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.
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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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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



