduced to a m ni numbecause
you had him barbiturized and still and
transport himlike that.

3. It is thought that wusing hyperbaric
oxygen wi th the patient barbiturized you

will increase his threshold to having
cerebral oxygen toxicity.
Question: Dr Bill Hurst

What advantage does barbiturate have over
Decadr on?

Dr Chris Acott
Al ot of peopl e believe that steroids have got

no place in the treatnent of acute head
injuries. They have only got a place in the
treatnent of cerebral runours. Patients
coning to an operation for renobval of a

cerebral runour are often only kept alive by
their dose of steroids. It is a debatable
point. If | had a head injury | would Iike
everything given to ne including steroids if
t her e was any chance t hat t hey ni ght do me some
good. There are cerebral conpliance curve
studi es where steroids have shown a great
decrease in intracranial pressure. It has
been simlar to that with hyperventilation,
barbiturates and mannitol. So if you did not
want to use barbiturates in a patient who is
convul sing, | feel that you could begin with
a dose of steroids. | do not think that you
are going to do himany harmat all.

Question: Dr Janene Mannerhei m

When you are neasuring hi s neurol ogi cal signs
by exami ning him how are you goi ng to do that
when he i s unconsci ous and you ar e transporting
hi n®?

Dr Chris Acott

You woul d use thiopentone initially and then
transport him Theoretically, if you use up
to 4 or 5 ng of thiopentone per kg and the
transportation getting himto a chanber takes
two hours, the patient can be aroused and
exam ned at the end of the journey. It takes
a while for the barbiturates, especially this
barbiturate, to be redistributed however |
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think you could examine him 4 ng per kg is
t he st andar d dose f or i nducti on of anaest hesi a.

Question: Dr Janene Mannerheim
You do not t hi nk you m ght overdose the patient
trying to get a flat EEG?

Dr Chris Acott

That i s when you have got themon an EEG in
theatre and an EEGin the I1CU.  \Wat | neant
by the isoelectric EEGis the fact that once
you have got the EEG i soel ectric you do not
have t o go to any greater dose of thi opentone.
| think any dose of thiopentone is worthwhile
because it will reduce the cerebral nmetabolic
rate and so reduce t he oxygen requi renents. |f
you have got a di ver fromM Ganbi er who i s al so
cold, you are al so addi ng the advant age of a
guy who is hypothermic as well as having
bar bi turates on board. In South Australia we
are the only place in the world at the nonent

that still wuses hypotherma to renove
i ntracerebral runours.

Question: Dr Tony Slark

You gave us your starting dose, if |I have got
you right, as 3 to 15 ng per kg. That is an

extraordinarily wi de range of dosageto start.
How do you choose when you are going to give
3 nmg or 15 ng ?

Dr Chris Acott

Just on t he haenodynami c responses i f you gi ve
3 ng per kg and you do not get much of aresponse
you can increase it if you want to. People
advocate using up to 15 nmg in sonme cases.
Ooviously if you hit themwith 5 ng or 6 ng and
t hen, as you often do, you get a great decrease
i n bl ood pressure and a bit of tachycardi a, you

will be worried about cerebral perfusion
pressure. If you want to get the EEG
isoelectric you have to watch the blood
pressure as well.

Question: Dr Darrell Wallner

| amjust alittlebit concerned; howwoul d you
ensure that you were also not depressing
respiration?

Dr Chris Acott

I n South Australia, those who go out to coll ect
patients are all anaesthetists. |f necessary
we can put down an endotracheal tube and
ventilate them which we would do if the
respirati on was depressed.

Question: Dr Chris Lourey

| can see the rational e of using barbiturates
for controlling fitting and the rational e of

having the expertise on site. However, |

cannot see the rationale of |arge doses of

barbiturates. |f you can have an anaest heti st

on site who has the skill to place the
endot racheal tube, why not conpl et el y paral yse
the patient, ventilate himwith at | east 60%
oxygen, possibly give steroids, and then when
he reaches a hospital with reconpression
facilities, de-curarise?

Dr Chris Acott

I discussed what we use in head injuries at
Flinders Medical Centre and what they are
tryingtodo. | wouldnot |liketouserel axants
to stop himfitting, as just because sonebody
is paralysed and cannot nove, does not mnean
that the EEG stops having fits. | agree with
you paral yse and ventilate himand take him
away. | think that is the way to do it. |If
you are going to use barbiturates, you are
going to have to ventilate the patient. W
know that we can reverse all the nuscle
rel axants once we get hi mi ntothe chamber. At
| east you have a secure airway and you are
reduci ng t he secondary danage that is goingto
happen.

Dr John Ml ler

Oxygen toxicity in this situation w th oxygen
enrichment during transport, particularly
with a barbiturate | oad on board is unlikely
to be a problem There are situations where
r epeat ed oxygen treat ments nmay be giveninthe
chanmber where oxygen toxicity will probably
ensue. | ampretty sinple mnded about sone
of these things. For the nost part, pul nonary
oxygen toxicity is a reversible lesion, at
|l east functionally, if not pathologically.
Pat hol ogi cal ly there are significant changes
in the lung. The gas exchange returns to
normal , particularly at rest. What does it
matter, if youinpair hisexercisecapabilities

to some extent in order to save sonebody’s
life?
A couple of coments about the use of

barbiturates in these cases and a little bit

about the differences between cerebral air
embolism and central nervous system
deconpressi on sickness. Central nervous

syst emdeconpressi on si cknessis dueprimrily
to obstruction of the venous outflowfromthe
spi nal cord. Cerebral deconpression sickness
is very uncommon by itself. Central nervous
syst emdeconpr essi on si ckness i s a gl obal cord
lesion. It may be quite highinthe cord. In
cerebral air enbolismyou nay have one or a
series of focal lesions that are arterially
nmedi at ed t hroughout the brain and the brain
stem The nature of both is to produce an
endot helial injury and that results i n oedenma
either of the cord or of the brain.

For sonme tine now we have al so t hought about
giving patients barbiturates, particularly
the ones that have obviously very severe
injuries. W have not done soonthe follow ng
grounds. Recovery and rousability follow ng
a single induction dose of thiopentone is
rapi d. However, although thiopentone is said
to be short-acting, it isonly short-acting by
virtue of the fact that the drug redistributes
inthe body tissues, and cones therefore to a
| ower | evel. So when you gi ve anot her dose of
t hi opentone that will al so produce a peak with
unconsciousness and subsequently
redistribution. Inorder tohave a maintenance
| evel at a nice elenentary point, the patient
may not be rousable. W have avoi ded using
t hi opent one because of the fact that we cannot
predi ct beforehand j ust howrousabl e a pati ent



will be after a particul ar series of doses of
t hi opentone when we are faced with the
situation where the co-operation of the

pati ent may bevital. Theoretically, | amvery
much in favour of doingit in serious cases of
cerebral air enboli sm where we have docunent ed
a mgjor injury and have nade a full clinical
eval uati on beforehand. Essentially, you are
cooling the brain down, reducing cerebral
oxygen requirements, reducing the perfusion
pressure and at the sane time going on with
oxygen, steroids and all the other things.

Dr Ji my How

If you have a diver with a cerebral air
embolism there is obviously going to be
ti ssue damage wi t hin the I ungs, with air being
carried to the brain. He may also have a
pneunot horax. | share Janene’ sworry. | think
such a hi gh dosage of thi opentone to a pati ent
coul d mask useful signs.
We have used very small doses of Valiumsuch
as 5 ng and our patients go off to sleep. This
introduces two problenms when you reduce
pressure. Wth a very drowsy patient who is
breathing slowy during the ascent from 165
to 60', you have to keep on rousing the
patient, as thereis the chance of | ung danage
from over-expansion if he is breathing very

slowy. How serious thisis, | amnot sure,
but we always keep our patients awake.
Secondly, if he is drowsy the signs and
symptonms of a small pneunothorax getting

bi gger may be masked. The patient nay not be
awake enough to conpl ain of painor difficulty
i n breat hing.

Question: Dr Chris Lourey

Could we have some coments in regard to

transport del ays such as getting the patient
to the RAN chanber in Sydney?

Dr Chris Acott

The time lag is one thing that | amworried
about. That is why | was advocating the use
of barbiturates, etc. In the extrene case of
a person convulsing, to give him a
haenodynami cal | y stabl e dose of thiopentone
and put in an endotracheal tube. In South
Australia we have i ntercostal drainage tubes
and we know howto put themin. |f we put them

in, on both sides is necessary, if we have
clinical indications.
Once you have given the initial dose of

t hi opentone you will decrease the cerebral
net abolic rate. Then you can paral yse hi mand
t ake hi mt o Sydney. Those of us who have wor ked
in ICU caring for patients with a Ri chnond
screw intraventricular drainage wll have
seenthe changes inintracrani al pressure when
sonmebody i s noved and what t hi opent one does to
it. As an anaesthetic aside, bypass patients
al | obviously get the sane ai r bubbl es but very
few have any clinical problens.

You have got everythi ng going for you, you are
nmoving him heis still, heis paral ysed, you
are reducing his stinmuli and you can get him

to the chanber and there i s no need f or anot her
dose of thiopentone within 2 or 3 hours. To
get hi mnovi ng agai n you gi ve hi matr opi ne and
sone neostigm ne. It all followed from ny
readi ng about cerebral oedena.

Dr John Ml ler

We have treated a nunber of patients with
severe cerebral air enbolismfollow ng sone
sort of nmedical catastrophe rather than
diving. They have had significant del ays of
up to 54 hours between the incident and
treatment in the chanber. |In nost patients
where there has been a significant delay, we
have f ound despi t e very aggr essi ve conpr essi on
t herapy and very aggressi ve oxygenati on, t hat
thereis consistently alatent period of about
18 to 30 hours between the onset of treatnent
and t he begi nning of an inprovenent. |f one
is going to use a barbiturate and recogni si ng
that there is a latent period, then why not
take t he advant age of the cerebral barbiturate
right through into that period? Instead of
turning of f when you get to the chanber, use
t he chanber as the extra part of the treatnent
as well as the barbiturate. Then turn the
barbiturate off sonme tine just before you
woul d expect to see sone i nprovenent, and the
patient may well wake up.

Dr M ke Davis

You are in a uni que position in Adel ai de. You
have a group of people who are extrenely
conpet ent i nthe basi c precepts of resuscitation
and mai nt enance of patients during transfer.
That is unique and there are very nmany areas
of the Paci fic Basinand Aneri ca and Eur ope and
a |l ot of other pl aces where such skills are not
available. | think there is a great risk of
putting the cart before the horse. Wil st
theoretically barbiturates in this situation
sound attractive, there are certain riders
that | would put onthat. Firstly, that there
is agreat deal nore basic education required
in the managenment of airways, fluids, etc.
during any form of evacuation. The second
thing is the rol e of thiopentone, as far as |

understand it, in the nanagenent of severe
intracranial conditions, is in the reduction
of intracranial pressure. There is no

evidence as yet that the use of barbiturates
in situations where intracranial pressure is
not el evated i nproves survival . This includes
Reye’ s syndrone, when the prinary problemis
a raised intracranial pressure which you are
treating with thiopentone.

We do not knowto what degree the intracranial
pressure rises in air embolism | would be
sonmewhat dubi ous about the use of barbiturates
in a situation where you are not nonitoring
i ntracrani al pressure. I think that there
woul d be potential risks to advocating that
sort of treatnment, particularly inthe field,
when not everybody nay have your conpetenceto
manage the patient.

Dr Chris Acott

According to a paper inCritical Care Medicine
thi opentone wi | | reduce cerebral oedena. They
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treated cardiac arrest patients who had 5
mnutes to 22 m nutes of cardiac standstill.
How rmuch cerebral oedena we get with cardiac
arrest we do not know, but they used
barbiturates. It is a debate that is going on
on both sides of the North of the Atlantic. |
am one who ardently believes.

Dr Ji my How

Patients should be transported with a clear
ai rway and adequat e oxygenati on.

Dr John Ml er

Yes, and hyperoxygenation of the patient.
Hyper oxygenationis acerebral vasoconstrictor
and a reducer of intracranial pressure.

Question: (unidentified voice)

Do you give the barbiturate all at once?

Dr Chris Acott

No, the slug doseistitrated. You do not draw
up a gramand just giveit. If you do not get
the response you want wi th 3 ng per kg gi ve nore
and see what happens.

Chai rman (Dr John Kni ght)

Any nore questions on barbiturates, cerebral
oedema and so on? |f not, | think we will ask
Jimmy Howto tell us about the diving habits
of the people he treats, and why t hey get bent
4 days out from Singapore.

Dr Ji mmy How

I will not talk too nuch about the fishernen
di vers because you can hear a great deal of

t hi s at the conferencein Si ngapore. Professor
Ong is looking after themin terms of the
preventive side and Professor Bose of the

ort hopaedi c depart nent after we have fi ni shed
with them and have sent the patient to the
rehabilitation unit.

We see four categories of patients. Firstly,
we have professional divers. They conme to us
because we have good communi cati ons i n Si ngapor e
and we have t he chanber here. The cases that
cone have already been treated and fail ed.

By and | arge t hese cases are dueto failureto
followthe tables. They are rushing. In an
enmer gency they have to surface, and when t hey
surface their problens start. They also |ike
surface oxygen deconpressi on. They come upto
about 40 feet and then from40 feet they shoot
up to the surface. They rush into the chanber
and try to be under pressure again within 5
m nutes. Then t hey breat he oxygen just to cut
short the deconpression time. Many of them
have probl ens at t he stage when t hey | eave t he
wat er, getting caught up with things as they
rush into the chamber. Wen they reach the
chamber sone of themstart to get the synptons
and signs conmng on. They come to us from
Brunei, fromthe | ndonesi an si de and even from
t he east coast of Malaysia. All these coneto
Si ngapore for treatnent.

In the second group are the fishermen divers.
They are the people you will hear about in
Si ngapor e. Their equipnment is primtive.
They just do not know anythi ng about diving.
They do about three or four dives a day.
Basically, they are of the ol der age group.
One woul d think that because they do so many
di ves a day they woul d have a tol erance, but
this is not really so. Wen they get a hit,
itisjust purely because of the type of diving
that they are doi ng. The best way to get their
fishisjust tothrowsone dynanite in, “boont
it goes, and then they can take any hookah and
go down and choose t he size of fish they want.
That is exactly what they do at 120 feet out
in the South Chi na Sea, about three days away
from Si ngapore.

By and | ar ge t hose who cone back t o us have gone
down to fish as soon as they anchor. They
remai n underwater for two or three hours and
they conme up. They have their | unch and down
they go agai n. They repeat t he same t hi ng over
agai n. They go on about three dives a day. The
amazing thingis that they have been doingthis
for 10 years and no bends. But | o and behol d
in the tenth or eleventh year they becone
conpl etely paral ysed.

The sports divers are nostly visitors. They
cone up here and they get very engrossed in
their diving. They put on a second tank and
they go in, they put on a third tank and t hey
go in. Some of them do not use the tables
properly and deconpress | ess t han t hey shoul d.
They too cone back to Singapore and give us
sone probl ens.

The fourth group we see are divers inthe Navy
and it is avery small group. They do not get
deconpressi on sickness. We have sone
experimental diving. W have to push them
deep. We get some problens. So these are the
sorts of cases we have seen in Singapore.

We will hear nore in Singapore regarding the
fishermen divers, when we will be show ng you
sone sl i des about these peopl e. The equi prment
they haveis very primtive. They wear a Worl d
War || gas mask. Air comes in through the hose
and bubbl es out at the side of the mask. There
is one chapontopcontrollingthe conpressor.
As they |ower the hookah they increase the
pressure. Sometinmes the conmpressor stops and
no nore air reaches the man. They ditch the
mask and charge all the way up. Very, very
prinmtive indeed. W are trying to educate
these fishernen divers, they are beginningto
under st and deconpression and lately we are
recei ving fewer cases.

Chai rman (Dr John Kni ght)

Thank you Jimy, that is a nost illumnating
description of what | would have called an
al nost suicidal nethod of diving. But it is
not very different from what the abalone
divers were doing in Victoria 10 to 12 years
ago. The abal one divers had problenms wth
deconpressi on sickness. | amsure Jinmy can
renemnber very clearly the two nen who went out
from Eden and did what turned out to be a
sui ci dal series of dives. They invol ved ot her



people in alot of inconvenience because they
did not die before the boat was pi cked up and
towed in. They diedinthe chanmber | ater, which
was partly due to chanber problens. But they
had gone out and done a series of dives which,
if you |looked at the tables, the ampunt of
n ssed deconpr essi on was so nuch t hat you coul d
only have t hought that they did not real | y want
to survive. Anybody got any questions to ask

Ji my?
Question (unidentified voice)

| visited Nauru early last year. They
di sregard their deconpression stops and
sonmeti mes t hey get bent and soneti nmes t hey seem
to be alright.

Chai rman (Dr John Kni ght)

If I could just elaborate on that. In Nauru
there is a delicacy known as a red fish which
many years ago used to be found plentifully at
50 feet. Peopl e could breathhold dive and
spear them Thentheislandgot itsfirst scuba
tanks and quite quickly theredfishwas fished
out to about 190-210 feet. Now you do not see
t hemof any si ze much above that. Surprisingly,
fewof t hemget bent. Those that do nostly have
either run out of air, and have had to nake a
rapi d ascent, or have seen a shark and nade a
rapid ascent.

Two year s ago Naur u was achi evingupto 12 cases
of deconpression sickness a year with a diving
popul ati on of about 50. About then, the Nauru
Gover nnment bought their own chanber, because
t he nearest chanmber was in Sydney. The first
bl oke t hey treated i nthe newchanber di ed, but
considering what he was |ike before he was
treated, that was not really surprising. |
went uptheretotrytoinformthelocal doctors
about deconpressi on sickness and al so tal ked
to the volunteer chanber attendants. These
were all people who give up their free tine.
They do not |i ke using|longtreatnents because
that means they cannot go to work. The
Phosphat e Conmmi ssion wi Il not pay themif they
do not turn up. The Nauru Governnent will, but
t he Phosphat e Conmi ssi oni s the naj or enpl oyer,
so they had an econonic incentive to give the
shortest possibletreatment. Inspiteof this,
t hey have had some quite good successes using

a primtive chanmber that is so hot that
everybody inside it is sweating buckets.
Which, if you renenmber John MIler talking

about fluid load, is fluid unloading to nake
everything as difficult as possible.

Dr John Ml er

This sort of diving practice is of course not
unknown i n many ot her parts of theworld. There
is a delightful paper in one of the sociol ogy
journals witten by an Anmerican soci ol ogi st
call ed HRussell Bernard. |In the md-sixties
he wote this superb paper about a year that
he spent with the sponge divers of the G eek
i sland of Kalimmos. He was able to describe
a whol e set of social circunstances, all the
things to dowth the macho i mage, where these
people stand in their comunity and what
happens to them Wen we are deal i ng wi t h what

we consider to be an odd diving practice, we
need to | ook at the total picture of howthat
fits in with the local society instead of
rushi ng i n and poi nti ng out howw ong t hey are.

I am not, on the other hand, saying that we
should sinply withdraw and allow the noble
fellows to go on doing their thing. | think
we have to be fairly circunmspect about how we
educat e peopl e.

Dr M ke Davis

It is worth renenbering that observation of
one group of divers produced a f undanent al new
concept of deconpression sickness. That was
the paper by Le Mesurier and Hlls on the
Torres Strait divers. So as well as throw ng
up our hands in horror, we ought to | ook at
their diving habits because there mnight be
sonet hing we can learn fromthem

Question (unidentified voice)

How do you explain how whales can go down
t housands of feet? Howfar can whal es go down?

Dr John M1l er

Wal es have been caught in nets as deep as
3,000 feet. Nowthat does not nean t hat whal es
do repetitive breathhol d dives to 3,000 feet.
Repetitive breathhol d dives i n man can i ndeed
cause deconpression sickness. Al of the
di vi ng manmmal s have speci al i sed parts of their
circulation. They have an overgrowth of the
epi dural venous plexus that enables themto
shunt bl ood away fromthe lung. It enables
themto shunt blood into the thorax in such a
way t hat they can sel ectively, as the pressure

i ncreases, conpress the tissues of the |ung.
They have a very highly conpliant thoracic
wal | and very highly conpliant lungs. Then

they splint therest of thelungw ththe bl ood
from the epidural venous plexus. They
certainly seemto have an enornous capacity
for dissolving nitrogen. | think it is very
uncommon for most of the diving mamals to
repetitively dive to exceptional depths. |
think they spend a great deal of tinme closeto
the surface and only occasionally sound to
great depths.

A young Dani sh submari ne nedi cal officer was
intrigued by theway hisinstructors were able
to breathhold dive down to 100 feet to the
bottom of the submarine training tank.
Event ual | y one of t hemdevel oped deconpr essi on
si ckness, which led himto think about the
possibility of devel oping deconpression
si ckness fol  owi ngrepetitive breathhol ddi ves.
He and others were able to denonstrate that
deconpressi on sickness followi ng repetitive
breathhold dives is indeed a possibility.
M/t hol ogy i s probably behi nd Taravana, which
is severe deconpression sickness that sone
Paci fic I sl anders get. They have to brave the
wath of the Princess who guards the black
coral which is found at extrene depth. They
thendiverepetitivelytoget thisandthe nore
di ves t hey do per day t he greater the standi ng
they have in the community until eventually
the wath of the Princess gets them
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You can inmagi ne that on each of these dives
some of the nitrogen in the | ungs goes, with
agreat driving pressure, intothetissues and
does not al |l cone back out. This progressively
bui | ds up. These people go down to quite
extrene depths on their breathhold dives and
t hen pedal like hell for the surface. Thisis
very nmuch equivalent to a blowup. It is not
surprising that when they get deconpression
sickness it iseither the chokes or very severe
neur ol ogi cal deconpressi on sickness. That is
what the Princess does to them

Chai rman (Dr John Kni ght)

Taravana is known to the English speaking
wor | d t hrough a chapter witten by ERCross in
a book on breat hhol d di ving. He wotethat one
group of islanders went pearl fishing and got
thi s strange di sease, but the men of the next
i sland never got it. The only difference
between the two group’s techniques was the
ti me spent at the surface between dives. Both
groups di d the same nunber of dives in a day,
but the second group spent | onger hangi ng on
to the canoe before they went down again.
Presumably, being able in that time, to
breat he of f sone of the nitrogen that they had
absor bed.

CANADI AN HI GH ARCTI C NURSES TRAIN AT LGOS
ANGELES HARBOUR COWMERCI AL DI VI NG CENTER
FOR BEAUFORT SEA OFFSHORE JOBS

A pilot group of registered nurses and
par amedi cs conpl eted a divi ng nedi cal course
on February 13, at the Comercial Diving

Center in WI nmngton, California.

The nedical personnel are enployees of the
Arctic Exploration Services Ltd., which is
headquartered in Calgary, Canada. The firm

speci alizes in furnishing professional and
techni cal specialists for Canada’s oil patch
operations in the Beaufort Sea in the high
Arctic.

The excl usi ve trai ni ng contract was engi neered
by Terry Hodgi ns, Superintendent of CAN- DI VE
OCEANEERI NG i n Vancouver, British Col unbi a,
and Ji mRi ppon, Operations Manager for Arctic
Operations Services. CANNDIVEisanaffiliate
di vi ng cont ract or of OCEANEERI NG| NTERNATI ONAL
INC., of Houston, Texas, which al so owns the
Commercial Diving Center. Bot h Ri ppon and
Hodgi ns attended the training.

The initial group of nmedical people are based
i n Tukt oyaktuk on the Beaufort Sea, sone 100
mles north of the Arctic Circle. The five
femal e nurses and ni ne nal e paranedi cs rotate
fromthe hone base out to the offshore oil
drilling platforns off the coast of Canada’s
Nort hwest Territory.

Wil e stationed aboard the drill ships, the
medi cal personnel are on call 24 hours a day,
seven days a week. They perform nedical
support for the non-diving, as well as the
di ving people on the rigs.

Arctic Exploration Services foresaw the need
for increased di vi ng medi cal traini ng but none
was available in Canada. Terry Hodgins,
hinsel f a graduate of the Commercial Diving
Center’s Emergency Medical Technician/Diver
Course, solved the problemby setting up the
contract for Arctic Exploration's people to
coneto SouthernCaliforniafor the specialized
medi cal training.

As its title suggests, Arctic Exploration
Servi ces provides highly skilled individuals
and t echni cal equi pnent to frontier regi ons of
the world. |In addition to nmedical services,
Arctic Exploration also furnishes Marine
Radio Officers, Radi o Operat or/ Weat her
bservers and technical equi prent rental s.

CAN- DI VE provi des bot h conventional and bel |/
saturation diving services and sone 60%of its
di vers are graduates of the Conmercial Diving
Center.

The trai ni ng at CDCprovi ded a basi ¢ f oundati on
i n emer gency di vi ng procedures for nurses and
par amedi cs wor ki ng i n cooperation w th diving
personnel who nust functionin the renote and
uni que environment associated with offshore
petrol eumexpl oration and production in high
Arctic regions.

The objectives of the course were to instil
wi t hi neach partici pant t he necessary know edge

to work in close co-operation wth diving
crews to provide energency nedical care
managenent for divers who are ill or becone
i njured while working of fshore.

The training enphasized the hazards of the
underwat er environment, causes, synptons,

treatment and prevention of diving injuries
and rel ated diving diseases.

The nmedical personnel were given an
understanding of basic definitions and
term nol ogy associ ated wi t h commrer ci al di vi ng
operations, andto knowsaf e di vi ng practi ces.

Al made dives in CDC s operational diving
ball to acquaint them with the diver’'s
perception of his working area. One of the

factors taken into consideration in awardi ng
the exclusive training contract to CDCi s t hat
the school is the only school in the US with
an operation bell/saturation diving system
which is simlar to saturation systens being
used in the Arctic.

Tukt oyaktuk, site of Arctic Exploration's
base, is the Eski no name meani ng “pl ace where
the rei ndeers cross”, and 90%of the vill age’s
popul ati on are native Eski nos.

CALL-D VEand Arcti c Expl oration, i nconjunction
wi th the Commerci al Diving Center are pl anni ng
to continue to update the information and
experience the nurses and paranedi cs have
gained fromthis pilot course.



PRACTI CAL ASPECTS COF DI VI NG TABLES
FOR SPORT DI VERS

Bruce E Bassett

Over the years that diversinthe United States
have used SCUBA for recreational diving, the
US Navy St andar d Ai r Deconpr essi on Tabl es have
been the accepted reference for avoiding
deconpression, cal culating repetitive dives,
or for making correct deconpression stops.
Deconpr essi on t abl es wer e desi gned t o prevent
deconpr essi on si ckness (DCS). How successful
are these tables in preventing DCS? |In the US
Navy, DCS occurs inonly 0.03 to 0.04%of all
di ves nade per year (1). Is this record also
attained in sport diving? No one can answer
that question with certainty because the
i nci dence of DCSin sport divingis, and will
likely remain, unknown.

As the sport of SCUBA diving has grown and
devel oped nost instructors and certifying
agenci es have tended t o agree on certain basic
saf ety principles which shoul d be fol | owed by
sport divers. Thus nost agree that: 130 feet
shoul d be the naxi rumdepth; all dives should
be made wi thin the no-deconpression limts of
the US Navy Tables; and divers should not
“push” these no-deconpression limts. It is
in the third recommendation that there is a
wi de vari ety of “factors” expoused by di fferent
divers/instructors. Sonereducethelinits by
a fixed anount of tine (ie. 5 mnutes), sone
use a percentage of the tine (2 to 10% to
reduce the limts, some add “safety”
deconpression stops, and nobst nmerely say,
“don’t push the tables”.

It i s proposed here that SPORT DI VERt abl es be
designed to provide a standardi zed approach
for sport diverstoavoid“pushing” thelinmts
of the US Navy Tabl es. The rationale for
altering the basis of the US Navy Tables will
be expl ai ned as wi I | the desi gn of such Tabl es.
The proposed SPORT DI VER t abl es are not to be
extrapol ati ons of the US Navy or any other
tabl es per se, but they will be conpared with
ot hers. Finally, the Tables are strictly
designed with the sport diver in mnd. They
are totally devoted to avoidi ng “pushing the
limts”.

RATI ONALE FOR ALTERI NG THE TABLES

US Navy Experience

If one looks at the US Navy statistics
regarding the incidence of DCS, ie. 0.03 to
0.04% the | ogical questions formed are “why
alter the Tabl es?” The |l ogic of this question
is reinforced by a lack of DCS incidence
statistics for sport divers in general.
However, in exam ning the US Navy statistics
the question nust be asked “How does the US
Navy dive with open-circuit scuba?” The US
Navy Diving Manual does not set absolute
depth/time limts for the use of SCUBA but
stat es t hat “whenever possi bl e SCUBA oper ati ons

nust be conducted so that no deconpression
will be required” (chapter 5 pages 5-40
5.3.6). It also states (Chapter 4 figure 4-

17) that 60 feet is the normal working limt
for open-circuit scuba and 130 feet is the

maxi mum working limt. As far as these
recomrendat i ons go we can assune that all, or
nearly all, US Navy scuba di ves are conduct ed
within the no-deconpression linmts. But what
fracti on of Navy scuba di ves are nowhere near
these limts? |f a high percentage of their
scuba di ves are shal | ower than 40 feet, or nuch
shorter than the deeper time limts, whichis
probably the case by the nature of their use
of scuba, then the DCS incidence figures are
m sleading by a deflated denom nator ie.
i nci dence = nunber DCS cases di vi ded by nunber
dives. The incidence figure of concern to
sport divers woul d be nunber DCS cases di vi ded
by nunber dives made to the exact no-

deconpression limts. That statistic is not
readily avail able for US Navy dives.

Laboratory Findi ngs

Merrill Spencer conducted a |arge nunber of
dives to the US Navy no-deconpression limts
(and sone beyondthelimts) inareconpression
chanmber, and a smaller nunber in the open
ocean, using the Doppler Utrasonic bubble
detector to nonitor post-dive intravascul ar
bubbl e formation (2). In chanmber dives his
results were as presented in Table 1. His
experience, as others have noted, wth open
wat er di ves, was that a hi gher percentage had
bubbl es and bends than on equival ent “dry”
dives in the chanbers.

TABLE 1

BUBBLES AND BENDS AFTER DI VI NG

DEPTH TI ME EXPOSURES BUBBLES (% BENT (%

70/ 50 (c) 12 33.3 8.3
60/ 60 (c) 13 31 7.6
125/ 20 (c) 9 56 11
165/ 10 (c) 6 33 0
165/ 10 (w) 6 83 33
c = in chanmber; w = in water
(From Spencer - 1976)

Andrew Pilmanis at the USC Catalina Marine
Sci ence Center found, also using the “bubble
detector”, that open water dives to 100 feet
for 25 m nutes produced i ntravascul ar bubbl es

in all subjects and that the degree of
“bubbl i ng” was i nfl uenced by the | evel of work
perfornmed while at depth (3). No bends
occurred in his subjects, but one other

significant finding was noted. |n a subject
who had repeated significant “bubbling” upon
surfacing directly from an exposure of 100
feet for 25 mnutes, the degree of bubbling
could be drastically reduced by a short stop
at 10 feet and el i m nated by short stops at 20
and 10 feet. This may i ndi cate that only m nor
alterations in the no-deconpression limts
may drastically alter the results and that
perhaps the present linits areonthe “knife’s
edge” with regard to bubble formation and
bends.

Uf Balldin fromSweden has made interesting
observations regardi ng flyi ng fol | owi ng di ves
made to the limts of the US Navy no
deconpression limts, specifically 50 feet
for 100 minutes and 130 feet for 10 mi nutes
(4). These were al so “dry” chanber dives and
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the subjects were nmonitored with the bubble
detector while exposed to altitude. The
al titude exposures were nade to either 3,000
nmeters (9,840 ft), 2,000 neters (6,560 ft) or
1,000 neters (3,280 ft) after a three hour
surface interval. The incidence of
i ntravascul ar bubbling was as shown in Table
2.

TABLE 2
BUBBLES AFTER DI VI NG AND ASCENT TO ALTI TUDE

POST- DI VE ALTI TUDE  BUBBLES (%

3,000 m (9, 840 ft) 60
2,000 m (6,560 ft) 30
1,000 m (3,280 ft) 10

(From Bal l din - 1980)
It is interpreted that silent bubbles were
formed upon surfacing fromthe dives, which
then becane detectabl e upon further pressure
reduction to altitude. There were no bends
anong hi s subj ects but again, these were “dry”
chanmber exposures.

TABLE 3
PROFI LES OF USN NO- DECOVPRESSI ON DI VES AND
EXPERI MENTAL DI VES FOLLOWED | MMVEDI ATELY BY
ASCENT TO 10, 000 FEET CALCULATED TO PRODUCE
THE SAME DECOVPRESSI ON STRESS

DECOVPRESSI ON EXPERI MENTAL

DEPTH TI ME DEPTH TI ME
130/ 10 130.0/ 7

100/ 25 100. 0/ 10
80/ 40 80.0/ 14
60/ 60 60. 0/ 20
40/ 200 40. 0/ 30

22/ 24 hours 10. 75/ 24 hours

(From Bassett - 1979)

Inatri-service project conducted at t he USAF
School of Aerospace Medi ci ne concerning flying
i medi ately after diving, further evidence
was gai ned that the present no-deconpression
limts may not be sufficiently conservative
(5). Exposuretinmes at depths to 130 fswwere
calculated to give the sane deconpression
stress with an ascent directly to 10, 000 feet
as diving to the no-deconpression limts and

ascending directly to sea level, ie. the
conparative profiles shown in Table 3. The
results were as shown in Table 4.
TABLE 4
BUBBLES AND BENDS AFTER
DI VI NG AND ASCENT TO ALTI TUDE

DEPTH EXPOSURES BUBBLES(% BENDS (%
130 20 0
100 18 38.9 5.5

80 16 37.5 6.3

60 18 27.8 5.5

40 18 22.2 5.5

10. 75(=22) 20 20.0 5.0

The dives were calculated to give the sane
deconpression stress as a nho-deconpression
di ve. (From Bassett - 1979)

In summary, the |aboratory evidence is that
the “true” i nci dence of i ntravascul ar bubbl i ng
and bends on dives made to the US Navy no-
conpression limts:

1. ranges from10- 56%bubbl es i n dry chanber

exposur es;
2. ranges from83- 100%bubbl es i n open wat er
exposur es;
3. ranges fromO0 -11%bends in dry chanber
exposur es;
4. ranges from 0-33% bends in open water
exposur es;
5. | ong shal | owdi ves produce hi gher bubbl es/

bends incidence than short deeper dives.

This then is the rationale for proposing
reduced no- deconpressionlimts for thesports
di ver. If Sport Diver Tables are to be
desi gned t o make di vi ng saf er, then addi ti onal
consi deration nmust be given to their design.
One area of investigation that has been
per f or ned has been an anal ysi s of t he Repetitive
Di ve Tabl es of the US Navy.

The repetitive group letters of
systemare based on a theoretical
difference in nitrogen pressure,
to 2 fsw per group letter, in the slowest
theoretical conpartment for tissue (ie. the
120 minute half-tine). Wen all dives within
the US Navy St andard Deconpressi on Tabl es are
calcul ated, there are nany anonalies found.
The range of nean differences in PN, between
subsequent repetitive groupis froml.2 fsw(A
toB) to1.8fsw(GtoHand Mto N). Also the
range of PN, found within a given repetitive
group letter isfrom2fsw(A) to6fsw(M (6).

the Navy
cal cul ated
equi val ent

Because of t hese anomal i es, such condi tions as
the 60/30, 30 mnute surface interval, 60/30
repetitive dive sequence that produces a
deconpressi on dive on the second 60/30 dive
arise. Wiilethisexanpleis obviously asafe,

conservative approach, a nore precise system
of repetitive groups woul d reduce such anonal i es
and nake the system produce nore “realistic”

resul ts.

DESI GN CRI TERI A FOR SPORT DI VER TABLES

Limts of Navy Tabl es

The limting factors in the US Navy Tabl es are
the calculated nitrogen tensions in siXx
theoretical “tissues”. These nitrogentension
limts were determned enpirically (ie. by
trial and error) during the devel opment and
testing of the Standard Air Deconpression
Tables and are referred to as “Mval ues” for
maxi mum nitrogen tensions allowed upon
surfaci ng. These M val ues, whi ch ar e expressed
infeet of sea water absolute (fswa) can al so
be expressed as ratios of nitrogen tensionto
total pressure, ie. by dividingthe Mval ue by
33 fswa (the absol ute pressure at sea | evel ).
These are presented in Table 5.

Reducing the Linmts

Sincetheselinmtsrepresent thedrivingforce
f or gas phase separation (i e. bubbl e fornation),
they are the limts which nust be reduced to



TABLE 5
LI M TI NG FACTORS FOR US NAVY Al R DECOVPRESSI ON TABLES
Hal f-tine tissue (nin.) 5 10 20 40 80 120
M val ue (fswa) 104 88 72 58 52 51
Rati o 3.15 2.67 2.18 1.76 1.58 1.55
No- deconpression limts 110/ 20 90/ 30 70/ 50 50/ 100 40/ 200
for various half-tine 120/ 15 100/ 25 80/ 40 60/ 60
ti ssues 130/ 10 110/ 20 90/ 30 70/ 50
120/ 15 100/ 25 80/ 10
TABLE 6
LI M TI NG FACTORS FOR PROPOSED SPORT DI VER TABLES

Hal f-tine tissue (nin.) 5 10 20 40 80 120
M val ue (fswa) 95 83.2 67 53.8 46.5 44
Ratio 2.88 2.52 2.03 1.63 1.41 1.33
M val ue reduction (fswa) -9.0 -4.8 -5.0 -4.2 -5.5 -7.0
design a set of tables for sport divers. Finally, an additional part of the proposed

Consi dering thelaboratory evi dence present ed
earlier the recommended revi sed Mval ues and
ratios for proposed SPORT DI VER Tables are
presented in Table 6.

Limts of SPORT DI VER TABLES

Using the reduced Mvalues, the cal cul ated
“no-deconpression” limts of the proposed
SPORT DI VER Tabl es are given in Table 7.

TABLE 7
SPORT DI VER TABLE NO DECOVPRESSION LIM TS
Dept h/ Ti me Limting 1/2 time tissues

140/ 5 5

130/ 5 5

120/ 10 5
110/ 15 5
100/ 20 10

90/ 25 20

80/ 30 20

70/ 40 20, 40

60/ 50 40

50/ 70 40

40/ 120 40, 80

35/ 180 & 30/220 120

Repetitive Diving Revisions

In order to produce repetitive groups for
strictly “no-deconpressi on” SPORT DI VERt abl es,
toprovide for nore flexibility inrepetitive
di ve planning, and to elinmnate nmost of the
anomal i es encountered in using the US Navy
repetitive dive tables, 18 repetitive groups
are proposed (i nstead of the 15involvedinthe
Navy no-deconpression tables) with a precise
range of 1fswa per repetitive group designation.
I nthe proposed Surface Interval Credit Tabl e

there is no mnimumtine of ten m nutes, but
with short surface intervals the residual
Nitrogen times will always be equal to or

greater thanthe BottomTi ne of the first dive.

SPORT DI VER Tabl es will be to include athree
mnute mninmumstop at 10 to 20 feet on ALL
di ves nmde. This is again an attenpt to
st andardi ze safety factors and put in an extra
margi n to make t he tabl es as saf e as possi bl e.

RECOMVENDATI ONS

SPORT DI VER Tabl es

In sumrary the proposed Sport Diver tables:

1. are nore conservative in their
limts than the US Navy Tabl es;

2. provi de standardi zed safety factors;

3. appear slightly nore conplex than the
present tabl es because of al arger nunber

design

of repetitive groups;

4. are designed to be presented like the
PADI tables - sinpletousew thpractice;

5. reduce sonme of the anonalies present in
the US Navy repetitive dive
system

6. shoul d be validated by manned testing,

but can be used wi t hout because they are
nore conservative in all respects than
the presently accepted standard.

7. can be used for multi-Ievel/step diving.

Flying After Diving

Because of the results of Balldin and of
Bassett, previously discussed, nost i f not all
of the current recommendations regarding
flying after diving are suspect.

Edel ' s (7) two- hour surfaceinterval rul e does
not appear to be sufficiently conservative
since 3to 4 hoursinthe two studies cited was
insufficient tinme to clear bubbl es apparently
formed as a result of dives nade to the no-
deconpression limts. Addi ti onal evidence
indicates that bubbles, once forned, may
persist for as long as 18 hours.
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The “D group rule” nay not be any better for
t he sane reasons, nanely if bubbl es are forned
they may persist during the surface interval
involvedinallow ngthe decay of therepetitive
group from sonme higher letter dowmmn to a “D’
group. Surfacing fromadivewtha“D group
and i medi ately flying to a maxi nrum of 8, 000
feet above sea |evel (unpressurized flight
altitude or cabin altitude of pressurized
aircraft) nay be safe. However, CL Smith’'s (8)
recommendations that it is safe to fly to
10,000 feet with a “D group is unsafe, as
shown by the Air Force tests, ie. Table 8.

TABLE 8
BUBBLES AND BENDS AFTER CHAMBER DI VES

ASCENT TO ALTI TUDE WHI LE | N REPETI Tl VE
GROUPS D AND E

DEPTH REPETI TI VE BUBBLES( %) BENDS( %9
TI MVE GROUP

130/ 7 D 0 0

100/ 10 D 38.9 5.5

80/ 14 D 37.5 6.3
60/ 20 D 27.8 5.5

40/ 34 E 22.2 5.0

Use of the “Cross Corrections” (9) for flying
i medi ately after diving would al so not be
sufficiently conservative, particularly at
t he shal | ower depths as indicated in Table 9.

TABLE 9

CROSS NO- DECOVPRESSION LIM TS FOR 10, 000
FEET COVPARED W TH BASSETT (1979) TESTED

Dl VES
CROSS TESTED
DEPTH TI ME DEPTH TIME  BUBBLES (%

130/ 5 130/ 7 0

100/ 5 100/ 10 38.9
80/ 15 80/ 14 37.5
60/ 30 60/ 20 27.8
40/ 60 45/ 34 22.2

In view of these findings it is recomended
that a mi ni mumsurface i nterval of 12 hours be
al | oned between any diving and flying to any
altitude in excess of 3,000 feet.

Diving at Altitude

Related in nost respects to flying after
diving, the situationwith diving at altitude
isalsounsettled. The “Cross Corrections” if
used in conjunction with the SPORT DI VER
Limts should be sufficiently conservative.
Deconpr essi on di ves usi ngthe O oss Corrections
shoul d NOT be performed. An additional safety
precautionis not todive at altitude until 12
hours after arrival there.

As an alternative, there are sone tables
devel oped by the Swi ss that appear to be very
conservative and whi ch have t he added benefi t
of having been validated by nanned testing
(10).
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A SCUBA DI VI NG ACQUAI NTANCE COURSE FOR THE SEVERELY DI SABLED

Abridged froma report by
CEN Sturgess and MC d atwort hy

I nthis paper “di sabl ed” neans havi ng bi | at er al
| ower-1linmb dysfunction. Such disabilities
are of less inportance in diving than the
absence of, or dysfunction of, a hand or arm
It is hoped that this report with that of
Fl enmi ng and Mel amed (1) will be regarded as
conponents of a conti nui ng progranme and used
accordingly.

It has long been accepted that sporting
activities provide unrivalled opportunities
for disabled persons to obtain enjoynent,
satisfaction and social integration. To date

the mpjority of sporting activities for
di sabled have centred on non-risk team
conpetitive ganes. In contrast the risk

sports such as sailing, canoei ng and sub aqua
have received little attention.

A nunber of severely disabled persons have
| earned t o di ve by contacti ng di vi ng groups on
an individual basis. The United States Arny
has run courses for war-disabled in Hawaii.
Fl enmi ng and Mel anmed ran a course of scuba
training for six Israeli war-disabledin 1974
(1). Since 1974 the BSAC has operated an
advi sory service for diving for the di sabl ed,
but no amateur part-tine courses have been
or gani sed.

The aut hors conduct ed such a course in 1980.
The objectives of the course were:
(a) toacquaint disabledtraineesfullywth
both the theoretical and practical aspects
of diving and diving training in order to
devel op interest and confidence;

to assist the disabled trainees in
becom ng menbers of able-bodied diving
groupsonafullyintegratedbasis. (It was
not the intention to establish disabled
di vi ng groups, thi swoul d be bothinpracti cal
and undesirable).

(b)

Accordi ngto Fl enmi ng and Mel aned (1) di sabl ed
trai nees should be passed nmedically fit to
di ve and capabl e of i ndependent travel to the
dive site. They mmy require assistance
getting into and out of the boat and wat er but
once in the water they can dive unaided. |If
separated from the boat the subject can
inflate his (or her) life jacket and survive
on the surface. This level of independence
ensures a hi gh degree of safety and permtsthe
di sabl ed person to join able-bodied diving
groups on a fully integrated basis.

Fl enmi ng and Mel aned (1) considered that the
nmedi cal and physiol ogi cal requirenents for
di sabl ed candi dates were:

1. Medi cal requirements were the sane as
demanded for any personwhoistojoinadiving
course. (Afull medical exam nation, according
to the standard BSAC nedi cal test sheet, was
conduct ed on each candi date).

2. The respiratory
conpletely normal and all
muscl es under control. For
spinal lesion should not
preferably not above T8.

3. The candi date’ s skin should be w thout
injury or pressure sores.

4. There shoul d be nourinarytract i nfection
and full control of urine and bowel nmovenents,
with or without artificial aids.

5. For paraplegics tie disability should
not have been caused by a spinal bend.

6. Par apl egi c candi dates wi th partial spinal
| esi ons shoul d be made aware that diving may
make possibly the lesion conmplete although
thereis norecord of this actually happening.
7. The disabled person should be
participating regularly in intensive
SWi mmi ng.

8. The di sabl ed per son shoul d have a st abl e
personality with a full know edge of his
abilitiesanddisabilities, beself-disciplined
and abl e to accept orders wi thout resentnent.

system should be
the respiratory
par apl egi cs the
be above T5 and

The authors, through their routine contact
wi t h a nunber of M dl ands BSAC br anches, found

interest in the topic of diving for the
di sabl ed. Al though BSAC branches were aware
of the possibilities of diving for the

di sabl ed t hrough the efforts of Fl enming (2),

they were unsure howto proceed. Althoughthe
Sports Council publicises diving for the
disabled (3) nost disabled persons seem
unaware of this activity. Disabled persons
were reluctant to approach excl usively abl e-

bodi ed di vi ng groups w t hout assessing their

suitability beforehand. The authors found
consi derable interest in the possibility of

di vi ng anong t he nenber s of a swi mmi ng cl ub f or

the disabl ed. They considered that an
acquai ntance course of one eveni ng per week,

wher e t he di sabl ed candi dat es woul d be exposed
to all of the lecture and pool training
requi rements up to BSACthird cl ass standard,

woul d enabl e t he di sabl ed trai nees to acquire
a substantial foreknow edge of diving, and of

t he requi renent s of BSAC branches, to practice
the practical techni ques and sol ve probl ens on
a group basis. Theinstructors for the course
were to be drawn fromi nt er est ed BSAC br anches
adjacent to the disabled persons’ hone
addr esses. They woul d acquire experience,

devel op confidenceinworkingwththedisabl ed
and feed i nformati on back to their branches.

I f the di sabl ed candi dat es desired to conti nue
diving, the instructors would forma bridge
bet ween t he acquai nt ance course and t he BSAC
branch environnent.

Three mal e di sabl ed swi nmers were interested
inthe course. Al had bilateral lower linmb
dysfunction. They could drive and all were
capabl e of changi ng, showering and entering
the water w thout assistance.
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TP: aged 34, has been parapl egic partial T8/
9 since a notor car accident in 1962. Height
178cm wei ght 81kg. He is in full-time
enpl oynent onthe staff of aregi onal newspaper.
He is normally nobile in a wheelchair. He
swinms 3 tinmes a week and has represented his
di sabl ed swinming club in regional, national
andinternational conpetitions. Herepresented
the UKin the 1974 Di sabl ed A ynmpi cs. He has
held the disabled world record for the 50m
backstroke. He is active in administering
sports for the disabled at a regional |evel.

PO age 29, has had bilateral lower linb
dysfunction since he contracted polioin 1959
at the age of 8. Height 170cm wei ght 69kg.
Heisinfull-time enployment onthe manageri al
staff of a national conpany. He is normally
nobil e on crutches. He swins 3 or 4 tinmes a
week and represents hi s di sabl ed swi nmi ng cl ub
in regional, national and international
conpetitions.

bilateral |ower
155cm  wei ght:

SB: age 28, has congenital
limb dysfunction. Hei ght

69kg. He swins tw ce per week and represents
his disabled swinming club in regional,
national and international conpetitions.

The course was conducted at the University of

Bi rmi nghamSports Centre i n a pool 25ml ong by
10mwi de wi th a maxi numdepth of 3mext endi ng
for one third of the pool |ength, the rest of

t he pool was shel ving with depths of 1mto 2m

The pool has plastic edging, is used by a
di sabl ed swi mmi ng cl ub and has easy access for

wheel chairs. Alecture theatre was avail abl e
on the sane | evel with i medi ate access from
the pool .

The cour se organi ser was assi sted by t he BSAC
Regi onal Coach, an Advanced instructor, as
chief instructor. O thefour other instructors
three were Club Instructors and the fourth
instructor was a Branch Instructor (not
nationally qualified) but wth previous
experience of working with the disabled. A
general practitioner who was an experienced
diver, and a physiol ogist gave support in
their specialties.

The cour se, based on t he BSAC| ect ure and pool

schedul e for third cl ass di ver, was run for 10
consecuti ve weeks begi nni ng m d January 1980.

Once a week the candidates had a 3/4 hour
| ecture fol |l owed by one hour inthe pool, after
which there was half an hour devoted to
debriefing. The lectures given were abridged
with concentration on the essential itens.

They were not full | ectures as associatedw th
nor mal branch training programes. The | evel

of conpetence expected was bel ow that which
woul d be normal Iy requi red i n branch training.

The practical exercises were sinply to show
that no major problenms renained. These
departures fromnornal practi ce were necessary
to cover all the pool training exercises and
rel evant theoretical material upto BSACthird
cl ass standard wi t hi n 10 sessi ons. |t was nade
abundantly clear to the candi dates that the

course was only an acquai ntance course and
shoul d t hey wi sh to proceed further they woul d
be required to go through a full training
scherme under normal branch conditions. The
phi | osophy adopt ed was t o pur sue an accel er at ed
BSAC recommended trai ning schene and only to
consi der changes as and when the disabled
trai nees encountered difficulties with the
standard schene.

The candidates were all extrenely highly
nmotivated. Thetrainees, all beingacconplished
swi mrers, did not experience any difficulties
with the standard BSAC swi nming test, except
that it was obviously inpossible for any
candi date to tread water wi th both arns out of
thewater. Al the candidates coul dcontinuously
maintain one arm out of the water. One
candi date (PO was very positively buoyant.
The di sabl ed candi dates had no control over
their | egs and as contact with the pool sides
and bottomis best avoi ded wherever possible
due to abrasive danage to the linbs (1), they

al ways entered t he pool at the deep end. Wen
training able-bodied divers it is usual to
retire to the shallow end of the pool for

di scussions in the water. This is not
desirabl e for disabled trainees and i n-water
di scussi ons are best conducted treadi ng wat er
or hol ding onto the pool side in the deep end
of the pool. Swimming with a 5kg wei ght belt
resulted in the candi dates’ |egs draggi ng on
the bottomof the pool inthe shallowend. It
woul d be preferable to conduct this exercise
for the equival ent distance (50m across the
deep end of the pool. Fitting a mask and
snorkel as the act of raising the arms tends
to sink the body, and the disabled trainee
cannot tread water. There were sonme slight
problens with nmask clearing but these were
soon resol ved. After afewtrials the schene
adopted was as foll ows:

(1) dive, swim to the
surface

recover the nask,

(2) take a deep breath, fit the mask body

si nks

(3) clear mask wunderwater, swim to the
surface

(4) dive, recover the snorkel, swimto the

surface

(5) fit snorkel - body sinks

(6) swimto the surface, clear snorkel.

The exerci se of swi mm ng using a snorkel, but
wi t hout a nmask agai n poses a problemfor the
di sabl ed trai nee. Abl e-bodi ed trai nees sinply
support the snorkel at the side of the head
with one hand and fin. The disabled trainee
requires both arns to propel hinself effectively
through the water. The nodification adopted
for the pool exercisewas towear the nask with
the face pl ate on t he back of the head and use
thestraptorestrainthe snorkel, soreleasing
both arms for swi nming. However, this raises



aninterestingpoint for openwater snorkel ling
for the di sabl ed, shoul dt he di sabl ed snorkel | er
have separate retaining straps for the nask
and snorkel inthe event that the mask is | ost?

Life saving is obviously the area where the
di sabl ed trai nees were expected to have the
nost difficulty. Fl enming and Mel anmed (1)
recommend that for open water activities the
di sabl ed di ver shoul d al ways be acconpani ed by
two experienced conpani ons. Neverthel ess the
ri sk of separation is always present and the
extent to which the disabled trainees could
performlife saving exercises was explored.

The procedure eventual | y adopted for snorkel
Iifesaving was as follows:.

1. The disabled trainee approached the
victi mwho was equi pped with an ABLJ and
lying face down in the water.

2. He rightedthe body and partiallyinflated
the victims life jacket.

3. The trai neerenovedthe victims mask and
snorkel and, supported by the victims
inflated |ifejacket adm nistered EAR and
signal l ed distress. The exercise could
have been terninated at this point but the
candi dat es wer e keen no conti nue t he nor nal
procedure.

4. The disabled trainee slowy towed the
body one | engt h of t he pool (fromdeep water
to hal fway and back) using an extended t ow
from the lifejacket straps and sw nming
with one arm

5. On arrival at the pool side, an the deep
end, thetrainee supportedthe bodywithhis
arms under the arnpits of the body. | f
byst ander s wer e present t he trai nee request ed
hel p and i nstructed the hel per in renoving
the body fromthe water. Again the rescue
coul d be term nated at this stage, however,
t he candi dat es were anxi ous to explore the
possi bilities of removingthe body fromthe
wat er .

6. The rescuer then positioned thevictinms
arns as far over the pool side as possible
and supported this position w th his body,

holding on to the edges of the splash-
channel .
7. The rescuer then reached down and pl aced

hi s armbetween the | egs of the victi mfrom
the rear and back lap into the splash
channel between t he body and t he pool si de.

8. Once in position the disabled rescuer
coul d, by manoeuvring his upper arm and
shoul der under the victims crutch, deposit
the body on the pool side to the | evel of
the body’s wai st.

9. The rescuer then pushed the body’s | egs
onto the pool side while holding onto the
spl ash channel .

10. The rescuer clinmbed from the pool,
admi ni stered EAR (froma sitting position)
and finally manoeuvred the body into the
coma position.

Qovi ously, while renoving the body fromthe
water the risk of abrasive skin damage was
present, but no abrasions occurred.

Their first excursion underwater w thout the
need to return to the surface was undoubt edl y
the hi ghlight of the course for the trainees.
The aqual ungs were fitted to the candi dates in
the water. A significant proportion of the
time was spent al l owi ng the trai nees to becone
general ly acquainted with the possibilities
of underwater novenent, with the instructors
keepi ng t he trai nees under constant surveill ance
but not interfering. This activity caused
much excitenent. PO who had displayed
consi der abl e buoyancy during the swim test
required a 2kg weight belt to enable himto
stay underwater. Also this candidate
denonstrated slight apprehension initially
during surfacing, but this quickly disappeared.
After the free-swinming period all the
candi dates performed the required exercises
wi t hout probl ens. The disabled diver has
consi derably nore problens than the able-
bodied in maintaining a balanced sitting
posi tion on the bottomof the pool (1). Each
trai neerequiredthe use of a heavy wei ght bel t
to maintain balance during the ditch and
retrieve exercise. Some difficulty wth
bal ance was apparent during the renoval of the
aqual ung over the head. Al the candi dates
found that renoval of the aqual ung around the
side of the body easier.

The best entry nethod appeared to be, fit the
aqual ung on the pool side and roll forwards
intothe water hol ding the mask and valve with
one hand and securing the cylinder with the
ot her hand.

During the lecture on open water diving the
recomrendat i ons for t he di sabl ed fromFl enmi ng
and Mel aned were dealt with in depth. The
instructors reinforced the recommendati on of
Fl emmi ng and Mel aned t hat di sabl ed di vers do
not conduct deconpression dives.

The aqual ung rescue techni ques used fol | owed
directly fromthe experiences obtained with

snor kel rescues.

1. Both rescuer and victim were equipped
with ABLJ s.

2. The rescuer approached the victi m(lying

face down in the bottomof the pool) on the
surface duck dived, released the victims
wei ght belt, and lifted the body to the
surface by swinmmng with one arm Thi s
presented probl ens but all the candidates
were successful .

t he

3. The rescuer partially inflated

victims |ifejacket.



30

4. Supported by the victim s |ifejacket the
rescuer adm ni stered EAR. The rescue coul d
be ended at this stage. The rescuer was
instructed depending on prevailing
conditions, to admnister EAR and signal
for help.

5. The rescuer towed the victi mone | ength
of the pool (hal f | ength towards shal | owend
and return) using the extended t ow net hod.
Thi s exerci se took a considerabl e tine but
all the candi dates were successful.

6. On reaching the pool side the rescuer
supported the victi mand was instructed in
the use of bystanders for help.

7. The rescuer renoved his aqualung and
passed it out of the water.

8. The rescuer renoved t he vi cti m s aqual ung
and passed it out of the water.

9. The rescuer renoved the body fromthe
wat er and gave EAR using the procedures
outlined for the snorkel rescue (steps 6to
i0).

Al the candidates were successful in both

rescues.

Al the candidates for
passed the medical and physiological
requirenents for entry to the course. The
candi dates had al | experiencedtheir disability
for long periods of tine and were extrenely
wel | adjusted both physically and
psychol ogically. Furthernore, for PO and SB
their level of swinmming ability was far above
average and was exceptional for TP. O her
di sabl ed candi dat es may not be abl e to cope so
wel | .

this course easily

The course anply fulfilled its objective of
acquai nting di sabl ed persons with diving and
diving trai ning. The course gave t he di sabl ed
trai nees sufficient confidence to join able-
bodi ed di vi ng groups. The use of instructors
gat hered from BSAC branches, geographically
conveni ent for the disabled trainees, toform

a bridge no assist the integration of the
di sabled trainees into branches was an
out standi ng success. After the course the
candidates joined the <contributing BSAC

br anches.

The obj ective of this and earlier courses was
to acquaint disabled persons with aqual ung
diving. Al the candidates found use of mask
and snorkel easy and this considerably added
to their enjoynment of swimmng. Snorkelling
is a pursuit that possesses considerable
potential for developnent in the sphere of
wat er sports for the di sabl ed, and specifically
orientated snorkel courses should be
i nvesti gat ed.

Al t hough t he course was successful it was felt
that for the future courses the course

syl | abus woul d probabl y need nodi fication. As

this course was a pilot experinment it was
t hought reasonable to fully explore all the
pool requirenents up to BSAC third class

standard, if not for the trainees benefit,
then certainly for the organisers’ and
instructors’ benefit. However, it was felt

that in future courses only the major itens of
the pool requirenents need be covered. This
woul d al | ow shorteni ng of the course and | ess
duplication during follow up branch training
programmes. Al though the trainees were told
that the | evel of conpetence expected woul d be
bel ow normal branch levels in fact they
achi eved acceptabl e | evel s of perfornmance for
the majority of the pool exercises. This was
partly due to the quality of the trai nees, but
is also anindication that the course was too
I ong for an acquai ntance cour se.

As current acquaintance courses for able-
bodi ed trai nees only require two to four hours
in the pool, the authors felt that an
acquai ntance course for disabled trainees
need only have four to five hours in the pool.
Qualifiedsupport staff was avail ablefor this
course and is obviously required for the
sel ecti on of candi dates. However, the support
staff were not required duringthe actual pool
peri ods. It is felt that, providing the
selection process is sufficiently rigorous,
BSAC qualified instructors can effectively
man such courses.

In this course, as detailed earlier, the
di sabl ed trainees were exposed to the full

rescue procedure and this activity requires
comment. During an aqual ung rescue exercise
(simlar coments apply to snorkel rescue)

there are three obvi ous end-points in view of

trai ning disabled divers. In the opinion of

the authors all disabled trainees should be
capabl e of rai singthe body tothe surface from
the bottomof the pool unaided (weighting is
important), inflatelifejacket(s), effectively
admi ni ster EAR, signal distress and know how
toutilise assistance in a useful manner. As
a pool exercise it is also felt that all

di sabl ed trai nees shoul d be capabl e of tow ng
the body for 25m (in deep water), albeit

sl owl y, supporting the body at the pool side,

engagi ng assistance, and utilising that

assi stance neaningfully. Furthernore, it is
t hought t hat acquai nti ngt he di sabl ed trai nees
wi t h possi bl etechniques for, anddifficulties
of , renovi ng a prone body fromthe wat er under

ideal conditions is desirable, but success or

failure at this part of the rescue procedure
shoul d not be used as part of an assessnent.

Finally the authors consider that as a
di sabled diver faced with lifting a fully
kitted diver fromdepth nust use a buoyancy
assi sted rescue procedure, attendance on a
nmodi fi ed Open Water Rescue Course should be
consi dered mandatory for disabled divers.
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Fl enmi ng and Mel amed (1) considered that the
nmedi cal and physiol ogical requirements for
di sabl ed candi dates were:

1. Medi cal requirenments were the same as
demanded for any person who is to join a
di ving course. (Afull medical exani nation,
according to the standard BSAC nedi cal test
sheet, was conducted on each candi date).

2. The respiratory system should be
conpletely normal and all the respiratory
nmuscl es under control. For parapl egicsthe
spinal |esion should not be above T5 and
preferably not above T8.

3. The candi date’ s skin should be without
injury or pressure sores.

4. Ther e shoul d be nourinarytract i nfection
and full control of wurine and bowel

novenents, with or without artificial aids.

5. For paraplegics the disability should
not have been caused by a spinal bend.
6. Par apl egi c candi dates wi th parti al spinal

| esi ons shoul d be made awar e t hat di vi ng may
make possi bly the | esi on conpl ete al t hough

there is no record of this actually
happeni ng.

7. The disabled person should be
participating regularly in intensive
Swi N ng.

8. The di sabl ed per son shoul d have a stabl e

personality with a full know edge of his
abilities and disabilities, be self-
disciplined and able to accept orders
wi t hout resentnent.

The course described took place over the
period January to April 1980; in August 1980
the position of the various candi dates was as
follows:.

TP has j oi ned a BSAC branch. He passed A and
Btests. Sone delays intraining occurred due
to holiday arrangenents. He is newsletter
editor for the branch.

PO has j oi ned a BSAC branch. He has passed A
and B tests and was about to take C test.

SB has j oi ned a BSAC br anch.
B and C tests,
pool

He has passed A,
and was currently undergoing
aqual ung training.
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A PLAICE I N THE SUN

There's a newfish restaurant in the Arnadal e

suburb of Mel bourne called Fish’s. Robi n
Branpton, ny old lunch nmate, went there and
likedit. He always |iked arather fishy story
they tell, and included it.

“There was once a brilliant sturgeon on the
staff of the comunity-health fishility. He
was in fact one of its flounders. Wser than

Salmon, a fin fellow who woul d never shrinp
fromhis responsibilities, he was successf ul
and happy, he always whistled a happy tuna.

“One day, one of his patients, a nere whipper
snhapper, told the sturgeon that his mnedical
theories were full of abalone and started
trouting hi maroundtellingeverybody that the
sturgeon’s treatnments had nmade hi m nore eel
t han he had been, and t hen actual | y conched hi m
with a mal practice suit.

“Well, the sturgeon was in a real pickerel.
The board denmanded hi s oyster, and chased him
off the staff. But the case snmelt to high

heaven, so the judge denied the plaintiff’'s
clam The board tried to hire the sturgeon
back, but by then he had hit the bottl enose

pretty hard, and the end of our shad tail is

that the sturgeon wound up in squid roe.

“Buoy,
what ?”

isn't that a fine kettle of you know

REPRI NTED BY KIND PERM SSION FROMV
AUSTRALI AN’ .

“THE
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PUBLI CATI ONS COF | NTEREST

DI VI NG AND SUBAQUATI C MEDI CI NE (2nd Edi ti on)
Ednmonds, Lowry and Pennef at her.

Thi s book has been virtually rewitten and is
nor e up-to-the-m nute onthe subject of diving
related problens than is wusually thought
possible for books dealing with actively
growi ng areas of know edge. The 1st Edition
was a good book, thisis excellent. Thelayout
follows the pattern of the 1st Edition, with
bol d accentuation of vital basic infornation.
There is a generous sprinkling of brief case
notes whichillustratethe practical inport of
the information provided and add to the
reader’ s awar eness of the clinical experience
whi ch backs up the statenments inthe next. The
presentation has the authority of earned
know edge without didactic overtones, there
being an apparent acceptance of possible
i nconpl et eness of our present understanding
of some diving problens. There are tables,
figures and photos, as one woul d expect, but
al so several colour prints. These are no nere
i ndul gence, for the conditionsthey showwoul d
be poorly demponstrated by black and white
reproductions. For those who like to find a
touch of the unusual while browsing through a

book, there are tales of a couple of unusual
suicides, a visit from a “Baroness Von
Munchausen” type of patient and a couple of

speared divers (thankfully not in glorious
colour!). It deserves to be THE book for
serious divers and doctors interested in
Diving Medicine and is likely to remain such
for alongtine. It is thoroughly recomended
for both lay and nedical, professional and

amat eur divers. It is both readable and
informative. Buy it nowbefore printingcosts
i ncrease!

Di ving and Subaquatic Medicine is available
from Bionedical Medicine Services Pty Ltd.,
25 Battle Boul evarde, Seaforth, New South
Val es, Australia, 2092. Encl ose cheque or
money order for just $28. 00, add post age Aust.
$4. 50 for surface mail or Aust. $6.50 for SAL
(air).

NOAA DI VI NG MANUAL (2nd Edition)
US Departnent of Commerce - National
and At nospheric Admi nistration.

Cceani ¢

The NOAA manual deserves aplaceinanylibrary
of diving books and it can be expected to
repl ace the USN and RN manual s as a practi cal
wor k reference book for non-naval divers. It
i s conprehensive, including both theory and
practice, first aidanddefinitivemanagenent.
Theinformationis well presentedandcritical
points are signified by boldtype. The tables
and illustrations are good and coloured
representation of therapeutic tables hel pful
though it would be an inmprovenent if the air
and oxygen phases retained their col our code
of printing for all tables rather than being
tabl e specific, an opening for Murphy’s Lawto
operate sonmetine. It is auseful publication.

SPUMS JOURNAL

US UNDERWATER DI VI NG FATALI TY STATI STI CS
1970- 78 John MAni ff NUADC

This University of Rhode |sland Report reads
more easily than do the usual reports and
contains sone information deserving w de
currency. O particular interest to this
reviewer i s theinformationthat the US schene
had staff and is funded, which contrasts
sharply with the UKand Austral i an situations.

There is a comment on the range of nedical

information available, which ranges from
worldclasstothat of sonme political appointee
who notes that the victimis indeed dead!

There is nothing toindicate that the depth of

the incident is being ascertai ned, the tables
provided nerely giving the depth of body
recovery/incident depthwi thout differentiating
the two. The statenment that about 10% of

deat hs occur during traini ng needs heavy type
apparently, beforethe USDi vi ng Organi sati ons
take heed: training for out-of-air and
energency situations continues to be the
| eadi ng factor for such deaths. Readers may
recol l ect that this fact has been reported in
our pages previously, wthout producing any
noti ceable reaction, it nust be admtted.

There appears to be a higher incidence of

equi pnent failure and air enbolism than in
Austral i an cases, though the great difference
in nunbers at risk nakes direct conparisons
unwi se. This report, like its predecessors,

shoul d be read and di scussed by those with an
interest in the problens of inproving diving
safety.

PRELI M NARY DI VER FATALI TY DATA ON THE NORVWEG AN
SHELF.

Nor wegi an Underwater Institute Report 3-80
Thi s short resunme of fatality i nformation has
been prepared by the Norwegi an Underwater
Institute. Likethereports nade by Commander
Warner, UK Department of Energy, there are
noteworthy om ssions. In a world where the
yout hf ul peccadill os of political opinions of
mul titudes of people are believed to be
recorded ‘in case’, it is atruly renmarkable
fact that the deat hs of divers can occur tothe
know edge of many and yet the facts be
unascertai nabl e by aut hori sed persons. There
are cases noted in this NYJI report where the
records apparently do not adequately define
the place of death, or the depth. Thi s
i ndi cates the unsati sfactory nature of recent
schemes to investigate and record even fatal
incidents. The fatalities which are recorded
include chanber fires and explosions and
unspeci fied nedical disabilities: it is not
sati sfactory nowadays, if it ever was, to say
bal dly “cardi onyopat hy”, “nedically unfit”,
or “polluted air, malaria crisis 2 days
previ ously”. Such thunbnail reporting | eaves
little to guide those who seek to avoid the
repetition of such events, we need to know
whet her they were preventable. Such reports
as this are of great value as “trailers” to
i ncrease receptivity to the followi ng fuller
reports. It is hoped such reports wll be
r epeat ed.
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