was nore a consequence of the small sizes of
the air enboli, which produced narked | ocal
reactions but little CNS destruction, than of
the non-specificinitial treatment. The del ay
in contacting any reconpression unit m ght
have had a | ess happy result if it had occurred
i nanot her case. I nCase 2thedelayinseeking
treatnment could have been serious had the
surgi cal enmphysena i ncreased nore rapidly and
severely at hone. It is hoped that trained
divers will be alert to the possibility that
the diving troubles they |earn about may
actual Iy occur inthensel ves or t heir buddi es.
They shoul d | NSI ST on ot hers t aking notice of
any possible divingrelationshiptotheir, or
their buddy’s, troubles and NEVER EXPECT A
NON- DI VER TO UNDERSTAND DI VI NG RELATED
DI SABI LI TI ES!

SPUMS 1981 SCI ENTI FI C MEETI NG

THE DECOVPRESSI ON DI SEASES
PART ONE

David Elliot

| think it is inmportant to include both
types of deconpression illness together,
because there are many occasions when the
di fferential diagnosis between the two is not

only difficult but really, froma practical

point of view, rather uninportant. So,

instead of breaking it up into pul nonary
barotrauma and deconpression sickness, | am
going to lunp them together, call them
deconpression illnesses and then deal today
wi th pat hogenesis and presentation, |eaving

treatment for tonorrow.

I am aware that the group here has
probably had quite al ot of thisin past years.
| am al so aware that sonme of you are not so
fam liar withdivingaccidents. Soas anatter
of policy |l will gofor sonefairly elenmentary
stuff, eventhoughthiswll berepetitionfor
some of you. Repetition does not do any great
har mand hel ps to rei nf orce exi sting know edge.
Al so, coming from North-west Europe, | nmay
wel |l have a different slant on deconpression
ill nesses to sonme of the previous speakers who
have been to SPUMS neetings. |n a number of
treatment semnminars over the past few years,
there have been many arguments not only
bet ween t he Angl o and t he Ameri can groups, but
particularly between the Angl o-Anerican and
t he French groups of diving doctors. | think
that it is very inmportant to air differences,
because they enphasise the fact that we
certainly do not know everything about the
subject. Indeed if you nmeet anyone who says
that he knows al |l about the subject, the only
thing that you know about himis that he does

not know anyt hi ng about

The dysbaric illnesses conprise two
illnesses, pulmonary barotrauma and
deconpr essi on si ckness. Pul monary barotraunma
is the illness due to the expansion of gas
inside the chest, whereas by definition
deconpressi on sickness is the illness which

ari ses frombubbl es fromgases that have been
dissolvedinthetissues. The first essential
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point of today is that as diving emergencies
bot h conpri se one syndrone, the deconpressi on
di sorder and to subdi vi de t hese i nto nmi nor and
maj or, or serious, varieties of the disorder
is useful inretrospect, but in practicality
I would suggest we avoid it, because every
singl e such instance nust be regarded as an
energency, until you have got it sorted out.

PULMONARY BAROTRAUNVA

Two rem nders about Boyl es Law, which | trust
everybody knows inside out. The conpression
of theair inaninverted bell jar inwater is
exponenti al . The rate of expansion is
greatest in the last few feet.

Wen a nmen does a buoyant ascent froma
submari ne he cones up very fast. The stol e of
his survival suit isinflatedandventing. The
enormous trail of bubbl es gives sone idea of
the rate of gas expansi onthat can occur during
a rapid ascent. He cones up between five and
ei ght feet per second. The slide is of a
submari ne escape instructor coming up froma
subnarine at 600 feet. That incidentally is
a conmpressed air dive, a twenty second
conpressionto 600 feet, 4 seconds bottomtine
and then a nminute and a half back to the

surface. The slide gives areally remarkabl e
illustration of the amount of gas which is
vented. The picture was taken about 40 or 50
feet bel ow the surface.

Causes of Pul nbnary Barotraunma

VWhat are the causes of pul nobnary
bar ot rauma? Bear in nmindthat an overpressure
of amere 80 nmof nercury is quite sufficient
to blow a set of lungs. The first and nost
conmon cause, failure to exhal e during rapid
ascent, is sonething which we should be able
to avoid by good training of both divers and
submari ne escape trainees.

The second nost conmon cause i s sone form
of local pulmonary pathol ogy, that causes a
retention of gas in the lung. The various
causes include tuberculous glands, cysts,
sone sort of | ung pat hol ogy whi ch on t he whol e
can be detected by X-ray. One of the things

which therefore will cone out when we are
di scussing fitness for people for sports
diving, is whether or not an annual chest X-

ray shoul d be mandatory. It certainly is for
pr of essi onal divers. But the point about the
chest X-ray isthat of courseit isaverygross
test and there are many reports of people who
have had seri ous pul nonary bar ot r auma who have
br eat hed out properly duringtheir ascent, and
who have had perfectly normal chest X-rays
wi thin avery short period before that ascent.
There was the Australian report of increased
conpl i ance of the lungs of such people, which
may have been post-hoc rather than propter-
hoc.

The third case in the normal individual
maki ng a normal ascent, is airway coll apse.
You can denonstrate that with fast rates of
flow the airways will naturally collapse at
t he equal pressure point, andtherefore damup
the peripheral gas. This is sonething which
one can not train the diver to avoid. One can
not detect it with X-rays. But for it to happen
one has to conme up extrenely fast. However,
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even i n an ener gency, nmaki ng a buoyant ascent,
you still have quite al ot of control over your
rate of ascent. All you have to dois to come
up with your legs astride and your arms out
i nstead of keeping yourself streamined. It
i s remar kabl e hownuch drag that will causeto
sl owyou down. |f you think you are conmi ng up
too fast, or are out of control, or evenif you
are breathing out properly, stick your arms
and legs out and it will really slowyou down.

Pat hophysi ol ogy

The pat hophysi ol ogy of deconpression
barotrauma we can deal with fairly quickly.
Pneunot horax obviously, possibly tension
pneunmot horax, which is very occasionally
bilateral. On the whole, pneunpthorax onits
own is unusual. Mich nmore comonly the gas
goes al ong t he peri-vascul ar sheat hs, causing
nedi asti nal enphysena, pneunopericardi umand
retro-peritoneal gas. | have one slide which
is a very nice view of the upper pole of the
right kidney neatly outlined with alveol ar
air. The gas can spread. The di agnosti c poi nt
i s gas subcutaneously intheanterior triangle
of the neck. If it is not there, he may still
have burst a lung. But if it is there, then
we can say quite positivelythat there has been
a epi sode of pul nonary barotrauna.

However, the nost inmportant thingisthe
arterial air enbolism | prefer to use
arterial gas enbolism because | am not
dealing just with conpressed air divers. It
has been shown quite reasonably well
scientifically that the gastends toenter the
pul nonary capillaries as the diver takes his
first breath on reachingthe surface. The gas
isdamedupinthelungsuntil that particul ar
nmoment. The clinical picturewhichfollowsis
just afewseconds of circulationtime fromthe
lungs to the brain before the guy goes
unconsci ous. The gas enters the pul monary
capillaries and will distribute by buoyancy,
which also has been well denpbnstrated
experinentally, tothecarotidarteriesandto
the vertebrobasilar arteries. | do not think
that particular point has been fully
appreciated. It has been shown experinental ly
that vertebrobasilar enmbolism will cause
cardiac irregularity as areflex. Thereis of
course the possibility of gas enbolismto the
coronary arteries. It is not surprisingthat
one of the presentations of pul nonary bar ot rauna
i s sudden death. It is acardiac arrest. Wrk
is now going on at the Subrmarine Escape
Trai ni ng Tank at HVE DOLPHI Nt o see whet her or
not one can get a defibrillator that will work
at pressure with everybody in that chanber
soaki ng wet.

Now what | have sai d has been dramatic so
far. There aretwo reports that are bothworth
attention. |In 1964, or thereabouts, the US
Navy di d sone routine chest X-rays of people
who made normal buoyant ascents in the
Submari ne Escape Training Tank. They found
that in about 1% of those cases there was
evi dence of nmedi asti nal enphysena, i nperfectly
normal peopl e after perfectly normal ascents.
The Swedish Navy did some work in their
Submarine Escape Tank which showed a 3%
i nci dence of abnornmality in otherw se nornal
ascents. This studyis not quite as acceptable

because the abnornmality is an electro-
encephal ographic record, but it was well
presented. It is clear that it is not an all
or none phenonena. It is aconditionin which
there will be varying grades of cerebral
enbol i sm

In 200,000 man ascents made in the RN

Submari ne Escape Training Tank over sonme 20
years, there have been about 88 cases of
pul monary barotrauma, including five

fatalities. That i s making ascents of from30,
60 and 100 f eet and gi ves a preval ence of about
1 incident to 2,200 ascents. Those were all
buoyant ascents of people who were breathing
out correctly and who had normal chest X-rays.

Mani f est ati ons of Cerebral Gas Enbolism

The nmanifestations of cerebral gas
enbol i sm can happen within a second or so of
reaching the surface. The first point is no
significant |atency. However there can be
del ayed onset. There was one fanpus i nci dent
at HVS DOLPH N where a submarine rating
finishinghisday’straining, actually went on
the Gosport Ferry before he found that he was
getting gi ddy, feelingpretty ropey and | osi ng
power . Luckily the skipper of the Cosport
Ferry was an ex-submariner and knew what was
happeni ng. He turnedthe ferry around and t ook
it straight to HVS DOLPHI N, where t he man was
i Mmedi ately reconpressed successfully. How
can we explain that? | think it is quite
sinple. |f you can i magi ne that the retained
gas in sone termnal alveolar unit is rather
like a balloon that has been bl own up and it
may not burst right away. It can stay there
under tension. So very rarely you will have
a delay in onset.

When DJ Ki dd, who i s a Surgeon Captainin
the Canadi an Navy and | were witing a paper
together, we found that we were disagreeing
quite vehermently, to put it mldly, on the
presentation of gas enbolismin diving. MW
basic training at that stage was i n submari ne
escape buoyant ascent and his was in sports
scuba diving. It seenmed to us that there was
aquite distinct difference. |n sports scuba
diving the onset was not nearly so often as
dramatic as it is in the subnarine escape
training tank. So you may see the dramatic
presentationthat | described but just because
it isnot dramatic and i medi at e does not nean
that it 1is not pulnonary deconpression
barotrauma and gas enbolism

O the 88 cases that happened in the 20
years at HVS DOLPHI N, there were 65 with
central nervous systemmanifestations, 30 of
them presented as unconsci ousness. (Ils this
rel evant to the 5 pmgane we are all playi ng?)
20 of themwere di sorientated, which included
very m nor degrees of disorientation, aslight
feeling of “not-with-it-ness”. The fact that
the guy isjust feelingalittle bit gi ddy and
may be walking alittle bit asymretrically is
quite enough to put one on guard that he is
devel opi ng sonme cerebral manifestations of
pul monary barotrauna. Mich easi er t o di agnose
are the cases of paresis, of which we had 15.
Fi ve wer e hemi paretic and si x wer e nonoparetic
inthe armand four nonoparetic intheleg, so
it can be pretty discreet.



| would |iketo describe one of those for
you as | renenber this particular case well.
He was just doing an ear run. Nowthis is a
dry pressure chanber run, not even in the
water, with a normal diving rate of descent,
wi th an occasi onal stop as peopletry to clear
their ears, down to 100 feet. As soon as you
get down to 100 feet, you stay there for about
four m nutes and then bring the chanber back
to the surface at the normal diving rate of

ascent . Theoretically there should be no
problens in deconpressing at that rate of
ascent in a dry pressure chanber. Yet when

this particular individual got out of the
chamber he found he coul d not slip one arminto
the sl eeve of his jacket. | think that is an
i mportant case. | would like, although we
coul d never prove it, to make one particul ar
poi nt . I could not prove it in this
i ndi vi dual, but we knowit is true in others.
Sone novice divers get all het up about the
ears, how you have got to keep ahead of the
pressure as you go down. They get alittle bit
of a thing about al ways cl earingthe ears. But
the novice diver coming up gets a full
sensationinthe ears as the ears start to push
out the gas fromthe Eustachi an tubes and one
or two idiots will go and clear their ears on
the way up. One cannot prove that this is a
cause of pul monary bar ot rauna and gas enbol i sm
but it is a possibility.

Di agnosi s of Cerebral Gas Enbolism

Bubbles in the retina are said to be
di agnostic in gas enbolism This | have never
seen. Neither have | seen another so called
di agnosticsign. ThisiscalledLieberhastner’s
sign, which | have never even heard of until
| sawit in somebody el se’s textbook and it is
awhitenottling of thetongue. | believethat
to be a | oad of rubbi sh only because | have not

seenit. Mich noreinportant arethe dysphasic
and visual manifestations, the slow ng of
speech, the tunnel vision and | think

particul arly serious, is the diver who says he
i s goingblind. | knowof only one case of such
a diver with gas enbolism who has actually
survived. The three that | nyself have seen,
who said that they were going blind, all
subsequently died. Soto me, if someone after
an ascent says that they are going blind, it
carries a pretty frightening prognosis.
However, Jefferson Davis presented a case at
the | ast course | was teachi ng on, of a nan who
went bl ind but recovered. Soif youdogoblind

after your next dive, do not worry, | amsure
you will be one of the survivors.
Pat hol ogy

O the five fatalities three were
i medi ately fatal. The various causes | have
already hinted at. No one can tell whether

respiratory centre enboli sm or vertebrobasil ar
enbolism causing reflex arrhythma or a
coronary enbolismhas occurred. Al one can
do is to resuscitate to the best of one’'s
ability and see if you can pull himthrough.
Two of the deaths were del ayed, one about
twel ve hours and the other about thirty-six
hours. Both had gross cerebral oedena at
aut opsy, which could have been due either to
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t he bubbl es or to the hypoxic episode during

treatnent. But their cerebral oedema is an
i ndi cation, | believe, for gi vi ng
corticosteroids early in serious cases of
pul nonary bar ot rauma. However that is not

general |y accepted. Because of ny personal
experience | think it is a good idea to give
all CNS cases of gas enbolismfrom pul nonary
barotrauma a corticosteroid. However, not
everybody woul d agree.

In one case a post-reconpression X-ray
showed nedi astinal enphyserma and sone | arge
cysts in the base of the lung. However, these
cysts were not t he cause of the man’ s pul nonary
barotrauma as he had had a normal X-ray three
days before maki ng the ascent. They were the
result of the barotrauma.

I woul d enphasise that in order to get
pul nonary barotrauma you only need to have
t aken one breat h of conpressed gas, one single
breath and t he ascent need not have been from
a depth greater than 5 or 6 feet. W have on
record one CNS case in HVS DOLPH N whi ch was
froma special tank i n which there was only 6
feet of water. Now, that isinportant, because
youw |l findanunber of divingsuperintendents
and other experienced divers who, after a
person has becone paral ysed, will say to you,
“Look, that can not be the bends - the guy was
not down | ong enough”. That may be perfectly
true, but it could nobst certainly be gas
enbol i sm

We do find a trenendous nunber of m xed
cases in which both pul monary barotraunma and
deconpr essi on si ckness are present i nthe sane
individual . It isreally nuch nore common than
is recognised and | shall hypot hesi se about
this a bit nmore later on. | would rem nd you
that barotrauma and enbolism can foll ow any
dive. Thereis ahabit in sone dive teans for
the dive nasters to stay at the surface and
snor kel down keeping their tanks ready for an
emergency. | think this shoul dbe di scouraged
for I know of one fatality at least. This
di ving instructor went down to hi s scuba cl ass
and whil e he was down there took a puff from
an octopus. He then forgot that he had taken
a breath of conpressed air and went back to
bei ng the snorkel diver that he had been all
that norning. So he surfacedw t hout breat hi ng
out at all and he was dead wi thin a f ewseconds
of reaching the surface. This happenedinthe
Cayman | sl ands only a fewnont hs ago. Snor kel
divers should really be discouraged from
coni ng down and gr abbi ng a nout hf ul of gas from
a diver.

DECOVPRESSI ON SI CKNESS

Deconpr essi on sickness requires a dive
of sufficient depth and duration to take up a
sufficient volume of gas which wll cause
bubbl e formati on when you cone up again. In
pul nonary barotraunma, the bubble is al veol ar
gas whereas it i s dissol ved gas i n deconpressi on
si ckness. The danage begins during the
deconpressi onin barotrauma, whereas thereis
significant latent period in deconpression
si ckness. The significant bubbles areintra-
arterial in barotrauma and are i ntravascul ar,
t hough everybody enphasi ses the intravenous
bubbl es, in deconpression sickness. The
effects arecranial, inair enbolism whilein
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deconpr essi on sickness, not only can you get
cerebral effects, and sone brai n stemeffects,
but you get spinal cord mani festations. | know
of no case of pul monary barotrauna which has
gone on to paraplegia. That is a dogmatic
statenent and | will stick with it.

Mani f est ati ons

The manifestations of
sickness, | nentioned |atency,
wi || happen inside twelve hours. [|f anybody
cones to you with synptons that started 36
hours after the dive, that i s not deconpressi on
si ckness. Bear in mind that | said onset.
Di vers may suppress nani festations and quite
frequently do, but when you get an accurate
history you will find that the troubl e which
t hey may not report for 48 hours after a dive,
did in fact begin within that 36 hour |atent
period. | will try and stick with air diving,
but you can well inmagine in the deeper dives
of professional divers the latency if often
reduced to |less than zero because probl ens
occur actually during the ascent.

Per haps we shoul d t ouch on t he causes of
deconpressi on sickness. | would just liketo
gi ve you sone thoughts. The first is failure
to adhere to the tables. I think that is
per haps the nost common. Many peopl e do get
away with it. It is just like Russian
Roulette, it may catch up with themafter a
while. This happens to the sem - prof essi onal
di ver, such as the abalone diver who has
started work at the begi nning of the season,
pi cki ng up the shells at maybe 60 to 100 f eet,
fished it out, and then gradually during the
season wor ks down to 120 to 150 feet. Thisis
nor mal seasonal practiceinthistype of sem -
prof essional . The troubl e comes when t he nan,
for some reason, takes a few weeks off in the
nmi ddl e of t he season. When he goes back t o wor k
he gets a spinal hit on his first dive, back
at 140 feet. | have seen two cases |ike this.
The reason for thisis the adaptation of divers
who dive every day devel op to deconpression
sickness. It may be t hat you get t he gas nucl ei
al | being used up or sonething |like that, but
| et us just put it down as. being a phenonmenon
that exists. These people nmay get away with
i gnoringadivingtable. The nbst conmpn cause
nevertheless is failure to adhere to the
exi sting tables. I think the US Navy air
tabl es are as good as any. However | prefer
t he Royal Navy tabl es because they are about
5 mnutes nore conservative on nost bottom
times. Really it is the Jesus factor that
count s when you ar e wor ki ng out the table. How
accurately you have estimated the depth. Do
you take the next deepest depth and the next
bottomtime? It is these things that make t he
tables safe. Certainly if you dive the 180
feet for 20 m nutes table exactly to 179 feet
for 19 minutes you will get a percentage of
bends in the diving population. There is no
doubt about that because we did it. So the
tables are not intrinsically safe. But they
are safe as normal |y di ved by the normal kind
of diver.

The second cause of deconpr essi on si ckness
i s i nadequate tables. That does not apply to
people like yourselves and we are really
t hi nki ng here of Heliumbounce diving, where

deconpr essi on
nost things

there are a lot of lousy tables. There is
really no excuse for people diving using
conpressed air not to use conpetent tables, if
they use any.

Soitisthethirdcausethat | will bring
to your attention, individual idiosyncrasy.
We can think of the conmmon things such as
obesity and al | those ot her t hi ngs whi ch m ght
wel | affect gas uptake and elimnation. But
there is no doubt that the normal Gaussian
distribution applies to divers as well as to
everyone el se. There are peopl e who can do 100
foot dives and conme to the surface with no
pr obl ens. However, | have seen a knee bend
occur after adiveto 100 feet for four m nutes
and respond to treatnent. So i ndividual
i di osyncrasy can be extrene. The mere fact
that a guy has adhered to the table does not
mean a thing. |f he has got the synptons of
t he bends, he has got bent, because he has been
under pressure.

To sum up the three comon causes of
deconpressi on sickness are:

1. Failure to adhere to diving tables.

2. | nadequat e t abl es (usual | y hel i umbounce
di vi ng tabl es).

3. I ndi vi dual idi osyncrasy.

Two | ess common causes are: -
4. Flying, or ascendingtoaltitudeonl and,
after diving.

5. Diving in nountain |akes.
Presentation

As | said right at the beginning, the
cl assification of deconpression sickness into
mld and serious can be nisleading. |f you
| ook at the work which Tony Slark did in the
Royal Navy and has al so been done by Riverain
the USN, reviewing the presentations of
deconpressi on sickness, you will find that a
significant percentage of cases present with
a linmb bend, because that is the npst
excruci ating mani festation. They havein fact
got anore serious mani festation, andtherefore
do in fact belong to the serious category
not wi t hst andi ng t he f act t he presenti ng synpt om
isalinb bend. In the UK or rather in the
North Sea, we now tend to say that all
present ati ons of deconpressi on si ckness shoul d
be regarded as an enmergency. Just to make sure
we are not m ssing anything, we like to treat
everybody, even the sinple linb bends, as
t hough t hey wer e a seri ous case of deconpressi on
sickness. Because it is far better to give
peopl e a table 6 and be confident rather than
give people a shorter table and treat them
i nadequatel y.

There are various presentations of the
so-call ed m nor cases, sonme of which do not
require treatment, which | think can be
regarded as warni ng signs. Anorexia, fatigue
and nul ai se are very significant as warning
mani f estati ons of the onset of deconpression
si ckness. Fatigue in the legs is well
described. Any diver who, when back on the



surface, gets anorexic nust be observed very,
very carefully. The “niggle” is another term
that we use in Europe, the Anericans have
adopted it andgivenit aslight differencein
definition. W used to say that a niggle is
alinbpainthat starts but withinten m nutes
is already beginning to get better. That is
a war ni ng t hat sonet hi ng el se may wel | happen.
If you do not know where the nearest chanber
i s thenyou had better find out. Onthe whol e,
providing the manifestations start to get
better and then disappear altogether within
ten mnutes, you can regard a niggle as a
narrow niss.

Li mb bends have been sufficiently well
described in the past. Just to refresh your
nmenory, the pains are inor around the joints.
They can be i nthe end of one of the | ong bones,
it does not have to be necessarily in the
actual joint line. They can be just aniggling
sort of pain or they can be agonising. They
can be rending pains with the diver rolling
around i n agony. Then of course the di agnosi s
is very easy. One person, who had had
osteonyelitis in one |linb, got deconpression
sickness pains in the other linmb at a later
date, and said the two were surprisingly
simlar. O course, unless you have had
osteonyelitis yourself that does not really
hel p. The synovial joints are the ones that
are affected. I think that every single
synovi al joint except perhaps the tenporo-
mandi bul ar joint, has been described as the
site of pain, certainly joint pain in the
sterno-cervicular joint and the joints of the
hand are not at all uncomon, eveninthe small
joints of the feet. There is dimnished
novenment. There may be paraesthesia. |f you
conpressthe sitethere may be al ocal response
to pressure, which is quite useful as a
di agnostic point. Thepainmay flit fromjoint
tojoint. It may beinthe shoul der for awhile
and then in the knee. You have got to watch
these people very, very carefully. But
al though you may get occasional redness and
oedenm over a joint, nost commonly there are
absol ut el y no physi cal signs whatsoever. The
next inportant little statement isthat if the
di ver says he has got paininthe knee, it does
not matter what the exam nati on reveal s, that
di ver has got deconpression sickness until
proved otherwi se. As far as | am concerned,
proved otherwi se nmeans treatnment by
reconpressi on. No physical signs arerequired
for the diagnosis.

A typical cutaneous manifestation of
deconpressi on si ckness i s purple blotching, a
sort of venous stasi s whi ch occurs inthe skin.
It does not require treatnent per se, but
neverthel ess does respond to treatment if
treatment is given. One should not confuse
thisw thsuit squeeze. Thereis anincreasing
tendency in the col der clinates nowto use dry
suits. Unless the dry suit is fitted with a
suit inflationvalvethen you get pinching and
ni ppi ng of the skin by the dry suit, whichis
a very painful cutaneous condition which
should not be confused with the cutaneous
nmani f est ati on of deconpr essi on si ckness. There
are sonme nore unusual forns of deconpression
si ckness which are not very often seen. One
is pitting oedema of the hand which is
conpletely painless. It is thought to be due
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tothe formati on of bubbles inthelynphatics.
If you believe Guyton's hypothesis of the
formationof thelynmphaticfluid, thelynphatics
have got the | owest tension of all the vessels
in the body, and so a priori the |lynphatics
woul d be a pl ace wher e bubbl es form Therefore
in sone individuals the bubbles wll get
danmed and you get | ynphati c oedema. Anot her
is pitting oedema of the |lower part of the
chest wall and other parts of the body. One
di ver was actual |y di agnosed as havi ng nunps.
He t hought it was rather curious that he shoul d
suddenly get nunmps just 20 mnutes after
surfacing froma dive, so he went to anot her
doct or who nade t he di agnosi s of deconpressi on
si ckness, because ont he whol e, nmunps does not
fit.

The serious manifestations of
deconpressi on sickness are neurol ogi cal and
spinal. | thinkit isworthrepeatingthat the
nmost common onset i s that the diver says that
he has got a few pins and needl es i n one foot
or a cottonwool feeling. Afeeling that then
ascends all too rapidly to beconme parapl egi a.
This is the cormmpnest presentation of spinal
deconpressi on and one which | think is fairly
om nous. But of course there are many, many
others. So far as the spinal cord | esions are
concerned | think that the worst situation
that you can be in, is with the man whose
parapl egi a extends to quadriplegia and he is
just left withthe phrenic nerve punpi ng away.
At that particular time youw sh you had taken
up sone other specialty.

Labyri nt hi ne deconpressi on sickness or
the staggers, has a very dramatic onset. It
occurs particularly after rapid ascent, with

nausea, vomting, nystagmus and possibly
tinnitus.

Cerebral synptoms include dysarthria,
visual manifestations and changes in

personal ity. Changes of personality are very,
very difficult to diagnose. Although it is
easytosay at alecturethat if adiver changes
his personality after a dive he should be
reconpressed, in fact you usually find that
the guy i s being reconpressed with rel uctance
and possi bly for sone ot her reason. It isonly
after the reconpressi on you suddenly realise
that t he man has fli pped back t o normal and how
very abnormal his behaviour was before the
reconpression. It is sonething to watch for
and it is where the diver’s buddi es are goi ng
to be very useful in assisting to make the
di agnosi s.

The pat hognononi c signintherespiratory
mani f estati ons of deconpression sickness is
the retro-sternal catch on trying to take a
deep breath. It is best seen in divers who
snoke, because they come out of the water,
i ght up a snoke, take a deep breath and catch
their breath because of the retro-sternal
pain. If it is left untreated shallow, rapid
respiration, pallor and shock devel op. Shock
is not a presenting manifestation. It tends
to be rather overl ooked and it is nbst comon
i n cases whi ch have been nmal t r eat ed el sewhere.
As aresult they devel op a postural hypot ensi on
associated with significant haemo-
concentration. This usedto be apresentation
of deconpression sickness in aviators too,
until they discovered that it was not ill egal
for aviators to have deconpression sickness.
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Once it was quite a respectable illness, the
aviators started reporting |linb bends as wel |
as collapsingafter highaltituderuns. |f you
read sone of the ol der text books t hey nention
shock as being a presenting synptom of
deconpressi on sickness. Inny view it is not
a presenting nmani festati on. However you wil |
find haeno-concentration very early on and
even with |inb bends.

Di agnosi s

The i nvestigations that one shoul d make
bef ore coning to a di agnosi s are qui te sinple,

zero. M background i s naval and commerci al .
As far as | amconcerned, if a diver has the
synmpt ons of deconpression sickness | put him

into the chanber, reconpress hi mand exani ne
himat depthto seeif anythingisleft. Wth
luck, there is not anything left. As far as
| amconcerned any del ay of treatment, evento
exam ne the patient, nakes the treatnment | ess
likely to succeed. In ny opinionit is good
managenent to make the presunptive di agnosis
on the synptons, reconpress the patient and
t hen exami ne at maxi mumdepth to nmake certain
that thetreatment has beeneffective. Jefferson
Davis does not agree with this approach
because he sees a different type of diving
accident. | see divers who are diving close
to a chanber so we can virtually get a 100%
response even with rapid onset deconpression
si ckness. In sports diving you have the
probl em of del ay, which can be 5 to 36 hours
after the onset of synptons before they cone
for treatnment. Under these circunstances it
is reasonable to conduct a fairly rapid but
net i cul ous neur ol ogi cal exam nationto obtain
a good base line for judging progress so
al | ow ng better managenent of the case, but
also it is nuch nore allowable to comence
ancillary treatment. It is nuch easier to put
up adrip and put in a catheter before putting
the patient into the chanber, rather than
struggling with these in the confines of the
chanber. But nevertheless the inportant
nessage to take honme is that you do not have
to exam ne the patient, and even if you do
exam ne the patient, you do not have to find
anything wwong with him to come to the
concl usi on t hat deconpr essi on si ckness exi sts.
The synptons are sufficient, the feeling of
nunbness, the feeling of cottonwool feet, the
feeling of paininthe Iinbs, the feeling of
difficulty of deep breathing, all these
require treatment as a nedical emnergency.
That is the take-hone nessage.

Pat hophysi ol ogy

Let us consider the concept of deconpression
sickness. The old idea was that a safe dive
was one during which no bubbles occurred. |If
you got bubbl es, then you got the bends. Now
we all know that is absolute rubbish. The
Doppl er Bubbl e Detector wi || detect bubblesin
lots and | ots of people who make a perfectly
saf e di ve and never have any trouble at all.
So we have quite a |arge overlap of bubbles

occurring in safe dives. | think it is true
to say that there are no dives that result in
deconpr essi on si ckness i n whi ch bubbl i ng does
not occur, although there are reports of this

in ani mal experinmentation.
Wiere do the bubbles begin? | have
al ready nentioned the extravascul ar bubbl es

in the |ynphatics. Catchpole and G rsch
showed bubbles occurring in various
extravascul ar tissues such as nyelin sheaths
whi ch | think are i nportant as possi bl e causes
of spi nal deconpression si ckness. Extravascul ar
bubbl es occur inthefatty tissues of the body,
particularly in the bone narrow and perhaps
then the gas bursting out of these fatty
tissues into the capillary bed and into the
veins. Wat we nornmally notice first are the
venous bubbl es. Venous bubbl es on t he whol e
are filtered out by the pul nonary bed. Just
occasionally a few mght get through to the
arterial side. W also know that arterial
bubbl es get t hrough the systenic capillary bed
very easily and will go through the venous
side. It is generally agreed in the old text
books t hat the pai n of deconpression sickness
is due to bubbles and that all the other
mani festations are due to bubbles acting as
little plugs in the bl ood vessel s so causing

all the manifestations of deconpression
si ckness.

I think the story is significantly
modified now It is inportant to recognise
al so that arterial gas enboli may occur in

deconpressi on si ckness. I would like to
stress this poi nt because peopl e who have not

read t he papers by John Hal | enbeck and nysel f,

assume t hat our hypot hesi s of venous i nfarction
of the spinal cordis exclusive. It is merely
an hypot hesi s f or one nechani smof spi nal cord
deconpressi on sickness. It is not exclusive.

I thinkthe final pathol ogy can be a singl e end
result of one or nobre pathogenetic pat hways,

of which arterial gas enbolismis one. The
ori gi nal Hal dani an hypot hesi s t hat gas enbol i sm
to the fatty nyelin rich parts of the cord
causes spi nal cord deconpressi on si ckness can
not be excluded. We think there are at | east

two ot her hypotheses which are nore |ikely,

one bei ng the venous hypot hesi s and t he ot her

being the one which Brian Hlls and Phillip
Janes have r e- enphasi sedrecently, theformation
of bubbl es de novointhe myelintissues of the
spi nal cord.

Bubbl e surface activity is pretty well
known. It is nostly known from open heart
surgery days and bubbl e oxygenators. A/l ot of
wor k has been done t o denonst rat e t he mechani sm
of the bl ood-gas interface in causing vari ous
changes. These are all proven effects. The
activation of the Hageman factor is not only
responsi bl e for the cascade part of the bl ood
coagul ation cycle, but is al soresponsiblefor
simul ating a whol e stack of other things, the
rel ease of various vaso-active substances and
ki nins and soforth. The activation of enzynes
is another proven effect of the bl ood-gas
interface. The de-naturation of proteins
causes thered cell cl unmping whichiswell seen
in deconpression sickness. The roul eaux



phenonmena has been descri bed for nore t han 100
years now. The significant thingis platelet
aggregation with the release of all the
nasties the platelets have got stored within
them Already we are gettinginto a situation
whichis like aseanl ess web. Aspecialist in
this particular field of haematology and
bl ood-gas interface effects used the phrase
“seamnl ess web”. I think it is a very good
anal ogy. If you twang a spider’s web in one
part the whole web vibrates and you do not
qui te know which part of the web is going to
shed the next drop of dew. This is also true
of the blood system Those of us who have
worked in this field realise that Mother
Nat ur e has not got just one card up her sl eeve
but aninfinite nunber. It does not matter how
we play with the system whatever therapeutic
effect you put into an experinmental
deconpression nodel, there is always sone
ot her pat hway out of which cones a counter-
effect which cannnullify what we aretryingto
do. Soit is an extrenely conplex situation.

Finally, and quite separately, the
denaturation of |ipo-proteins. | have kept
t hat separate, because the |lipid enboli that
are formed as a result of that particular
bl ood-gas interface effect do not have any
other ranifications in haematol ogy, they

nerely float around the bl ood streamand can
cause various effects as enboli. They are
frequently found in the autopsies of divers.

Here is a working hypothesis of
deconpr essi on sickness which | thinkis quite
useful . W havethe so-call edsilent intravenous
bubbl e, silent because there are no outward
mani festati ons of deconpression sickness.
However, they can be detected by Doppler. The
sil ent bubbl es cause cel | ul ar aggregati on of
red cells and pl atel ets, the rel ease of kinins
and other vaso-active compounds and the
formation of lipid enboli. These cause a
subcl i ni cal pul monary enbol i smwi t ht achypnoea,
fatigue and nalaise. That has been well
established as being due to a sub-clinical
pul nonary oedena.

W now get into an area of dispute.
Vasospasmand bronchospasml ead to t he severe
pul nonary di stress of the chokes, | think that
iswell established. But thenit is suggested
that the pul nonary congesti on back pressures
t he vertebral venous pl exus and causes spi nal
deconpr essi on si ckness. The only point to
nmake at this stage is that the hypothesis of
venous i nfarction of the spinal cord does not
depend upon the pul nonary part of that story
toexist. It exists asits own entity as far
as pat hogenesis in concerned.

Studies in splenectom zed dogs, using
radi o-active | abel | ed al buni n, show no change
i n plasma vol une i n “no-deconpressi on” di ves.
After adiveinwhichsevere chokes and paresi s
occurred there was evidence of |oss of
circulating protein into the tissues, of the
formati on of oedena, and of haenoconcentrati on.

In the chanmber at Duke University in
whi ch we did this work we had an X-ray nachi ne
t hat was pressure proof. W couldtakeit into
t he chanber and take it down to 300 feet. 1In
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fact, we only took it to 155 feet. Besi des
taking X-rays of the vertebral venous pl exus
we exposed the spinal cords of the dogs and
made nmovies of the vertebral venous plexus
during the dives. Quite definite congestion
occurs after a dive. In one slide the
congestion has even filled up one of the
Spi nous process veins. |In another slide the
bubbl es can be seen al ong t he vert ebral venous
pl exus. Just | ooking at the vertebra you can
see it is al nbst as though it has been cl eaned
out, thereis not a bl ood vessel to be seenin
that area, although in the pre-dive slide of
the sane orientationwe coul dseethevertebral
venous plexus very well. Wat we are really
sayingisthat inthis particul ar experi nental
nodel , the vertebral venous pl exus just gets
wi ped out with bubbl es.

Using a C 14 pyrene technique one can
nmeasur e instantaneous blood flows, but only
once, as you have to kill the dog to do in
mllilitres perfusion per 100 gns of tissue.
Usi ng t hi s t echni que one can showa nornal flow
in a normal spinal cord, but after the onset
of paretic deconpression sickness there are
areas of virtually no flow.

Hi st ol ogy

In paretic deconpression sickness there are,
besi des haenorrhagi ¢ areas, vacuolations in
the nyelin. This we can consi der as bei ng due
to bubble formation in the nyelin sheaths.
There are two hypot heses as to why thi s should
occur. Oneisthat the bubblesw |l formthere
de novo anyway, and the second, and separate
one, is that they formthere as a result of
venous sl ow ng and stasis, the danmm ng up of
the circulation. The only difference is that
in the venous infarction of the spinal cord

hypot hesi s, which w pes out whole |evels of
the spinal cord at once, the stasis of the
venous system for nore than a silicone

clotting time allows clot formation to occur
in the smaller vessels of the cord. Thi s
obviously is bad news so far as the owner of
the cordis concerned. Inall our slides from
paretic ani mal s t here are areas of haenorrhage
and bubbles in the nyelin.

We consider that there is sufficient
pat hol ogy just with the vascul ar effects, the
formati on of clots, the danmm ng back of the
bl ood flowin the capillaries, to explainthe
hi st ol ogy.

The t hird hypot hesi s i s based on t he fact
that although the spinal cord is soft,
flexible tissue, it is not very expansile.
Therefore the formation of gas in the nyelin
increases the internal tension within that
segnment of the cord. The increased tension
will squeeze out all the blood from that
particular part of the cord and cause spi nal
deconpressi on sickness. That is a perfectly
acceptabl e alternative hypothesis. The work
on that is not yet conplete.

W have got three aetiol ogi es for spinal
cor d deconpr essi on si ckness t o consi der arteri al
gas enbolism venous infarction and in-situ
bubbl e formation. John Hall enbeck and |
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consider this to be a secondary effect to the
fact that clots were fornming in the venous
system It is obvious that the pathology is
the sane. It isonlythat the explanations are
at vari ance.

We have a scanning el ectron nicrograph
that we did showi ng one of the vessels of a
nerve root very close to the spinal cord.
Usi ng increasing magnifications you can see
strands of fibrin and red cells on the side
wal | of that vessel, which is quite positive
evidencethat it isapre-nortemclot. W feel
confident that we denonstrated i n that ani mal
t hat t here was venous cl otting and t hat venous
infarction of the cord was the cause of that
particul ar animal’'s paralysis.

We have covered the sorts of things that
are going on at the tine when the diver is
sayi ng “Pl ease doc, ny feet are goi ng nunb”.
The take hone nessage is that it is not just
a question of bubbles getting stuck in the
spinal cord, there is a whole |ot of other
pat hol ogy going on and that it is very nuch
nor e conpl ex t han anybody woul d care to claim
t o under st and.

John Hal | enbeck and | di dthis work about
ten years ago. | quit about five years ago.
He i s now wor ki ng not so nuch on spinal cord
deconpr essi on sickness, but on cerebral gas
embolism | particularly commend to you the
edition of Stroke of Decenmber, 1979. He has
not publ i shed anyt hingin an easily accessible
journal s since then. He has been working on
t he ef fects of gas enbolismtothe brain. Wat
he was concerned about was the fact that once
you stop the brain’s circulation there is no
recovery. The majority of people still say
that after four minutes the brainis dead and
there is nothing you can do to restore
circulation. | ampleased to say that John
Hal | enbeck’ s work has shown that to be a | oad

of rubbish. In essence what he has done is to
examine the various factors which are
responsible for the so-called “no reflow
phenonmenon”. Even if you restore the bl ood
pressure and renove the enbol us, you cannot
restore the circulation to that particular

part of the brain that sufferedischaem a. He
has denonstrated that there are various
endot hel i al and ot her factors whichcontribute
to the “no refl owphenomenon”. He reportedin
this particular paper that he gets a 65%
recovery of functioninanimals whichotherw se
woul d have made no recovery at all by the use
of prostagl andi n and i ndomet hacin. He made a
superb presentati on only about four weeks ago
onthis. Thisis wrkthat is still going on,

denonstrating that there is some hope that in
those divers who get gas enbolism we wll

per haps be able to prescri be sone nedication
whi ch may hel ptorestore function. | had John
Hal | enbeck cone over and present his paper

just a year ago to the Institute of Neurol ogy
at Queen’s Square. It was one of those
el ectric occasi ons when the audience is all a
littlebit bored and shuffly, and suddenly you
could just feel everybody stop and pay
attention to what John Hal | enbeck was sayi ng.

It was a tremendous occasion. The work is
continuing at Bethesda and it is well worth

keeping in mind not only for gas enbolism
cases, but alsoit may wel |l have an application
in cases of enbolic stroke and so forth.

DI SCUSSI ON

Chai rnman: Dr John Kni ght

You di d not nention rapidascent as bei ng
a conmon cause of the onset of deconpression
sickness. Certainly in the cases which are
treated i n Sydney and the cases that occur at
Nauru, it is avery common cause. Sone of these
are inside the tables but they have all shot
to the surface, having run out of air, or seen
a shark, and need treatnent. A mld example
is afriend of mne who was diving in Portsea
Hole with four friends when he sawthe anchor
of his boat go past. He was at 80 feet. You
can only dive there at slack water, so he was
after the boat |i ke arocket. Hi s knee started
to hurt about two hours later and it went away
after about three days. He di d not bot her the
doctor in the interval.

Dr David Elliott

From an acadenic point of view |I am
delighted to hear this. | amsorry for the
guys, but this in fact is what | was inplying
when | said |l et us not be dogmatic and divi de
deconpressi on di sordersintothetwo principal
extrenes. There are obvi ousl y m xed cases. By
that | nmean that we have got quite a | ot of
cases on file now of people who should have
been pul nonary barotrauma or mght have
actual ly produced pul nonary barotrauma, and
who then devel oped deconpression sickness.
They shoul d not have real | y had deconpressi on
sickness at all because their dive was
perfectly safe.

I n ny own courses we do a trenmendous | ot
of case history di scussions. | thinkthat they
are a really inportant part of that kind of
nmeeting. The case which !l will nowpresent has
just made ne think of one other aspect of
deconpressi on sickness, that | have not
stressed at this particular nmeeting.

Adi ver was at about 50 feet, playingwth
one of those research subnmarines in Janaica.
He had been down 50 minutes or so at 50 feet,
certainly well withinthe non-stop tines, and
made a rapid ascent. Wthin half an hour he
had a cl assi c onset of deconpressi on si ckness.
I think that is the sort of exanple that you
coul d be tal king about.

This particular guy gets rather
quadriplegic, so how about reconpression?
That particular island in the Caribbean does
not have a chanber. So they shipped himto a
reconpression chanber. | hasten to add that
t he chanber was not the British Sub- Aqua C ub
chanber at Caynan Island, but a chanber on
anot her island. It was run by a Navy and not,
I hasten to add, the Royal Navy. It was run
by a Navy whi ch shall remai n anonynmous. This
poor quadriplegic was treated quite correctly
by reconpression. However the physicians had
not been properly trained in diving nmedicine.
They were very concerned about this paral ysed



di ver, because he had an acute abdonen. So
t hey brought hi mto t he surface and t hey opened
hi mup. What do you think they found? He had
a catheter in so it was not a full bladder.
They found that he had a paral ytic ileus. Not
very surprising really. So they sewed hi mup
agai n, and he continued to be a quadri plegic
wi th a burst abdomen. That went on for along
time. You will be pleased to knowthat he is
wandering around on sticks now.

He was a classic case of a mxed
presentation. The guy who rushes to the
surface after 50 mi nutes at 50 feet, expected
to be the classic gas enbolismpresentation,
yet he showed cl assi c deconpr essi on si ckness.

Denni s Wal der was the person who first
put forward some kind of an hypothesis for
this. | gave himcredit for this hypothesis
in a paper, and when | told himhe said “That
i s not what | neant at all”. He suggested that
in sone alveoli there mght be air trapping
whi ch nmi ght cause mi cro-barotrauna. That some
of the smaller alveoli m ght well distendw th
gas during ascent and bl i p of f bubblesintothe
pul nonary venous system These bubbl es coul d
seed and as they went through areas of high
inert gas | oading, those bubbles would grow
produci ng deconpressi on sickness.

Remenmbering that there are a lot of
peopl e who do a rapi d ascent and produce sub-
clinical EEG signs or nediastinal enphysena
fromdeconpressi onbarotrauna, it isaperfectly
reasonabl e wor ki ng hypot hesis that a person
can cone rapidly to the surface, discharge
into his bloodstream a shower of small
bubbl es, which really do not matter a damm.
Except i n those individual s whose tissues are
al ready | oaded wi th gas. They are wi t hi n a no-
stop tine, but they have got a fair |oad of
nitrogenintheir system The bubbles andthe
inert gas | oad act synergistically to produce
deconpr essi on sickness in the person who has
made a rapid ascent.

Chai rman: Dr John Kni ght

What you have been sayi ng confirns what
John M Il er was saying to us | ast year that the
peopl e t hat he gets fromthe Cari bbean usual |y
have a conbination of illnesses. It also
confirnmsthat i f youreally !l ook for neurol ogi cal
signs you can often find them
Question: Dr Bob Hare

I would liketo ask a coupl e of questions
about buoyant ascent. Firstly, | amcurious
t o knowwhet her, when you are breat hi ng out for
sonething like a mnute and a hal f ascendi ng
from100 feet, youget adesiretotake abreath
in. Secondly, could airway collapse be
prevent ed by breat hi ng out agai nst resi stance
t hrough pursed lips, in nuch the same way as
someone wi th enphysema does.

Dr David Elliott

To take the second question first. The
answer is yes. |If you can make the pressure
gradi ent | ess, by breat hi ng out t hrough pursed
l'i ps, maybe that woul d hel p, because it is an
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equal pressure point down the airway which
causes the trouble. There is no problemin
regard to your first question, in fact as one
comes up exhal i ng, onei s just washi ng COp out .

Buoyant ascent to ne is an ascent at
approximately 6 to 8 feet per second, when you
are in fact using positive buoyancy. Free
ascent is not atermthat | personally usein
association with diving. A free ascent is
really confinedto asubmarine escape training
tank. Apersonwhois breathing conpressed air
at depth froman air |ock, who then uses for
buoyancy nerel y hi s expanded chest contai ni ng
conpressed gas. That is a highly specialised
met hod of ascent. Because you have taken a
br eat h of conpressed gas at depth, you have got
no gear on, so the only buoyancy that you have
got is a full set of lungs. You have got to
use your full set of |ungsto get your body back
to the surface and yet you have got to bl ow out
enough so as not to burst your lungs. That is
freeascent. When!| didit, | bl ewout too nuch
and becanme negatively buoyant. Once you are
negatively buoyant you can only go down.
Question: Dr Bob Hare

Say you ar e scuba di ving at 100 feet, and
sonet hi ng goes wong and you wish to go up to
the surface faster than usual. Theoretically
you shoul d t ake a mi nute and a hal f to do t hat,
exhaling all the time. Does one get a desire
to breathe in on the way up? If not it nust
mean t hat the stretch receptors nust have al ot
to do with the desire to breathe in.

Dr David Elliott

The answer to your final phrase is an
absolute “YES'. There is no doubt about it,
the stretch receptors are very inportant.
W thout them snorkel diving would be a pain.
As far as the minute and a hal f ascent from100
feet goes, | see no problem COp washout is
goingto helpyouall theway. | would say once
againthat if you are having difficulty maki ng
it soslowy, flareeverything. Mke surethat
your fins are at right angles to your |egs.
Question: Dr M ke Page
During the first tal k you showed sl ides where
a diver’'s X-ray was normal before the ascent
and after t he ascent it had basal enphysenat ous
bul  ae. WAs that an expiratory filn? 1Is it
best to do an expiratory film in routine
screening rather than normal inspiration
chest X-rays?

Dr David Elliott

Dr John Harrison, who actually reported on
those films, went through a phase of saying
that every diver should really have an
inspiratory and an expiratory fil minorder to
detect bull ae t hat woul d ot herw se be hi dden.
On the very first one he pi cked up bul | ae t hat
woul d ot herwi se have been hi dden behind the
heart. The guy was a professional instructor
who had never had any kind of incident. | am
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not quite sure whether it hel ped or not. The
answer to your questionis that if youreally
want to be meticul ous, do both filmns.
Question: Dr Tony Slark

You did not nmention DI C (Dissem nated

Intravascul ar Coagulation) at all. Is this
the next thrilling installnent?

Dr David Elliott

No, not at all. There was about seven or
eight years ago lots of discussion as to
whet her or not the various effects of the bl ood
gas interface would in fact cause DIC. The
haemat ol ogi sts got to work and started | ooki ng
for fibrin degradation products and doi ng all
the ot her clever things that they do. The net
result was that DI C as such does not exist in
deconpression sickness. W say quite
specifically that intravascul ar coagul ation
does occur i n deconpr essi on si ckness. Therefore
the word that we have to be a little bit
semanti c about is disseminated. We arereally
saying that it is only in those parts of the
circul ati on where stasis occurs | onger than a

normal silicone clotting time that tine the
bl ood will coagul ate.
Question: Dr Tony Slark

How t hen do you account for slides that
you show and t hat ot hers have shown nany ti nes
in the past of extravascular clotting?

Dr David Elliott

Ext ravascul ar cl otting? You nean haenorr hage.
| woul d say that haenorrhage is a very conmmon
finding in the pathology of spinal cord
deconpressi on sickness. | would not like to
guess at what actual | y causes t he haenorr hage.

Chai rman: Dr John Kni ght
About five years ago anaesthesia was
besieged with cases of Dissem nated

I ntravascul ar Coagul opathy. It occurred in
everything. Over the past fiveyearsacertain
amount of sanity has returned. | nst ead of
saying that everybody, everytine anything
happened to them got DI C that you coul d not
det ect unl ess you did very speci alised bl ood
tests, nowwe are acceptingthat DICisinfact
rare in ordinary human trauna.
Question: Dr Mke Ransay

I would dispute that. VWhat you are
tal ki ng about is a condition, not a disease.
Afull blast DICis as rare as hen’s teeth |
agree. Thank God you do not nmeet many of them

I would like to know whether it is
i ntravascul ar coagul opathy or intravascul ar
coagul ation. Tonethereis adifference. The
first is a response to a stress. You | ooked
at the dog’ s spinal cord. Didyouexanmneits
bel | y vascul ature?

Dr David Elliott
No.

Question: Dr M ke Ransay

Was t he vascul ar status intherest of the
ani mal any different fromthat of the spinal
cord?

Dr David Elliott

You mean di d t he ani mal have a Di sseni nat ed
I ntravascul ar Coagul ati onthroughout itsentire
body? Is that your hypot hesi s? Then one woul d
expect surely, that the ani mal would not only
be suffering froma spinal cord |lesion. The
spi nal cord mani festations are not apresentation
of DIC. This was an ani mal which had done a
pretty horrendous dive. It woul d have survived
about three to five hours after the di ve ended
if it had not been sacrificed.
Question: Dr Janene Mannerheim

In the presentation of deconpression
si ckness howcomon are | i nb bends t hat ar e not
very painful? 1s severe headache on its own
ever a presentation?

Dr David Elliott

Bot h of these are good questions. | will
deal with the linb bends first. The trouble
about linb bends is that it is totally

subj ective. What the patient feels has to be
i nterpreted by hi mand passed on to t he doct or.

If you put a novice diver in a team with
experi enced prof essi onal divers, youw |l find
that the novice diver is always having pains
here and there. Things that the experienced
di ver just accepts as part of his way of life.

If you see a person doing a repetitive
nmovement, without even bei ng aware of it, keep
an eye on hi m Because maybe an hour or sol ater

he i s going to say that he has got pain. From
my own experience | would not be surprisedif

one or two of you had not had sinilar feelings
of disconfort. Oneis just not quite sure what

it is.

Yes, headache is a presenting
mani festation and it tends to be a m granous
type of headache. The hypothesis (we are great
on hypotheses, it is proving them that is
difficult) for what it is worth, is that the
platelets are all stirred up with the bubbl es
floating around. It is not wunlike the
mechani smof migraine. Those who di ve who are
mgraine sufferers say that if they get a
mgraine following a dive, it is one hell of
a mgraine as opposed to a normal headache.
Question: Dr Peter Janes
Can the neurol ogical signs of deconpression
si ckness be transient? How should you act if
they go away?



Dr David Elliott

Yes, t he neurol ogi cal mani festations can
be transient, in fact if you go back to Paul
Bert of one hundred years or so ago, before
reconpressi on was used for treatment, youw ||
find that a large proportion of people got
better wi thout any treatnent at all. The
trouble is that in this nodern day, when we
have treat nent, you can not predict which guy
is going to be the one who gets better, and
which is the guy who is going to get worse.

Question: Dr Peter Janes
This is aninteresting point. | had one
patient with slurred speech that |asted

fifteen m nutes and went away conpl etely. The
two chanbers that | rang both sai d that he was
not down | ong enough to be bent. He had dived
wi thin the no-deconpression tines.

Dr David Elliott

The thi ng about these peopl e who do get
better spontaneously and do not require
treatment, for there is nothing to treat, is
that they shoul d be handl ed i n t he sane way as
a person who has been successfully treated.
That is, they should be kept in the i nmedi ate
vicinity of the chanmber or got totheinmedi ate
vicinity of the chanber. Because there are
pl enty of peopl e who have had such transient
epi sodes, who maybe six hours later get a
recurrence whi ch was not sotransient. | think
t hose chambers nade two mni st akes.

Question: Dr John Knight

Do you expect sonmebody who presents with
chokes twel ve hours froma chanber, to be dead
by thetinme hegetstothe chanber? John Ml Il er
sai d | ast year that all untreated chokes were
fatal, but | have net di vers who have sai d t hat
t hey have had t he chokes and were not treated.

Dr David Elliott

It could be a very m|d formof chokes.
The chokes i s a mass of venous gas enbol i goi ng
tothelungs. | suppose thereis noreason why
they should not resolve normally and be a
transi ent phenonenon just |ike anythi ng el se.

Dr Tony Sl ark

There i s another answer and that is that
the majority of people do not report mnor

chokes. It is not a problemso far as | can
see with divers, though it nmay be wth
aviators. It isaveryrarething wth divers

and particularly with scuba divers.
Dr John Kni ght
Going on fromthat, two years ago | cane

up froma dive nuch faster than | normal |y do.
About thirty seconds after | got tothe surface
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| becane extrenely breathless. | alsostarted
to wheeze. | just could not control ny
respiration. There was no hope of nme swappi ng

to a snorkel. This lasted for about five
m nutes. | coul d not get myself intothe boat.
Al'l | could dowas to float inmy conpensator.

| thought that | possibly had done what | saw
in the abstracts of the UMS neeting, bubbled
ny bl ood on t he way up and got a | oad of bubbl es
inm lungs. Thinking back onit, inthe old
text books of anaesthesia, in the days when
they allowed spontaneous respiration for
neur osurgery, one of the things that you were
toldwas that if therespiratory rate suddenly
i ncreased, the patient had sucked air into a
vei n and devel oped gas enbolismof the |ung.
| wonder ed whet her you had had sim | ar stories
told to you, or had seen anything simlar?
Dougl as Wl ker put it downto atight wetsuit.

Dr David Elliott

No. | thinkit is because the popul ation
t hat we deal wi th do not do that ki nd of diving
and so do not get that kind of problem
Question: Dr George Thompson
| wonder whether David could specul ate

or tell us the nechanism of the feeling of
i npendi ng bl indness in gas enbolisn?

Dr David Elliott

Infact it isjust that the guys feel that
t hey are going blind and they do go blind. One
can only assunme that it is occipital or
sonewhere el se on the visual pathway.
Question: Dr Terry MG ath

| know of a diver sone tine ago who went
blindinoneeye. Hesaidit was |ike watching
a television screen go off. Not being very
experienced in this, | sent himoff to an
opht hal nol ogi st who sai d t hat he had a reti nal
artery thronbosis. Slowy over the ensuing
weeks his vision came back again.
Question: Unidentified Speaker
I have a question about micro-bubbles and
rapid conmpression fracturing mcro-bubbl es.

Dr David Elliott

| think what you are referring to are
m cro-nucl ei and the fact that if you conpress
sufficiently youw Il infact re-dissolvethe
mcro-nuclei. But thisis the sort of thing
you do with shrinps by banging them down to
1,500 feet intw seconds. It is not good for
humans.



