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EDI TORI AL

Al exander the Great is credited with expressing frustrati on when faced with the fact
that there were no fresh worlds left for himto conquer. Had he |lived nowadays his
interest in venturing underwater could well have Il ed himto join our Society and so
torealise his anbition to continue for ever to encounter the intellectually taxing
and exciting, for the greater our know edge of hyperbaric and diving nedicine the
fewer becone our certainties. The self-evident teachi ngs of today beconme the gently
scor ned dogmas of yesteryear at an al arm ng pace as human conpl exity and variability
becone better recogni sed by doctors. Nowadays only a newy trained diver is really
certai n about deconpression sickness! But if the first step towards know edge is
t he awar eness of i gnorance, at | east we are nowstarted towards a better understandi ng
of our problens and howto best circumvent them In a npodest way t he papers printed
inthe Journal seek to speed this process of stimulating fresh thought on the wi de,
if not quite infinite, range of problens now suspected to exist. What a tragedy if
some engi neer should i nvent an “Everynman” 1ATA suit and destroy all the interest in
Di vi ng Medi ci ne!

The papers by Graver and Harpur in this issue conclude the basis-for-di scussion on
Emergency Action by divers. They should be read in conjunction with those in the
previous issue and with alittle nore than a qui ck gl ance at the poem an anonynous
effort recently printedinthe Aviation Safety Di gest. As one can only guard agai nst
predi ct abl e dangers, and as experienceisthe best i ndi cator of probl emareas, reports
of actual incidents are the essential ore fromwhich one may extract theories of
causation and rules of correct conduct. It is therefore with real pleasure that
several papers relating to incidents are published. That the conclusions one draws
may be equi vocal rather than satisfyingly clear adds to their value, for that is the
way nmedicine really is. Too often cases illustrate the conclusion rather than
ventilate the uncertainties of the reality, afailing simlar to that of the early
pai nters who drewthe Australian Bush as if it were Europe with sunshine. 1t is hoped
t hat ot her readers will nowset their cases onrecord: confidentiality for sensitive
facts is easy to ensure. O course it is not only fatalities that have | essons for
those willing to |earn; those who survive can naturally provide nore accurate
i nformati on than can the dead! Though a conscientious Coroner can i nprove on even
the statements Police obtainincases with a fatal outcone, he cannot ask the victim
to expl ain doubtful points.

It is generally accepted nowadays t hat few probl ens progress i nexorably badly unl ess
a succession of negative factors are operating. A single isolated nistake rarely
kills. To be of real value reports nust be comrmitted to a pernmanent form verbal
rem ni scences having too restricted and fallible a circulation to maxi m se their
value. The central confidentila collection of reports, as now being practiced in
the UK (and on a rather nore nodest scal e by Project Stickybeak here in Australia),
can and does showt rends not readi |l y apparent whenreports areread as i sol at ed events.
The UK Departnment of Energy and t he AODC schenes, which will be the subject of note
inlater publications of theJournal, givethelietothe belief that reportingschenes
cannot be set up by those i nvol ved i n Comrer ci al Di vi ng because of business rivalries

and legal liability should too much truth be stated. The Editor, as always, wll
be pl easedto recei ve confidential reports (as well as those i ntended for publication)
on any matter relating to diving. Know edge sharing saves lives. And a brilliant

exanpl e of the val ue of full reportingis the paper by Dr Davi d Youngbl ood. Perm ssi on
to reprint this is much appreciated. The intrusion of doctors into the practical

word of divers’ nust betenperedat all times by awillingnesstolistento unorthodox
views and to consider the possibility that they may be, at |least in part, correct.
Most divers have still not realised that doctors have lost their sonewhat self-



ri ghteous certainties and needincident reports as a check on accepted beliefs: dogna
cl oses eyes and ears and inhibits reporting of the unusual.

Nevert hel ess accidents will happen, and for divers thiswill oftenresult in hypoxia
or drowni ng ri sk. The papers by Doctors Trubohovi ch and Macki e i ndi cate the t hought
bei ng gi ven to resuscitation shoul d such probl ens ari se, while Commander G eene has
prepared the report on a Wrkshop di scussi on of Deconpression Sickness. DCS seens
to be a problemthat increases in conplexity the noreit is investigated. Hopefully
Dr Calder’s advicew || rarely be required by our readers. Conmander Warner’'s reports
once nore grace our pages, to our gain. The work he and ot hers undertake to i nprove
the safety of the off-shore diving industry will have as a spin-off inmproved diving
procedures for all types of diving around the world.

This year we have resunes of nobst of the papers given at the SPUMS Scientific
Conf erence, though those who were unable to attend rmust remain in ignorance of the
i nformative Wirkshop di scussions. W are in debt to Dr Knight for the preparation
of these reports.

In these days of “Wnen's Lib” it is sonetinmes necessary to renenber that “equal”
and “i dentical” are not synonyns. As doctors we may admit to sone awar eness of this,
at least in theory, though in practice the physiological differences tend to be

forgotten. Such has been the case till recently in the field of Diving Medicine.
There have been guesses in plenty but facts in scarcity till wonen divers started
to investigate for themselves. The liberation of thought that has resulted will in

time spread back to nmake i nconstant, response to the stresses of diving. Wen that
occurs, divers will regard rules as i nportant guides to survival rather than “l aws”
that a smart fellow can bend a little if nobody is watching. The significance of
the nenstrual cycle, the pill, and pregnancy can only be defined by research such
as that of Susan Bangasser and othersinthe USA. By astrangetw st of fate a “sexist”
Italian law prohibiting wonen technicians in hyperbaric chanbers may have an
unexpect ed seal of approval awarded in tine.

The attitudeto medical fitnessfor divingisstill amatter requiring greater thought
than it presently receives, if only to decide who is to be protected fromwhat. The
UKintentiontorestrict the power toissue suchcertification of professional divers
t o doct ors who have recei ved at | east a basi c course of i nstructionindiving medicine,
which is not necessarily RN Medical Oficer diving nmedicine, is both |ogical and
tinmely. But the suggestion in the USA that even the slightest degree of
spondyl ol i sthesis is to be an absol ute bar to enpl oynent (Pressure, August 1978) is
an exanpl e of the absurd posture that results if absoluteinitial physical perfection
i s assuned by Courts of Law, with the corollary that any deteriorationisthe “fault”
of sonmeone else. This is a step back to prinmitive life where the witch doctor was
called in to cast out spells and di scover the enemny responsible for every ill ness.
Unless this trend is halted nobody in their right mind will use divers at all in a
short time: rmachines are so nmuch easier to standardise. Man has evol ved by being
i nperfectly adapted to his environnent in sone degree, so able to survive change.
It is hoped that the natter receives thought and coment.

Qur Soci ety has nmenbers and correspondents in all Continents. To all we send our
Seasonal Greetings for Christmas and the coning New Year, the tinme of good
resolutions. It is suggested that you make 1979 a tine for recording and reporting
all types of incidents relating to diving and hyperbaric exposures. As M Peter
Harri gan our cartooni st shows, naking a different point, great things are expected
fromour readers. Please produce the goods!



I N SUPPORT OF EMERGENCY ASCENT TRAI NI NG
Dennis K G aver

Significant controversy currently exi sts regardi ng Energency Ascent training. Such
training for sport divers is advocated and argunents in favour of the training not
previously considered are presented. Contributing factors to accidents occurring
during Energency Ascent training are set forth. Recomrended training procedures to
of fset the contributing factors are presented ....

Wthin the next fewmnutes | will attenpt to convince you of the val ue and need for
Emer gency Ascent training for sport divers. Having |listened to the opposition to
this training, and seeing the effect of this on some instructors, | feel it is
i nportant to present some information on Emergency Ascent training not previously
considered. After defining what is we are tal ki ng about, the followi ng areas w ||
be presented:

1. Current status of Emergency Ascent Training

2. Arguments for and agai nst Enmergency Ascent Training
3. Causes of accidents during Energency Ascent Training
4. Recomended traini ng techni ques

We will be tal ki ng about non-inhaling, vertical Emergency Ascents by scuba divers.
These are not “free ascents” as conduct ed by the Navy and are not | owon-air ascents,
but are ascents made by a scuba diver with no air except that in the lungs. W keep
bei ng conpared to Navy ascent training when, in fact, we do not make unrestricted
buoyant ascents at rates of 325 - 400 feet per mnute froma depth of 50 feet. W
recomend control | ed Energency Ascent traininglimtedto arate of ascent of 60 feet
per mnute fromdepths of 20 - 30 feet.

CURRENT STATUS

1. Emer gency Ascent trainingisrequiredfor initial | evels of scuba certification
by all national certification agencies but one and by Los Angel es County.

2. Al'l Emergency Procedures are under study by the training agencies, but the
Energency Ascent controversy is causing great concern

3. The current controversy has forced realization that there nust be agreenent on
Emer gency Procedures, including Enmergency Ascents, otherw se, we could have
people diving together, trained by different agencies, who wuld react
differently in an energency. This could be disastrous.

4. Efforts are bei ng made by a few peopl e, such as Dr Eric Kindwall (1), Lee Somers
(2) and Dr Nemiroff (3) to di scourage or even prohi bit Emergency Ascent trai ni ng.

5. Asurvey (4) conduct ed anmong PADI I nstructors in August resultedinthe foll ow ng
statistics conpiled fromthe first 150 questionnaires returned from active
instructors in 34 states and nine countries:

a. The first question asked, “How | ong have you been conducting Emergency
Ascent training in open water?” The average |l ength of tinme was 4.7 years.

b. The second request was to esti mat e t he nunber of Emergency Ascents conduct ed
during open water training. The total was 63,263 or approx. 422 ascents
per instructor.



C. The third i temasked how nany | ung expansi on injuries have occurred while
conducti ng open water enmergency ascent training. None were reported.

d. The final question asked, “Do you feel Energency Ascent Training in Open
Water i s val uabl e and needed?” Only 19 were opposed. This nmeans over 85%
of the instructors responding are in favour of Emergency Ascent training
in open water.

The fact that only a snall percentage of instructors are opposed to open water
Energency Ascent training is consistent with the general opinion forned through
di scussi on and correspondence with instructors on a daily basis fromHeadquarters.

ARGUMENTS FOR AND AGAI NST EMERGENCY ASCENT TRAI NI NG

Those opposed to the training involving non-inhaling, vertical ascents feel only a
true energency would warrant such action. They conpare it to refraining from
practicing the use of an ejection seat in an aircraft or junping fromthe w ndow of
a hotel into a swiming pool in the event of fire. Those opposed feel the physi cal
risk is too great and that the odds of an accident are too great to justify the
training. They feel alternative training nethods can adequately prepare the diver
to successfully performan actual Energency Ascent.

Why shoul d we conduct Emergency Ascent traini ng? Because we have a noral obligation
to; because a diver without air can only get to the surface two ways - assisted or
unassi sted, and we nust prepare the diver for the unassisted situation; because it
is one of the nbst significant exercises to increase student confidence and reduce
anxi ety; because it can prevent panic in alater enmergency situation; because it is
an excel | ent eval uati on of di ver conposure and ability; because it works equal | y wel |
i nall geographical areas; because far too many acci dents occur fromdi vers attenpting
ot her emergency procedures at dept hs where an Energency Ascent is easily perforned;
and because our personal experience and intuition tells us we shoul d!

The opposers to Energency Ascent Trai ni ng poi nt out t he nunber of acci dents resulting
from Enmergency Ascents, but all the information is not available to justify the
novenent to elininate this valuable exercise. The University of Rhode |sland 1974
Acci dent Study (5) indicates one accident due to Energency Ascent training in 1974.

During 1974, all certifying agencies required this type of training and the total

nunber of divers certified during that year exceeded 200, 000! Oher accidents are
attributedto Energency Ascents when a cl oser i nvestigation reveal s the real problem
was an unsuccessful attenpt to buddy breathe, resulting in forced ascent.

Si nce sone not abl e peopl e oppose Energency Ascent training, | deci dedto survey ot her
not abl e people in the diving conmunity to seek out those who advocate vertical, non-
i nhal i ng Emergency Ascent training in open water for sport divers. The follow ng
i ndi vi dual s have I ent their support tomy effort tore-enforce the need for Emergency
Ascent training:

1. Dr Al bert Behnke, one of the nobst distinguished nmen in underwater mnedicine.

2. Dr @en Egstrom UCLA Director of Diver Safety Research Project.

3. Dr Andrew Pilmanis, Diving Oficer, USC Labs at Catalina Island.

4, Dr John Al exander, Respiratory Speciali st

5. Dr Edward Hi pp, Nalle Cinic

6. Dr Takashi Hattori, Pacific G ove Mari ne Rescue

7. Dr Thomas Noguchi, Chief Medical Exam ner for Los Angel es County

8. Dr Charl es Brown, Medical Editor, NAU News and Medi cal Col umi st for SKI N Dl VER
Magazi ne.

9. Dr M chael Strauss, Naval Regi onal Medical Center in Rhode I|sland



10. Jim Stewart, Diving officer, Scripp’'s Institute
11. Four National Diver training organizations

Sayi ng that Energency Ascents shoul d not be practiced because of the danger of |ung
injury is like saying we should not dive below 33 feet because of deconpression
sickness. | recall ny early days of instructi on whenit was not uncommon for a student
tobolt for the surface during nask cl eari ngona*“check out” dive. This was hazardous,
but we didn’t elim nate mask cl earing. |Instead, we figuredout howto prepare students
for the situation so they were relaxed and confident. W had them practice mask
clearing in the pool with open water equi pnent, put their face in the cold water at
t he surface so fl oodi ng t he mask underwat er woul dn’t be such a shock, and cl ear their
mask at the surface before clearingit at depth. These and ot her traini ng techni ques
nearly elimnated the probl emof students bolting during open water mask cl earing.

It is very simlar with Emergency Ascent training. W should no nore elimnate
Energency Ascent training than nmask clearing. |If we have a problem let’s not
di sconti nue Energency Ascent training, but develop the training procedures to get
the student relaxed and confident.

CAUSES OF ACCI DENTS

It is pointed out that accidents occur even when “everything is done right”. What
isright? There are no standards for Energency Ascents, andthereinlies the problem
I will show how a person coul d have an acci dent even when it appears that everything
i s being done correctly.

The following factors all contribute to a possi bl e accident during Energency Ascent
traini ng:

1. Medi cal Problens: It is possiblefor astudent to have alung defect which could
lead to lung rupture during ascent. Colds or recent colds can also create
probl ems. Professor Wal den of the Royal Navy of Engl and has reported that all
enbol i smcases he has noted during ascent training have occurred to individuals
who had had colds within the previous ten days.

2. | nadequat e Preparation: Student readiness nay, unfortunately, be determ ned
by the number of hours of training rather than by individual ability and
r eadi ness.

3. Extrene Conditions: Students have been directed to performas Energency Ascent

invery cold water with little visibility froman excessive depth i medi ately
after descending from adverse surface conditions.

4, No Adaptation Tine: A diver requires sone tinme underwater to adapt both
physi ol ogi cal | y and psychol ogi cally. The student may not be pernmitted tine to
adapt to the environment, thereby reducing nmental and physical capabilities.

5. Undue Stress: Lack of confidence by the student can create anxiety and
appr ehensi on whi ch seriously affect performance.
6. Lack of Control: Instructors nmay have students ascend two or nore at a tine,

not havi ng control over the ascents. The instructor nmay al so al l owthe students
to ascend i ndependently while only observing from bel ow

7. Looki ng Down: The instructor nmay be positioned in such a way that the student
must | ook down at the instructor, thereby restricting the air passage. From
personal observation, it is comon for the instructor to be bel owthe student
during the ascent.

8. Rapi d Ascent: Students may ascend at a far greater rate than 60 feet per m nute,
thereby increasing the possibility of lung expansion injuries.

9. Excessive Exhalation: It may be possible to enbolize fromexhaling too much
during ascent, as pointed out in MAU NEWS (6) and SKIN DI VER Magazi ne (7).




I think you can see how a student could have an accident when it appeared that
“everything was done right”. |f adequately prepared, apprehensive, unadapted to the
environnent, recovering froma cold and exhaling excessively, the student night
appear to be performng well while experiencing great distress.

These probl ens have been identified as contributing to accidents during Emergency
Ascents. Now let’s see what training techniques may be enployed to of fset these
probl ens and reduce the risk.

RECOMVENDED TRAI NI NG TECHNI QUES

PADI has required Energency Ascent training for years. Recent changes techni ques
have been nmade, however, to of fset sone of the factors contributing to acci dents that
have been presented. The key to safe Energency Ascent training is for the student
to have confidence and for the instructor to have control. Both come fromeducation
and preparation. The follow ng techniques hel p provide the needed confi dence and
control

Preparation: An attenpt should be made to discover any physical defects in the
student. This includes conpletion of a medical history formand perhaps X-Rays and
a nedi cal exam nation for diving. These will only disclose defects, however. The
type of defect which could lead tolung rupture can cause an acci dent duri ng a nor nal
ascent just as well as in an enmergency ascent, and is not readily discovered

Requiring any nore than a standard physical exanination and X-Rays of students is
not reasonabl e.

Once reasonabl y confi dent the student is physically able, beginto developtheskill.
First, educate students until they are fanmiliar with the physics and physi ol ogy
i nvol ved. Describe the skill and explain the practical application. Explain the
value and sinplicity. Next, gradually develop the physical skill. Have students
exhal e when swi mmi ng underwater with skin diving equi pnent, exhal e while sw nm ng
hori zontal Iy, exhal e while swiming fromthe deep to t he shall owend of the pool and
exhal e while making diagonal ascents from the deep end of the pool. Initial
preparation i nvol ves know edge, description, notivation and sinmulation. The skil
nmust t hen be devel oped for open water, and the transitions are i nportant. Teach from
t he known t o t he unknown. Assure student confi dence and success. Have students exhal e
while swiming underwater in open water as skin divers, have them exhale while
ascendi ng di agonally in shall ow water, have them performvertical ascents from10
feet, then 15 feet and finally 20-25 feet. Build confidence gradually.

The Open Water Exercise: The students nust be thoroughly briefed to know what to

expect. Establish signals such as “exhale”, “stop”, and “breathe”; have a comon
under st andi ng of the sequence of events during the exercise: have a “dry run” out
of the water where you sinulate the ascent while you can still talk and answer

guestions; be sure students feel confident and at ease.

Sone equi prent i s needed to provide areference and control duringthe exercise. This
consists of a surface float, such as a surf mat or inner tube, and a control I|ine,
mar ked at regul ar intervals to indicate depth, held down by 30-50 pounds of wei ght.
Thi s equi pment shoul d be set up in 20-30 feet of water with the line vertical and
taut. See Figure A

During t he ascent, physical contact withthe student andthelineis mandatory. Should
any di fficulty devel op, theinstructor can arrest the ascent by wrappi ng a f oot around
the line (see Figure B) and restoring air to the student. The practice of wapping
a foot around a vertical line to arrest an ascent has been used successfully by the
Navy for many years. The object is not to restrain a totally pani cked student, but
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to nonitor the person and prevent panic. It is extrenmely difficult to stop a person
who decides to bolt for the surface. Al you can do is try to sl owthe ascent and
get the person to exhale. Your objective is to have themproperly prepared for the
exerci se and to prevent panic by observation and control. The instructor nust be
posi ti oned above t he student and be equi pped wi th an additi onal second stage to gi ve
to a student unable to |locate his own.

PADI requires renoval of the wei ght belt during Emergency Ascent traini ng even t hough
the instructor limts the rate of ascent to approxi mately 60 feet per mnute using
the control linetoslowthe ascent. |n an actual energency, a diver naki ng an ascent
froma depth greater than 30-40 feet shoul d establish buoyancy to reduce the effort
needed to reach the surface and to nmake sure it is reached, conscious or not. Somne

i nstructors point out that the diver will “rocket to the surface out of control” if
the belt is renoved. | believe many instructors take a strong position on issues
wi t hout the benefit of much know edge or experience. | conducted rate-of-ascent

studies to determnmine how fast divers ascend after ditching weights and determni ned
the foll ow ng:

Si xteen instructor candidates in full 1/4 inch wet suits, neutrally buoyant at the
surface, descended to a depth of 30 feet in calmwater, ditched their belts froma
kneel ing position, totallyrelaxedand floatedtothe surface. Averagetime of ascent
was 20 seconds! This could hardly be called “rocketing to the surface”. By flaring
out, it is possible to achieve ascent rates approaching 60 feet per nminute after
ditching the weight belt. There are also other studies that indicate the average
rate of ascent while swi mi ng by sport diversisfrom120to 200 feet per ni nute during
normal sw nmi ng ascents!

Whet her or not the belt should be renpved i s not of great inportance and neither is
whet her or not the regulator is kept inthe nouth. | have argued about the regul at or
for years and have reached t he poi nt where it doesn’'t matter as | ong as students make
an ascent.

After removing the belt, the student shoul d begin exhaling. Rather than bl ow ng,
have them pronounce “O or “AH all the way to the surface, as this keeps an open
ai rway and hel ps prevent excessive exhalation. Notice we did not shut off the air
supply, for this causes increased apprehension.

Have t he student give two or three kicks to get started after beginning to exhal e.
It is best if the instructor signals when to begin the ascent. Agree ahead of tine
that the student is to take air any tine it is offered, regardless of the
circunstances. It is possiblethat sonething nmay not be ri ght even t hough t he st udent
is performing correctly. An exanple would be an instructor equi pnent problem

For the last 10-15 feet before the surface, the student shoul d | ean back and fl are
to slowthe ascent just as woul d be done in an actual situation. See Figure C. The
i nstructor continues to nmaintain contact throughout the ascent. It is necessary for
the student to turn sideways when flaring as shown in Figure C

After surfacing, the student pulls back down the control line to recover the weight
bel t.

Enmergency Ascents perfornmed to progressively deeper depths in this matter over a
peri od of several open water dives provi de safe and ef fective training for newdi vers
and reduce t he chance of an acci dent occurring. Sinulated ascents while skin diving,
etc., as set forth by sone, are not acceptabl e substitutes for the actual practice.
These are significantly different both physiologically and psychol ogically.
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SUMVARY

Enmergency Ascent Training is essential and advocated by many experts. There is a
need t o reduce t he chance of acci dents and t o st andar di ze enmer gency procedures. Wile
there are reasons why Energency Ascents should not be practiced, there are other,
nore i nportant reasons why they should not be practiced. The causes of accidents
shoul d be nore closely studied and training techniques inplenmented to elimnate
contributing factors. PADI sets forth aseries of techni ques and trai ni ng procedures
to reduce the risk to students during Energency Ascent traini ng by providi ng student
confidence and instructor control.

The National Scuba Training Conmittee will be standardi zi ng Emer gency Procedures at
the next neeting. We owe it to the diving community to reach an agreenent on this
matter. Please express your support of Enmergency Ascent trainingto each agency
with which you are affiliated. Wo do you want to determ ne whether or not this
i mportant training should be conducted, the vocal nminority or the silent najority?
It istimefor the 85%of you who feel Emergency Ascent trainingis needed and val uabl e
to make yoursel ves heard.

* *x * % * *x * * *x *

WOMEN | N HYPERBARI C CHAMBERS (| TALY)

Italian occupational safety laws prohibiting wonmen from working in hyperbaric
chanbers recently becane t he subj ect of controversy. The Latin Regi on had organi sed
a course for hyperbaric chanmber technicians, which was open to both sexes. After
the course was well under way it was found that a 1956 | aw prohi bited such work by
worren. The aut hor urges the repeal of this | aw, which denies the services of health
care personnel to sick and injured patients, and which has apparently no basis in
scientific fact.

(Medi ci na Subacquea ed |perbarica, 1977, No 2, by MEMH)

* * % % * *x % * * *

PREVENTI VE MEDI CINE ... BUT YOQU PAY!

* South Australia s Institute for Fitness Research and Training, which is
affiliated with the Adel ai de Col | ege of Advanced Educati on and has assessed and
trai ned nore than 7,000 nen and wonen si nce the i ntroducti on of courses in 1969,
is itself in danger of coll apse.

* The reasonis therecent anendnent tothe Health | nsurance Act to di sal | ownedi cal
benefits (except for several approved organisations) for health screening
services. People who enroll for the 12 week course are nowfaced with a personal
bill of an extra $70 for tests they nust undergo to assess their fitness for
the course.

* The Institute’s acting director, M ss Ann Davi dson, says the Governnent’ s action
makes it clear that it is not interested in pronoting preventive health through
the medi cal benefits schene.

(AVMA Gazette, 28 Sept 1978)

* *x * % * *x * * *x *
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A NEW APPROACH TO QUT- OF- Al R ASCENTS

GD Har pur, M
Medi cal Director, Tobernory Hyperbaric Facility

(Paper for discussion at 1977 UVMS Wor kshop on Enmergency Ascent, Decenber 1977)

The various instructor organi zations in the world have been plagued for sone tine
now with the problemof what to teach about emergency situations and how to teach
it without incurringexcessiverisktostudentsandliability tothenselves. Already
rates for instructor insurance are clinbing as the courts denonstrate wllingness
to increase the scope and degree of liability by their awards. This situation has
| ead to serious recomendations at national neetings of instructors organizations
that not hi ng be taught to novice divers about emergency ascent, that it should be
reserved for advanced cl asses. Such actions woul d be tantanount to suggesting that
only pilots who survive the first year shoul d be taught howto do energency | andi ngs.

In considering the matter of energency ascent we nust of course recogni ze that once
pani c occurs our ability to influence the out-come ceases. The renminder of this
subnission is directed at the diver who is still incontrol in an effort to exam ne
hi s options and hopefully to devel op a | ogi cal course of action which if followed,
wi || both prevent panic and ensure the safest possible ascent.

It is perhaps rel evant to point out at this juncturethat teaching atechni que doesn’t
necessarily involve practicingit. The FAA suspended t he practice of force | andi ngs
because such practices too often turned into the real thing. |In the sane vein it
shoul d perhaps be pointed out here, that the inappropriate nature of the initial
response to energencies is what converts many m shaps to di sasters. Professiona
i nstructor organizations have prepared various statements on ascent training
culmnating in the NSTC ascent agreenent.

In this agreenent which is quoted in the abstracts, the first two options to be
presented to students are:

1. The use of octopus regul ator;
2. Buddy breat hi ng

Bot h of these alternatives are taught i n Canada as el sewhere, despite the fact that
inour very cold waters doubling the mass flowthrough the first stage significantly
i ncreases the chances of freeze up which will deprive both rescuer and victi mof air.
Buddy breathing is also fraught with difficulty in waters which | eave one’s |ips too
nunb to feel . Perhaps nore significant arethe om ssions. No-where does this docunent
mention the i nportance of psychol ogi cal preparation. It fails to suggest i medi ate
nmovenment upward if difficulty is even suspected; worse it suggests eval uati on before
taki ng any action. Wuldit not be better totake conservative i medi ate action while
eval uating, eg. signal to buddy and conmence a nornal ascent at once?

What remai ns to be determ ned nowis the saf est way of executing an ener gency ascent,
i f this becones necessary. A great deal of information exists about various net hods
of rapid ascent (buoyancy assisted) and as this represents the nost extrene case any
techni que which i s successful in this instance nust enbody principles inportant in
all ascents. First, it has been apparent that a closed glottis is a potential hazard
fromearliest times. Passively holdingtheglottisopenisadifficult feat; refl exes
tendtocloseit at all times whenrespiratory activity doesn’t requireit to be open.
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Recently in Toronto Sick Children’s Hospital, while conducting a study using
physi ol ogi st physi ci ans as subj ects, Dr ACBryan found only four of nine coul d perform
this act. To avoid this problem Stenke advocat ed having the subjects head covered
by a hood containing air and teaching themto keep breathing. The success of this
techni que shows the validity of his concept. Still there are failures. Some of these
failures have been attributed by Boenke and others to snall airway closure and
subsequent air trapping. Techniqgues have been suggested to avoid this but to date
no detail ed expl anati on has been published relating the pul nronary dynam cs duri ng
t he ascent, tothe potential hazards. W knowfromwork by al arge group of researchers
i ncluding Macklemet al. and Fry et al. that we all produce closure of sone snall

ai rways with each expiration, the preci se percentage varies from10%for healthy 18
year ol ds to 40%i n 65 year olds. Inwater inavertical position dueto the pressure
gradi ent appliedtothe chest wall, thereis anincreaseinthistrappingat the bases
as shown by Dahl back and Lundren. |f we exam ne now a sequence of alternatives for

a hypothetical |Iung perhaps the difficulties will be nore readily appreciated. As
our principleconcerniswthsports divers asuitabledepthfromwhichtostart their

hypot heti cal ascents would be 50 feet with the diver starting at or near FRC as the
di ver nost frequently becones aware of his plight when he attenptsto breatheinafter

normal expiration.

FIGURE 1

‘iir
; ﬂ/\/\vﬂ
k)

Pp = Pleural Pressure - Large

PL = Elastic recoil of Lung - Small

As flow begins, resistance to flow causes
pressure drop. Then eventually this drop = PL.

P=0

At this point (see Figure
1) the state of affairsin
t he | ung can be represent ed
as shown. The precise
rati on of patent to cl osed
al veoli woul d vary withthe
lung zone. In the nornal
person above water, the
col | apsed segnent reopens
with the next deep breath
or sigh. The diver cannot
dothisif heisout of air,
but he has several options
opento him First, he may
el ect to bl owdown t o RVand
then hold his breathtothe
surface, or “blowand go”. As the glottis is closed during this nanoeuvre, if the
rati o of RVto TLVfor the subj ect exceeds therati o of pressures passedthrough during
ascent, a burst lung will result. A young healthy diver will pernit a ratio of RV
TLV of 1/3.5 and so will escape this problemin our hypothetical case. O der divers
wi |l not beasfortunateastheir rati os may be exceeded dependingontheir respiratory
st at us.

ALUEOLUS

For the fortunate di ver who escapes this consequence of Boyle's Law | et us exam ne
t he sequence of events inthe lung as he ri ses towards the surface. The intrapl eural
pressure starts off negative. As the |ung expands, it becones | ess negative due to
the attenpt to rebound to FRV (FRV in water is lower than FRCin air), but as the
gasinthelungs expands it t oo becones positive. The forces whi ch produced t he ai rway
cl osure are no | onger operative. The lack of interdependent forces has been restored
by parenchynal expansion. The dynanic flowsituationleadingtothelocating of the,
Equal Pressure Point of Mead, Macklemand others within the coll apsible segnent of
the air-way is no |l onger present, as the glottis is closed and fl ow has ceased. In
addi ti on expandi ng al veol ar gas | eads to i ncreasi ng al veol ar pressure which assists
i nair-way openinginconclusionthenthis wouldseema reasonabl e approach for young
di vers wi th no anat om ¢ anomal i es or scars which night | ead to the trappi ng of excess
gas provided they can be certain they are in 60 feet or |ess of water.
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The next alternative is the nbst widely taught response. The diver rises to the
surface blowing out as he goes. |If we examine this situation a potential hazard
becones apparent. |f one of the al veol ar units cl osed during the expiration contains
nore than 1/3 of its potential volume and if the diver maintains expiration to the
surface, from50 feet it may rupture. Note that the first alveolar units to cl ose,
are those with the | onest el astance or hi ghest conpliances. The conti nuance of these
expi rations maintains the dynanic flow force which produced the closure, surface
tension forces assist in this regard and i nterdependence forces are prevented from
beconing significant by the lack of |ung expansion. Any interruption in this
expiration, especially any attenpt at inhalation, can rapidly alter this sequence
of events. Afact which | feel has saved nany divers. Whether the pressure required
to burst an alveolusinthis situationis |ower thanthat requiredto open the closed
ai rway has not been proven but the possibility exists and woul d expl ai n nost of the
unnerited burst |ungs we see.

The next alternative to be explored is the possibility that the diver could ascend
attenpting inspirationall the way. In this situation the pleural pressure renains
negative at all tinmes. The interdependency forces growas the | ung expands assi sting
i n opening cl osed ai rways. The glottis is open and the airways maxi mal ly patent so
out flowresistance is mninmal and the gas free to behave in accordance with the
di ctates of Boyle's Law unless the ascent rate exceeds the maxi mumrate seen with
t he Stenke hood, which is inprobable, the way flowrate generated by the effects of
Boyl e’ s Law woul d be of the order of 3-4 litres per second whichis well within the
limts of rates neasured in exercising. This then night be the best of the
alternatives for very rapi d ascents but needs further investigation and because the
procedure is psychologically difficult it may never be the best for sports diver.

Sports divers rates of ascent
even when buoyant would rarely FI GURE 2
appr oach 200 f eet m ni nrumunl ess
usi ng uni suits, but the benefits
of the continuous inspiration
may be achi eved i n nost cases by
sinply maintaining a cycle
respiration. This will ensure
the glottis is kept open and
that pressures are cyclically
altered so that in the
i nspi ratory phase, opening of
smal | airways is encouraged.
The st udent s shoul d be taught to
enphasi ze deep i nspirati ons and
to increase the rate of
respiration with the rate of
ascent.

Once cl osure occurs - How does it reopen?
- Surface tension holds it closed if lung
vol ume decreases. Littleelasticrecoil and
PL very small.

At the rate of ascent encountered i n submari ne escape, a nornal rate of respiration
could easily lead to the subject being in expiratory phase all the way from60 feet
to the surface and thus resulting in a burst alveolar unit. This could perhaps be
avoi ded by either continuous inhalation or rapid panting at rel atively higher |ung
vol unmes during ascent.

As an instructional unit our next concern here was with nethods of instruction. To
reduce the psychol ogi cal shock caused by out of air situations, we teach all our
students to expect to run out of air on every dive. W teach themto do the usual
saf ety check, and t o use underwat er gauges and oct opus regul ator. W al so teach them
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not argue with their gear, under water. Regardless of what the underwater gauge
says, if you are having difficulty getting air confortably, signal your partner and
start upgently. |f the problemis progressive, thetinme saved by the i nmedi ate start
up may prevent panic and save life.

To trai n actual energency ascent we proceed as follows. Inthe pool, we have students
swim up along the bottom slope breathing in and out, we increase the speed and
enphasi ze the need to breathe in and out. Next in 10 feet of water we shut off the
students tank with a hand on t he val ve, watch to ensure they encounter the difficulty
(ie. breathe out and fail to get air), then swmwth themas rapidly as possible
up the slope watching to ensure that they seemto attenpt to naintain a cycle of
respiration. This procedure is discussed and repeated as often as needed to get the
student confortable. W repeatedly enphasize that you nmaintain breathingin and out
or attenpting to do so against dry regulator or closed |ips, and that you increase
therate of thiscycleif youareascendingnorerapidly. Finally werepeat thedrills
in open water using repeated swi mr ng and buoyant ascents with air on to depth of
25 feet and air off ascents gradually increasing from10 to 30 feet on a tethered
line, one on one, instructors hand on the air valve.

For special candidates who dive with unisuits (eg. Canadian Government Arctic
di vers), we al so do progressively staged bl ow ups fromdepths to 30 feet using high
l ung vol ume panting routines. One difficulty we encountered in this group of divers
was uniquetotheair filledsuits. Asomewhat stocky diver who fitted his suit rather
wel I, especiallyat thewist and neck seals, got intoseveredifficulty at the surface
because of the high pressure retained in his suit. It took fast action on the part
of his tender to rescue himfromthis dilemma.

For these concepts to be accepted as valid, certain questions remainto be answered.
Can it take nore pressure to open a collapsed small airway than that required to
rupture the alveolar wall? Answers to this are hard to determine. Studies of the
pressures required to open small airways have all been done on intact |ungs which,
because of the interaction of hydraulic and nechanical forces nay behave quite
differently fromthe isolated alveolar unit which my have only hydraulic forces
acting on them Typical figures cited for such intact |ung studies give pressures
of 4.5 cnms H,O (Burger and Macklen) to re expand col | apsed airways. |If we |ook at
a singlecollapsedairway of radius “r”, the pressurerequiredtoopenit is presently
not known. W are attenpting to find a nodification of the La Place |awthat m ght
cover this situation as a starting point. The burst pressure of an unsupported
alveolus is simlarly unknown as indeed is the burst pressure for a termnal
respiratory unit divested of support fromsurrounding units. While these and nany
ot her questions are bei ng expl ored and hopeful | y answered several inportant changes
can be nade in current practices w thout hazard.

1. I nstructor organi zati ons can standardi ze their teaching
2. Regul ators can be l eft i nthe nout h and attenpts at i nspirati on nmade duri ng ascent
which will:
(a) reduce tendency to panic
(b) provide air fromthe tank thus del ayi ng onset of hypoxia
(c) reduce any chance of alveolar rupture due to trapping
There remain other problens but perhaps from this workshop there will be the

begi nni ngs of an organi zed effort to elininate these gaps in our know edge so that
sonme definitive solutions can be found.
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THE AMBULANCE | N THE VALLEY
Anon.

“Twas a dangerous cliff, as they freely confessed,
Though to wal k near its crest was so pleasant;
But over its terrible edge there had slipped
A duke, and full many a peasant.
The peopl e said somet hing woul d have to be done,
But their projects did not at all tally.
Sone said “Put a fence ‘round the edge of the cliff,’
Sone, ‘An anbul ance down in the valley.’

The [ anent of the crowd was profound and was | oud,
As their tears overflowed with their pity;
But the cry for the anbul ance carried the day
As it spread through the nei ghbouring city.
A col l ection was nade, to accunul ate aid,
And the dwellers in highway and all ey
Gave dollars or cents —not to furnish a fence —
But an anbul ance down in the vall ey.

‘For the cliff is all right if you re careful’, they said,
“And, if folk ever slip and are dropping,

It isn't the slipping that hurts them so nuch
As the shock down bel ow —when they’ re stopping.’

So for years (we have heard), as these m shaps occured
Quick forth would the rescuers sally.

To pick up the victinms who fell fromthe cliff,
Wth the ambul ance down in the valley.

Said One, to his pleas, ‘It’s a marvel to me
That you’ d give so nuch greater attention
To repairing results than to curing the cause;
You had rmuch better aimat prevention.
For the mischief, of course, should be stopped at its source;
Cone, neighbours and friends, let us rally.
It is far better sense to rely on a fence
Than an anbul ance down in the valley.’

‘He is wong in his head’, the majority said;
‘He would end all our earnest endeavour

He’s a man who woul d shirk this responsible work,
But we will support it forever.

Aren’t we picking up all, just as fast as they fall
And giving themcare |liberally?

A superfluous fence is of no consequence,
I f the anbul ance works in the valley.’

The story | ooks queer as we’ve witten it here.
But things oft occur that are stranger
More humane, we assert, than to succour the hurt
Is the plan of rempving the danger
The best possible course is to safeguard the source
By attending to things rationally.
Yes, build up the fence and let’s rely |ess
On the ambul ance down in the valley.
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A SEA WASP ATTACK | N WESTERN AUSTRALI A

(Carybdea Al ata)

(The foll owi ng report i s based on an I nci dent Report kindly submtted by the victim
Editor)

The victimwas a healthy man, a trained diver of considerabl e experience, who had
past experience of stings fromPortuguese Man O War in Guam Hawaii and Australi a.
He had suffered no reaction other than | ocalised pain for about an hour from such
contacts. He had suffered mnor skin reactions fromvarious common jellyfish, fire
coral, stinging hydroids, sea urchins and crown-of-thorns starfish and was well
acquainted with all forms of venonous sea life. The reaction he suffered in this
i nci dent cannot therefore be ascribed to hypersensitivity on his part to marine
sti ngs.

During the fewdays prior tothe attack the wi nd had been bl owi ng fromthe north east
during the day and at the exact tine of the attack was 15-25 knots out of the south-
east, causing the area of the incident to be protected fromall except large rolling
waves.

The vi cti mwas a menber of a party wal ki ng on Poi nt Mural beach near the pier at about
m dni ght, 11 March 1978. He was the only one in bathers so went down to the surf
line to exam ne the possibility of having a swm It was quite apparent that the
wi nd and waves were too nuch to be enjoyable so he turned to | eave the water. At
that tine, breaking waves woul d bring the water up to his knees when it came in: it
was before high tide.

The follow ng description is in his own words:

“I felt a gel atinous substance brush by ny right foot and felt i mediate pain. |
knewit was a jelly fish and quickly left the water. | wal ked back to the parking
ot and went to the rear of a truck where there was |ight enough to see there were
no tentacl es attached to ny foot. | went tothe rear of ny own truck and got a gal |l on
of freshwater to flush the area sincethe painwas steadily increasing. As | flushed
it, | began to realise that | was into sonething other than the normal jellyfish of
t he Exmout h Gul f area and cursed nysel f for havi ng renoved t he nedi ci nal al cohol that
| normally carry in the rear of ny truck. | wal ked around for a few m nutes hopi ng
that the pain would abate. It didn't, sol told ny wife to drive me hone. About
five minutes had el apsed and | felt a slight “knot” in ny | ower abdonen. | craw ed
into the back of ny truck with one of ny friends and we left the area. By the tine
we had driven 400 neters back to the pier road, the “knot” had progressed to just
below my rib cage and was beginning to interfere with ny breathing. | told ny wife
to drive directly to the navy dispensary (6.8 mles). M breathing becane quite
di stressed as the stomach and chest muscl es becane quite rigid and made it seem |
was not getting enough fresh air. The trip took but a few m nutes and they carried
me in and put nme on the table at the US Navy di spensary at precisely 12.25 amon 12
March. Although the pain was still primarily in the foot, the | aboured breathing
was the thing bothering ne nost. They put me on free-fl ow ng medi ci nal oxygen but
it didn't seemto help much. By this tine the feeling of pain was everywhere and
it seened to be emanating fromthe base of ny spine. Along with the pain| was aware
that | was | osing notor control over everything bel owny neck. M skin was cold and
clamy and | perspired profusely. Eventually the pain went up the back of ny neck

and into ny head. I was being quite vocal about the pain and it took until
approxi mately 2. 15 ambefore the attendi ng physici an had stabilised nmy conditionto
the extent that they could nove me to Exnouth District Hospital. The treatnment in

the hospital alternated between cortisone injections with IV and pain killer every
hour until |ate Sunday evening.
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By this tine the pain was localised in ny right leg and left foot. It noved up and
down ny right |eg depending on how long it had been since the last pain killer
injection. | noticedthat both feet hurt consistently until around 2.30 amon Monday
norning. Fromthat time on | did not require any nore shots for pain.

I remained in the hospital Mnday night for observation and was rel eased Tuesday
nmor ni ng, 14 March, for three days off duty. Inthosethree days the renaining probl ens
consi st ed of sore body nuscl es, a bad case of di arrhoea, recurring bad dreamns, chills,
twi nges of paininthe affected foot, nunbness of the skinonthe affected | eg, vision
problenms in ny right eye, headaches and a general weakened feeling. Wight |oss was
7 pounds.

There were no scars fromthe point of contact with the jellyfish, but the instep of
the right foot had four areas of snmall red spots. The skin was treated w th Squi bb
Kenal og Cream Any contact with salt water caused i ntense stinginginthe foot. On
April 3rd, the red spots progressed to the point that | could count approxi nately
90 i ndi vi dual spotsinthe four stung areas on ny i nstep. These gradual | y di sappear ed
between April 3rd and 10th. It took until 10th April to regain ny forner strength.
The only permanent effects of the sting as of 3rd May appear to be t he weakened vi si on
inm eyes and the tendency for ny right foot to give way under wei ght on occasi ons.

The norning after the attack nmy wife went back to the beach and found at | east six
dead specinens of jellyfish on the beach. The “bell” was the only thing left and
it neasured upto 10 inches inlength: photographs were taken of a speci nen and | ater
identified as Carybdea Alata. An attenpt was nmade by sone | ocal divers to |ocate
some of the jellyfish in their natural state shortly after the attack but was
unsuccessful .

W are pleased to be able to present this excellent report of a Box Jelly sting

describedinaccurate detail by thevictim H s publicspirit inpreparingand naking
it available is greatly conmrended.

* *x * *x * * *x *

SEA SECRETS - (May-June 1978)

QUESTI ON: Isit feasible to use dol phins to patrol beaches and chase away sharks?
(DW Shreveport, Louisiana)

ANSVEER: Experi ments were conductedinthe early 1970’ s at Nite Narube Laboratory.
Sarasota, Florida to deternmine the feasibility of using dol phins as an antishark
device. A nale bottlenosed dol phin (Tursiops truncatus) was caught in the Gulf of
Mexi co and placed in alarge tank at the |l aboratory. Initial tests with the aninal,
whi ch was naned Si npb, suggested that bottl enosed dol phins and sone speci es of sharks
are not natural enenies.

The Mot e researchers were abl e, however, totrain Sinoto attack and dri ve of f several
speci es of sharks. The only shark that Sinp refused to attack was a bull shark
(Carcharhi nus | eucas). Considering, however, therelatively | ownunbers of dol phins
conpared to sharks, as well as federal restrictions on capturing and nolesting
dol phins, the idea of using these nmarine manmal s to patrol beaches is probably not
feasi bl e.

(from Sea Secrets, |International Oceanographic Foundation, Muy-June 1978)

* *x * *x * * *x *
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AN | NClI DENT DURI NG POOL TRAI NI NG
David Mclvor, PhD, BSc (Hons)
Regi onal Director, Victorian Regi on, FAU

This is an incident that occurred while |I was personally involved in training sonme
University students in the use of Scuba, in a sw nming pool.

| was instructing a group of four, two boys and two girls, on the second night of
their course. The group as a whol e was progressing rapidly and appeared to be in
no bot her wi th finning, mask cl earing, swi mm ng wi t hout mask, and r enovi ng/ repl aci ng
regul ators. The incident jn question occurred during the introductory buddy
br eat hi ng sessi on.

After afewni nutes practicing buddy breathingw ththeminthe shallows, | instructed
both groups to swimtwo | aps of the pool whilst buddy breathing. The two girls had
swum sone one and a half laps (100 m) and were at the 7 foot mark of the pool when
the girl who was receiving air stopped swimm ng, gave the “up” sign to her buddy,
and sl oWy comrenced to ascend ... exhaling all the way. However, about a foot from
the surface she faltered, appeared to cough several times and began to sink again,
now maki ng no effort to regain the surface. Fortunately | was about two feet away
fromher during this ascent and was able to bring her to the surface as soon as she
began to sink, probably within 5-10 seconds. | then renoved her nask, brought her
to pool side, renoved her tank, and lifted her out of the water. During this tine
she was attenpting to cough and retch. She was placed in the coma position, neck
and t hroat extended, and covered with towels. At the stage she was pulled fromthe
wat er she appear ed seni -consci ous (at best) and was coughi ng up fair anmounts of cl ear
mucus. She can recollect nothing fromthis period. After about a minute in this
condition she appeared to regain full consci ousness, clearing her nouth of nmucus (I
checked the colour of the nucus) and kept saying that she couldn't renmenber what
happened. Havi ng nowrecovered, except for painsinthelower chest, she was al | owed
to go and change, assisted to the change roons by her girlfriend.

“I then range Dr X to discuss the incident and get his recommendati on: he had given
her a Diving Medical the week before. He agreed that she be taken to the nearby
hospi tal , which had a good thoracic unit. After she was dressed she still conpl ai ned
of a sore chest and had devel oped a rather raspy cough. At this stage she admtted
to a slight bout of bronchitis the week before. | then drove her to the hospital,
where she was admitted to outpatients, exani ned by a doctor and had an X-Ray taken
bef ore being al |l owed to go home with instructions to return the next day for a check-

up.

However, as a Senior Instructor froma reputable diving school | felt well enough
i nfornmed to voi ce ny concern at the attitude shown at the hospital. After ny student
had supplied her details to the person on the desk I was asked to supply further

i nfornmati on on what had happened. | gave themthe sane details as supplied here,
Vi z., sem -consci ousness, clear nucus, coughi ng underwater (and therefore possible
inspiration of water), chest pain, etc. | warned themof the possibility of sone

barotrauma and urged the hospital to contact Dr X, “who was an expert in the field
of diving nmedicine”, for further information. The person in charge, after sone
hesitation, wote his nane on the very top of the page, which proved to be the butt
of the tear-off form which was given to the exanining doctor. So nuch for ny
recomendation! It was sone ten nminutes |later (after a possibl e near-drowning and
| ung rupture event) that the patient was taken away for examination, still coughing
and conpl ai ni ng of chest pain. Five mnutes |ater the doctor came and asked ne sone
guesti ons, one of which was “Is there any chance of bends?” | replied that this
was unlikely in a 7 foot pool and repeated ny recommendati on that Dr X be contacted
as he was famliar with the case and with diving medicine.
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The doctor told ne rather frostily that she had done sone di ving and was therefore
famliar with the problens!! | then told her that Dr X had even suggested that the
pati ent may have to be kept overni ght and that if Dr X was not contacted then | would
ask to speak to the Senior Doctor on duty (a tactic suggested tone by Dr Xif | was
not satisfied with the treatnment). There were no bad feelings, just persistence on
ny part. Anyhow, Dr X was contacted, the case discussed, an X-Ray taken, and the
girl allowed to go hone.

“There were sone addi tional factsthat nay be of interest inrelationtothisincident:

1. The student had had a lot of difficulty with the standard sw mtest (200msw m
2 mins tread water, duck dive) and in fact had to have two attenpts (on two
nights). Fromny experience, people who have trouble with the swmtest wll
have some troubl e wi t h aspects of thecourse .... call it watermanshipif nothing
el se nore quantitative.

2. The student has a small face and consequently had sone trouble finding nmask to
fit. She al so had sonme trouble with water up her nose fromthis conplaint (see
item1l). However this problem appeared to have been overcone.

3. | had followed the two students into the deep section of the pool and was only
2 feet away fromthemwhen the incident occurred. | found it interesting how
she appeared to gi ve up her attenpts to reach the surface. | feel that she woul d
have drowned if left to her own efforts. Mral: be with students when they
are in deep water.

“As a personal conmment | woul d add that | believeit is incumbent upon SPUMSto inform
staff of hospitals, particularly casualty departnents, of the proper procedure to
foll owfor divingaccidents. This shouldincludealist of tel ephone nunbers of peopl e
to contact in an emergency or if indoubt. Furthernore, | believe that just as diving
i nstructors have had to accept the nmedical world s interest and opinions in matters
of diving instruction, so nust the nmedi cal world be encouraged to accept that diving
instructors (or at |l east FAU 3 Star Instructors) do have sone speci ali st know edge
of diving nedicine and can certainly supply detail ed information relevant to diving
injuries. Such information should not be patronisingly disnmissed as “coming from
a non-nedically orientated | ay person.”

(EDI TOR: This article provided both an interesting case report and an acute
assessment of the correct status of the trained diving instructor vis-a-vis diving
problens. It may be noted that is has for | ong been the policy of SPUM5 to wel cone
diving instructors and interested divers as associ ate menbers and the journal has
used many lay articles.)

* *x * *x * * *x *

NB: All “Sea Secrets” and “Sea Frontiers” articles appearing in this issue are
reprinted from “SEA SECRETS” the official magazine of The |International
Cceanogr aphi ¢ Foundat i on.

* *x * *x * * *x *
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A DI VI NG | NCI DENT
Contri but ed

At the SPUMS neeting on Suva (June 1978} Dr den Egstrom nentioned that there had
been a few unexpl ai ned deaths in ni ddl e-aged nen who appeared to be i n good heal t h.
The story was that they surfaced nornally froma normal dive and then suddenly got
intotrouble onthe surface and drowned. They di d not appear to have suffered a heart
att ack.

On Sunday 1st Cctober 1978 a 49 year old male nmildly hypertensive (150/100) and on
Enduron (Met hycl ot hi azi de), but otherw se healthy, went for a boat dive off Barwon
Heads. There were twelve divers and two boatnmen. He and hi s buddy were t he second
pair intothe water. There was quite a current and the swimto the anchor |ine was
tedious. The diver attributed his rapid respiration to the cold water. He had not
had a dive in Victoria for 18 nonths. He had felt, as al ways, exhausted by the tine
he was kitted up in a 1/4 inch wetsuit, tank, and 30 I b weight belt. (On the |ast
di ve he had been neutrally buoyant at 18 feet with these weights). He was unable
to take his pulse after kitting up as he could not reach a pul se. He was buoyant
at the surface with no air in his buoyancy conpensator (Fenzy).

The two nmade t heir way down t he anchor rope and sl owly the diver’s breathing sl owed
down and he began to enjoy the dive. Bottomwas 20 netres and the dive site was a
smal |l reef rising off a sandy bottom wth much interesting algal life, sponges,
corals and fish. There was a bit of surge washi ng over and through the reef. When
t he di ver had 50 bar renmaining (735 psi) the two started their ascent. They could
not see the anchor rope. The diver vented air fromhis Fenzy as he rose. However
he di d not notethe tinme of | eaving the bottomand neither didhe watch his (capillary)
dept h gauge on hi s contents gauge as he ascended. The bourdon tube gauge on his wri st
had not worked throughout the dive. Probably he rose faster than 60 feet/m nute.

On reaching the surface he rotated, | ookingfor the boat, inflated his Fenzy and f ound
that he was breathing rapidly but felt unable to get an adequate anmount fromthe
regul at or (Posei don). About thistinme he noticed alarge bl ack seabird al nost within
pecki ng di stance whi ch was observing himwi th either disfavour or interest. So he
started to swimslowy towards the boat which was sone ten yards away. The Fenzy
di d not appear to be keeping his face out of the water so he inflated it a bit nore.
Al inflations were fromthe bottle. This nmade the Fenzy too tight for confort so
he deflated it abit. By nowhe realised that he must stop and rest andtry to control
hi s breat hing, as he was feeling frightened and quite unable to control his breathing
enough to swap to his snorkel. He drifted to the boat and hung onto t he anchor rope
wi th one hand and then took his regulator out of his nouth and put his other hand
on the anchor rope. He desperately wanted help fromthe boat but the people a foot
or so above himjust sat there. He asked soneone to take his weight belt, wanting
it taken off himby sonmeone el se. Soneone said “pass it up then” and he realised
t hat he was panic-stricken, then he began to think and | et go of the anchor rope with
one hand as his buddy swam up. The weight belt had a quick release and as it was
released it slipped fromhis grasp and was m ssed by t he buddy. Even with t he wei ght
belt he had been floating with his face well out of the water but neverthel ess had
been obsessed with keeping his face out of the water. About this tine he realised
t hat he was wheezi ng, sonet hi ng t hat he had never experi enced before. Wth his buddy’s
hel p he put his snorkel in and nade his way down the boat to the | adder

The boat had a freeboard aft of about one foot and the | adder had three rungs under
wat er. He was sensi bl e enoughtotry to get out of his backpack as he had nointention
of attenpting to get up the | adder with any wei ght he coul d shed. Hi s breathing was
still out of control. Even w thout tank he was unable to pull hinself up into the
boat and wi t hout the two boat men he woul d have been lost. Once in the boat all he
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could do was sit inthe stern and breath rapidly and deeply. Over a period of about
five mnutes his respiration sl owed down and becanme normal again. Both he and his
buddy attri buted his exhaustionto beingunfit. The total tinme of the di ve was about
22 minutes.

Wi |l e driving hone, having spent a further hour on the boat, he thought about the
whol e incident. He normally had difficulty controlling his breathing in the water
on entry, especially after a lay-off, and his |last dive had been in Suva in July.
He had no problems at all till he reached the surface and then both respirationrate
and tidal volune increased. By the tine he reached the anchor rope his only interest
was i n getting enough air. At notine didhefeel his heart beating or feel exhausted
physically. In his youth he had rowed and could clearly remenber the feeling of
physi cal exhaustion and the | aboured breat hi ng of extrene exertion. This breathing
was not like that, he was at rest yet the respiratory drive did not decrease.

He wanted to renmove his hood and undo his wetsuit, he felt restricted. Once his
respiratory rate had sl owed down he felt fine.

The diver is an anaesthetist and he remenbered that the earliest recognition sign
of venous air entrainment during operations on spontaneously breathing patients is
an increase in depth and rate of respiration. The books do not say howlong it lasts
but one woul d expect that it would | ast until the bubbles trapped in the | ungs have
di sappeared. This nmade hi mthink that it was |ikely that he had ascended too rapi dly,
generated a crop of venous bubbl es which had been trapped in the I ung and produced
the increase in rate and depth of respiration over which he had no control. He only
survived his panic because he was close to the boat and had a hel pful buddy.

D ARRI GO has shown that a pressure deduction of 1/5th of an atnosphere produced
bubbl es in agarose with rapid deconpression. It seens likely that a rapid ascent
even from20 netres coul d produce bubbl es i n venous bl ood, even i f the overpressure
i s not enough to produce enough bubbl es to gi ve synptons of “the bends”. The bubbles
in the lung capillaries would dissipate over a fewninutes if there were no fresh
ones joining them

Al t hough he felt restrictedinhis breathing this was only after he had inflated his
Fenzy, which was on short straps and pressed hard against him \Wile the chest
restriction my give rise to rapid respiration it positively inhibits deep
respiration and his respiration was fast and deep. It has been suggested that his
probl ens were due to chest restrictionfromhis wet suit, Fenzy and gas i n hi s st onmach.
This seens nost unlikely as this could explaintachypnoea but not deep respiration.
There was no chance of carbon dioxide retention as he had not exerted hinself
under wat er .

The I esson is to ascend slowy (if the above paragraph is true). This is the first
tinme for ages that the diver has ascended wit hout his watch and dept h gauge hel d out
infront of him He suffers from presbyopia and needs his readi ng gl asses to see
the instrunments clearly. He has a pair of |enses inside his nask but they were too
fogged to be of use and the visibility was poor so he concentrated on keepi ng an eye
on his buddy and not on the instrunents.

Per haps this i s what happened to those nentioned i n the openi ng paragraph. Possibly
they simlarly devel oped this rapid, deep, uncontroll abl e breathing and got water
in the snorkel. They would then pass fromworry, through panic to drowning.

* *x * *x * * *x *
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Provi sional Report on Australian Diving Deaths in 1977
Dr Dougl as \al ker

Overvi ew

Fi ve deat hs have been identified but the limtations of the systemused to
detect the occurrence of fatal incidents (voluntary notification by interested
persons, and newspaper reports if the cases occur when nothi ng nore newsworthy
has occurred) nmake it probable that the total is higher. There were two breath-
hol d diver and three using scuba. |nprovident actions contributed to these

deat hs, gross inexperience being present in all the scuba victins. Wile this
factor can never be elimnated it is hoped that consideration if these cases
will alert trained divers to the great disservice they do to a friend if the
either lend their equi prent or condone the use of their good nane to allow an
untrai ned person to obtain and use scuba equi prment. The factor of cold was
mentioned in two fatalities, another rem nder that youth and determ nati on al one
are no guarantee of safety. The wearing of buoyancy vests woul d have made four
of these deaths less likely. Several safety violations were present in all the
cases, none being the penalty of a single mstake.

Cases
The following brief reports are based in part on information presented at
I nquests and in part on newspaper and other sources. Information available is

not always as great as would be desired and readers are requested to involve

t hensel ves in supplying information, not limted to fatalities, to broaden the
scope of the investigations. Confidentiality is always afforded to such
reports.

Case BH 77/1 This victimwas with two conpanions in an area where peopl e dived
for abalone. He was reluctant to dive this day because he had no wet suit and
the water was cold and choppy. The three divers swam fromthe beach

separately, to a reef about 100 moff shore. He was seen to surface suddenly
froma breath-hold dive, clutch his stomach, and then di sappear fromsight. One
of his friends swamto offer assistance but was unable to find him The other

di ver renmined ignorant of the incident until he had conpleted his dive and
returned to the beach. The body was not recovered till the next day, by which
time it had been danaged by sharks. He was said to have been a good sw nmrer and
to have skin-dived before. It is thought that the body was maul ed after death.
Through a m sunder st andi ng concerni ng the degree of body |oss, only the externa
exam nation of the body was ordered and no internal organs were exani ned so no
type of useful nmedical evidence is available. Death is assumed to have resulted
from dr owni ng.

Case BH 77/2 The danger of diving alone is apparent in this sinple tragedy. He
was a good swi nmmer, spear fishing while his father sat in the boat and |ine
fished. His float was observed to be remaining unusually still so, after
watching it for about 10 minutes, his father pulled up the line and found his
son floating without noving. He brought the body into the boat but
resuscitation attenpts failed. Witer depth was 18-21 m (60-70 ft) and the sea
calm Medical evidence was given that the victimhad a probable epileptic

hi story, though a specialist physician who investigated himabout 17 nonths

before this incident reports that the E.E. G was nornal . Nevert hel ess he had
been prescribed Dilantin, it being felt that both faints and fits had occurred
previously and were possibly stress related. It is not known if he took his

suggest ed nedi cation. Hyperventilation, which was al nost certainly practiced by
any experienced spearfisherman operating in 18-21 m (60-70 ft), could have |ed
either directly to an anoxic bl ackout or induced a fit. As he was diving al one,
drowni ng woul d inevitably follow
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Case SC 77/1 A friend was introducing this young man to scuba diving. The day
before he nade a 10 m nute dive, apparently his first ever. The sea conditions
seenmed good so the friend called himinto the water for what was to be the fatal
dive. He had a borrowed scuba set. After about 5 minutes of check-out in the
wat er he was judged to be alright and it was agreed that they would dive and

SWi m across a sandy area, water depth about 4 m (12 ft), to reach sonme rocks.
The friend |l ed the way, about a length and a half in advance of his “pupil”.
Apparently the | eader surfaced to check their position and was unable to find
the victimon returning to the sea floor. He searched visually w thout success
until he saw sonefins floating at the surface, shortly afterwards finding his
friend lying on the sea bed. He brought himto the surface and onto sone rocks,
sem -consci ous and without mask or fins. Resuscitation was attenpted by use of
the regul ator but waves washed hi m back into the sea several tines, till the
rescuer hinself was in trouble and calling for assistance to get back onto the
rocks. He was assisted to |leave the water and the victinms body was recovered
shortly afterwards from2.4 m(8 ft) of water, still wearing the weight belt.
Nei t her wore buoyancy ai ds.

Case SC 77/2 An occupational risk of professional fishermen is the |oss of
their trawl nets on sea floor weckage or rocks. On this occasion the fisherman
obt ai ned a quotation for recovery of his nets and decided the cost of a

pr of essi onal diver would be excessive. He therefore went to a sports store and
hired scuba equi pment to enable himto do the job for hinmself, a procedure he
had foll owed on a nunber of previous occasions. Hi s first attenpt was only
partially successful as he used up his air supply before conpleting the job. He
was diving in a tideway so was seen by the harbour police [aunch crew, who
stopped by to suggest, politely, that he should notify the Marine Service of his
proposed activities. They also lent hima “Diver Down” flat to display. On
this occasion he was wearing a home nmade wei ght belt over his overalls, though
the next day he wore it beneath them He was questioned about this by the
friend he took with himthe next day to nanage the boat while he dived, but did
not change the arrangenment of his equi pnent. He was wearing desert boots,

socks, a skivvy and two junpers under the overalls, and had a knife, spike,
shifting spanner and line attached to his waist. For this second attenpt to

rel ease his net he hired two tanks to ensure that he was not thwarted by runni ng
out of air again. The water was rough and the wind was gusty. He had neither
fins nor a buoyancy vest, however there was a contents gauge on the hired tanks.
He was seen to surface after freeing the net, appearing about 36 m (120 ft) in
front of his boat. It is thought that his mask was off and that the demand

val ve was not in his nouth when he was seen on the surface. Not unnaturally he
seened to be having sone difficulty in remaining at the surface. He disappeared
before the boat could be brought to his position. According to the police the
victi mwas an experienced snorkel (breath-hold) diver but had only used scuba
about six tinmes, usually to free his nets. The sports store keeper decl ared
that he had frequently hired equi pment over the preceding 6-7 years, and that as
a “licensed fisherman” he could be expected to know how to dive. Another dive
shop had refused to accomobdate his request to hire tanks as his qualifications
wer e doubt ed.

Case SC 77/3 This young nman was naki ng his second scuba dive, the first having
been in a protected pool used for diver training. H's friend had his own

equi prent and his certification card. The card was presented to ensure the hire
of a scuba set, which was then handed to the victimfor his use. The water
visibility was poor and the sea was sufficiently cold for the buddy (trained) to
suggest termnating the dive after about 10 m nutes. They were diving from
rocks into water up to 11 m (35 ft) deep. After about half an hour, a check of
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contents gauges showed that the pressure was down to 500 psi. They started to
ascend together. Owing to the difficulty of making a successful exit onto the
rocks, which were being washed over by waves, the buddy was fully occupi ed by
his own problens for a short tine. Wen finally out of the backwash, he took
his mask of f and | ooked around for his friend but was unable to sight him A
near by rock fisherman called that he had seen a diver in difficulties so he
began an urgent search, but was hanpered by the | oss of his mask. The nmask had
been washed away into the white water while he recovered fromthe exertion of
his exiting problenms. Qher divers joined the search and the body was found
about 6 m (20 ft) seawards fromthe position of |ast sighting. According to
one of the searchers, a strong current was running. It is possible that the
victi m made an unsuccessful attenpt to | eave the water but was drowned after
bei ng washed off the rocks and tunbl ed about in white water

Di scussi on

In no case was a buoyancy aid worn. All were either diving al one or had
separated fromtheir conmpanion at the critical time. Except for the diver who
had an epileptic history and was probably a “post-hyperventilation bl ackout”
victim a buoyancy aid could have greatly inproved the chances of survival. In
two cases it is presunmed that cold was a significant factor. None of the four
scuba divers were in any way adequately prepared to nmanage their scuba equi prent
if faced with any untoward event. Case SC 77/2 is alnost an object lesson in
how not to dive. It is worth noting that the survival of a diver cannot be
taken to indicate that his nethods and know edge are worthy of enul ation
“Experience” is a teacher to be viewed critically! H's death may have been from
an air enbolism but as the body was not recovered for a week this could not be
denmonstrated. It is very unfortunate that these three persons were able to
borrow or hire scuba equi pnent, for had it been otherw se they would still be
alive. The need to assess the ease of |eaving the water before entering is
underlined in the last case, it being the final critical error. As has been
noted other reports, there are alnost invariably a series of negative factors
present which contributed to the fatal outcone. Often the correction of any one
woul d have altered the outconme. One should not only be trained to survive at
| east noderate mi sadventures but learn to assess the conditions so as to avoid
attenpting nore than is within the capabilities of the |ease able of the party.
Have a buddy and a buoyancy vest and you are likely to live to tell your own
di ving story.
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Proj ect Stickybeak

Reports on diving rel ated i nci dents of every type are desired including fatalities,
as safety depends on the recognition of potentially dangerous circunstances while
avoi danceisstill asinplemtter. Safety al so depends on naki ngthe correct response
to such situations should they occur, and reports fromthose who have successfully
met the test woul d share their know edge with others. Confidentality is guaranteed
to all correspondents.

Pl ease wite to Dr DD G WALKER

P. 0. BOX 120
NARRBEEN N. S. W 2101
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THE | MVEDI ATE MANAGEMENT OF THERMALLY UNBALANCED CASUALTIES IN THE FI ELD
Dr David A Youngbl ood MD, MPH and TM

Thi s paper was presented at the Sem nar on Thermal Problens in Diving held at the
Commerci al Diving Centre, Wl mington, California, 19-20 March 1976 and host ed by t hat
organi sation. W are grateful to the Author and the CDC for permi ssion to reprint
this i nportant paper. Copies of the Proceedings of the Sem nar are avail abl e at $US
6.50 fromthe CDC. References to the other contributors have been all owed to remain
unt ouched in this paper.

Fromlistening to the previous | ectures, | have conme to sone concl usions. The first
one i s that “Man was not nmeant tofly”. | thinkthat man was not nmeant to dive, either,
after what we have heard for the |ast day and a half. | gave it sone thought | ast
ni ght, early this nmorningandduringlunch, and| have concl uded t hat per haps we shoul d
adopt Di ck Longs’ “SystemApproach”. Manis very poorly adapted to diving, but wonen
are apparently nmuch better adapted to diving. It is ny feeling that those of us here
who are invol ved i n prof essional diving should sinply supervise and | eave t he di vi ng
to wonen. No, |'mserious. Wnen have a nuch better distribution of subcutaneous
fat and al so those areas have been denonstrated as hi gh heat | oss areas - the hands,
t he head and the feet - are proportionately smaller. Alsothe genital regi on doesn’'t
have as much surface area, so maybe thisisreally the answer to sone of our questi ons.
It should nake i fe happier on the rigs and barges, at any rate, and that all ows both
a physi ol ogi cal and an ant hroponor phic reason to justify my “Systens Approach”.

During this session we want to focus our attention on practical problens and find
ways t o apply known physi ol ogi cal principles. It will be our responsibility to apply
these facts to diving operations in order to save lives. W also want to stinulate
the imginations of the divers in the field. They may see opportunities which
researchers or physicians or engineers are not aware of, for the application of
scientific principles to solve practical problens.

I want to take the speaker’s prerogative, before | get into “nuts and bolts”, and
address one of ny pet subjects: the preventive aspect of diving nedicine. One of
ny i nterests has al ways been preventive nedi ci ne, and one of t he reasons | have chosen
toremainindiving nedicineis that | feel it is an area where preventive nedicine
and preventive engineering can be applied with greater benefits than other fields
that | amfam liar withtoday. Indivingandaviation, the preventive nedi cal aspects
have certain parallels. Mst people today, even nany pil ots, do not realize howmnuch
physi ci ans and engi neers wor ked together in the | ate 1930s and t hroughout Worl d War
Il to solve an awful | ot of problens in aviation simlar tothe ones that we nowface
indiving. It was a genuine co-operation and exchange bet ween t hese t wo pr of essi ons.

One of ny concerns i s environnental control and, i n ny opinion, environnental control
in the diving industry today is i nadequate. There are |lots of different systens,
and there has been a | ack of communi cati on anong the peopl e who desi gn the vari ous
systens. Every tinme a diving conpany wants an environnmental control system it
decides to designits own, so we end up with a hodge-podge of things. For instance,
within our own conmpany, we had sixteen environnental control units on sixteen
different rigs, all inoperable for sixteen different reasons during the nonth of
August .
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Anot her point, which Paul Webb touched on earlier inthis neeting, is the fact that
we spend t housands and t housands of doll ars, and i ncal cul abl e anbunts of pounds and
gui neas and cents, trying to send a man down i nto this hostil e environment to perform
wor k whi ch demands two uni que human qualities: judgment and psychonotor skills. W
continually conprom se both of these qualities, man’'s judgnent and hi s psychonot or

skill, by either overheating hi mor underheating him You have seen physi ol ogi ca
evi dence that, whether too hot or too cold, the first thing affected is the brain
Such men cannot make good judgnents and they cannot performwell. | just reviewed

the design of alife support systemfor a device that is supposed to enable nen to
wor k effectively at 3000 feet. As proposed, thislifesupport systemwoul d have pl aced
the men i nside the device into a situation of severe oxygentoxicity well before the
cal cul ated duration of thelife support systemhad been exceeded. This kind of thing
just goes on over and over again.

But let me back nmy first point about prevention. To prevent accidents, which is
fundanmental | y why nost of us are here, we nust maintain the man’s cerebration, his
judgnment and his manual dexterity. Mny, if not nopst, accidents begin because of
judgnent errors. Perhaps the nost common factor conprom sing judgnent in diving

operations is chronic fatigue. | want to cite an exanple which | saw recently on
a rig which shows howthe | ack of a systens approach can cause probl ens years | ater.
Thi s happened aboard a drilling vessel inthe Adriatic off the coast of Yugosl avi a.

Duri ng t he desi gn of the diving system it was assunmed by t he peopl e who were putting
it together that “Gee, it’s goingtothe Mediterranean and that’s a ni ce sunny pl ace.”
We have al |l seen the travel brochures. Constructing a control shack - a control van,
and having air-conditioned or heated, was just ignored entirely. 1In fact, it was
brought up at the tinme, but nmanagenent said, “Man, you guys are going over to the
Mediterranean. W don't have that stuff in the Gulf of Mexico and you don’t need
it there.” W had always gotten by without them before, and so away it went.

Well, if they had asked ne, | probably woul d have said the sane thing, if | had been
inthe same situation of allocating doll ars and nmaki ng t hose ki nd of deci si ons. But
infact, the Adriatic off Yugoslavia in Novenber is subject to 70 and 80 knot w nds,
and tenperatures of freezing and slightly above. | don't recall thew ndchill factor
onthat, but it is pretty cold. To expect people to stand saturati on deconpression
wat ches outdoors, or wapped up in a jury-rigged tent, is asking a hell of a lot of
them To put a man on watch in one of the nbst dangerous situations possible, one
of extreme boredom in watchi ng gauges where a slight deviation of one could be
significant or foretell a disaster, where he is expected to make qui ck and accurate
j udgenent s because incorrect hasty judgenments can be fatal - and then expect himto
be abl e to mani pul ate a series of valves with half frozenfingers - thisis extrenely
poor planning. W got trough that all right, but only by standing short watches.
It was just toocoldto stay al ert and awake for | onger peri ods. Dutchy and | happened
to be there to add two nore peopletothe crew, but inthe usual situation there m ght
have been only two people available, three at the nost, to nan those watches. So,
inaddition to exposure factors, you have the fatigue factors that nount up over the
days to gi ve you anintol erabl e situation fromthe standpoi nt of potential accidents.

Nobody in the diving industry is quite ready to accept this yet, but | think we are
going to have to l ook at crew size. You might have to pay nore at the gas punp as
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aresult, but | thinkthat, ingeneral, we operatewithtoosmall acrew particularly
for I onger duration saturation dives. | think soneone who has expertiseinthis area
shoul d I ook i nto the situation and define opti mal wat ch-standi ng peri ods. Now, that
is not aterribly esoteric physiological problem but there has been sone work done
on it by NASA. A spacecraft would have its crewin a simlar situation, sitting on
one posi tion and wat chi ng gauGes. They say that the naxi rumtinme that you can expect
a man to be able to performoptimally under such clrcunstances IS about four hours.
HowevEr, in the diving industry, twelve hours is the conmon watch period. Sinple
little things like that, |I think, can be highly significant.

| was a bit angry at A enfor starting of f by tal ki ng about howit is better for divers
to be alittle chubby, because one of the problens that | have is trying to pronote
physi cal fitness anong conmerci al divers. |In general, they are anong t he nost unfit
peopl e i n i ndustry, and understandably so because, at least inrig diving, there are
hours and hours of boredom and inactivity punctuated by rare interludes of panic.
They sit out there for two weeks w t hout diving and are subjected to a very boring
situation and deni ed nost of the niceties of life. The only escape is to go to the
gal l ey every six hours, and eat too much. We tried an experiment in the North Sea
of putting bicycle ergoneters onrigs, and offered rewards to the crewthat pedal |l ed
the nost miles during a two week tour of duty. Things like that are worth trying
because poor physical condition decreases tol erancetothe typeof things we are here
to talk about: hypotherm a and hypertherm a

Adequat e nutrition and hydration certainly are significant as well, not only sinply
inthe long term either ~they are dam significant in the short termas well. No
commercial diver, | imagine, has ever conme back froma dive without being in a

relatively dehydrated condition. No effort is nmade to see if that man is at | east
adequately hydrated before the dive. One thing which | have advocated for years is
havi ng something to drink in the bell so that, when the diver gets back inside, he
can drink water, or |enbn squash, etc., preferably sonething with el ectrol ytes and
all those good things in it. These things can make a difference and can influence
deconpression. It can influence your resistance to heat stress and col d stress t hat
we have tal ked about.

W have t al ked about the types of build, and to | ook for synptons earlier as far as
t he hypotherm ais concerned. One of the problens that still plagues usis theinside
tender of the bell; he is the one who is getting deconpression sickness nore often
than the diver who is out in the water. There are several specul ations as to why.
It could be that he is colder inside the bell than the diver is outside. Also it
could be that they neglect running their scrubbers because of interference with
communi cati ons. Sinple operational things like this do matter. 1In general, we are
t oo sl oppy i n our operations and we need to i nprove. A diving conpany shoul d be abl e
to say: “OK, we have taken a systens approach, and we have | ooked at it, and we t hi nk
there are several little things that we can do that m ght significantly influence
our accident rate, and by God, all you guys in this area for the next six nmonths are
going todoit this way. Period. And we're going to gather the data on it and see
whet her it makes any difference”. Maybe the guys in another area don’t even know
about the “experinment”, but that kind of thing needs to be done. W have t al ked about
| aboratory experinments but this is an experinent that can be done offshore. This
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is a very sinple experinent. |t is an operational experinent.

There i s one nore area, which we did not quite touch upon, which concerns nutrition
and preparation for adive. | have seen one near casualty that | think | canattribute
tothis, and | just want to bring it up to warn others. People ask about al cohol.
We know what it can do in short term One of thethings it can doin the long term
however, i s cause hypogl ycaenmia. Inadditionto hypotherm a, and quite often | think
inconjunctionw th hypertherm a, a contributory cause of acci dents has been al cohol
i nduced hypogl ycaenm a. Divers by tradition are spree-drinkers. They do not drink
on the rig, but when they go ashore they often stay in a nmld degree of inebriation
for about two weeks. Cccasionally in the North Sea they arrive at the helicopter
pad and have to be hel ped onboard the helicopter. | have known several occasions
where they arrived on the rig and were i nmedi atel y asked to dive, have adnitted | ater
that they were actually drunk when they did. Now, that is one situation which is
bad enough to beginwith. What is worseis aguy whois alittle nore conscienti ous,
who says, “Well, |’ ve been having a right good run ashore, and I’ ve got to go of fshore
about three days fromnow, so I’'mgoing to taper off”. Well, he does!

This is a perfect situation for reactive hypogl ycaem a. This man doesn’t even have
to be an alcoholic. He just has to have been drinking a fair anpbunt over a week.
I f he has been ashore |onger, that just nmakes it nore likely to happen. This is
sonet hi ng t he FAA recogni zed years ago. |t happens to doctors and | awers who rmake
a lot of noney and spend it on airplanes. You know, they have three drinks, three
cocktails at night for a nmonth, and then they get two weeks of f and they decide to
fly to Catalina or the Gand Cayman or sonewhere in instrument weather conditions,
and the second day out they start to get alittle shaky and they are sweating. They
m ght end up in a thunder storm and under the stress of the situation they becone
hypogl ycaeni c, pass out, and then crash. This is aresult of sonething that happened
days earlier. Let me warn you that divers set themselves up for this particular
situation every crew change - either the situation where the diver has stopped al

al cohol intake three days before, or where he stops when he arrives out onthe rig
drunk and is called to dive. Alcohol and exercise really aggravate hypotherm a

We had a nmysterious occurrence which turned out to be a near acci dent, where a di ver
was doi ng a 400 foot dive off Vietnam He canme back to the bell after the dive and
was getting up into the bell when he just | ost consciousness. There was never an
adequat e explanation for it, although, when he got back to Singapore, he had EEGs
and a real ly good neurol ogi cal workup. When | got the history of it, |I found he had
taken three days to get from Singapore to the rig. 1t probably was not his fault-
he had to go on about three different short haul airplanes and never checked into
a hotel, although he did spend the night in Sai gon before going offshore. This nman’s
entire diet probably consisted of al cohol in one formor another for three days, and
wi thin an hour and a half after arriving on board the rig he was | ocki ng out at 450
feet. And, gentlenen, that is not a good situation for several non- nedi cal reasons.
But for sound nedi cal reasons as well, it is very dangerous. Be advised, and beware
of similar situations.

To sumup this section of ny talk, |I propose that every diving systemthat requires
prol onged deconpressi on wat ches, say, nore than eight hours, should have a contro
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van. The van shoul d have an envi ronnmental control systemas well as the DDC, which
means it should be airconditioned or heated so that the nman inside on watch stays
awake and confortable, nentally and physically prepared to nake the necessary
deci sions. Soneone shoul d consider a | ook at our watch schedules in the |ight of
saf ety and ef fi ci ency, and be awar e of the point | brought up about di vi ng and al cohol ,
and t he post hypogl ycaeni a.

| want to tell you a sea story. It is a true one and nost of the people invol ved
with diving will recognize a |lot of the things that went wong and why. | want to
tell you a bit about the Johnson-Sea-Li nk subnmari ne entrapnment, tell you sone of the
t hi ngs that may seemperi pheral, but really are significant tothe overall situation.
| was there, and two of ny friends died in the submarine, and I know t he background
quite well. | want to tell you sone of the errors that we made. | share the
responsibility for becoming |ackadaisical in our attitude toward submarine
operations. W had been operating for nearly a nonth very successfully, training
ateamin shallowwater. W had gotten down to a snooth operation, had gotten into
a bad habit of allowing joy rides in the submarine as well. It was the seventh dive
on t hat wr eck when we got entangl ed. The fati gue factor was there, | knowfrompersonal
experience. Submarine operations generally require an 18 hour day because you are
up at dawn and charging batteries and running two or three m ssions, then thereis
al ways a nechani cal problemto correct. By the end of the day everybody sticks
together and works onit until it is over. The fatigue had been al |l owed to accurul at e.
In fact before that dive we had been up until 2:00 in the norning. Nobody knows and
nobody can quantify how nmuch that applies to things.

The original dive plan did not include divers in the after conpartnent. It was a
m ssion to go down and pick up fish traps, and afterward we planned to go down and
do a | ock-out dive on the weck. W had done one | ock-out at that depth. W knew
it was cold, but we relied upon the diver’'s judgenent, and we did a | ock-out at 350
feet in bathing suits. W were going to wear wet suits the next tine, even though
we knew we woul d not get nuch additional protection. It was colder than we had
expected. W had actual |y neasured the tenperature onthe previous day for scientific
purposes, with a recording device that we had attached to the subrmarine, and | am
ashamed to adnmit nowthat we were so unconcerned that we didn’t even look at it. W
knew it was sonmewhere around 55°to 60°F.

During the pre-dive briefing, we decided, “Well, a couple of guys want to go al ong
on an observation dive. No | ock-out. Just ride along for famliarization with the
sub”. dayton was only there for the weekend. 1t was a |ast m nute decision, and
t hey wal ked back and got into the submari ne weari ng sport shirts and short pants and
tennis shoes. It was stupid for us to allowthat, but we had done it so nmany tines
and gotten away with it, just as all of you have in various diving operations, that
we sinply were not concerned.

There was sone | ack of foresight in design. The acrylic sphere in the forepart of
t he subnari ne was an excellent insulator. In fact, | nearly died of hyperthernm a
init in another episode, where | got trapped on the surface and coul dn’t be pi cked
up after the air-conditioner failed, but that's another story. Al um nium even if
it is very thick, is a very good conductor. That was sonething we had really not
t hought about. The after conmpartnent - the diver conpartnent - should have been
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i nsul ated, but we had never felt any disconfort before because it had usually been
operated at one atnosphere or pressurized only with air.

We al | knewof the | oss of efficiency of sodasorb scrubbers as t enperature decreases,
but we real | y had not t hought al ot about t he consequences. W knewt he seatenperature
was 55°t°8°F  and we knew we had pl enty of sodasorb to | ast the duration of the dive
we had pl anned. The suggesti on had been made that we shoul d use |ithiumhydroxide
or at least carry lithiumhydroxide for enmergencies, but it had been turned down on
the grounds that it is too expensive. It costs $7.00 a pound versus 65¢ f or sodasorb.
You know that is an easy kind of situation to get into when naking those ki nds of
deci si ons. Li t hi um hydroxi de costs several tines nore, and we had al ways used
sodasorb. Lithiumhydroxideis toxic, as well. Let’s not bother. The fact is that,
i f youlook at the overall cost of a diving operation and count the capital investnent
and t he depreciation onit and things of that sort, the difference between sodasorb
and lithium hydroxide in any situati on where you may be exposed to cold is sinply
insignificant. So you ought to consider having |lithiumhydroxide avail able for an
energency entrapnment situation. | am sure you are all aware that the scrubbing
characteristics of Ilithium hydroxide are very good. Bet ween 70° and 35°F t he
efficiency falls off very little, whereas sodasorb falls off to practically nothing
at 35°F. These were all things we could have done earlier.

W had t hought about the possibility of entrapment, and, in previous operations with

diving bells, | had always insisted on having bolt cutters on board when | was in
the bell. But we had not done it; we had promised to do it the next tine we were
in port.

Little things li ke that creep up on you you know. One of ny pet tenets of phil osophy
is the well known “Mirphy’s Law’ and | think at sea it applies one hundred percent
of thetime: if anything can gowong, it will gowong. Andif thereis a possible
chai n of bad events, it probably will occur in that chain and not just one at atine.

Wel |, the submari ne went down on a routine mssion, triedto pick up the fish traps,
got entangled inawre froma radar target on the ship, and that is where “Mirphy’s
Law’ canme into play - the nmonent that the subnmarine becane entangl ed.

The submarine had three notors aft, nounted vertically. The pilot had a red |ight
on his control board indicating a top notor failure. The submarine was hung up and
the pilot knew he had fouled a wire. He could | ook back and see the wire, but he
could not quite see where it was going. And just then, practically sinultaneously,
t he not or goes out. So everybody assuned t hat t he cabl e was fouled in the propeller.
We found out later that the wire was not in the propeller. 1t was fouled in a snap
hook, a snap hook on t he starboard side of the submarine. The hook didn't even need
to be there. At one tine there was a necessity for that snap hook, but when that
necessity ceased, since it was a potential hazard, that snap hook shoul d have been
renoved. But that is the overall thinking | amtrying to stress. It needs to be
applied to these kinds of systens. Fromthat point on, everything went downhill.

The nen in the forward conmpartment, even though their scrubber notor failed, were
able to i nprovi se a scrubber. They took their shirts off and | ay sodasorb onto t hem
to fashion enmergency scrubbers which perfornmed adequately for the entire 36 hours
or so that they were trapped. They had acrylic to insulate themfromthe cold. The
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people in the after conpartnment, who were in an air atnosphere initially, started
to get very cold, they started getting CO, buildup. As the CO, buildup became nore
and nore severe, the only alternative was to go onto the BIBS. One of the things
we had neglected to really think about operationally was, “Wat happens when you go
on a BI B systemwhen you're at 350 feet and you don’t have an overboard dunp?” Well,
the exhal ation starts to pressurize the conpartnent. It is all very easy to see after
t he acci dent, and per haps soneone el se has t hought of it, but I had not real |y t hought
about it uptothat time. Wthin an hour and a half or so, they had pressurized by
exhal ati on al one to over 80 FSW Nearly 100 FSE, we thought. It turned out to be
100 f eet because the gauge, the Cai sson gauge i nsi de, had gotten out of calibration.
At that point, we switched the BIBS to heliox which nmade the situation worse. W
switched the BIBSto heliumto protect the people fromnitrogen narcosis andto reduce
deconpression tinme when the rescue vessel arrived.

Well, the colder they got, the faster they breathed. And the faster they breathed,
the nore they pressurized the conpartnent. Wthin about four hours the bottomhatch
open equal i zed at 350 feet. They were trapped in a predom nantly heliox at nosphere
in shorts, tennis shoes and shirt, and they were really cold, really suffering all
thistinme. Their judgnent probably was startingto be affected, because at t hat poi nt
one rescue attenpt had been nmade and had failed, and | estimated from Q, parti al
pressure that they had from45 ninutes to maybe an hour and a half of consci ousness
| eft, but probably not norethan 30 mi nut es of effective operational tine. | suggested
to Jock Menzies that they lock-out and try to free the submarine and we di scussed
this back and forth for a while. There was no way we could force themto get out,
and they el ected not to get out because they were under the assunption that there
was a wire in the propeller and they did not have the tools and doubted they woul d
be able to free it. They felt that their functional decrenment was too great. They
had the diving gear to do it, which was sonething that was m srepresented in the
reports. They coul d have nmade a | ock-out. That was the real tragedy of the situation
inretrospect. There was one w re hooked under the snap hook, a hook with a spring
mouse on it. Had they known, | still believethat, at that point, they had sufficient
and physical power left to do a breath hold dive fromthe hatch up to that wire and,
wi th one hand, press in that spring- | oaded nobuse and pull that wire down and then
get back into the submarine. But that is not the way it turned out.

So. Let’s reviewone nore time some of the things we neglected. W did not review
our operationin asystemati c manner. We were too optimstic. W did not anticipate
all the possible bad things that coul d happen. Well, unless you do t hose things you
are going to get caught by “Mirphy’ s Law’.

Hypot herni a

To introduce the inmmedi ate nmanagenment of hypothermia in a friendly spirit of
di sagreement, | will junp right in where Larry Raynond | eft off yesterday, saying
“Well, it’'s not really an energency anyway. Get the guy back into the bell, bring
hi mup on deck and transfer hi minto the DDC and you’ ve got plenty of time to rewarni.
Based on ny experience, | should say first of all, you will have a |l ot of trouble
getting the diver into the bell. Secondly, once you get himinto the bell, you are

goi ng to have troubl e cl osing the hatch; the “O ring probably will drop out, better
have a spare. And inthe third place, after you have surnounted all these obstacles
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and gotten the diver into the bell, the winch will probably fall. So, what | want
to focus on are the ways to treat these casualties and others that require i nmedi ate

treatment. In ny feeling, acute onset hypotherm a, of the degree that is possible
at 1,000 feet breathing helium is areal energency that requires i mediate treat nment
if it is available. | will take that stance for the sake of the discussion.

Now, what should we do? The first thingto dois torenove the victimfromthe cold
environnent. You should at |east renove himfromthe water. That is a col der
environnent thaninthe bell. Alot of the bells | have seen are not even adequately
equi pped to renove a diver fromthe water if he i s unconsci ous, and unabl e to assi st.
First of all, you ve got to have a harness. You ve got to have a harness that picks

himup in a position so that he is able to breathe, assuning that he is still able
to breathe, or, if he is not able to breathe, a harness that assures an open and
accessi bl e airway so that you can breathe for him | would be willing to wager that

sonet hing | i ke 60 percent of your harnesses will not allowfor the fact that you are
goi ng to pick the di ver up by a sinpl e chest harness with a pi ck up point inthe back,
and the diver’s head will be held forward and down by a heavy hel net or mask i n such
a manner that his airway is shut off automatically. So the practical solution to
this problemis to devise a harness that picks up fromsone point on the front of
t he chest.

You’ ve got to have a harness on the diver, you ve got to have the pick up point in
the right place, and you’ ve got to have awinchtolift him W have rigged tackles,
all different sorts, and you end up with lines running everywhere, all tangled up,
and the bl ocks capsize. It really does not work. It works in the dry, it works in
the drills, but “Murphy’s Law’ applies here, too, and in a genui ne emergency it will
fail. A very nice device does exist: | don't even know the trade nanme of it, but
Di ck Long probably sells it. It really works and it is one of these aircraft cargo
wi nches with a ratchet drum But you don't take rope and put it on the drumwth
the ratchet, that's too slow. You run the rope through it for four turns, so that
you have atail onit that you can pull to get the diver up and into the bell hatchway.
At that point you can crank the ratchet to help pull himup into the bell.

The second thing, if you do not have a winch or if the one you have does not work,
istoget himinside the bell by flooding. Practice it. Have your scrubber out of
the way so that you can fl ood the bell hal fway, and then float the diver through the
hatch. It really works well when all else fails.

Once you get himin there, assune the worse possible situation. H s heating system
probably has failed. He is at 1,000 feet and both his suit and his respiratory gas
heati ng systens have failed - despite the fact that you have redundancy through t he
entire system ie., you have two punps and two heaters or at | east an alternate source
of heat.

One shoul d be enough, but Dick Long has been granted i munity from“Mirphy's Law
SO you can just get by with one of his, but we try to have one Dick Long unit and

one alternate systemfor heating water, just in case.

Open- circuit hot water suits are the greatest thing that has cone al ong, but | woul d
like to see sone nore enphasis and ingenuity devoted to closed-circuit hot water
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suits, because they can continue to work inside the bell. The bell tender is the
guy who i s nowgetting the cold exposure. W could elimnate sone of the variabl es
fromour deconpressi on and ot her t hi ngs by havi ng bot h di vers at t he sanme t enper at ure,
both t he bel| tender and t he di ver, and t hey coul d even stay at a constant tenperature
during the adiabatic cooling during deconpression. When you consider | ock-out
subrersi bl es, | do not see any practical engi neering possibilities other than cl osed-
circuit suits. W would welcone them from anyone at a reasonable price.

Now renenber if you have a total hot water failure, you have about 20 mi nutes before
the body core tenperature starts to fall off rapidly, so you have tinme to get back
intothe bell and get t hi ngs squared away. But you nust al so renmenber that respiratory
heat | oss begins imedi ately, soif youdoendupwthaclosed-circuit suit andthere

is afailure inthe water, don’t say, “Wll, |'ve got to finish the job. And they
told nme | had 20 minutes before ny core tenperature starts to drop because |’ ve got
adry suit on”. Don't doit, man! \Wile you have the chance, get back in the bell

before you start to be affected by respiratory heat | oss.

K, we’' ve got the diver backinthe bell. W have overcome all these sinpl e seamanship
probl ens, and he is back in there and the hatch is closed and there is an “0” ring
under it and you ve got the hose taken care of - cut it away, let it go soit won't
be i n your way. You don't knowthe core tenperature because we don’t have nonitoring
systens yet.

The patient is unresponsive; he doesn’'t have any detectabl e pul se. You are | ooki ng
for a carotid pul se which, if you have a backlift harness, you are not going to be
able to reach. What are you going to do? Here is a cookbook approach: first thing
you ought to do with the diver, when you get himup into the bell and his head out
of water, is to give hi mi medi ate mout h-to-nputh resuscitation. That is the warnmest
gas you have around at t he nonent and he i s not breat hing very well, sodon’'t hesitate.
As soon as you get himout of the water, breathe for himand then proceed with al

t hese ot her details, and every chance you get, stop and gi ve hi ma f ew br eat hs because
his brain cells are dying all the tine.

XK, let’'s look. Wat assets do you have, now that you have the diver in the bell?
If you had to flood the bell, you nowblowit dry. Let’s hope you have a situation
that will allow you to blowit dry. What do you have on hand that you can use to
revive hin? Maybe the hot water is back on line. Probably, if you had a failure,
it was sonewhere topsi de and by now perhaps it is repaired. You should have your
systemmani f ol ded so t hat you can nowuse your hot water suit, open-circuit or cl osed-
circuit, inthe bell. W discussed controversies about warm ngthe extrenities, etc.
You don’t have a whole |ot of choice in the bell because they are very small, and
for you to get into a position where you are able to perform cardi o-pul nonary
resuscitation, you are going to have to have hi mlyi ng down on top of the i nner hatch
and probably on top of a coil of hose. You are going to have to have his | egs and
arnms out of the way and that probably nmeans throwi ng a hitch around his ankles and
trussing hi mup somewhere so that you can get to him You will be rewarm ng himin
al nost the position described for useinatub, ie., keeping the extrenities out and
el evated. But frankly, it doesn't really make a damm bit of difference. | would
not worry about the acidosis; | would not worry about the blood in the extremties;
I would try to get hot water going over him because the alternative in this
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circunstance is al nost invariably death, and al nost anything you do is going to be

correct. It is going to help him | hope that the hot gas nethod is going to be
alifesaver inthis situation, although | admt that nore work needs to be done and
nore and nore neasurenents made. | hope that sonebody will start maki ng t hem soon.

But you have t he apparatus to adm ni ster hot gas; you have a diving hel met, or a nask
with a heat exchanger, and your heat is back on line, so start giving himhot gas
again. You want warmgas to go over his head, because 40 percent of the heat |oss
can occur fromthe head. This is exclusive of respiratory loss, which is the main
thing we are concerned with in a hyperbaric situation. Take advantage of any avenue
towarmthe victim and if you have a hel met, put it on him You do not have to fasten
it down, but just put it on himloosely so that you have a constant flow of warm
breathing mi xture over the victinms head, as well as into his |ungs.

Well, what are the liabilities in this situation? You are probably at |east a half
an hour away fromthat DDC, even in the best operational situations. | amtalking
about after you have gottenthe diver intothe bell, gottenaseal, |eft bottom passed
t hrough the i nterface, gone through the probl ens of transfer, etc. Now, suppose you
have a total heat systemfailure, and the hot water does not cone back on |ine? This
is where | would think that central rewarmng is going to be the nost val uable
ener gency device, beside the well-trained diver, that we can have in the bell. |
do not think a device exists yet in any respectable form Studies need to be done
toseeif any damage i s done. The two peopl e who have done work wi t h central rewarm ng
are Lloyd in Scotland and the people in Vancouver.

The data from Vancouver does show the after drop in core tenperature with central
rewarning. They did not use the sane device that Lloyd did. They were cooling the
subjects in sea water, and they had themout on a ship where they had a tub to put
themin, with a respiratory rewarm ng device. These subjects had to clinb up the
side of the vessel when they got down to 34° or 35°F rectal temerature  They cl|inbed out
of the water by thensel ves and wal ked across the deck and got into the tub and began
to use the central rewarm ng device. It is possible that the difference in the data
onthe afterdrop coul d occur fromtheir exertion and novenent in clinbi ng up and goi ng
across the deck.

W have heard Dr Raynond tal k about the di sadvant ages and the possi bl e danger, so
bear themin mnd and don’t go running out and jury-rig these things and use them

unadvi sedly. Wereally require further research onit. However, | would be willing
to say, given Lloyd' s cases in Scotland plus the work in British Colunbia, that if
you have no ot her source for rewarm ng a diving casualty outside a bell, the tub of

warmwat er i s an acceptabl e emergency formof rewarm ng in this acute situation and
| would use it. But | may regret these words one day.

Dr Lloyd found no after drop in core tenperature, so you do not have the rewarm ng
collapse. He feels like this formof rewarm ng warns the brain earlier than putting
soneone in a tub and running hot water over him It has not been proven in hunans,
that | know of, but there have been dog experinents in Germany which claimthat the
vasonot or centre innedul | aceases to function at about 81°F. Col d-tri ggered i npul ses
fromthe ski n may keep t he bl ood pressure el evated i n an acut e hypertherm a situati on.
There i s a danger here of dunpi ng sonebody into a tub who has been through all this
cold and hydrostatic pressure effect, and who now has an inadequate circul atory
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vol ume. These investigators feel that the central rewarmnm ng mght heat the brain
first and wake up the vasonotor centre, thus allowing the body to get alittle edge
on the situation by peripheral vasoconstriction. This could avoid, or at | east help
of fset, the hypotension that may occur if a hypotherm c person who i s vol une depl et ed
is rewarned peripherally instead of centrally.

Are you famliar with Lloyd’ s device? It is different, | think, fromthe Canadi an
one. The mountain rescue teans in Scotland use it. It is just a sinple canister.
This isincross- section. It iscalledawatters canister, ato and fro anaesthesia
circuit, with an oral nasal mask. There is a CO, cartridge which BOC produces to
pressurize beer kegs. The canister is filled with sodasorb, and you fire the CQO,
cartridge of f and the exotherm c reaction of this CO,reacting w th the sodasorb jacks
up the canister tenperatures to around 60°C. They were so incautious inregard to
tenperatures that they did not measure theminitially, but they found that this is
within the tenperature range which the hand can tol erate without nmuch stress. So
they just fire off a couple of CO cartridges and, if they're out there up on the
mountain top and they still don't feel the canister is warm they fire off another
one. They already have the victimbreathi ng oxygen anyway, and the hi ghest the CO,
| evel reaches in a mask is about 5 percent.

They continue on with this, and if the thing starts to get cool by touch, they fire
of f another cartridge. It is a pretty sinple little device. W already have the
maki ngs of that in the diving bell. W have scrubbers in there, and sone of the nore
advanced compani es have devi ces that you can put on the scrubber, so that you can
breathe on it in a passive node. Al you have to do nowis bravely add sonme little
CO, cartridges to your system You would not want to use pure oxygen, of course.

| understand that the US Arny has one of Dr Lloyd' s devices at Natic now, and they
are running some tests onit. |If | can get hold of one, | want to run sone tests
at Duke on pigs. W will get a pathologist totake al ook and see what we are doi ng.
Ll oyd did report, in his first series of el even patients, that two cases presented
| aryngeal problens. | think one case was | aryngeal oedema and one case of “scal di ng
of the trachea”. That is kind of inprecise, and | don’t know how scal ded it was or
just what they neant, but | suppose they got that concl usion on autopsy.

I will read sonething to you of what LI oyd says in his paper. The referenceis Ll oyd,
et al. Conrad and Walker. It is called, “Accidental Hypothernmia - Apparatus for
Central Rewarnming as a First Aid Measure,” Scottish Medical Journal, 17:83.

A general summary is that heat should be applied centrally to warm the body
sel ectively. The equi pment should be compact and |ightweight to enable it to be
carried by rescue teans. That neans it has to be snmall if we are going to allowit
to be carried in a diving bell, because it is going to take up space. W are not
so concer ned about the weight, but space is at a prem umand we don’t want anyt hi ng
inthere that we hope we will never have to use. It should be sinple to use as wel |
as safe, since people that are using it are likely to be non- nedical.

That is all | have to say now on t he subject of hypotherm a - no, wait. | have one

nmore thing that | forgot. Let us suppose the winch did not fall this time, and we
did get the diver all the way back up into the DDC. Now we have a choi ce of using
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a hot water suit in the outer lock, or sinply filling up the entrance | ock part way
wi th hot water.

I f this had beenaroutinecoldwater dive, thediver probablyisgoingtoberelatively
dehydrat ed, and despite the | ow nmetabolismin the periphery, he probably is going
to have sone mldly acidotic blood trapped in his extrenmities. He is going to be
sort of anaesthetized fromthe cold, and this is an excellent opportunity for the
medic to get inthere and practice starting an |V of warml actated Ri nger’s sol uti on,

1,000 mllilitres. Onethousand nillilitres of warnmed (whi ch means body tenperature
or slightly above) | actated Ri nger’'s does not mean a great deal inrelation to the
whol e bl ood vol unme, but it becones a nore significant percentage if you consi der that

this man is still in acute hypotherm c state and conpl etely vasoconstricted in his
| egs and arns. What you are doingistryingtodunponelitreintothe central vol ure.

I't may not be highly significant, but it servestwo functions: it adds afewcal ori es,

and it allows access to his circulation. In mountain rescue situations, they have
to consider this problemall the time because, when they start their Vs, they often
find themfrozen. They are trying to resuscitate a hypotherm a victi mand they are
gi ving himextremely cold intravenous i nfusion. | think we ought totry to give our

di vi ng casual ti es war mi nfusi ons, and | think there are enough data t hat we can assumne
a relative dehydration that will allow the safe adm nistration of at |east 1,000
millilitres of lactated Ringer’'s solution on a purely enpirical basis. Youw !l not

have any | aboratory data or anything el se until you get the diver to the point where
you can start to nonitor his urinary outputs, and listen to his chest, and be aware
of things so you do not overhydrate him That is where | was going to stop on the
hypot hernia side. VWhile |l do not really welcome it, those who have strong criticism
of the intravenous reconmendations are invited to speak forth now and | ater

I think the standard things that cone in the little handbooks about treating
hypot hernia anywhere are applicable if you have gotten the diver through the
deconpr essi on phase.

Remenber, when you | ook at the fact, you say that is a rather insignificant anmount
of heat to add, but I et us go back to the principle of renmoving himfromthe hostile
environnent. Heis still inacoldbell, andif heis breathing at all, heis still
goi ng through a decreasing but very real respiratory heat |oss. So, assum ng you
are still with him you can at | east sl owdown his rate of oss by elininating that
factor of respiratory heat |oss. Beyond that, | am open to suggestions.

Hypertherm a

Now | am going to tal k about hyperthermia. The other speakers have covered the
physi ol ogi cal aspects of hypertherm a and heat stroke very well. | have just searched
the literature, and Dr Webb has sent ne all kinds of good things over the past few
nont hs, but on ny way out here on the plane |I discovered in the March 1976 i ssue of
Avi ation Space and Envi ronmental Medicine, this article: “Heatstroke: A Review,”
by C vel ete, Lancaster and Bannon. This was an update of an earlier article by the
same authors. It is about 17 pages | ong and quotes 270 references. So |l real |l y wasted
alot of time | ast week. These authors seemto feel, as | do, that the distinction
bet ween heat cranps, heat exhaustion, and heat stroke i s over enphasized. Maybe it
i s a phil osophical point, but I think they are all in a conti nuumof a syndrone t hat
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i s devel opi ng, and t hey shoul d not be | ooked upon as single clinical entities. Once
you start to seethe signs and synpt ons of t he nbst i nnocuous one, you shoul d be advi sed
that the nore serious ones may well be on their way, and you shoul d t ake appropri ate
action. Again, to add to what someone el se said earlier, a heat exhaustion casualty
i s acandidate for evacuation fromtherig, as far as | amconcerned, because he needs
to go ashore for nmedi cal eval uation. A heat stroke victim no matter hownil d, needs
toget off that rigandbe hospitalizedfor observation, because hi s thernp-regul atory
system has been conpromi sed. You do not want a recurrence either on your hands or
on your consci ence. Besides, he may have nal ari a masquer adi ng as heat stroke, so get
himoff the rig.

Dr Webb di scussed the accident on the Waage where two people died, and I am goi ng
tocover that inalittle nore detail because several things have been publi shed which
do not portray the situation as it actually happened. | amgoing to read through
an interimreport which | wote after the investigation of this incident. Please
renmenber thisisaninterimreport, not afinal one. It is aninpressionw had shortly
after the accident, and after gathering considerable data through interviews with
everyone invol ved, including sone of the people that were observers fromthe crew
on the rig.

As | have said, very fewdiving accidents are the result of asingle factor. Inthis
situation several factors which occurred previous to theincident contributedtothe
death of these two people. One of these factors was the operational practice of
nmoni toring the bell (Submersible Deconpressi on Chanber) depth by nmeans of a master
gauge, which is a comon operational practice, not only in Cceaneering but in other
conpanies as well. | do not necessarily condem it, although it is not the way |
would do it. | feel that every pressure vessel in a system should have its own
i ndependent pressure gauge, and this one did actually have that, but because sone
gauges are better than others, the supervi sor had adopted the practice of using the
mast er Hei se gauge to track bell depth in the water

The focus in the North Sea had been on hypotherm a. Everybody there worried about
hypot hernia. W have heating coils and insulation and the like, and the practice
had becone routine on those types of dives to preheat the DDC (Deck Deconpression
Chanber). Wen they knew that they were going to nake a dive, they turned on the
steam coi |l s underneath the deck plates in the main |ock

Odinarily, after arrivingonthe deck, thechilleddiverstransferred under pressure
fromthe bell intothe entrance |l ock, and undressed. The entrance | ock was not heat ed.
The diver stepped into the main | ock and warmed up. He could tolerate this for a
time, and neanwhil e some heat exchange was going on. But if it was too hot, if he
was unconfortable, all he had to do was to step back through the hatch and return
to the entrance | ock. He could cool off for a while, then re-enter the main | ock.
Meanwhi | e t he systemi s equi li brating. Besides, thisis acrude environnmental control
unit for dehumidification. Wth cold steel in the entrance |l ock, and all this hot
steel inthe nmain lock in a heliox atnosphere that is saturated with water vapour
a convective flowis created which precipitates water out against the cold steel of
t he entrance | ock.

They were a little delayed in beginning the dive this time (they had a | onger
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observation dive than usual) and the tenperature clinbed to over 105°Fin the DDC
| do not knowexactly howhot, but at | east 115°to 120°Finthe |l ast time anyone | ooked.
That woul d not have been significant if all systens had retai ned operational as they
had been in the past. It would have neant that the divers spent a shorter tinme in
t he DDC bef ore returni ng back to the entrance | ock to cool of f, and that equilibration
bet ween these two conpartnents night take a bit |onger

The bel |l arrived on deck and they prepared to transfer under pressure. On the first
attenpt, there was a leak at the mating flange. That is a common occurrence. So
they pul | ed the bell back and over-haul ed t he seal and brought it back t ogether, and
this time there was no | eak, or maybe just a slight leak at the mating flange. It
was nothing to be al armed about.

The diver transferred into the entrance | ock. One of the divers was instructed to
re-enter the bell and bring the gear out and transfer it as well, because t hey want ed
to pull the bell away and clean it up for the next dive. At this point the diving
supervi sor, alone in the control van, noticed a drop on his master Hei se gauge whi ch
ordinarily reads the nmain | ock because it is the biggest conpartnent. He sawthe
pressure begin to drop and he thought, “Well, we've got a leak”. He instructed the
divers to get out of the bell, into the entrance | ock, and cl ose the hatch because
he thought that gas was escapi ng through the mating flange.

The di vers entered the | ock, closed the hatch and | eaned against it to effect a seal.
But closing the hatch did not seemto cause much difference in the leak rate. So

t he supervi sor saidto the divers, “Well, don’t panic. Get inthe nmainlock and shut
the hatch to the entrance lock”. So they transferred into the main | ock and shut
the hatch. One diver said, “Hey, it’s kind of hot in here”. But nothing seened
unusual . And the supervisor replied, “Don't worry. W' || take care of that in a
nm nute”.

Inorder to get a seal onthe main | ock-entrance | ock hatch, the supervisor bl ed down
the entrance |l ock. This is the normal thingto doif you want to ensure a seal. And
i f you think you have a | eak el sewhere in the system you want to nmake sure you get
a seal. He opened up the exhaust valve a little bit and he bl ed pressure off. |
do not know how much.

At that point, the divers were trapped inthe main | ock. The supervisor was wat chi ng
the pressure drop in the bell while presum ng that the gauge represented pressure
inthe main | ock. The gauge had been representing the pressure drop over the whol e
systemuntil the main | ock-entrance | ock hatch had sealed. After that, it indicated
the pressure in only the entrance | ock-bell conplex. Since the sane | eak was now
draining asignificantly smaller vol une, the gauge i ndi cated a greater | eak rate than
previously, about six tines the rate. The volunme had been decreased to one-sixty
so the rate of indicated | eak on the gauge went up six tines.

There are very few energencies in comrerci al diving operations in which you cannot
just stop and anal yze the situation and figure it out, but, when you see a six-fold
increase in a gas | eakage rate in a manned conpartnent, and you do not know where
the leak is coming from that is one situation in which you want to react quickly.
And there is only one thing to do: start pressurizing and nake up for that gas | oss,
and that is what the supervisor did. He pressurized.
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They were at 510 FSWand he pressurized to 650 FSW The divers could sense being
pressurized and they tried to tell the supervisor, but he did not understand. His
sensory systemwas overl oaded. He was wat chi ng gauges and addi ng heliumwhile the
crewon deck scurried about | ooking for aleak which didnot exist. Andthen suddenly
he | ooked up, swi tched gauges, and realized what he had done.

Al'l the while, the diversinthe mainlock had been trying to indicate that they were
bei ng conmpressed. They were not unconsci ous. | amsurethey felt anintense adi abatic
heat load in addition to the 110°or 120° but it probably did not exceed the short
term heat | oads that people can accept even considering the respiratory heat | oad
factors. The divers in the nain | ock opened the equalization valve to the entrance
| ock which started reducing the pressure in the main |ock, while the supervisor
responded by repressurizing the entrance | ock to nake sure that they did not cone
up too far. The mainlock and the entrance | ock equal i zed at 504 FSW Thi s was wi thin
the safe upward excursion distance and they had no deconpression probl ens.

Qur policy for the past two years has been to tape-record the conversation of al
divers. W do this for two reasons: one, to inprove comuni cations discipline by
review ng the tapes after the dive; and two, so that we night have a record of the
sequence of events in case anything abnormal occurs. This particular dive had been
taped up to the point of transfer under pressure, but after startingto transfer they
felt there was no | onger any reason to tape the conversation. So we do not knowt he
exact tinme frane in which these events took place.

The divers appeared to act irrationally. One nman left the DDC and one got on the
bunk and they said some words to the supervisor and then they started hol ding their
heads and they were noticed to be sweating profusely. They went rapidly through the
entire clinical spectrumof acute heat stroke, culmnating in dry, red skin, sweat
gl ands exhausted. The hol ding of their heads probably woul d i ndi cate severe head
pai n. They al so had sone bl eedi ng fromthe nouth and nose whi ch woul d go al ong with
sonme of the reports of clotting probl ens and di ssenmi nated i ntravascul ar coagul ati on
in heat stroke.

Up to this tine, no one had recogni zed this as a hyperthernia problem John Boyce
really deserves nost of the credit for first recognizing what had occurred. W
anal yzed t he sequence of events and felt that what we were | ooki ng at was heat stroke,
hyper pyrexi a, as a result of heat | oading fromthe hi gh tenperature of the main | ock.
The fact that they were reconpressed in hot heliumprobably accel erated the onset
of the fatal hyperpyrexia.

The UK Departnent of Energy investigators did not accept that diagnosis at first,
but we had an autopsy at the University of Aberdeen which confirmed our initial
i mpr ession.

Let nme just read part of this report as a sumary:

“Commercial working divers in the waters of the North Sea are a conmpn occurrence,
and the dangers of col d-hypothernia-are well recognized. To overcone the hazards
of hypot herm a, hot water suits, breathing gas heaters, thernal regenerators, and
di ving bel | / DDC heat ers have been devel oped. Wth the enphasis on hypothernia in
deep diving, conpounded as it is by the high thermal conductivity of helium we have
tended to overl ook the danger on the opposite end of the tenperature scale -
hypert herm a. The hazard i s there, conpounded agai n by hel i un s physi cal properti es,
pl us the conplications introduced by high humdity and | ow fl ow vel ocities in the
chanber micro-climte, factors which preclude the | oss of body heat by evaporation
and lead to heat loading with every respiration
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“Once t he body tenperature begins torise, cellular nmetabolismincreases, producing
greater than normal quantities of heat. Roughly speaking, at 108°F, the rate of
net aboli smof the cells is doubled; at 114°F, the rate is al nost quadrupled. The
hypot hal armus, t he part of the brai n acting as the body’ s t hernostat, functions poorly
i f overheated, and a vi cious cycl e occurs: el evated tenperatures cause an i ncreased
rate of netabolism which causes increased heat production, which el evates t he body
tenperature and further damages t he hypot hal amus. Once t he body t enper at ure exceeds
107°F to 110°F, the body’'s thernostat fails and the body tenperature may continue
toriseuntil death occurs unl ess rapi d and extrene neasures are takentoartificially
| ower the body tenperature.

“Man’stolerancetoelevatedtenperaturesisdirectlyrelatedtohisabilitytorenove
heat fromhis body core by increasing blood flowto the skin surface and then | ose
heat by evaporation of sweat. It is only the evaporati on of sweat that makes short
exposures to extrenely hot environnents tol erable. Should the anbi ent water vapour
pressure approach the 44 mmHg (i e. a dewpoi nt of 36°C(97°F) value whichis typically
found on a man’s skin while sweating, heat tolerance is drastically reduced. The
partial pressure of water vapour at 120°F (the tenperature at whi ch the DDC nmay have
reached prior to the accidental pressurization) is 88 nm Hg.

“Humidity control in the deconpression chanber conplex aboard the WAAGE 11 was
nornal |y acconpl i shed by al |l owi ng t he at nosphere to circul ate by convecti on bet ween
t he mai n chanber and t he transfer chanber wher e t he noi st ure condensed on the transfer
chamber wal I's. Wen the divers inside the main | ock cl osed the door to the transfer
chanber to protect thensel ves froma suspect ed sudden | oss of pressureinthetransfer
chanber-bell portion of the chanmber conplex, humidity control stopped.

“If the divers started to sweat at a maxi numrate i nsi de the DDC, a vapour pressure
of 44 nm Hg woul d be reached very rapidly and practically no further skin cooling
due to sweat evaporation could occur.

“A heat storage by the body of 80 kcal (320 BTU) with a rise in body tenperature of
1.4°C (or 2.5°F) represents the voluntary limt in the average man. Col |l apse can
occur at a heat storage capacity of 160 kcal (640 BTU) with a 2.8°C (or 5°F) rise
in body tenperature. NModerately active men will produce heat at the rate of 180-
300 kcal / hour (800-1400 BTW hour). |If all this heat is retained by the body, a heat
storage of 160 kcal can be reached in half an hour. |[If heat is being added through
the lungs and skin, collapse can occur even sooner.

“A man breat hing heliunm oxygen at 300 feet with a ventilation rate of 1 cubic foot
per mnute and a gas tenperature of 120°F will add heat at nore than 0.5 kcal per
m nute. As his body tenperature increases, sowll his respiratory and heart rate,
addi ng heat at ever increasing rates. This respiratory heat was retai ned, alongwth
the ever increasing heat of metabolism driving the divers toward an irreversible
and fatal hyperpyrexia”.

(Question): In addition to an awareness of the problemwhichis the first stepin
prevention, what are sone of the acti ons we m ght consi der i nresponse
to heat energencies?

(Answer) : The objective is sinple: cool the victimas rapidly and efficiently
as practicabl e. Achi evingthe objective depends on your own i ngenuity.

Let me tell you another sea story which night point out some of the possibilities.

43



It just so happened that on ny way back fromthe WAAGE 11 accident, | ran into an
old friend in London who was honewar d bound froma j ob of f Dubai in the Persian Gulf.
He had not heard of the accident, and he was tal ki ng about the rough job he has had
out in the Persian @ulf. Their main chanber had an environmental control unit
consisting solely of a tarpaulin to shield it fromthe direct rays of the sun. On
several occasions, the mai n chanber had been occupi ed when ny friend arrived on deck
for his surface deconpression in the chanber. This meant he had to use the standby
chamber whi ch did not have even a tarpaulin environnmental control unit. “Mn”, he
said, “it wasreally hot inthere. | just got to feeling so weak and cranpy. | just
felt dizzy, you know, |ike |l was goi ng out of ny head”. He said, “Particul arly between
my 2 periods. GCet back on Q2 and it really nade ne feel better for a while. That
2 isreally good stuff. | don't know what was the matter with nme, but it happened
every time. You know, |'d get off that O2 and start feeling nauseated and bad and
|"d get back on it”.

Thi nk about that. The tenperature in a chanber out on deck in the Persian Gulf is
probably around 120°, 130° 140°F, and the ventil ati on does not al ways neet the divi ng
manual standards even in Cceaneering, so | began to wonder why he felt so much better
when he was on oxygen.

Wl |, he was breat hi ng oxygen froma hi gh-pressure tank, and as it expanded fromits
conpressed state, be was getting effective central cooling. Each tine during the
air breaks he was drifting right up to the edge of a heat problem and by going on
oxygen he was pulling hinmself away fromit as a consequence of breathing cool gas.
So | think that is one thing we can do in a heat energency. W can breathe cool gas
as long as it does not get too cold and cause excessive bronchial secretions

Remenber, any tinme you reduce a gas fromhigh pressure to | ow pressure, it cools.
So you have an advantage right there, if you can work out a way to take advant age
of that pressure reduction

O maybe you coul d devi se a heat exchanger for the breathing gas, say, an oildrum
on that side of the chanber with a bunch of copper coils init, and alot of ice and
salt over them when you need a cold gas, or hot water when you need warmgas. It
woul d not cost nuch, but of course there nay be sinpler and nore el egant ways to do
it.

There is another little device that we have found which | think mght have sone
application. It iscalledavortex tube. You can put high-pressureair inthe niddle,
and you get hot air out one side and cold air out the other side. You can either
heat or cool. Gbviously, you cannot violate the | aws of thernodynanics, and i f you
have thi ng operating inside the chanmber, you are not going to have any overall net
change. But you can control what we call the micro-climte around the nman. There
is an off-the-shelf device that hooks up to the vortex tube which coul d be useful.
Foundry wor kers use them Foundries have a hot roomwhere pigs of netal are poured.
Sonmet hing |i ke 35 seconds was the maxi numtine that the toughest guy in a Houston
foundry had ever been able to stand working in that room But they got this vortex
hood, put it on, and just ran plain old conpressed air through it.

Usi ng the hood, a worker could enter the hot roomand work for 20 or 30 m nutes.
Remenber 40 percent of heat |oss occurs fromthe head and neck not counting the
respiratory tract. The vortex hood can be a very effective means of protecting the
i ndi vidual in a hot environment. Now soneone needs to determineif it will function
in a hyperbaric chanber.

For cooling a chanber in tropical areas, | would suggest putting burlap, blankets

and stuff like that over it, and running the water over that, so it will increase
your heat |oss through evaporation.
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WATER | NHALATI ONAL ACCI DENTS
Dr RV Trubuhovi ch
Department of Critical Care, Auckland Hospital

(Thi s paper was first printedinthe Proceedi ngs of the Underwat er and Di vi ng Medi ci ne
Sem nar, May 1976, and i s reprinted by perm ssion of the Author and t he New Zeal and
Journal of Sports Medicine. 1t has been updated to 1978 by the Author.)

Resusci tation of the apparently drowned i s not the prerogative of recent tines only,
the era of nost effective devel opnment of cardio-pul nonary resuscitation. It was
during the 18th century, particularly with the encouragenment of the Royal Humane
Society, that methods of resuscitation of the drowned were enthusiastically
devel oped. The neans used were often quite ingenious. Still, before the nodern
practice of expired-air breathing was resurrected, | suppose nbst nenbers of the
audi ence here can renmenber, have seen or even have taken part in those rescues which
used to be reported i n the newspapers as successful only after several hours heroic
effort of Holger Nielsenartificial ventilation. My functiontoday istoconcentrate
particularly on the sequelae to the accidental inhalation of water. That is | am
concerned with not the drowned and dead, but rather the near-drowned, post-rescue;
and for them nore particularly with intensive therapy for the life-threatening
sequel ae to the inhalation of water, than with on-the-spot emergency care.

Hospital CGircular Letter No 1971/82 (1971)

Firstly, however, | wish to drawthe attention of any New Zeal and hospital doctors
here to the foll owi ng advi ce on resuscitation of the drowned sent out to all of our
hospitals in 1971. | do not know if any nenbers of the audi ence here had any hand
indrawing up this circular letter; but | cannot see how any person actual ly doi ng
the work with the critically ill near-drowned coul d have included so many features
then out of date by 5 or 10 years. The errors arise fromextrapolation of results
fromlaboratory animals to the human (Table 1) (Mles, 1968). The undue enphasis
on“lsit freshwater or isit salt water drowning?” i s not warranted. Andthis opinion
i s nowal so being endorsedintheliterature on near-drowing (Segarra, et al., 1974).
The patient nust be managed according to what he actually presents with at
exani nati on.

TABLE 1
NEAR- DROVWNI NG
Feature in |lab ani mal Hurman

Haenodi | uti on and frequent i nfrequent
el ectrol yte di sturbances

Pul monary oedema of ten absent conmon
Ventricular fibrillation conmmon ?
Vehi cl e | ab. dist. water water wth
or saline particulate inpurities
Mles, 1968. Brit. Md. Jnl 1968; I11: 597-600
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Pat hophysi ol ogy

Both river fresh water and sea salt water can contain a | arge amount of particul ate
matter: diatons or silt or sand and so on; but the “pure” water of a private poo
i s al so damagi ng to the al veol o-capillary menbranes. The essential |esion in near-
drowni ng i s consequent on the inhalation of the water plus its contents. Whether
this water is fresh or salt it is so profoundly anirritant that it produces acute
pul nonary injury. The essential reaction to the pulnonary injury is exudation of
plasma-rich fluid into the alveoli, resulting also in bl ood volune depletion. W
say aspiration pneunonitisis foll owed by pul nonary oederma and hypoxaem a. Thi s | eads
toventilatory and circulatory i npai rnent with hypoxaeni a and netabol i ¢ aci dosi s as
t he fundamental functional disturbances, resulting in respiratory and circul atory
failure and perhaps neuro-1|ogical danmage(Figure 1).

FI GURE 1

| NHALATI ON OF WATER
!
Aspiration Pneunonitis
and
al veol ar-capi |l l ary danmage
!
Pul nonary Cedenma

«— —

! !
Ventil atory Hypovol aeni a and
i nadequacy Circul atory inadequacy
- !

-~ Metabolic Acidosis

!

Cer ebr al

Swel I'ing and
!

Hypercarbia - Respiratory Acidosis

The managenent of patients rescued fromnear-drowni ng can be described in terns of
the typical intensive therapy patients. There is both an energency and a definitive
phase each of whi ch has both assessnent and treat ment aspects. The life-threatening
| esions require treatment phase and this nmay need to be instituted sinultaneously
with or as assessnent is going on.

a. Emergency Managenent

1. Admi ni stering oxygen, should it be available when the victim has been
br ought ashore.

2. Maki ng patent any obstructed airway. This does not nean wasting tinme
enptyi ng the wat er out of the patient because if it comes when t he patient
istipped head down its source is usually the stomach, not the respiratory
tree; but referstoextendingthe necktolift the tongue fromthe posterior
pharyngeal wall, or using the fingers to clear the nouth of solid vonitus.
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3. Br eat hi ng i nadequacy nust be conpensated for. |f the patient is apnoeic
then nout h-to-nmouth expired-air ventilation may be all that is possible.
If, for instance, a Life-Support teamis available on the beach, then
perhaps a self-inflating bag can be used. There is one really essential
sinple requirenent to this manoeuvre, however, and that is visual
observation to confirmthat effective expansi on of the chest does occur.

4. If the circulation is depressed this nust be restored. Absent heart beat
can be conpensated for only by external cardi ac massage with a firmsurface
beneath the patient. Again, a Life-Support unit nmay be able to supply
adrenal i n and counter-shock, or life-giving plasma to conpensate for the
vol ume depl etion which has occurred.

One cardinal rule to resuscitation here is that it should be continued until
nornot hermi ais established - because even when t he evi dence of cardiac activity
i s absent cases have been reported where the heart has started again as the
tenperature has risen (Snith, et al., 1973).

Definitive Managenent

Victinms recovered fromwater either are apparently recovered or they require
attention.

i patients apparently recovered should still be observed in a hospital
because it has happened before that the onset of what is generally called
“del ayed drowning” can occur and yet the patient die some hours |ater
following drastic deterioration.]

ii. By contrast patients in the other group are obviously ill. They require
careful assessnent to determ ne the degree of functional di sturbance. The
therapy they then require is available on a progressive scale and its
particular level will be indicated fromthe severity of the lesion. The
pati ent nmust be treated for what is actually found, and not to theoretical
expectations of what can happen because it is “salt water drowning” or,
because it is “fresh water drowning”.

Definitive Assessnent

Thi s has t o be nade of respiratory, circul atory, neurol ogi cal and netabolic function.

1.

Respiratory. Especially we look for cyanosis, breathing distress, the
appear ance of fine foam ng, white or perhaps pink, at the nostrils or the nouth.
O chest pain, cough, or occasional |y wheezi ng frombronchospasm Radi ol ogi cal
and bl ood gas assessnent wil |l al so be avail abl e at the base hospital but careful
clinical examination and especially deternmination of breathing distress is
probabl y as useful as any ot her manoeuvr e and does not i nvol ve unnecessary del ay
before instituting treatnent.

Circul atory. This assessnent can be made on exami nati on of pul se and heart beat,
and the adequacy of essential perfusion reflected in the pupils and function
of the central nervous system The typical arrhythmas are tachycardia,
sonetines atrial fibrillation, premature beats or gallop rhythm Hypotension
may be present, with pallor and sweating, but occasionally hypertension. The
best i ndex of peripheral perfusionis, of course, urine fornmation whichrequires
an indwel li ng catheter.
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Neur ol ogi cal . The patient may showirritability or restl essness proceedi ng even
to frank conm, or convul sions. This will be worsened by hypoxaem a and
hypercarbi a. Someti nes extensor rigidity or extensor spasns or pi st hotonos al so
indicate central nervous system dysfunction. The secondary return of conma
indicates a need for therapeutic intervention to treat brain swelling
specifically.

Met abolic. Probably pHis the nbst valuable quantity to nmeasure. In collected
data on |l aboratory findings in cases of secondary drowning (Rivers, et al.,
1970). The much vaunt ed sodi umand pot assi umi on changes coul d not be predicted
for individuals according to whether they were sea water or fresh water near-
drowni ng cases. In our own experience, critically ill people generally seem
to have a depression of serum potassiumlevel. Electrolytes may need to be
neasured repeatedly, initially even every hour or two until balance has been
restored. The effects of magnesi umaspiration in sea water drowning i s not as
yet elucidated as far as | amaware. Tenperature should be nonitored, platelet
and white cell counts performed but pl asnma haenogl obin | evel s woul d seemto be
a fairly fruitless investigation.

Definitive Treatnent

The principles of managenent of the near-drowned with intensive therapy are well
est abl i shed.

1.

Respiratory requirements. These are net in the spontaneously breat hing patient
by admi ni stering enough oxygen to abolish hypoxaemia. This nmay require even
a hyperbaric chanber at 2 atnospheres but if hypoxaemi a is severe enough to
warrant the latter then generally Internmttent Positive Pressure Ventilation
wi th oxygenis indicated. Duringtransportationthis may be provi ded adequatel y
with a self-inflating bag, but definitively it wll require endotracheal
i ntubationandventilator therapy. Severe hypoxaem ais best treated, of course,
with end-expiratory pressure, particularly if pul nonary oedema is present.

There may have been an i nmense pl asna | oss and then circul ationwill be restored
only by volunme repletion. The stonach may be full of water and this is best
aspirated. Once bl ood vol une has been restored mai ntenance fluid therapy will
be required with electrolyte manipulation according to serial bio-chenical
testing.

Aci dosis. pH needs to be brought to a safe level, ie., between 7.20 and 7.25
by the adm nistration of nolar bicarbonate. This also neans, however, the
admi ni stration of nolar sodiumand inthe presence of el evated serumsodi umthi s
will further increase osnolality.

Sequel ae of cerebral hypoxaeni a are seen rather nore frequently, inour practice
and | will describe two cases denonstrati ng nanagenent. The principles of a
regi nen of active intervention for acute brain swelling have been descri bed
previously (Trubuhovich and Spence, 1974; Trubuhovich, 1975).

Because of the infective nature of aspirated fluid, antibiotic cover on a
prophyl actic basisis part of our practice and anpicillinwouldbeour antibiotic
of first choice. The pneunonitis may or nay not be hel ped by steroi ds but noting
that evidence on this matter seens to be conflicting we woul d use such drugs.

Case No 1: A 5-year old boy was pulled out of the water at Great Barrier |sland,
and found to be stuporose and linp, pallid with cyanosis about the lips, and
tachypnoei c at 40-50/m nute with sone grunting. By the tine we reached himby Air
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Anbul ance from Auckl and t he tachypnoea was settled, his chest sounded “dry” and he
seermed i n good condition. Nevertheless, we brought himback to Auckl and Hospital
for overnight stay because of the slight chance of del ayed conplicati ons devel opi ng.
In hospital a breathing rate of 35-40/ninutes, settled down in a couple of hours to
20/ m nutes, but his chest X-ray did show a surprising degree of pul monic change
i ndicative of interstitial oedema, considering the absence of clinical findings.
Cedena had all cleared by next norning when he was sent hone.

Case No 2: A 15-year old youth had his head hel d under water for an i ndeterm nate
time by the rigging when his yacht capsi zed. H s conpani on boat snman appl i ed nout h-
to-nmouth resuscitation in the water while bringing himall the half nmile into the
shore. There at 1420 hours, he woul d not tol erate the M nuteman fromthe anbul ance
team but was gi ven an oxygen mask for cyanosis. At the |local hospital he was bl ue
on arrival, not conpl etely unconsci ous but unable to give any details and he pul | ed
hi s oxygen mask away. A gastric | avage and a haenogl obi n esti mati on were performed
and frusenide (kidney stimulant) was given. Wen the patient’s breathing | ooked
i nadequate he was intubated (against his resistance) then despatched to our
departnent still breathing spontaneously but cyanosed. When breathing further
deteriorated during anbul ance transportation ventilation with an Anbu bag was
attenpted. On arrival at the Departnment of Critical Care at 1540 hours, Ambu bag
i nflations werenoticedto produce an ai r-escapi ng noi se, and the pati ent was i n bl ack
cyanosis with cardiac arrest and fixed dilated pupils. The endotracheal tube was
i n the oesophagus.

Asatisfactory circul ati on was restored after about 10 m nutes’ resuscitation during
whi ch the patient received adrenalin 1+1+1 ng, nol ar bi carbonate 300 mol (and | ater
50 M of Tham 0.3 M, and plasma. The lungs were extrenely non-conpliant due to
interstitial oedema andintra-alveolar fluidwhichfrothedfromtherespiratorytree.
Artificial ventilation with 100% oxygen, and specific treatnent for post-hypoxic
cerebral swelling, together with dexanethasone and anmpicillin and cloxacillin were
continued. By 1600 hours, the central venous blood reveal ed PO2 51 torr, PCO2 97
torr, pH 7.11, base excess 0; Na ion 161, Kion 3.2, d ion 112 mol/I. Arterial
|actate later was 5.7 nmmol /1. The admitting hospital now reported haenogl obin at
15. 0g/ 100 . The occasional ectopic beats were treated with |ignocaine, and
satisfactory circul atory status was nai ntai ned by further adni ni stration, of plasna,
to atotal of 1750 ml by 2000 hours, then a further 1000 M by midnight. Overnight
t he potassiumrequirenment was 147 mol to 0900 next norning.

On the day after admission a disconcerting white cell count of 1.0x103/cmmled to
st eroi ds bei ng di sconti nued, and gentanicin added to the anti biotic regi menfor gram
negative cover. By the fourth day the patient’s stable pul nonary condition had
started to worsen with progressive lung stillness, hypoxaenmia and eventually
hypercarbi a, | eading to bradycardi a and cardi ac arrest responsive only initially to
resuscitation. The Coroner’s pathol ogist denonstrated (i) a very extensive
haenor r hagi ¢ pneunoni ti s, which he described as characteristic of severe salt water

drowni ng (see JAMA, 11 Sept 1967; 201: 209-211); and (ii) severe cerebral swelling.

The next two cases are presented to denonstrate that the neurol ogical sequelae to
near-drowning, hitherto ill-described, can be nanaged successfully by specific
treat nent.

Case No 3: A 16-year old Maori boy described as nentally retarded, was brought from
t he bottom of the Onehunga sw mm ng pool at 1400 hours, cold and pul sel ess. After
nmout h-to-nmout h resuscitation and oxygen in the ambulance, he was making only
spont aneous br eat hi ng gasps by 1415 hours, but in afewni nutes was hyperventilating,
and had a strong pulse but was still cyanosed. He was in opisthotonus, wth
internmttent convul siverestl essness, unrelieved at t he nearest hospital by di azepam
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10 nyg intravenous, then norphine 10 ng at 1430 hours. His chest X-ray indicated
oedenat ous | ungs so he was given frusenm de 40 + 40 ny. The pupils were noted to be
| arge and reacting sluggishly. Though breathing froman MC oxygen mask he seemned
cyanosed and arterial blood gas anal ysis showed a PaQ2 of 57 torr pH 7.23 and base
deficit 13.5mmol /1. Wen | saw the patient there at 1520 hours he needed three
orderlies and two sisters to hold himdown fromhis “convul sive” restl essness; he
was struggling to hyperventil ate and was quite i naccessible but extremely irritable.
H s pupils were markedly di |l ated and reacting sluggi shly. Admnistration of d-tubo
curarine 45 + 15 ng intravenously enabled alittle hand-ventilation then endotracheal
intubation within a mnute. Di azepam 20 ngy provided sedation. Fol | owi ng
hyperventilation with 100% oxygen the patient then becane rapidly pink throughout.
He was cat heterised, and an i ntravenous | ine inserted for plasma adni ni strati on when
his systolic blood pressure dropped to 80 mmHg. The heart rate was noted to be
fluctuating inbursts from 80-120/ m n. He was then transferred by anbul ance to
Auckl and Hospi tal on hand-ventilationw th 100%oxygen. Hi s probl ens were consi der ed
t o be post hypoxi c cerebral oedena and pul nonary oedena subsequent to fresh wat er near
dr owni ng.

In our departnment the patient was treated for acute brain swelling wth
hyperventilation with 100% oxygen after curarisation and full sedation; strict
haenmodynami ¢ control, which required 3 units of plasma over the first 2 hours for
a slight hypotensive tendency; hypotherm a to 34°C, from 38.5°C on admi ssion; and
dexanet hasone. Pul nobnary oederma was treated by end-expiratory pressure of 8 cmwpg
added to artificial ventilation. After about 30 m nutes PaQ, was 450 torr. PaCQ2
44, pH7.36, base deficit 0. The only initial problemat managenent was mai nt ai ni ng
an adequate serum potassiumlevel as it tended to be about 3.0 mml/I. Wth the
appropriate treatnment he made a very rapid recovery fromhis pul nonary and cerebral
oedenmas and was satisfactory for transfer back to the other hospital on the fifth
nmorning. Hi s nental retardati on was not apparently worsened by this episode.

Case 4: An 11 nonths infant was found at 1830 hours in a home swi mm ng pool pallid
and apnoei ¢ but spontaneous breat hing comenced only after 7 m nutes of mouth-to-
mout h resuscitation. Wen adnmtted via the Accident and Energency Departnent of
Princess Mary Hospital after 3 hours he was unconsci ous, barely respondi ng t o pai nf ul
stimuli, but pupils were reacting to light. Managenment consisted of oxygen,
antibiotics, intravenous fluids (but no dexanet hasone). Bl ood pressure was 150/ 100
mmHg, heart rate 140/ m nute and breathing rate 40/ m nute. The infant was initially
inert with noisy breathing but |ater becane responsive to painful stinuli, was
irritable, restless and crying. At 0230 hours generalisedfitting occurred for about
90 seconds and half an hour later the patient was given diazepam 2 ng and
dexanet hasone. He sl ept nore deeply after this and gave a slight response t o pai nf ul
stirmulation but follow ng two further fits breathing was shal |l ow al t hough the child
was said to rouse to painful stinuli “easily enough”. After further fitting at 1000
hours next nmorning the patient was referred to our departnent, and when first seen
was comatosed and generally flaccid wth focal convulsions; cyanosed and
vasoconstricted; and markedly hyponatraemic (Na ion 113 mmol /I at 0900 hours).
Systolic bl ood pressure was 180 nmHg, heart rate 125 per m nute, tenperature 37.5°C.
The i nfant was sedat ed, curarised, intubated and recei ved constant hyperventil ation
wi th oxygen, anticonvul sants and dexanethasone were given, and 14 m of nolar
bi car bonate sol ution rai sed the serumsodi uml evel to 120 mmol /I by 1230 hours. The
hyponatraenia further slowy i nproved over the next 2 days. Opiates were required
occasionally for sone haenodynamic instability.

On the norning after transfer an el ectroencephal ogramwas reported as very severely

abnormal “even by Departnment of Critical Care standards”. By the 9th day the patient
seened | i ghter neurol ogi cal l y though his cardi ovascul ar systemwas still irregular.
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A first trial of decurarisation that day was abandoned because of bizarre and
persi stent abnornmal spontaneous novenents but these were of a | esser degree 3 days
| ater so decurarisation was proceeded with and the patient finally satisfactorily
extubated on the 14th day after transfer. Consci ousness rapidly inproved but
peri pheral tone was nmarkedly depressed, probably because of the | arge quantities of
di azepamand sedati ng drugs he had requi red. He was transferred back tothe paediatric
war d and when seen t wo weeks | at er before | eavi ng hospi tal was descri bed by hi s not her
as being perfectly normal and havi ng acquired new skills and new words.

Summary

An account of near-drowning has been presented to enphasise the dysfunctional
sequel ae of hypoxaem a, hypovol aeni a and aci dosis - rather than rapid fluid shifts,
el ectrol yte changes and ventricular fibrillation. Specifictreatnent can be applied
to treat brain swelling subsequent to hypoxaem c cerebral insult.
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* *x * *x * * *x *

FCETAL DECOVPRESSI ON S| CKNESS?

Test s on sheep have shown, by i nference, that whileit is probably safe for a pregnant
woman to nmake a shal lowdive it may not be safe for her baby if she makes deeper ones
even though they are within the no-deconpression limts of the US Navy tables.
Experiments at the Texas A and M University's Sea Gant facility, under the
supervi si on of physiologist WlliamFife, have i nvol ved nonitoring of the unbilical
arteries by inplanted sensors when pregnant sheep were “dived” in a chanber to 30
metres for 25 m nutes. Although such a dive profil e does not require a human to make
deconpressi on stops on ascent (though careful people mght include a stop), sheep
f oetuses were shown to have nmassive bubble flow of a degree likely to be fatal had
not the sheep been reconpressed pronptly and then brought up at a slower rate. This
work is to be reported in detail at a later date in Undersea Bi omedi cal Research,
but inthe interima warning i s reasonabl e to wonen who propose to dive in even the
earliest stages of pregnancy |lest their babies, |like those of the sheep, are nore
suscepti bl e to bubbl e production than are they thensel ves. There are, however, no
known i nstances of such damage occurring.
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ADDENDUM  UPDATI NG FOR 1978

Enphases i n managenent altered fromthe above regi me which woul d be applied today
to patients with post-ischaem c/hypoxic encephal opathy, eg. after a water accident,
are:

1. Early | oadi ng of the patient with barbiturate to confer “cerebral protection”.

The agent used for this is preferably thiopentone, to 30ng/kg in an hour.

This may require circulatory support with vasopressor agents. See the Brain
Resuscitation Synposi umissuein Critical Care Medicineto be publishedinJuly,
1978, especially the paper by Breivik et al. which details sone very interesting
cases of resuscitation fromnear-drowning. See also the issue “Minagenent of
Acute Intracranial Disasters” in International Anesthesiology dinics, Volune
16 to be published in early 1979 (Editor: RV Trubuhovich) for the general
backgr ound.

2. Cl oser attention to nanagenent of serumosnolality in the presence of cerebral
oedensa.

(a) A hyper-osnolar state is nmanaged by the admnistration of near-isotonic
saline to reduce serumosnolality gently at the rate of 10(-20) nmol/day.

(b) A hypo-osnol ar state i s nanaged by fluid  restriction, and possi bly the use
of mannitol 20% (0.5-1.0 g/kg) or even frusenide.

Severe di sturbances of osnolality and inappropriate managenent of them can cause
fatal deterioration in cerebral oedena.

RN Trubuhovi ch

* *x * *x * * *x *

FOURTH ANNUAL CONFERENCE on the CLI NI CAL APPLI CATI ON OF HYPERBARI C OXYGEN

The Fourth Annual Conference on the dinical Application of Hyperbaric Oxygen is
schedul ed for Thursday through Saturday, 7-9 June 1979.

In addition to Plenary Sessions dealing with clinical applications of hyperbaric
oxygen, nursing and technical applications, and origi nal conmuni cations, a Plenary
Session devoted to “What’'s New in Diving Medicine” is added this year.

The first call for Abstracts (200 words or |ess) on original papers in hyperbaric
nmedi ci ne i s nade. The deadline for recei pt of Abstracts is 15 January 1979. Abstracts
shoul d be sent to:

M chael B Strauss, M

Chai rman Program Conmi ttee

Fourth Annual Conference on the dinical Applications of Hyperbaric Oxygen
C/ - Baronedi cal Departnent

Mermorial Hospital Medical Center

2801 Atlantic Avenue

Long Beach, CA 90801
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WORLD LI FE SAVI NG MEDI CAL ADVI SORY PANEL NEETI NG
NEWPORT BEACH, CALI FORNI A - 13TH 18TH MAY 1978
Dr I an Macki e

The World Life Saving Mvenent was forned in 1971 with the Surf Life Saving
Associ ations of Great Britain, United States, Canada, South Africa, New Zeal and and
Australia as its principal nenmbers. A Medical Advisory Panel was formed prior to
t he 1972 Congress and this Panel, with representation fromall nmenber countries, has
met regularly ever since. At the nost recent neeting in California, delegates from
ten different countries discussed a wide ranging series of topics and listened to
presentations of papers fromnmenbers of the panel in addition to papers fromthe two
speci al guests, Professor Jerone Modell, Professor of Anaesthesiology at the
University of Florida and Dr Janes W/ son, Professor of Pathology at Oral Roberts
Uni versity.

The following is a precis of the itens discussed at the Meeting:

1. Manual met hods of respiratory resuscitation (eg. Sylvester-Brosch and Hol ger
Ni el son) were di scussed and condemmed as havi ng no pl ace i n t eachi ng programes
for basic life support. Dr Mark Harries fromthe United Kingdom presented a
paper in which he summarised the scientific evidence for this recomrendation
Many papers have beenwittenover thelast thirty years onthe conpari son between
manual nethods and expired air resuscitation but only the nore recent papers
have i ncluded studi es of blood gases. Dr Harries’ presentation nmade it very
clear that although in sonme cases there appears to be some degree of aeration
of the lungs, arterial oxygen content drops disastrously in alnost all cases
when t he manual net hods are used. By contrast, expiredair resuscitationresults
in highly satisfactory levels of arterial oxygen. There are many |ifesaving
bodi es around the world still teaching and recormendi ng manual net hods in 1978.

2. | mrer si on Hypot herm a. The nmedi cal |iterature has been suggesti ng over the | ast
two years that cardi opul nonary resuscitation should not be perforned on the
pul sel ess, apnoeic patient who is profoundly hypotherm c; the Medical Pane
could find no evidence at all to support this suggestion which enmanated from
the Royal Navy. All case reports of survival after prol onged i mersionin very
col d wat er have included cardi opul nobnary resuscitation as part of the initial
managenent. Experts other than those in the Royal Navy believe that CPR shoul d
be perfornmed irrespective of the patient’s tenperature.

The Medi cal Panel advised Lifesaving Associations that when first rescued,
pati ents who are consci ous or shi vering shoul d be warmed actively but inpatients
who are unconsci ous the correct managenent was sinply to prevent further heat
| oss by proper use of a space bl anket or what ever type of covering is avail abl e.
Active rewarmng by lifesavers of this type of patient is not advi sed because
of the hazards of the further drop in tenperature which occurs imediately after
active rewar nm ng has been commenced. It was felt best tol eave active rewarm ng
to the hospital scene.

3. Conput er searches of the nedical literature have been carried out by the Surf
Life Saving Associations of Geat Britain and Australia on the subject of
drowni ng, resuscitation, hypotherma etc. These Medlars Searches are nade
availabl e to all nenmbers of the Medical Panel and have been extrenely hel pfu
in uncovering articles which would not ordinarily be seen by the doctors
concer ned.
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10.

The use of mechanical ventilators was di scussed at |ength and nenbers of the
Panel were well aware of the conplications which have been reported in the
literature fromthe use of certain types of ventilator. Wile approving the
use of mechanical ventilators for |lifesavers with special training, the Panel
affirmed that in teaching basic |life support the enphasis nust be on i medi ate
institution of expired air resuscitation. The avail abl e machi nes were revi ewed
and the Panel felt that nechanical ventilators for use by l|ifesavers outside
hospi tal shoul d be:

a) Vol ume cycl ed

b) Manual Iy triggered

c) Capabl e of delivering 100% oxygen

d) Capabl e of instantaneous flow rate of at |east 100 litres per m nute.

The Surf Life Saving Associations which use these ventilators all have
restrictions ontheir useinthe formof an Advanced Resuscitation Certificate.

The use of Bag- Mask-Val ve ventilators was al so di scussed at length and it was
recommended that because these do not produce adequate ventilation for
resuscitationinthefieldthey shoul d not be used by |lifesavers. It isinportant
for nmedical practitioners to renmenber that circunstances inside hospitals and
resuscitation perforned by lifesavers on a beach are totally different.

Resusci tation Report Forns as used by the Australian Surf Life Savi ng Associ ation
were tabled and the usefulness of the statistics gained from these forns
appl auded. All nenber countriesinfuturew |l nmake strenuous efforts to obtain
and collate statistics on their own resuscitations perforned in an aquatic
setting. The statistics obtained fromcollation of the Australian Fornms were
presented and covered 117 imrersion victins of whom 40 died and 77 survived.
Detail ed analysis of the statistics will be reported in a suitable nedical
journal at a |ater date, probably when the nunbers have increased a little.

PEEP i n the fiel d was consi dered especi al | y because of the current availability
of an Anmbu PEEP val ve whi ch coul d be used out si de hospitals, Professor Mdell,
who is a great advocate of PEEP in the managenent of inmersion victinms, was
opposed to its use outside hospital and hi s opposition was echoed by all nenbers
of the Panel. Dr Mdell felt that if PEEP were to be used outside hospital,
the pressure | evel chosen woul d be absolutely arbitrary, the effect on venous
return woul d be unknown, the effect on cardi ac out put woul d be unknown, and the
I'i kel i hood of spont aneous pneunot hor ax or nmedi asti nal enphysena was consi der abl e.
He believed that |ifesavers were very nuch better advised to concentrate on
prevention, rescue and i medi ate resuscitation than on PEEP.

The question of al cohol and aquatic activity was di scussed briefly and a paper
on this has now appeared in the Medical Journal of Australia, 24 June 1978.

The literature on epil epsy and i mmersion was reviewed and the statistics from
the Australian Report Fornms added to this. The Panel could find no evidence
of an increased risk fromswiming for well controlled epileptics.

The di stended stomach frequently presents a problemto the |lifesaver in that
it is associated with considerable vonmiting/regurgitation and sone degree of
i mpai rrent of diaphragmatic novenent. Various |ifesaving bodi es have given
different viewpoints onthe safety or ot herw se of active drai nage of the stonach
in these circunstances and sone |ifesaving Oganisations have recommended
pressure on the epigastriumor |eft hypochondriumto assist in enptying the
stomach. There was unani nous agr eenent anongst the Medi cal Panel that attenpts
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11.

12.

13.

14.

15.

16.

at drainage are very risky indeed and delay the proper institution of
car di opul nbnary resuscitation. There was unani mous agreenent that t here shoul d
be no active efforts made by |ifesavers to enpty the di stended stormach. It was
further pointed out that the nmaintenance of a clear open airway will greatly
dimnish the risk of gastric distension with air during the performance of
Expired Air Resuscitation.

Definitions of terns such as ‘ del ayed drowni ng’ and ‘ secondary drowni ng’ present
a problemto any doctor who follows the literature on i nmersion epi sodes, and
the Worl d Li fe Savi ng Medi cal Panel is attenptingtoclarifythisverydifficult
field. Dr Jerry Hughes fromCaliforniais the American representative on the
Panel, and he has been given the task of comunicating with some notable
contributors to the nedical literature asking their support in producing
suitabl e definitions.

The precordi al thunp has been t he subj ect of a great deal of tal king and teaching

over the years and is discussed at alnost every neeting. The current
recomrendat i on of the American Heart Associ ation, ie. that the precordial thunp
shoul d not be taught to or practised by lifesavers. |t plays no part in the

managenment of hypoxic cardiac arrest and in such circunmstances may wel |l del ay
the institution of proper CPR

The emer gency managenent of inpacted foreign body in the upper airway has been
hi ghlighted by the papers of Dr Heimich and the subsequent spate of
recomrendat i ons by various Organi sations in North America. |n the presence of
two special guests fromCalifornia, Dr Stanley Gold and Dr Jeffrey MDonal d,
t he ever - changi ng reconmendat i ons of these Organi sati ons and i ndi vi dual experts
were revi ewed and di scussed. It was clear to the Meeting that there is not a
uni f or mvi ewpoi nt on what shoul d be done for enmergency managenent of i npacted
forei gnbody, but it woul d seem even now, that a sharp t hunp between t he shoul der
bl ades is still the best initial nanagenment. The Medical Panel felt that the
use of eponynms was undesirable and served only to conplicate the issue; the
fundanent al pl ace of basic airway managenent was reaffirnmed. It was also felt
that the present stress on this subject was to the detrinent of proper
cardi opul monary resuscitation and an anal ysis of the American statistics puts
this into perspective. In the United States of America each year there are
700, 000 nyocardi al infarction deaths, 8,000 drowni ngs and an unknown nunber of
near - drowni ngs. Against this thereis absol ute naxi numof 2, 000 cases of sudden
upper airway inmpaction. It was therefore felt that the various methods of
di si npacti on shoul d onl y be taught at an advanced | evel and not as part of courses
of basic life support.

There was no di sagreenent at all on the subject of the best position for the
pati ent being transported. It was uniformy agreed that the unconscious,
spont aneousl y breat hi ng pati ent shoul d be nursed and transportedinthe | ateral
position with mai ntenance of head tilt and jaw support.

Because of the frequency of vom ting during the post-imersion epi sode t he Panel
di scussed the advisability of performng expired air resuscitation with the
patient on his side. This is practised in Vancouver and Nova Scotia, but is
not formally recommended by the Royal Life Saving Society of Canada. Menber
countries and t heir Medi cal Panel s have been askedtoinvestigatethefeasibility
of this nmanoeuvre and to stinul ate any appropri ate research programmes. There
is no known published literature on this subject.

Dr Neil Goodwin from South Africa presented a paper on ‘The Diving Reflex in
Dol phins’ and showed that in addition to the profound bradycardia there is a
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18.

19.

20.

gross drop i n bl ood | act at e when dol phi ns subnerge with a dramatic risein blood
| act at e when t he dol phin resurfaces. An extension of this phenomenon to humans
suffering fromimersi on may answer a query which has troubled water safety
experts for years. |If the sane thing were to happen in hunans, then it is
reasonabl e to assunme that onretrieval fromthe water a victi mof near-drowni ng
woul d devel op re-perfusion of his linbs with distribution into the systenic
circulation of accurmulated muscle |actate accunulated because of grossly
di m ni shed i nb perfusion during the period of inmersion. This could worsen
the al ready exi sting aci dosi s associ ated wi th prof ound hypoxi a and cause eit her
circulatory or respiratory arrest after rescue. The statistics of the Surf Life
Savi ng Association of Australia reveal that for the four years under review,
four patients who were breathingfollowingretrieval fromthe water subsequently
required expiredair resuscitationand a further two pati ents who were breat hi ng
on retrieval from the water required cardi opul nronary resuscitation. Many
i ndi vi dual s and organi sati ons have noticed sinilar phenomena.

Suction apparatus as used on beaches was di scussed and the Panel agreed that
the Venturi type suction apparatusis of little or nohelpinclearingthe airway
of the patient on the beach. It was pointed out, furthernore, that this system
was very wast eful of oxygen. |t was further pointed out that the material found
in the mouth of a victimof imrersion is likely to be vomtus or regurgitant
stomach contents and will therefore contain solid material. The use of the
| ateral position, gravity and the rescuer’s fingers continue to be recommended
as t he met hods of choice for renovingforeignmaterial fromthe patient’s airway.

CPR on the beach was discussed at length and the Australian Surf Life Saving
Associ ation figures showing 13 i mersion survivors followi ng CPR on t he beach
were presented. There is a continuing streamof literature on cardi opul nonary
resuscitation and this was revi ewed. The recomendati ons fromthe Panel were;

(i) Ventilation to conpression ratio 1:5 (2 operators)
(ii) Rate 60 per minute
(iii) No pause for ventilation
(iv) ldeally conpression shoul d occupy 60 percent of the cycl e and rel axati on
40 percent. |n practice however, aratio of 50:50 is easier to achieve.
(v) Short, jerky novenents are to be condemed.
(vi) For one operator CPRininfants, theventilation/conpressionratio should
be 1:5 (in adults 2:15).

The frequency of fractured neck occurring in the water has been highlighted by
many experts and unfortunately to date the nedi cal profession has made no great
effort to advise |lifesaving bodies on nethods of renobving a patient with a
suspect ed broken neck fromthe water. Several nmenbers of the Medi cal Panel took
to the beach at Corona del Mar with some highly trained |ifesavers and practi sed
met hods of removing patients fromthe water in these circunstances.

The principles of preventing flexion and |lateral mnmovement of the neck were
stressed but the practical difficulties becane very obvious in surf conditions.
Sone phot ographs were taken but this is an area where teaching with film and
video tape will be required.

Prof essor Model | 's paper on the pathophysiol ogy of near-drowni ng was nore or
| ess a sunmary of his nost recent Journal articles. In addition he presented
details of his approach to the nodern therapy of near-drowning and gave his
reasons for believing that prophylactic steroids and prophylactic antibiotics
are, in his opinion, not indicated. Dr Mdell was specifically asked to comment
on a suggestion fromNew South Wal es that children are less likely to drown in
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salt water pools than fresh water pools, but he was not aware of any studies
whi ch suggested that this woul d be true. He knows of no evidence that children
were nore buoyant in salt water than fresh water.

21. The final session was a stinulating question-answer session involving all the
experts. This session has been recorded on audio-tape and will be avail abl e
infull inwitten formin the near future.

Worl d Lifesaving will conduct its next Congress in 1982 and a final decision on the
venue will be made in nid 1979.

* *x * % * * *x *

MUSSELS W TH A CURATI VE TOUCH FOR ARTHRI TI S?

Mar i ne phar macol ogi st John Croft and his wi fe have been worki ng i n New Zeal and si nce
1971, their job being to advise on howto “farn nussels. Mre than 1,000 tons yearly
of thelittle green-lipped nussels are being reared on an i sland haven i n New Zeal and
under their guidance, according to a press report. The protein extract fromthe
nmussel s, which are | arger than the normal species and green instead of blue, has no
side effects and has been proved to take away pain and increase nobility. This
property of the extract was apparently di scovered by chance by Anerican researchers
| ooki ng for a cancer cure. The renedy is said to be in use in the UK and nany ot her
countri es.

(Lpl. E.P. 15 June 1978)

* * *k * * * % *

Cl GUATERA PO SONI NG

The Queensl and Health Departnent has disputed clains that an unusual nunber of
ci guat er a poi soni ng cases are occuringthisyear, though Dr Robert Endean was r eported
to have rel ated an apparent increase to the eating of mackerel. He noted that while
i n previous years outbreaks had tended to occur in Septenber and Cctober, this year
t hey had occured in al nost every nonth. A Health Departnent spokesman, whil e denying
t hat nore cases were occuring, tracedthe cause to nackerel caught i nthe Rockhanpt on,
Bundaber g and G adst one areas and ascribed it to the presence of seaweed as a factor
in the contanination.

Synpt ons of ci guateraincl ude nausea, di arrhoea, dehydrati on, a sensati on of tingling
about the lips, tongue and throat (foll owed by nunbness) and a pat hognoni ¢ conpl ai nt
of paradoxical sensory disturbance in which there is a reversal of hot/cold
sensations. Extrene exhaustion and nuscul ar weakness are common. Treatnment is
synptomati c.

DREAMFI SH
Norfol k Island has a special drug problem The drumrer fish gives people bizarre

dreans and victins can devel op the paranoid feeling that others are trying to hurt
t hem

* * *x k% * * % *
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WORKSHOP ON THE TREATMENT OF DECOMPRESSI ON SI CKNESS
LCDR KM Greene MC USN

This report summari zes a workshop held 17-18 February 1976 in London. The thirty
physi ci ans attendi ng fromseven nations sought a uniformapproach to the treatnent
of deconpression sickness in the North Sea environnent.

Aspects consi dered include reconpression profiles, gas mixtures, ancillary drugs,
aftercare, qualificationof assistants, and conmuni cati on problens. Includedinthis
report is an outline approved by the EUBS for gui dance in the choice of treatnent
t abl es.

The conti nui ng expansi on of the of fshore oil and gas i ndustry i nvol ves | ar ge nunbers
of divers in the constructi on and mai nt enance of underwater equi pment. Wen these
di vers suffer deconpression sickness (DCS), as they do in spite of the |atest
deconpression techniques, a variety of approaches may be made with regard to

treatnent. This diversity of treatnment exists at all levels, fromthe supervisor
on the scene, through the diving conpany managenent, to their nedi cal consultants,
whet her industrial or naval. Because of the fast pace of devel opnent and the

mul tinati onal conpl exi on of the divingindustry, this|ack of aconsolidated approach
is nowhere nore evident than in the North Sea.

A nore uniform approach mght inprove the treatnent outcone of many cases,
particul arly when the care of the diver passes through several |evels of nanagenent
or to several medical consultants. Toward this end, the European Under sea Bi onmedi cal
Soci ety (EUBS) invited a nunber of diving nmedicine consultants to participate in an
i nformal wor kshop, held 17 and 18 February 1976 at the Royal Society of Medicine in
London. The goal was t o establ i sh consensus, where possible, inthe practical aspects
of thetreatment of deconpression sickness of fshore. The workshop, chaired by Surgeon
Cdr. DHE liott, RN, was one of a series of “Tabl es Rondes sur |a Bi omedi ci ne Sous
Mer” organized by the EUBS. Fi nanci al support was provided by the UK offshore
Qperators Association, an oil industry organization. Medical representatives of
diving contractors, navies, and civilian nedical establishnents came fromthe UK,
Norway, France, ltaly, Switzerland, Canada and the US. A summary report is to be
published in the US by t he Undersea Medi cal Society. Inthe interest of informality
and spontaneity, it was agreed that the participants would not be directly quoted.

The participants wereinvitedtoreviewtheir individual approaches to t he managenent
of DCS as a starting point toward delineating areas of agreenent and di sagreenent.
Then the specific conponents of therapy were discussed in detail.

Reconpr essi on profiles The expected di fferences of enphasis and applicationrelated
to the backgrounds of the participants were evident. For exanple, DCS occurring at
the surface is treated generally according to the USN or RN standard reconpressi on
tabl es, using oxygen at 60 ft pressure or air at 165 ft. The French, however, al so
use aninternedi ate profil ew thoxygen-richmxtures at 100 ft. In oxy-heliumdiving
to depths greater than 300 ft, commrercial divers often follow short bottomtime
schedul es, where naval divers would use a prolonged saturation technique. As a
result, there are no naval standard procedures to gui dethetreatnent of DCSoccurring
before surfacing fromthese deep “bounce” dives. Mny firnms use a conplex set of
reconpression tables to treat the diver without commtting himto full saturation.
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Experi ence has shown that in many cases this kind of manipulation results in
recurrence of DCS. The partici pants agreed that in npbst cases of this sort, it would
be better to reconpress to the depth of synptomatic relief and return the diver to
the surface on a saturation deconpression schedule. In saturation diving, DCSis
treated by m ni mal reconpression, but the Royal Navy consultants reconmend 30 to 60
ft of added depth w t hout speci al breathi ng gases, whil e US Navy practice favors | ess
depth, with oxygen-rich mnixtures.

Inthe end, the choi ce of therapeutic conpression profile accordingtothe antecedent
di ve was the area in which concensus was achi eved by the workshop. An outline of
t he agreed approach (see appendi x) was endorsed “for gui dance” by representatives
of the EUBS and the Association of Diving Contractors. One point on which opinion
was unani nous was that reconpression should absol utely never be undertaken in the
wat er .

Wi | e ot her specific components of treatnment were di scussed i ndividually, there was
mar kedly | ess uni form ty of opinion. The interchange served to enphasi ze t he rat her
gl aring | ack of convi nci ng evi dence, of the sort requiredin other areas of medici ne,
to support the use of many of the ancillary therapeutic agents. The participants
agreed that there was a |l ack of controlled formal clinical trials. It was suggested
that acentral casereporting systemwoul d al so be hel pful inthe eval uation of vari ous
nodes of treatnent.

Drugs The use of various ancillary drugs was advocated for nearly all cases of DCS
by the French representatives. Qhers rarely used any, particularly inthe offshore
setting. Mbst of the practitioners present used one or nore drugs such as dextran
and gl ucocorticoids only in severe cases. Dextran was recomended by nost, al t hough
it, likeall the other agents di scussed, i s not backed up by controlledclinical trials
involving DCS. Its properties and use in other diseases were reviewed. Although
dextran-40 (40,000 nol ecul ar weight) is the nost wi dely used, there was di scussion
of the relative merits of dextran-70. Sone potential advantages were clained for
dextran-70, for exanple, longer persistence in the circulation and greater anti-
pl atel et effect. One potential di sadvantage of dextrans is the tendency to inhibit
bl ood coagul ati on. This was said to occur, however, only when a dose of two or nore
litres was exceeded in 24 hours. One participant felt that this possibility contra-
indicated its use in DCS of the inner ear. Specific indications and dosages coul d
not be agreed upon.

A ucocorticoids were nentioned by sone discussants for use in DCS of the central
nervous system particularly in the absence of satisfactory initial response to
reconpression. The rational e involves reduction of oederma in the affected areas of
the spinal cord or brain, or the preservation of ischemc cells. This use of
gl ucocorticoids is based primarily on inference fromother clinical applications.
The dosage suggested by its advocat es was 10 to 12 ng of dexamet hasone i ntravenously,
foll owed by mai nt enance over as |ong as three days, using about eight ng every six
hours. This is simlar to the reginen used for cerebral oedema in brain tunor
pati ents. Onthe other hand, one nmenber of the group cited studi es in aninmal surgical
shock nodel s, which showed that the beneficial effect of protecting hypoxic cells
required doses of steroid many tinmes greater. There was no concensus on the
i ndi cati ons or dosage for steroids in DCS.

Hepari n has been used occasionally in severe DCS, based on a few ani mal experi nents-
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in the absence of clear evidence of efficacy in human DCS, the potential risk of
henorrhagi c conplications at thesite of thelesion(eg, central nervous system inner
ear) discourages its use.

Asprinwas endorsed by the French representati ves for all cases of DCS. O hers poi nt ed
out that there was evidence only for a prophylactic effect in animals, and no
denonstrated value in treatnent beyond nild anal gesi a.

Di azepamwas said to be used frequently by the French, but apparently only as a non-
specifictranquilizer. Oneparticipant alsonotedits specific effect of suppressing
the synptonms of vestibular damage. |t could thus be used after treatnment failure
i ninner ear DCS, but shoul d not be al |l owed to obscure the response to reconpressi on.
A fewother | ess inportant drugs were al so di scussed and not endorsed by the group.

The aftercare of DCS patients was al so considered. In cases of inner ear damage,
foll owup with audi onetry and el ect ronyst agnogr aphy was enphasi zed, since evenwith
conpl ete | oss of | abyrinthine function, synptons may resolve within a fewdays. In
the case of residual spinal cord damage, repetitive hyperbaric oxygen therapy was
recomended by sonme. It was agreed that daily treatnent could be continued as | ong
as it was acconpani ed by steady inprovenent.

The participating doctors were asked to describe the kind of assistant they would
like to have in an offshore treatnent chanber in the absence of a doctor. Despite
lively discussion there was no concensus on either the type of training required or
even the scope of nedical procedures which should be required of the assistant.
Suggesti ons ranged fromdi vers with advanced first aidtraining, tofully- qualified
Physician’s Assistants. All agreed that inproved tel ecomuni cati ons were needed
bet ween an offshore facility and the doctor ashore, and that a personal rapport
bet ween doct or and assi stant was nore i nportant than the | evel of qualification of
t he assistant.

continued from page 63 ..

5.3 Any deterioration of the patient during the conpression following a
t herapeuti c conpression should be treated by further conpression to the
depth of significant relief.

5.4 This outlineis for guidance only since it cannot predict every situation

and sone differences of opinion may still exist on details of treatnent
bet ween nedi cal practitioners experienced in this field.
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APPENDI X

THE CHO CE OF A THERAPEUTI C COVPRESSI ON TABLE | N RELATI ON TO THE CAUSATI VE DI VE ( AS
RECOMVENDED BY REPRESENTATI VES OF THE EUROPEAN UNDERSEA Bl OVEDI CAL SOCI ETY AND THE
ASSCCI ATI ON OF DI VI NG CONTRACTORS, LONDON, FEBRUARY 1976)

1. Ai r diving

Deconpressionillness arisingat the surface follow ng air or oxy-nitrogen di ves
(of a duration | ess than saturation) should be treated in accordance with one
of the follow ng procedures:

1.1 |Imediate Treatnent (If Not Life-Threatening)

i Conpress chanmber with air, breathing oxygen fromthe surface to 60 ft

(18m

ii. At 10 mns review

if |inb-bends cured - USN 5 or RN 61

- if serious synptons cured - USN 6 or RN 62
- if inproving - remain at 60 ft (18m) and at 45 mins review
- if cured - USN 6 or RN 62
- if not cured - USN 6 with extra oxygen sessions
- if synptons worsening - off oxygen and conpress to 165 ft (50nm) AR
- if onarrival at 165 ft (50m |inmb-bend is cured, use USN 2A (RN
52) but for all serious manifestations use USN 4 (oxygen at
shal | ow st ops conpul sory for patient and attendants) or RN 54.
- French-trai ned divers would tend to use 30moxygen-rich rather

than 50mair tables.

1.2 Imediate Treatnent if Life-Threatening or if Cerebral Air Enbolismis
Suspect ed

Proceed direct to 165 ft (50n) AIR Do not spend tinme on oxygen at 60 ft
(18nm).

For air enbolismthe US Navy now use tabl e 6A, but Royal Navy experience
favours a version of USN 4 (RN 54) using a continuous rate of ascent (18
to 10mat I mhr, and 10mto surface at 0.5m hr) in pl ace of stoppages from
conpletion of 6 hrs at 18m

1.3 Treatnent After Sone Fi ve or More Hours’ Del ay Bet ween Onset and Conpr essi on

Use USN6 (RN62) withextra oxygen sessi ons as needed. Frenchtrained divers
al so woul d use 18moxygen tabl es but with a 30moxygen-rich optionif there
is norelief after 15 mins.
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2.

Saturation Diving

2.1 Treatnent During Saturation Deconpression

For the onset of deconpression sickness during a slow saturation
deconpressi on breat hing oxy-heliumor other nixtures, conpress at 5 ft/
mn (or 2mmin) to depth of significant relief, but by not nore than 2 bar
(60 ft; 20m for pain-only linb bends and by not nore than 3 bar (100 ft;
30m for serious deconpression sickness, inner-ear nmanifestations in
particul ar.

It isworth noting that the onset of inner-ear deconpressi on sickness may
be associated with a recent switch from helium to air during the
deconpression. |f conpression is required in these circunstances, the
patient should be returned to an oxy-heliumatnosphere. For this reason
al one, when the change to air is nade, it is advisable to keep one of the
chanmber conpartnents not being used by the divers at the tine filled with
oxy-helium Thus it is imediately avail able for any necessary treat nent
during the period followi ng the change to air.

Remai n at that depth for a m ni mumof 2 hours and possi bly 6 hours. Oxygen-
richmxtures (1.5to0 2.5 bar O) may be breat hed for upto six 20-m n peri ods
with 5-min intervals on chanber atnosphere.

Resunme saturation deconpression fromtreatnment depth, but with initial
upwar d excur si on.

2.2 Excursion Diving From Saturation

Fol | owi ng an excursion, inmredi ate conpression is necessary to the depth
of relief. This depth may be | ess than the depth of excursion, but for
serious synptons it should be not |ess than 3 bar.

Rermain at the treatment depth for a mninumof 2 hours, for as long as
i mprovenent occurs and possibly for as |ong as 24 hours.

Oxygen-enriched m xtures may be used (as in 2.1). Initiate saturation
deconpression fromtreatment depth, but with noinitial upward excursion.

Oxy- Hel i um “Bounce” Diving

Deep oxy-heliumdives fromthe surface, with a bottomtime of relatively short
duration, which | ead to deconpression sickness during the course of, or soon
after, a deconpression nmore rapid than used for saturation diving.

3.1 Onset of Deconpression Sickness at the Surface

Br eat he oxygen by mask fromthe surface and conpress chanber with air to
60 ft (18m. If cured or inproving after 10 minutes, continue oxygen
treatnent as detailed in paragraph 1.1.

I f condition not inproving at 10 nmi nutes, di scontinue oxygen and conpress
chamber to depth of relief, using pure helium (This incom ng gas nust
be wel | - m xed, perhaps by venturi, with the chanber atnosphere of air and
the divers should breathe an oxy-helium mxture by mask during the
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conmpression until mxing is conplete.)

If the condition is serious at the surface, conpress to 60 ft (18m with
air but do not stop at 18m Continue on heliumto depth of significant
relief.

| deal Iy, the chanber should have a partial oxygen pressure of about 0.4
bar at all tines, the diver breathing a higher-oxygen m xture by mask (as
in2.1), as needed. (The upper Iimt of oxygen in the chanber atnosphere
shoul d be 0.6 bar). Sincethe chanber contained 2.8 bar air and was furt her
conpressed using 100% helium the chanber atnosphere will have a parti al
pressure of oxygen of about 0.6 bar, whatever the depth of relief.

O her et hods of achi evi ng an accept abl e at nospher e are possi bl e, but need
to be carefully planned in advance.

Remain at |least 2 hours (as in 2.2), after which deconpressi on shoul d be
initiated on a saturationtable, but wwthnoinitial upward excursion. For
gui dance the follow ng rates may be used:

deeper than 100m 1.5n hr
100 tol0m 1. O hr
10mto surface O.5m hr

3.2 Onset of Deconpression Sickness During the Original Deconpression

- | mredi ate conpression to the depth of relief and, if relief is not
achieved, to at least the full depth of the dive.

- Remai n at | east 2 hours, optional oxygen-enriched breathing m xtures
(as in 2.1 and 2.2)

- Begi n saturation deconpression from treatnent depth, but with no
initial upward excursion.

Uncontroll ed Ascent (Blow Up) to the Surface

The unschedul ed surfacing of a diver is hazardous at all times but especially
so if he has not conpleted all the necessary stoppages.

ONE MUST ALWAYS BE PREPARED TO COVPRESS THE DI VER, | MVEDI ATELY UPON SURFACI NG,
IN A CHAMBER TO THE FULL DEPTH CF HI S DI VE, AND, |F NECESSARY, TO DECOVPRESS
ON A SATURATI ON SCHEDULE.

Notes for all O asses

5.1 Attentionnust bepaidat all tinestopreventing pul nonary oxygentoxicity.
A UPTD (unit pulnonary toxicity dose) of 615 (equivalent to a reversible
2% decrement of vital capacity) should not be exceeded, thus allow ng
| atitude for any further treatnent.

5.2 The rate of deconpression should be deternined by the condition of the
patient, synptons usually being a nore sensitive gui de t han outward si gns.

conti nued on page 60.
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PATHOLOG CAL | NVESTI GATI ON OF THE FATAL DI VI NG ACCI DENT

Dr lan M Cal der.
Institute of Pathol ogy, The London Hospital Medical College, London

Fatal accidents are fortunately rare in the Diving Industry and occur at wdely
di spensed geographi cal points. This may result in rather inadequate investigation
and interpretation of findings due to |ocal |ack of know edge of diving physi ol ogy
and pat hol ogy.

The ultimate ai mof the investigation of a fatal accident is to accurately determ ne
how, when, wher e and by what neans t he person net his death. This naturallyinplicates
t he pat hol ogi st as the primary i nvesti gat or, who undoubtedly wi |l need sone gui dance
in specialist fields, but necessitates teamwork to interpret the findings. In the
context of diving accidents this includes Cinicians, Diving Supervisor, Diving
I nspect or and wi t nesses as well as any ot her experts considered relevant. Wththis
an accurate Clinico-Pathol ogi cal diagnosis nay be made.

It is inperative that where possible, the site of death be accurately determn ned.
Thi s may be ont he bottom during ascent and/ or duri ng deconpressi on or onthe surface,
all of which may have resulted from mal functi on of apparatus or personnel

A major problemis the correct interpretation of findings of gas bubbl es which may
be artifact or arel evant definitive finding. The gas bubbl e/ bl oodinterface exam ned
hi stol ogi cally may produce useful data for example in determ ning whether a vital
circul ation was present when bubbles formed - a vital clue.

Whol e body X-ray is mandatory, not only for the determ nation of bone | esions, but
for the general appraisal of gas in body spaces before invasi ve techni ques destroy
t he evi dence

Havi ng obtained the information it is vital that it be recorded centrally and it can
be retrieved for use in conparison with other obscure cases, where |l ess information
is available, and difficulty is possible ininterpretation. In the United Ki ngdom
this is undertaken by the Medical Research Council Deconpression Sickness Panel

As a result a pattern of accidents may be built up, which in the Iong termcan be
used in the real mof Preventive Mdicine, so that simlar accidents do not recur
The accunul ati on of data and material is vital as part of a prospective study on the
ef fects of prolonged exposure to a hyperbaric environnment.

REPRI NTI NG OF ARTI CLES:

Permission to reprint articles fromthis journal will be granted on application to
the Editor in the case of original contributions. Papers that are here reprinted
fromanot her (stated) source require direct application to the original publisher
this being the condition of their use in this Journal

* * *x k% * % % *

64



DI VING I N THE NORTH SEA DURI NG 1977 - Sl TUATI ON REPORT
Conmmander SA Warner, MBE, DSC, Chief Inspector of Diving, United Ki ngdom

M Chai rman, Ladies and Gentlenen, | certainly feel at honme talking to the United
States Association of Diving Contractors and associ ated nenbers. | feel that ny
annual paper is beconing a habit. Ahabit which | personally amdelighted with, both
fromt he soci al and t he prof essi onal poi nt of view Good communi cations, i nny opinion
are absolutely essential for the safe operation of the offshore diving industry
t hroughout the world. Thank you for inviting me once again.

The first subject in ny situation report fromthe North Sea for 1977 must cover
accidents. Throughout the whole of the North European area there were five fata
accidents. Three of these were in the British sector and two in the Dutch sector.
| ampleased to report that the i nprovenent trend is continuing and, if one neasures
t he acci dents agai nst “exposure to pressure tinme” the i nprovenent is considerable.
However, we nust not become conpl acent because these figures are still not good
enough.

What have we |l earnt fromthe accident investigations of 1977? Unfortunately with
one fatality we have to adnmit that we do not know the answer. One can put forward

many hypot hesis and theories as to why a “bell nman”, to all intents and purposes,
fainted and fell with his face underwater. We have elinm nated every checkabl e
possibility and we are still w thout hard proof to support afactual conclusion. This

i s the worst type of acci dent that we have to i nvestigate. Howcan one try and prevent
it happening again if one cannot find the real cause?

I n anot her case, al nost certainly, the over centre clanp of the diver’s hel net cane
open and the hel met cane off.

The other caseinthe British sector is still under investigation but we do knowt hat
t he di ver was weari ng SCUBAw t h a free nmout hpi ece and di vingin turbul ent wat er around
a stinger.

Ther e have been a nunber of near m sses and non-fatal accidents. Once again | have
to report on a diver receiving an electrical shock froma defective electrically
heated suit, plus one this year. 1In general, the area which has created the nost
worry during 1977 has been air diving. |t would appear that many of the air diving
supervi sors can convince thenselves that providing a dive is carried out to an
acceptabl e schedule it is bound to be safe. Unfortunately thisis not true. However,
because of their apparent inplicit faith in the schedul es sone supervisors have
di sregarded, or refused to acknow edge, the presence of serious synptons and have
al ways f ound excuses such as cranp to di sregard these synptons. | canfindverylittle
excuse for this approach. One only has to followthe “tick-off list” inthe United
States Navy Diving Manual s to avoid the very seri ous consequences that can arise if
serious synptons are not treated correctly. On three occasions inthe UKsector |ast
year what shoul d have been a normal t herapeutic treatnment ended up as an air saturation
t her apy.

As | toldyoulast year, | have a conti nuous process of anal ysing the facts and fi gures
gathered fromfatal accidents. The up-to-date break-down of this information (viz

39 fatal) is:
Hurman error was a factor in 19 cases
Poor physical condition in 3 cases
| nadequate training in 6 cases
Equi prent failure in 10 cases
Lack of equi pment or wong choice of equipnment in 4 cases
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| nadequat e nedi cal supervision 2 cases

Poor diving supervision in 7 cases
Poor equi pnent mai nt enance in 4 cases; and
we do not know the answer in 3 cases

In 1977 it was necessary to prosecute a diving conpany and a supervi sor in the sane
conpany for failing to conply with the regul ations

Last year | told you that the United Kingdom Government was conbining the four
different Statutory I nstrunents on Di ving Safety i nto one set of unifiedregul ations.
| had hoped t hat by nowthey woul d have been i ssued to the i ndustry for consultation

but | regret to say that so far this has not yet been done. The policy is still the
sane and, although there is little or no change in the offshore diving regul ations
therewill still be a considerabl e period all ocated for consul tations before the new

regul ati ons becone | aw.

In 1977 there were two nmaj or blowouts in the North Sea, one in the Norwegi an sect or
and one in the Dani sh sector. Fortunately, on both occasions there were no divers
under pressure. As you can inagine these accidents have generated considerable
activity not the | east of whi ch has evol ved around t he saf e evacuati on of personnel

The safe evacuation of divers under pressure froma |ocal enmergency presents an
extrenmely difficult potential problem | say potential, because, to ny know edge,
in the whole history of the offshore industry only once has it been necessary to
evacuate divers under pressure. In fact in this particular case they could have
remai ned on board with safety. However, | think that it is right that the industry
shoul d antici pate this probl emand produce contingency plans to cope withit if and
when it might happen. W nust al so consider the norale of the divers. Al United
Ki ngdom di ving | egislation requires action to be taken in the planning for tota

evacuation. However, ONE MJUST NOT FALL | NTO THE TRAP OF MAKI NG THE S| TUATI ON MORE
DANGEROUS BY PREMATURE | MPLEMENTATI ON OF BADLY THOUGHT- OUT EVACUATI ON PROCEDURES

During the period 1955 to 1974 there were 70 maj or nmobile rig nishaps and 20 mi nor
nmobil e rig mshaps worl dwi de. The vast najority of these mi shaps occurred during
transit.

Evacuation can be necessitated by fire, collision, extreme weather, blowout, etc.
It is essential that the possibility of such energency be considered first and
forenpst with aviewto nmninsingtherisk, and second to devel op a pl anni ng response
to an energency should it arise.

Whi chever way one assesses the risk to divers under pressure it is mnimal and if
and when the need to evacuate divers arises there is no one technique that could
possi bly cater for all sets of circunstances that coul d ari se. However, an energency
situation coul d al ways occur and energency procedures and possi bly speci al hardware
may save |ives. The undoubted fact that all disaster situations cannot be catered
for should not delay action to cater for should not delay action to cater for an
appreciable fraction of the eventualities.

Good comuni cati ons between drilling operatives and the diving supervisorsto ensure
that diving is not undertaken during operations involving high risk is essenti al
Such t hi ngs as: ballasting of sem -subnersibles, rigwork overs, drillingoperations
when entering known or suspected hydrocarbon zones, etc. should formthe basis of
communi cations between the drilling operatives and the diving supervisors.

The North Sea is now covered by a “helicopter lift” chanber evacuati on system and

di vi ng conpani es have been encour aged t o nake t hei r chanbers conpatible by thefitting
of the necessary adaptors or spool pieces. Once again this systemdoes not cater
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for all sets of circunstances, but it could be inval uable under sone conditions.

As | have said before we may be dealing with a conpletely inpossible situation for
provi ding total coverage but | amconvi nced that we can cut a minimal riskto an even
smaller minimal. W can erode the possible dangers by planning to cater for the
probl em whi ch may arise under various sets of circunstances.

Evacuati on under pressure nust be classed as the ultimate energency, the enphasis
bei ng pl aced on prevention, continuing awareness and i medi at e response. However
in the final analysis we nmust accept that in every walk of Iife there has to be an
acceptabl e |l evel of risk.

| personally think that many of our problens coul d be overcome in the very long term
by di vi ng conpani es and nanuf acturers getting together and agreei ng a conmon chanber
and bell mating techni que and comon si zes.

RESEARCH
The UK research progranmme i s continui ng and t he nunbers of projects are increasing.

Research into diver unconsciousness is progressing as is that into the use of
anaest hetics under pressure.

For many years we have been extrenmely worried about electrical safety underwater.
There are so many wi dely divergent theories on what is safe. It is our intention
to publish a docunment covering all the points that are known and understood. W then
intend to identify the areas where know edge is either thin or conpletely |acking.
W will then investigate those particul ar areas.

The project investigating the safe confortable tenperature tol erances under helium
pressure is well underway.

There is al ready an extensive literature concerned with thernal bal ance i n the human
being in hyperbaric oxyhelium environnents; both theoretical and experinmental
studi es are numerous. Many groups of workers have reported on widely varied
conditions. Qur nain objectiveis to attenpt to draw together this literature and
formulate fromit the nost appropriate thermal bal ance equations for any specified
set of conditions. Sone experinental neasurenments will be nade and used to test the
validity of the equations. Oncereliablethernal bal ance equati ons have been deri ved
it should be possible to draw up guidelines for safe thernal conditions.

The doctor carrying out this particular project has said “Sone of ny readi ng on food
i ntake and wei ght loss in divers has | ed me to suspect that the usual formof thermal
bal ance equations (as appliedto 1 ATAair) may be i nadequat e i n hyperbari c oxyhel i um
At the nonent this is no nore than an i dea but because of this we are keepi hg an open
nm nd about the format of the equations.”

| hope that in the very near future we shall be supporting further researchinto “air
saturation” divingbecausethereisverylittledoubt that thistechnique coul dbecone
very attractiveintheinstallation, i nspection and nai nt enance phase of the of fshore
i ndustry.

As we all know saturation divingis arelatively newKkind of potential occupational
hazard where indi vi dual s are exposed for weeks on end to an envi ronnment abnormal in
every respect. Except for short termeffects such as otitis caused by i nfection the
only known | ong t er mi ndi cati on of physi ol ogi cal or pat hol ogi cal danage i s the broadly
i nvesti gat ed phenonenon of bone necrosi s, but | ess than adecadeis arelatively short
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peri od to assess ot her possible |ong term danage.

If there are any potential long termill effects an early indication of these would
be nost desirabl e to deternine which aspects of the occupati on were responsi bl e for
such effects. If in fact there were any, this would be the first step towards

preventi on.

It is our intentiontoinitiate research to cover this. |Information received from
t hese various research projects will be nade public.

In 1977 15 diving safety nmenorandas were issued and covered such things as:

Di vi ng nedi cal energency information

Di ver qualification requirements

Defective Synflex fittings

Requi renment for diver heating

Manni ng | evel s and frequency of diver practice
Danger of surface orientated diving

Possi bl e dangers of high oxygen partial pressure in NOAA air saturation tables
The use of air tuggers

Error in the nmarking of sone high pressure hoses
Cat hodi ¢ protection

Protective headgear

Transfer under pressure by helicopter

Neck clanp of Kirby Myrgan 16 hel nets

US divers regul ators

Acci dent reporting

M Chai rnman, gentlenen, | have intentionally kept ny paper short this year because
| feel that the question period is so inportant and | would like to rmake nyself
avail able for all your questions.

* *x * *x * * *x *

SNI PPETS

Sone peopl e are abnormal |y sensitiveto deconpression sickness. One NewZeal and di ver
is so liable that he nmust [imt hinself to 20 foot depth nmaxi mum

Chest pain after a dive may i ndi cate nedi asti nal enphysenma or nyocardi al i schaem a.

Many di vers are t oo buoyant to maintain a 10 f oot or 20 f oot deconpressi on st op dept h.
Sport divers should avoid dives requiring deconpressi on stops.

Cold gives little warning of the onset of Hypotherm a. Abnormal behavi our
(forgetful ness) may occur. 70%of the human body is within 2.5 cnms of the surface.
Activity increases heat |oss. Danger period continues after the victim has been
removed fromthe water. Heat | oss occurs evenin “warnf water. Severe but reversible
hypot hermi a may produce a deathli ke appearance and therapy be wongly thought
usel ess.

I n-wat er oxygen therapy can be limted to 10 netres by solimting the length of the
gas supply hose.

* * *k * * % % *
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Dl VI NG SAFETY MEMORANDA NO. 18 1978

The O fshore Installations (lInspectors and Casualties) Regulations 1973

Commander SA Warner, Chief Inspector of Diving
Department of Energy - Petrol eum Engi neering Division; MIIbank London SW P40J

Your attention is called to Regulation 11 of Statutory Instrument 1973 No 1842 The
O fshore Installations (I nspectors and Casual ti es) Regul ati ons 1973. Regul ation 11
states that no person shall disturb the pl ace where a casual ty has occurred or tamnper
wi th anyt hing thereat before:-

(a) The expiration of three clear days after the owner of the Installation has,
pursuant to Regulation 10 (a), given to the Secretary of State information
relating to the casualty;

or

(b) An inspector has concluded an investigation of the casualty; whichever first
occurs.

Providing that nothing in this Regulation shall prohibit the doing of anything by
or with a consent of an inspector

Thi s Regul ati on nmust be appli ed wi th conmon sense when deal i ng wi t h a di vi ng acci dent.
First and forenpbst every action necessary to ensure the safety of other people
i nvol ved in the operation nmust be taken

If in doubt, contact a diving inspector

* * *x * * * % *

SEA SECRETS - (Jan-Feb 1979)

QUESTI ON: | understand that people who are cut in the water can bl eed to death.
How do fishes that are cut stop bl eeding and survive? DH, San Diego, California.

ANSVEER: A person who i s severely cut inthe water can i ndeed bl eed to death, not
because the water prevents the bl ood fromclotting, but sinply due to the severity
of thewound. Small cutswill clot, even underwater. Fishes have clotting nmechani sns
simlar to those of humans. Additionally, in fishes, nman, and ot her vertebrates,
t he bl ood vessel s of a wounded area can constrict, reducing further bl ood | oss t hrough
t he wound.

1.51(17) 3382

* *x * *x * * *x *

When the Pepsodent “Ring of Confidence” isn't enough

Inarecent Science Survey tal k, onwhat i s quaintly called“steamradi 0”, the speaker
digressed from horrible tales of the weird and sonmewhat unethical things
psychol ogi sts and psychiatrists (and others) do to i ncrease the beastlyness of man
on man in war in order to note the use of animals as aids in the detection of the
eneny. The training of dol phins is well known now but the training of dogs to snell
for exhal ed breath of divers as they surface in harbours may be | ess reported. This
would seem to mean that any well trained saboteur should insist on an oxygen
rebreathing set if he hopes to escape detection
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Dl VI NG SAFETY MEMORANDA NO. 17 1978

Responsi bilities of a Diving Supervisor

Commander SA Warner, Chief Inspector of Diving
Depart ment of Energy - Petrol eum Engi neering Division; MIIbank London SW P40J

There seens to be some msunderstanding regarding responsibilities of diving
supervisors inthe Ofshore Industry. First and forenost, the Installati on Manager
or Captain of the vessel is in overall command. He has the authority to stop al
diving activity if he considers it necessary for some reason or other; however, he
does not have the authority to override the supervisor and order himto carry out
di ving operations if the supervisor considers it unsafe.

Regul ations require that the enpl oyer of divers/diving contractor shall appoint in
writing a conpetent person, who has adequate knowl edge of the diving techniques to
be used i n the di ving operations for which heis soappointedtocarry out inrelation
to those operations the duties i nposed by regul ati ons upon t he di vi ng supervi sor and
shall secure that all divers engaged in diving operations and diving operations
carriedon, or to be carriedon, by themare under the i medi at e and ef fecti ve control
of that person. |In other words the diving supervisor is always to be in control of
all diving operations with the exception that the Installati on Manager/ Captai n has
the overriding authority described in the first paragraph

There al so seens to be sone doubt as to the status of a nedical officer who nmay be
called in to deal with a nedical problem

Always and at all times the diving supervisor nust be in control of the diving
operations. He should however, naturally, take advice froma suitably experienced
nedi cal practitioner when applicable.

There are very few doctors specialised and experienced in underwater/ pressure
medi ci ne. For instance a doctor who has been a nenber of a di vi ng teamhas an obvi ous
advant age over a doct or whose di vi ng experienceis confinedto the routine of nmedical
exani nation of divers and this should be considered when naki ng deci si ons.

There al so seens t o be a vast nunber of so-called “D ving Consultants” inthe | ndustry
for whomthere are no standards of qualification, neither are their duties included
in |legislation.

Whi |l st every effort to inprove diving safety is encouraged, interference into the
responsibilities of a properly appointed diving supervisor cannot be accepted.

* *x * *x * * *x *

SUBSCRI PTI ONS

Menbers pay $20.00 yearly and Associ ate nenbers $15.00. Associate nenbership is
available for those neither nedically qualified nor engaged in hyperbaric or
underwat er rel ated research. Anyone with an interest in joining should wite to Dr
John Kni ght, Secretary of SPUMS, 80 Wl | i ngt on Par ade, East Mel bourne, Victoria 3002.
Member ship entitles attendance at neetings and the annual Conference, and receipt
of the Journal/Newsletter
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SPUMS SCI ENTI FI C CONFERENCE - SUVA - JUNE 1978

The follow ng precis of the paper has been prepared by Dr John Knight.

THERMAL PROBLEMS OF DI VI NG
G en Egstrom

In 1965 Cousteau stated that cold was the biggest problemfor divers. It still is.
Water tenperatures in California vary between 5°Cor a bit noreinwnter to the | ow
20s in sumrer. These tenperatures require good thermal protection if the diver is
not to get thoroughly chilled. Even so cold terninates many di ves and di vers shi ver
when they cone out of the water.

Humans can adapt to col d. Thi s was denponstrat ed by st udi es of t he Kor ean di vi ng wonen,
or Ama, carried out in 1966. They dive without protection or insulation. They are
fitter than their non-diving conpatriots. They dive two three hour shifts aday with
athirty mnute break between sitting by a fire. They free dive in shall ower water
up, to 10 netres, once every two ninutes. For deeper dives, up to 30 netres, they
use a wei ght to take themdown. They average a bottomtine of a mi nute. At 30 netres
t hey di ve once every four mnutes. They have real col d adaptation with a rai sed BVMR
and a |l ower shivering threshold. Measurenments showed that they voluntarily stop
di ving when they reach a rectal tenperature of 34°C

The best insulationis adry suit. There was an Anerican in the 1890s who had nmade
areputationin wi nter rescues at sea. A rubber manufacturer nmade hi ma wat er pr oof
suit to help himin his rescues. It was so efficient that he was able to have it
devel oped into a drysuit which allowed himto float down rivers all over the world.
Thi s principle was taken up during the Second Worl d War when an i mrersi on suit over
flying clothes ef fectively prolonged survival in Arctic seas many tines. Until the
advent of the i mersion suit the pilots of crashed pl anes were dead when pi cked up,
often within five or ten mnutes of ditching.

The wet suit works by trapping a | ayer of water agai nst the body. This | ayer warns
up to skin tenmperature and is insulated fromthe rest of the ocean by the bubbles
i nthe neoprene. Wt suits are conpressed wi th dept h and so becone nuch | ess effi ci ent
i nsul ators. For best resultsthe hood shoul dbeintegral withthejacket, whichshould
have a spine pad, to fill the vertebral gutter and reduce water novenment in the suit.
The nost efficient wetsuit i s skintwo sides (snooth both sides) asthisisthemnimum
surface area. Textured wetsuits have an extra surface area of about 30% This | eads
to extra evaporative cooling out of the water. Nylon 2 has even nore extra surface
area to | oose heat from

El ectrically heated suits have been tried and found wanting as there are troubles
with wires breaking at novenent points.

The best met hod of addi ng heat to the diver that is in use at the nmonent is the hot
wat er suit. Hot water i s punped downto the diver through an unbilical. The unbilical
restricts his nmobility by one third.

Dry suits are excellent insulation, but have buoyancy probl ens. Thermal regul ation
is controlled by the hypothal amus and is automatic.

Man functions in a range of +3°C. He is incapacitated soon after exceeding these
limts. The confort rangeis only 1.5°Ceach way and t he body under goes consi der abl e
changes tonmaintainitself inthis range. Man contains about 6,000to 7,000 cal ori es.
He devel ops problens if he | oses or gains 300,000 calories.
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When cor e t enper at ure drops 1°C net abol i ¢ heat productionis increased, and shivering
starts if it has not already started. Wen the body is cold, and is renoved from
the cold environnent, the core tenperature continues to drop, the afterdrop, which
can be as much 2°C. This can cause problens with cardiac action.

Vasoconstriction and continuing cold eventually | eads the cold dilatation. Herethe
bl ood vessel s becone tenporarily unconstricted, allowi ng normal blood flow. This
warms the extrenmty, and heat |loss rises. Then the blood vessels contract again.
The process is repeated at intervals.

If you get hypotherm c enough to stop shivering and feel good, you are likely to
vasodi | ate due to | ack of central control as you have little heat production you | ose
heat very rapidly.

At 34° Cthere is a definite drop in performance. Below that performance is very
poor .

A well protected diver in a quarter inch wet suit will denobnstrate a decrease in
efficiency after an hour at a water tenperature of 65°F, he has a 30%I oss at 40°F.
Sinple well learnt tasks are |l ess affected than conplicated | ess well |earnt ones.
Fine digital manipul ation suffers an 80%I! oss after one hour in cold water. Manual
assenbly offers a 60% | oss.

High heat |oss areas are the head, which has virtually neither insulation nor
vasoconstrictive capacity, base of neck, sides of chest and axillae, and the groins.
Thi s has been denonstrated by thernography.

Heat adaptation; those from hot clinmates feel colder in cold water than those
accustoned to the cold water. Wen you nove to the tropics you dive without a wet
suit at first, but soonfindthat awet suit i s necessary to preserve thernal bal ance.

Hayward et al. have shown slower cooling in water if groups huddle close or if
i ndi vi dual s adopt Heat Escape Lessening Posture. This is a significant inprovenent
over drown proofing as you keep your head out of the water and so | oose | ess heat.

Divers are not only at risk fromcold, for two nen died in the North Sea oil fields
fromhyperpyrexia. A conbination of circunstances resulted in extra pressure being
added to a warned chanber and the heat | oad of conpression was fatal.

In saturation diving divers | ose weight. Some of it is water |oss, but some of it
is body tissue. Upto 25 1b have been | ost by divers in saturationin the North Sea.
By | osi ng body wei ght the diver | oses heat tolerance. The | ean | ose weight faster
than the fat.

Rewar m ng nmet hods range fromhot baths, to i nhal ati onal warni ng (whi ch has probl ens
to overcone) to passive warning.

Hayward et al. have designed a jacket, which | ooks |ike a thick w ndproof slicker,
whi ch has quarter inch neoprene inside it, whichis for use on boats or watersides.
If youfall inthe jacket is buoyant and fl oats you had up, and thereis a flap inside
which allows it to convert to the top half of a wet suit so providing good thernal
protection. The U-Vic Thernofloat is available in Australia fromProtector (safety
equi prent firm.
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DI VI NG SAFETY
G en Egstrom 19 June 1978
Preci s by John Kni ght

Di vi ng i s no nor e danger ous t han sone ot her sports. Know edge of therisksis hel pful.

Problems are that the nediumis different, nmasks give tunnel vision, breathing is
restricted, the wetsuit gives extra buoyancy, so |l ead i s needed to counter weight,
tank harness is restrictive, as is the buoyancy conpensator and the buckles are
invisible. Added to all this is the extras that divers take, caneras etc, and water
conditions, such as surf.

Successful adaptation is the key to safety. The safe diver asks “is there anything
| ought to know before | dive” in strange pl aces.

Al t hough nor e peopl e are trai ned each year deaths are proportionately steady. Deaths
occur nostly in the newy trained and those diving in strange conditions.

Dr Edstromthen di scussed various barriers to performance. Anobng themwere badly
fitting equi prent and he i nstanced an ei ght year ol d with adult equi prent. The extra
| oss of binocul ar vision that comes with nose covers in nasks was noted as was the
physi ol ogi cal energy costs of swinmming rates and fin sizes. Fin stiffness and size
requi renents vary with the individual and the workl oad. Metrol ogi cal barriers
i ncluded the right way to drop a wei ght belt, and t he al nost undroppability of sone
hone made belts. Regul ator perfornmance i s usually excellent at the surface but | ess
good at depth and | ow pressures. The resi stances to breathing vary consi derably with
depth and respiratory rate. At 6 breaths a nminute (BPM npbst have satisfactory
resi stances, at 15 BPMnost are not so good when deep, and at 30 BPM and deeper than
40 netres nost have nore than 40 cmof water resistance to inspiration. Buoyancy
conpensators tend to have the bag out of the water and sone float the unconscious
di ver face down.

DROVWNI NG
Darryl Wall ner 19 June 1978

About 8,000 people die in the USA each year fromdrowning. This is about 10% of
acci dental deaths and 47%of deaths in children under four. For the ACT the death
rate fromdrowning is 4.7 per 100,000 of which 2.6 per 100,000 is in freshwater.

The basic problemis water in the lungs causing intra-pul monary shunts which | ast
for 24-40 hours. There is an increased A-a Oxygen difference which can be 300 to
600 nm Hg. The decrease in Pa(Q, | asts |onger than the shunt.

In salt water, which is hypertonic, there is alveolar damage and inhal ation of
particulate matter. In fresh water, whichis hypotonic, thereis |oss of surfactant
| eadi ng to al veol ar col | apse and damage. In both cases there is pul nbnary oedena
and shunti ng.

An added hazard is the associ ation of hypotherma. In 15°Cwater an adult will | ast
two hours bef ore becom ng unconsci ous, but an ei ght year old boy will | ast only about
thirty mnutes. The hypotherm c heart doesn’t function well, there is considerable

acidosisinthetissues. Thereareproblemswithrewarm ng. Ventricular fibrillation
can be precipitated by injudicious treatnents such as External Cardi ac Massage,
sudden postural changes, intubation, tenperature probes being inserted, hyper-
ventilation, cardiac stinulants. In acute hypothermia the treatnent is rapid
rewar m ng.
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Treatment of drowning is first expired air resuscitation and then to hospital. The
victims may need ventil at ory support, oxygen, PEEP. They can devel op pul nonary oedena
12 or nore hours after the incident. X-rays are useful for follow ng the changes
of the pul nonary oedema. They can devel op pul nonary necroti sing pneunonitis days
| ater.

In one series there were the foll owi ng conplications.

Pneunot hor ax 75
Pneunonedi asti num 65
Gastroi ntestinal bl eeding 33

(Di ssemi nated intravascul ar coagul opathy and stress ul cers)

Neur ol ogi cal sequelae were found in 12% Al had been conatose, had intensive
cardi opul nonary resuscitation, a pHless than 7 and been nechanically ventil ated.

The doctor should be worried about those with changes of consci ousness (shoul d stay
in hospital at |east 24 hours) and those with X-ray changes in their |ungs.

Inaseriesof 91 cases fromFl ori dathose who had normal chest X-rays were all alright,

t hose who were conscious and alert on arrival at hospital all did well. Those who
were comatose died. |If Pa®; was nore than 150 mm Hg t hey survived.
Fi o2

DI VER PERFORMANCE
G en Egstrom 20 June 1978

Psychol ogi cal factors are i mportant. UCLA devel oped a “Pressure Facility” in which
a pressure of 0.5 psi of warmair could be achieved. The subjects were told that
t hey coul d expect to be af fect ed by narcosi s at 100 feet. They were tol d about cl eari ng
their ears. Those who had no know edge of t he degree of stress they were bei ng exposed
to had a performance which went off with time. Those who believed they were in a
stressful environment had a perfornmance that went right off very quickly.

Learni ng takes practice. Two hand coordi nation requires 17 to 21 successful trials
for good perfornmance. Buddy breathing requires 15to 17. Reinforcenent is required.
Buddy breathing 15to 20 ti nmes during the diving course and then reinforce quarterly.

In task testing strength required, manual dexterity, position and endurance are all
factors to be considered.

Envi ronmental stress cannot be quantified but it affects performance. There is a
low | evel of decrenent (10% in recognition (short termmenory). Recall w thout
recognition has an extra 15% decrenent. Di stance estimation is affected.
Overestimates are nade in clear conditions, underestimates in turbid water. Size
estimatestendto betoolarge for snall objects andtoo snall for | arge ones. Hearing
is less efficient in water than in air. Narcosis gives a definitely neasurable
decrement at 60 feet.

Per f ormance decrenents are envel opes on graphs not lines. Sinple and well |earned
tasks are | ess affected than conplicated and unfaniliar ones. Col d and carbon di oxi de
al so change t he envel ope shape and position.

It is possibleto adapt to narcosis, as to al cohol. Stage down 1 At atinmeto inprove
performance by adaptation.
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Conpari ng experienced di vers with novi ces at 2 ATAone finds that the heart raterises
nore in novices. Experienced divers pace thenmsel ves so that the heart rate remains
stable: 140 is fairly typical. UCLA students preparing for a dive often have heart
rates over 150.

Sinmpl e novenents are | ess affected by cold than conplex fine novenents. There is
a predictable loss of notor function as a result of cold.

SALVAGE DI VI NG
I an Lockl ey

Refl oating stranded vessels is the magjority of Sal vage Pacific’'s work. However the
sal vaging of the oil fromthe President Coolidge involved a |Iot of diving.

The President Coolidge hit a mne off Espiritu Santo in the New Hebrides in Cctober
1942. She was run onto the reef and stayed t here | ong enough for the troops she was
carrying to be got off, then she slid back into deep water. She |l ay undi sturbed until
1967 when during the course of a survey anot her sal vage firmrenoved t he propellers
wi t h expl osive. This blewsone of therivets and started oil pollution of the harbour.
The area is geologically active so the ship gets shaken pretty regularly. 1In 1973
the price of oil rose and Sal vage Paci fic suggested an oil survey, this was carried
out, then there was another big | eak and P&Owanted oil in Santo. So the conditions
were right for sal vage

| an Thorn showed a fi | mof boththe survey and sal vage. It i s one of the best underwat er
films | have seen.

Sone facts about the diving. The depth was 180 feet or | ess. The deconpressi on were
carried out in a bell which allowed the men to get out of their wet suits and sit
inthe dry. They winched the bell upits mooring rope in accordance with the tables.
They did sone 5000 odd deconpression dives.

There were two type 1 (pain only) bends which both cured at 30-40 feet on oxygen

The chanber was val uabl e when nmen had to do free ascents after running out of air
as they could stop 30 feet below the surface.

One observation was that on sonme days they coul d work at 180 feet, on other days they
could not. There was no pattern to this and they were unable to give any reasons.

BARCTRAUNVA
lan Unsworth

Bar ot rauna of descent is very common. Barotrauma of ascent is usually | ung damage.
For this reason every diver should have a chest X-ray to exclude cysts and bull ae
which are absolute contraindications to exposure to pressure. Among the
preci pitating causes of burst lung are deliberately enptying the lungs to closing
vol unme which | eads to air trappi ng, asthma and ot her causes of airway constriction.

A clinical case of burst lung occurring during hyperbaric oxygen therapy was

descri bed. The patient had a tracheostony and his mucus was stickier than usua
| eadi ng to airway obstruction
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ENT PROBLEMS OF DI VI NG
Dr Bill Hurst

The conmmon causes of nasal obstruction are septal deviation, allergy, polyps,
vasoneter rhinitis and infection. Pol yps are usually the result of allergy or
i nfection.

Acute sinusitis, often precipitated by a cold, inhalation of infected naterial or
byinfectedteeth, requirestreatment withantibiotics (Arexil, Bactrim Tetracyclines)
and decongestants. The infecting organismis often a haenophilus. |If there is no
i nprovenent in two weeks antral washout shoul d be considered.

Chronic sinusitis which gives rise to a continuous purul ent nasal discharge, nasal
obstruction and a headache, should be treated by operation, either an intranasal
antrostonmy or a Cal dwell -Luc.

Si nus barotrauna. |In the series reported by Fagan, McKenzi e and Ednonds, t here were
68 patients with barotrauna of descent and 32 with barotrauna of ascent. The comon
synmptomwas frontal pain. 50%had recently had an upper respiratory tract infection
and 50% had ear abnornalities at the sane tine.

The best prophylaxis is not to dive. The acute phase should be treated with
decongest ant s.

Qitis externa. Before going to the tropics one should have wax and debris renoved
fromone's ears.

For prophyl axi s he recomrended Vosol , whi ch cont ai ns acetic acidin 70%al cohol. This
lowers the pH and inhibits the division and multiplication of pseudononas. The
al cohol hel ps dry the ear.

For treatment he recommended Sofradex, which contains Framycetin, Colistin and
Hydrocorti sone.

O her prophylactic drops could be used, eg. aluminiumacetate, gin or vodka.

Physi ol ogy of | nmersion
A en Egstrom

NAASA publ i shed an annot at ed bi bl i ography of i mersion andits effects in 1974 whi ch
he had found very useful.

| nrersion affects respiration. A person inmmersed to the neck has a decrease of his
expiratory reserve volunme of 11%and 20 cmunderwat er using apparatus there is the
sane effect. Breathing oxygen neck imersion reduced the vital capacity by 22%
compared wi th air breathing control. Oxygen breathing potenti ates atel ectasi s, which
can be reduced by forced deep inspirations. N trogen elinmnationis increased with
i mersionto the neck. In 35°Cwater it is 35%nore thanin air, while in 37°C water
itis42%nmore. Therate reduces with time and the i ncreased eliminationis probably
due to increased peripheral circul ation.

Vai| showed sone years ago that there was a reduction in snmall airway dianeter with
forced expiration | eading to coll apse and gas trapping. Even in shall ow i nmersion
one gets gas trapping with a decrease of the vital capacity of 2% Exercising in
t he hori zontal positiongivesrisetoalesser decrease. Going fromnegative through
the eupnoeic to positive pressure breath can negate the changes.

76



The breathing patternin air is a pause after breathing out. |In water the pause is
after inspiration with inspiration following imediately after expiration.

Car di ovascul ar changes i ncl ude an i ncrease of 38%i n cardi ac out put, with anincrease
i nstroke volune of 25 M (35% . Divingbradycardi aoccurswithfaceinmersion. There
is an increase of up to 700 M in the central blood volune. The CVP rises. There
is a bradycardia which increases with time i nmersed. The diving reflex, apnoea and
bradycardi a on face i nmersion is nore noticeable with cold water. The forearmbl ood
flowis decreased by 60%while the forearmresi stance is increased by 40% Al though
the heart rate goes down the energy cost is unchanged.

The sudden death syndrone has recently been described. M ddle aged men return from
a dive on the surface, are alright for a while then devel op respiratory trouble and
die. The post nortens have normally given the cause of death as drowning. There
is speculation that what kills themis a hypertensive epi sode opening intracardi ac
shunts L-R

Diuresis is alnost inevitable. A diver working hard at 150 feet will develop a 3
to 4 pint (Anerican) decrease in his plasma volune. Negative pressure breathing
i nduces a diuresis of up to 500 m/hour; diuresis subsides after 2-3 hours with
i ndi vi dual variations. Sodiumexcretionisincreased. Cold causes diuresis, as does
al cohol . Respiratory water lossis500to600m adayinnormal air, dry gas i ncreases
the water |oss. The effects of water loss in terns of performance, work capacity
gas uptake, etc. is not understood. I mrersion diuresis is reduced by positive
pressure breathing. The diuresis varies with water tenperature, fitness, age, etc.

Ski n does not take kindly to being constantly wet, the diver devel ops pain, cannot
work properly and the skin eventually sl oughs.

NEW TOYS
G en Egstrom

This was a review of various advances in diving technol ogy.

1805 - Ful l arton produced a di ver’s suit which protected the areas of hi gh heat | oss.
1918 - De Graaf produced a 1 atnosphere diving system It |eaked.

1918 - Leavitt produced a 1 atnosphere diving systemw th articul ated arns and | egs.
There were problens with the ends of the arns.

The USN st andard di ving dress Mark Vis very sinilar tothat i ntroduced by Si ebe Gor man
over 100 years ago.

The Mark VIII is capable of 1000 foot depth in theory, however 600 feet is as far
as it has been taken. There are two 90 cuft 5000 psi bail out bottles which give
a bail out capability. This is enough for a no-stop 300 foot dive ascent. No dive
to that depth is no-stop. It is a hotwater suit with an unbilical connector bl ock
weighing 23 Ib. There are troubles with the unmbilical - 300 feet costs $17, 000.
Al t hough t he unbi | i cal was desi gned t o wei gh 1/10th of a pound per foot it has flexible
wal I s and at 450 f eet actual | y wei ghs 6/ 10t h of a pound per foot. The hel net i s buoyant
and the diver is weighted on his chest and wai st.

The Mark XI'l should have been in service two years ago. The helnet is neutrally
buoyant. The diver wears the wei ghts on his thighs which gives himbetter nobility.
It isinits 7th year of devel opment. The nmajor problemis that Mark Vtrained divers
are reluctant to learn the new skills demanded by this equipnent.
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One atnosphere suits have a future. The Galleotzi suit of the 1930s had linited
visibility and the articulated joints leaked. JIM the current w dely used one
at nosphere suit, has articulated arns which don't |eak and a | arge viewport in the
hel net giving very good visibility.

It takes only 6 hours trainingtolearnto operate JIM JIMis a one man subnersible
which can wal k. It is non-conbatant. It canwork in currents that i nmobilise a Mark
Vdiver. It is confortable and the |ife support systemall ows tenmperature control.
It is highly nobile. In an enmergency the operator can ditch the wei ghts and ascend.
There is no need for deconpression. Wth all these advantages go sone drawbacks.
It isbulky. It is expensive. Tolease aJl Mcost $300, 000 f or si x nont hs and $500, 000

for ayear. It is air transportable, and the four man crew need 12 hours to prepare
it for operation after it has arrived. The |ife support systemlasts for 10 to 11
hours. It has made successful dives (working) to 1700 feet and under the icecap.

Under devel opment are SAM a slinmmer version of Jl Mdesigned to work between 150 and
2000 feet, and WASP. WASP is a devel opnent of the idea of Lethbridge in the 18th

century. It is a one atnosphere systemw th noveabl e arns but no legs. Mbility
i s by neans of thrusters at the side. Visionis good, but the devel opnent is halted
as the designers lost a patent conflict. It should be nore nobile than JIM

Most di vi ng conpani es are now equi pped for saturation diving (the state of the art)
and are not keen on changi ng t o one at nosphere systens. There are advantages in the
newsystem The operat or has no need for di vi ng experi ence, he only needs work skills.
There will be problens with unions and di vers when the 1 ATA systens becone wi dely
used especially as it is likely that the cost of the systens goes up the di vers wages
will go down. However it seens |ikely that JIMand WASP wi || be wi dely used for work
bel ow 150 feet within the next 5 to 10 years.

Dysbari c Osteonecrosis
John Kni ght

Dysbari c osteonecrosi s is only one of many causes of osteonecrosis. |t has been known
to occur in conpressed air workers since 1911 and in divers since 1941. It was not
t hought to be an inportant condition until the [ ate 1960s when Wal der and McCal | um
descri bed the incidence in conpressed air workers. O 1694 nen, 334 had definite
lesions (19% . 40%of the lesions were juxta-articular, which neant that 7.6% of
t he men had a potentially serious | esion. 1.9%had a disability. Oher series showed
| ower incidence, for instance the RN survey by Elliot and Harrison of 383 nen had
a lesion incidence of 8% and the | esions were only found in men over 30.

The Medi cal Research Council in the UK forned a deconpression sickness panel which
nonitors the X-Ray films of all conpressed air workers and commerci al divers . Last
year Dr Davi dson, one of the consultantstothe panel, visitedAustralia. |n Septenber
1977 the panel had X-ray filns of 2300 conpressed air workers with an incidence of
383 lesions (17% and 2316 divers with 60 I esions (2.4%. O the divers 804 had never
been bel ow 150 f eet and wer e presuned t o have never used helium They had an i nci dence
of 0.4%of | esions while the 1138 nen who had been bel ow 150 feet and presunably had
used heliumhad a 2.7%inci dence. The incidence in divers is |low but this may be
an artifact as the statistics for divers have not been “collected” for |ong.

The cl assificationwas di scussedandillustratedwithX-ray filnms. Al schenes divide

lesionsintojuxtaarticular (AG oup) and Medul I ary | esions (B G oup) withdifferent
sub groupi ngs dependi ng on the origin of the authors. The MRC group do not believe

78



t hat bone i sl ands or cystic areas are i ndi cative of osteonecrosi s, whilethe Japanese
do. Sone cystic areas cl ear over the years, whi ch suggests that they are an on-goi ng
process of repair of danage.

The mai n probl emw th osteonecrosis studies is that the | esions are followed by X-
rays, it is a diagnosis based on shadows whi ch take nonths to appear. Experinments
usi ng gl ass spheres have shown that it takes over 3 nonths for the X-ray change to
show up whil e the histol ogi cal change is visible under the m croscope i n days. Not
al | areas danmaged showt he X-ray changes so t he current techni ques whi ch showpromni se,
estimation of the urinary hyxroxyproline andtechneti umscans (whi ch often showareas
whi ch do not go on to X-ray change) have problens. Could one really tell a diver
to give up his occupation on the basis of aurinetest, only to find no X-ray changes
ever devel oped?

The Japanese have a | arge experience in dysbaric osteonecrosis as they have diving
fi shernmen who do not pay much attention to deconpression. 1In one survey 268 of 450
di vers had definite l esions (59% . The incidence was hi gher after 5 years of diving
and in those who had been deeper than 30 netres. 73%of the men with | esions had
been treat ed f or deconpressi on sickness. On the other hand, Seal ey has reported t hat
usi ng t he Washi ngt on St ate Tabl es his series of 86 nen have only ni ni mal bone changes
in 6% all in the youngest third of the nen.

What ever the causes of dysbaric osteonecrosis, and arterial blockage by bubbles
(unlikely), gas induced osnmosis (no | onger favoured) and venous bubbl es have al | been
postul at ed, there does seemto be an associ ati on wi th carel ess deconpressi on. Navi es
whi ch on the whol e are careful about deconpressi on have nuch | ower incidence than
other series. Sports divers used to be considered unlikely to devel op the changes
but in WIlians and Unsworth’s paper fromSydney there were three cases in 19 sports
di vers surveyed. Wat the real incidence in Sydney sports divers i s anyone’s guess
as there are certain to be nore than 19 such cases in Sydney.

One of the things that stands out in the literature is that the X-ray diagnosis is
very dependant on personal opi ni on, whi ch needs to be checked and checked agai n. Mre
is being | earnt about the progression and incidence, but why sonme | esions progress
and others do not is still unknown.

Physi ol ogy of Diving Mamal s
John Kni ght

Thi s paper followed that by A en Egstromon the physiology of imMmersion. It was a
rapi d revi ew of the various adaptations by the marine and aquatic manmal s to their
envi ronnent .

The diving responses which are present in all mmmals are, bradycardia,

vasoconstriction, lactic acidosis and anaerobic netabolism This is nornally
precipitated by putting the snout under water. The advantages of these responses
are better perfusion of the heart and brai n, decreased oxygen needs, i ncreased oxygen
extraction, energy productionw thout oxygen and mai nt enance of the core tenperature.

The di sadvant ages of diving i nclude an oxygen debt, tissue anoxi a and hypot hermi a.

Man i s an inefficient diver, his pulse rate only drops fromabout 75 to 40-50 while
t hat of the porpoise drops from60 to 30, the whale from100 to 12-24, the seal from
70-140 to 7-14, the hi ppopotanus from100 to 10-20 and t he beaver from75-90 to | ess
t han 10.
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Wthpracticeall mammal s can i nprove t heir performance by acquiringincreased oxygen
stores, increased lung capacity, and increased efficiency of ventilation, better
tol erance of hypothernia and of oxygen debt, a decreased shivering threshold and
better subcutaneous insul ation. These allowbetter resistance to thoracic squeeze,
i ncreased dive duration, and tol erance of cold water

On top of this the specialised aquatic mammal s have a rounded body contour which
stream ines them 1lungs which collapse so that at depth the air is in the ngjor
ai rways, special bl ood vessel adaptations to allowfor filling the |ungs and m ddl e
ears, and changes of renal function. As their air containing spaces are able to be
filled with expanded bl ood vessel s they avoid barotrauna. As the lungs are enpty
of air there is no extra nitrogen uptake so they avoid deconpression sickness and
nitrogen narcosis. They are able to naintain cerebral perfusion, and can use the
venous oxygen stores. Due to their insulation and stream ining they have better
tolerance to cold and excellent sw nmmng powers.

Wi | e man can hol d his breath for 3 ninutes the beaver can | ast 15, the porpoise six
and t he seal s from20 to 40 m nut es dependi ng on speci es. The whal es are the w nners,
wi th the bottl enose whal e | asting 120 mi nutes underwater. On the basis of predicted
oxygen stores nan is only marginally | onger than expected, but the porpoise, which
is expected to breath hold for 2.5 minutes can actually dive for 6. VWile the
bottl enose, which should in theory |ast 36 m nutes underwater can |ast 120. Wen
we consi der depths, man has recorded to 305 netres, the Wddel seal to 550 netres,
the bottl enose whale to 825 nmetres and the sperm whal es entangl ed with subnarine
cabl es have been retrieved fromthe site of the break in this depth.

Turning to respiratory function, the aquatic manmmal s breath nuch | ess often than
terrestrial but with a nuch I arger tidal volume. Although the aquatic manmmal s have
| ess |l ung vol une per kg body wei ght than man, they use it nore efficiently, and have
a | ower oxygen usage per kilo of body weight.

Cinical Deconpression Sickness
John Kni ght

Twel ve cases of deconpression sickness occurring on the island of Nauru were
di scussed. One di ed before deconpression. O the others treatment was successfu

in all except one, who had been treated two nonths before for pain in the shoul der
and weakness of that arm This tine he energed fromtwo treatnments a parapl egi ¢ and
was then given six days hyperbaric oxygen w thout any inprovenent. He was |ater
transferredtothe Royal North Shore Hospital i nSydney, and by thetinme of the neeting
was sai d to be wal ki ng agai n. The conmmon feature of the Nauru cases was great depth,
over 200 feet, and onmitted deconpression. The cause of this diving patternis the
overfishing, using scuba, of the redfish (a local delicacy) fromthe upper |ayers
of the water. Now one had to go to 200 feet to find the | arge ones. The standard
treatnent in the Nauru chanber has been USN Tabl e 5, which was i n-appropriate inthe
presence of neurol ogical synptons (Table 6 should be used).

An interesting case treated at Truk during the |ast SPUMS Annual Conference was
present ed. This man presented on Sunday, having been diving on Wednesday and
Thur sday, onitting deconpression. Follow ng Wdnesday’s dive, he got a paininhis
back, which was not affected by Thursday's dive. Hi s nain problemstarted on Fri day
afternoon, with sciatica and bl adder problens. Being a true diver he treated this
wi th beer. Al though he had nunbness bel owt he knees, he conti nued t he beer treat nent
t hrough Saturday and Sunday. He had di agnosed his own condition and nentioned it
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to some SPUMS nmenbers. |t was agreed, inconsultationw th the hospital authorities,
totreat himat the hospital in the single man chanber. The ride of about two niles
over one of the worst potholed roads in the world changed himfroman ataxic with
anaest hesia belowmd calf into a paraplegic with a paralysed left arm Suchis the
power of shaking. He was al nost conpl etely cured when he cane out of the pot at 1.30
amw th a residual weakness in his |eft | eg and sone m nor anaesthesia of his toes.
But by 9 amhe was agai n al nost conpl et el y paral ysed bel owt he wai st and was retreated
wi th oxygen. He inproved but was still weak in his left leg and this worsened over
the next day or so. He was not treated again as we were using oxygen to conpress
the pot and did not wi sh to expend the island s supply. No one knew when t he next
ship would arrive with oxygen on board. He was transferred to the USN hospital at
Guamand fromthere t o USN hospi tal at Bet hesda Maryl and wher e he recei ved hyperbari c
oxygen w t hout much inprovenent. He has now been lost to follow up.

M NUTES OF THE AGM OF SPUMS HELD AT SWVA
Conti nued from page 83

The accounts had been audited by RG Goddard ARM T AASA

As there had been consi derabl e expenditure after the books had cl osed, there was a
need to i ncrease subscriptions by $5to $20 and $15. Proposed by Rehfi sch and seconded
McCartney. Carried.

Committee El ections: There being no further nom nations the foll ow ng were decl ared
el ect ed.

Pr esi dent [ an Unsworth

Secretary John Kni ght

Treasurer Bi Il Rehfisch

Edi t or D wal ker

Commi tt ee menbers Vi ctor Brand
Ray Leitch
Chris Lowy

Appoi nt rent of Honorary Auditor: Proposed W Rehfisch, seconded J Knight that RG
CGoddard be appointed Honorary Auditor. Carried unani nously.

No further business the neeting closed 1930.
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Exercise and the Heart: is “Nornf right?

Fromtinme to tine, when the ABCis not telling us of the wonderful prograns to be
seen sone ot her tine, we are favoured with Norm the [ ast of the all round sportsmen.
He sits in his chair and drinks his beer rather than going out in his car to the
countrysi de or taking the dog for a wal k. But some recent research seens to indicate
that Normis onto a good thing, way in advance of accepted teaching. A nunber of
newspaper reports should | ead hi mto sink deeper into his chair and take a discrete
swig fromhis “cold tube”

First there was the report of the South Australian ministerial working party
conmmi ssioned to report on physical fitness. It decided that noderate exercise such
as gentl e j oggi ng, was not enough. Regul ar, sustai ned and energetic exerci se, roughly
equi val ent to a fast singles tennis match, was necessary if benefit was desired. The
ef fect was then equal to | owering the chol esterol I evel and cutting out cigarettes,
it was cl ai ned. However they added that such activity significantly reducedtherisk
of coronary heart disease as well as providing other health benefits. But Dr Colin
Bl oor, at the University of California School of Medicine near San Di ego, has been
trying to put this thesis into the realmof proven fact ... and come up with the
wrong results. His research teamhad ten small pigs running in atreadm !l for the
equi val ent of 40 km per week for one year while nmatched litter-mates were all owed
to laze around. The treadnill pigs | ost 20%of their weight in conparison with the
ot hers but although their heart efficiency inproved their circulation did not. 1In
fact it was no better than that of the lazy pigs. This has been taken to indicate
that their risk of heart attack has not been reduced, a surprise to Dr Bloor and his
research team all of whomare dedi cated | ong-di stance runners. So nuch for exerci se.

An Anmerican heart specialist, Dr Arthur Kl atsky, of the Kaiser-Permanente Medi cal
Centre in California has recently reported on the results of his studi es of the ECGs
of 39,479 men in an attenpt to link heart disease with the use of alcohol. He told
t he ei ghth Worl d Congress of Cardi ol ogy in Tokyo, accordi ng to the newspapers, that
whi | e regul ar | arge anounts of al cohol probably caused heart troubl e in sone peopl e,
abstinence could increase the risk of an attack. Conpared with non-drinkers, men
who had two or | ess drinks daily had a |l ower preval ence of abnormal ECGresults, while
conmpared with non drinkers those who had three or nore drinks daily had no nore
evi dence of abnornmal ECGs. These findi ngs were i ndependent of age, snoking, coffee
use, or previous “heavy” drinking.

So once nore it seens that Nature |ikes the noderate rather than those who strive
too fiercely to the differ fromthe norm \Wich is what we wanted the Experts to
find out, one nay inagine!

*x *x * * % *x *x *
NOTHI NG S FOR FREE

M Bell, British based managi ng director of Shell G| Exploration, has said that his
firmis now spending $1500 a minute on their North Sea G| operations.

A VERY LUCKY DI VER

Keith Monery, a 23 year ol d skin-diver, becane unconsci ous and sank whi |l e di vi ng of f
Penzance, U K., recently. H s |life was saved t hrough the acti on of Beaky, a dol phin
wel I known to the | ocal divers, who swamdown and not only brought himto t he surface
but kept himafloat till rescuers arrived. Not everyone who di ves al one can expect
such providential succour.
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M NUTES OF THE AGM OF SPUMS HELD AT 7 PM on Wednesday 21 June 1978 at the Tradew nds
Hotel, Suva, Fiji.

Apol ogies: C Lowy, R Leitch, D \Walker.

Present: | Unsworth, (President), J Knight (Secretary), WRehfisch, (Treasurer),
V Brand (Conmittee), A Balthasar, T Cairns, C Barrett, B Coyle, J Doncaster, C
Fri endshi p, RHare, WHurst, P Kay, J Mannerheim P MCartney, P MCartney, A Robson,
A Slark, T Swain, R Sutherland, T Trewartha, D Wl |l ner, GWaver, J Watson, A New vy,
G Davi s.

M nutes of the last neeting were read by the Secretary.
Matters arising: SPUMS Prize. No applicants by the due date.

Annual Report: The President wel comed t he attendance and i nterest shown by nenbers
in the Scientific Conference. The Secretary presented a short report.

Downunder’ 77 was not a success. The Australian papers were at |east as good as
overseas but there was little support fromAustralians and poor organi sation spoilt
t he congress.

SPUMS, UMS and t he Medi cal Conmi ssi on of CMVAS co-sponsored the First Wrld Congress
of Underwat er Sports Medi ci ne as part of Downunder 77. The secretary was not al | owed
any part in the organisation and had to threaten to withdraw SPUMS' partici pation
to get any information at all.

Three other neetings have been hel d:

* Adel ai de October 15th with 12 menbers attendi ng

* Mel bour ne March 11th wi t h about 30 menbers. This was a joint neeting wi th POAA
Dr Davi d Youngbl ood spoke on Medi cal Probl ens of Saturation Diving. Excellent
papers from both doctors and divers.

* Sydney April 8th about 30 nenbers. Agood neeting at t he Roche Research Institute
of Marine Pharmacol ogy. This was followed by a dinner in Sydney.

Menber shi p breakdown as of April 1978

Doctors 181
Engi neers 1
Pro Divers 3
Medi cal Scientists 6
Sports Divers 1
Diving Instructors 1
O hers 8
Tot al : 230

The Annual Scientific Conference was in progress with Dr d en Egstrom Professor of
Ki nesi ol ogy at UCLA as the guest speaker. Both diving and sci ence were good val ue.

Once agai n t here had been a poor response to calls for nom nations. Only the present
committee noninated. No business had been offered for the AGMto discuss

Treasurer’s report.

Sunmari sed as

Cash in hand 1 May 1977 3004. 94
I ncone 3920. 09
$ 6925.03
Expendi ture 2586.48 = renunining 4338.55

conti nued on page 81
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Physi ol ogi cal Concerns of Wwnen Scuba Divers
Susan A Bangasser, NAU 3910, California

Many wonmen now enj oy the sport of scuba diving. The nunber of wonen certified from
t he basi c di ver through instructor | evelsis continuouslyincreasing. Yet many wonen
di vers experience anxi ety over participating in sone scuba diving activities dueto
personal problens. For exanple, can a fenmale dive in the ocean when she is having
her nmenstrual period? Mst scuba cl asses don’t touch onthese subj ects and nost fenal e
students are reluctant or enbarrassed to ask the instructor. Furthernore, thisis
not a very popul ar topic for diving magazi nes, since the magjority of their readers
are male. | will cover nost of the physiol ogical areas that are of concern to wonen
di vers. These areas include diving in thermal confort, diving during the nenstrual

period, diving while using birth control pills, and diving during pregnancy.

Ther mal Conf ort

The first subject, diving in thermal confort, covers the sensitivity of females to
col d and hot conditions. Wnen have a | ayer of subcutaneous fat which acts toretain
body heat because of the | ow thernal conductivity of fat. This has been shown to
be an asset to the Ama divers of Korea. However in my experience as an instructor,
many femal e di vers suffer fromdivingincoldwater sooner than their mal e col | eagues.
As recent study indicates that there is indeed a physiological basis for this
phenomenon. | n considering an individual’'s sensitivity to cold, tw factors nust
be considered: (1) the degree of body fatness, and (2) theratio of surface
area to body nmss.

Lean wonen (|l ess than 27%body fat) have a | arge surface area to body nass rati o and
therefore cool at afaster rate. Above afatness of 30% nen and worren nmai ntai nsimlar
| owl evel s of heat producti on when pl acedin cool water. To solve this problem anyone
who cool s easily shoul d invest in an adequate and properly fitting wet or dry suit.
I f uncontrollable shivering begins, get out of the water.

Sensitivity to heat is inportant to divers carrying heavy gear and suiting up during
t he hot sunmer nmonths. The fenale’'s body tenperature will rise 2°to 3° higher than
the nal e’ s before the cool i ng process of sweating begins. Al so, the fenal e has fewer
functional sweat glands. The solution to this problemduring prol onged periods of
very strenuous activity is to periodically cool off. A dunk in the water before
donni ng one’s tank and weight belt usually is easy to do.

Menstrual Peri od

Anot her area of concern to wonen is diving during the nmenstrual period. Wether a
worman shoul d di ve during this tine depends on just howwell she feels. [If the diver
feel s fine, go ahead and dive. Inthe A ynpics of 1972 and 1976, fenal e medal wi nners
were at all stages of the nmenstrual cycle. The nenstrual period di d not prevent top
performances by the athletes. If however, severe cranps or disconfort are
experi enced, the woman shoul d post pone her di ving. One conpli cation of the nenstrual
periodis fluidretention. Oedena may nake a wormman nore sensitive to deconpression
si ckness. Femal es shoul d foll ow conservatively the No Deconpression Table of the
Navy Diver Tables, if diving three days prior or during her period.

Wnen who dive in salt water during their period frequently ask, “Wat about the
sharks?” The average blood | oss during a periodis 25 to 70 cc, over three to four
days. Internally worn protection, eg. atanpon, is preferable to an externally worn
napkin. There is no evidence of increased shark interest in a menstruating fenal e,
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so the wonman diver should concentrate on the other factors of her dive and enjoy
hersel f.

Birth Control Pills

The third area of discussionisthat of divingwhileusingbirthcontrol pills. First,
| would |ike to cover the possible susceptibility to deconpression sickness of wonen
in general. Deconpression sickness has been studied in nurses undergoing flight
training at the United States Air Force School of Aerospace Medicine. Mich of the
wor k was done by Dr Bruce Bassett, Mjor, USAF, from1968-1972. During these five
years at the USAF SAM t here were ni ne cases of deconpression sickness out of 12,246
exposures. The femal es had a ten-fold greater incidence than the mal es undergoi ng
t he same exposures. More recent studi es have verified the increased incidence of
deconpressi on sickness in wonmen over nen undergoing flight training. As a result
of these studies, flight nurses are nowexposed to di fferent altitude chanber flight
profiles. Sone observations were made at this tine of the characteristics of
deconpressi on sickness in nurses. The onset of the bends was four to eight hours
after reaching ground level. Al so, many of the reactions were simlar to nigraine
headaches wi th neurol ogical findings, and a prodronme of acute anxiety occurred.
Factors that are postulated to increase one’s risk of deconpressi on sickness are the
followi ng: history of m graine headache, use of birth control pills, fluidretention
during the nmenstrual period, severe dieting resulting in some vitam n deficiencies,
and anaeni a.

The f enal e scuba di ver shoul d t herefore be aware of the possibility of increasedrisk
to deconpression sickness if using birth control pills. To avoid incidence of the

bends, | recomrend avoi di ng deconpression dives, avoiding “deep” dives, and using
t he No Deconpressi on Tabl e conservatively (ie. stay at a particular depth | ess than
the time indicated). The wonen scientists in the Tektite Il project discontinued

use of birth control pills three nonths prior to their saturation dive to avoid any
i ncreased chance of deconpression sickness.

Ri sk to Foetus

A final concern of wonmen divers is the possibility of risk tothe foetus due to scuba
di ving during pregnancy. |s there any chance of harnming the foetus due to changes
inthe partial pressure of oxygen (pQ2) or due to nitrogen bubble formati on? Research
has been done on manmal s on t he transf er of gases across the pl acenta. Oxygen transfer
to the foetus across the placenta nmust be rapi d and conti nuous to assure successfu

growt h. There are speci al mechani sns t hat assi st the foetus intransplacental oxygen
exchange:

(1) higher haenopgl obin concentration in the foetal blood, increasing its oxygen
carrying capacity, and
(2) higher affinity for oxygen of the foetal haenogl obin.

Only severe hypoxia in the nother will cause changes in the foetal oxygen content.
The placenta prevents transient fluctuations in foetal blood pQ2.

Scuba di vers, however, nust be concerned with increasing pO2 and the possibility of
subsequent i ncreased pQ2infoetal bl ood. |n experinents ongravidewes, the nmaternal
arterial oxygen tension was increased by providing 100% oxygen at one atnosphere.
(This pQ2 is equivalent to breathing air at a depth of 132 feet of sea water). There

was only a very snall increase in foetal blood pO2. |n sheep, cow, pig, and pri nmate,
only small changes occurred in foetal blood pQ2 when naternal oxygen intake was
increased. In contrast, an experinment on rats did denonstrate foetal wastage with

hyper bari ¢ oxygen
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I n nost of the ani mal studies foetal oxygen content remai ned rel atively stabl e during
significant maternal pQ,increase. Alsothere appears to be differences in placental
gas transfer between different groups of manmmal s.

Anot her consi deration of the pregnant scuba diver is that of nitrogen absorption and
elimnation. The gas nitrogen does not play a significant role in sustaining the
life of the foetus. Therefore, exchange of nitrogen through the placenta during a
di ve probably depends on the tissue half tinme of the foetus, just Iike other tissues
of the body. After a deep dive or prol onged dive to noderat e depths, rapid reduction
of ambi ent pressure can cause nitrogen bubble formation. The presence of these
ni trogen bubbles in the foetus can cause serious destruction

The pregnant diver therefore has to consider two areas that are possibly hazardous
to the devel opi ng foetus, increased pQ2 and ni trogen bubbl e formati on. The research
on manmeal s and pQ2 el evation in the foetus is reassuring. However, humans have not
been studied and the effects of minor increases in foetal pQ2 are not known. The
pregnant diver can continue to enjoy the underwater environnment but shoul d extend
her prenatal care to include linmting the depth of her dives. | recommend depths
of 33 feet or less, to avoid even the possibility of problens due to increased pQ2
or to nitrogen bubbl es.

Summary

The i nformati on present ed here nmay hel p answer sone questi ons wonen nay have had about
thei r own physiology anditsrelationto safe and enjoyabl e scuba di ving. |n essence,
conmon sense prevails if a question arises about the safety of the scuba diver

(Reprinted fromthe I @ Proceedings)

* *x * % * * *x *

PREGNANT DI VER UPDATE
Susan A Bangasser
NAU 3910, California

The safety of diving while pregnant is a topic that has only recently been
i nvestigated. Although there has been nmuch specul ati on on the subject, very little
data is available. Aninmal studies are being conducted and the information they
provide will hopefully be applicable to humans.

In order to gather data on this subject and ot her rel ated nedi cal areas on t he woman
diver, | begandistributingasurveyinthefall of 1977. Thiswas entitledthe Medi cal
Aspects of Winen Di vers Survey. About 680 responses were anal ysed and of these, 72
respondees di ved whil e pregnant (10.5% . This nunber included wonen who nmade even
one di ve whi |l e pregnant. If the woman quit as soon as she di scover ed she was pregnant,
but had made adiveinthe first six weeks, shewas includedintheseresults. Twenty-
two worren st at ed t hey di d not di ve whi |l e pregnant; apparently they made no di ves pri or
to being di agnosed as pregnant and then decided not to dive.

Now | et us | ook at the pregnant diver. Thirty-nine percent quit diving during the
first trimester (the first three nonths), usually as soon as she | earned she was
pregnant. Mbst of the wonmen (41% discontinued diving during the second trinester,
about the time when increased size becomes a problem Twenty percent dived during
the third trinester. Only seven wonen continued to dive through the ninth nonth.
Most of the respondees were seasoned divers, with six years as the nedian (nost
frequent) number of years diving. Forty-one percent were certified as Basic Scuba
divers, 14.5% were Instructors, and the remaining had internediate |evels of
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certification. The diving activity of the wonmen before, and or after becomni ng
pregnant was as follows: 22%dived at | east once a week, 49%dived six to twelve
times a year, 25%dived on vacations only, and 4% sel dom dived. During pregnancy
the diving activity of the wonmen consi sted of 20%diving at | east once a week, 18%
six to twelve tines a year, 34% on vacations only, and 28% sel dom These diving
activities .were maintained, of course, until the women chose to di scontinue diving
al together. Only 28%of the wonen stated they dived with the sane frequency during
pregnancy as before pregnancy. The nunber of wonmen who dived at | east once a week
remai ned fairly constant. Moyst of these wonmen dived in the very warmwat ers | ocat ed
at divingresorts, and several of themworked as i nstructors or tour gui des. Pregnant
women apparently still go on vacation and enjoy the warm clear waters. There was
a large increase in the sel domdived category.

The potential problens associated with diving during pregnancy includes the
possi bility of the not her and/ or foetus getti ng deconpressi on si ckness. The nitrogen
bubbl es i n a devel opi ng f oet us coul d pose seri ous probl ens for the foetus (retrol ental
fibroplasia). Five of the respondees made deconpression dives while pregnant.
However, no pregnant diver had deconpression sickness. The naxi numdepth obt ai ned
by t he pregnant di ver ranged from12to 180 feet, whil e t he nedi an was 60 f eet maxi nrum
The average depth ranged from 10 to 100 feet, with a nedian of 40 feet.

The tenperature of the water dived in ranged from40 to 80 degrees, with nost dives
made i n 70-80 degree water. Wnen did not avoid diving with wet suits; 48%wore wet
suits. However, fitting into the wet suit was one of the problens contributing to
the decision to discontinue diving tenporarily.

MOTHER. To- BE - OR NOT 10 BE
AT 15 THE QuessTioN /

conti nued on page 98



HEALTH AND SAFETY EXECUTI VE RECOMVENDATI ONS ON MEDI CAL EXAM NATI ON OF DI VERS
(UK : | NFORMATI ON FOR EXAM NI NG DOCTORS

The Uni t ed Ki ngdomi s Heal t h and Saf ety Commi ssi on’s Executive i s preparing proposal s
for a uni fying Code of Diving Regul ati ons covering all diving operations, whilst at
wor k, both of fshore and i nshore, but not sport or amateur diving. It is proposed,
under the Regul ations, to require nedical exam nations of divers to be carried out
i n accordance with the requirenents of the Executive’'s Director of Medi cal Services.
Recommendat i ons have, accordingly, been prepared for doctors carrying out diving
medi cal exani nati ons, the objective being to ensure a hi gh and consi stent standard
of medi cal exanimation. It isthought that (doctors outsidethe UK) will beinterested
i n seeing the recommendations and their views will be of interest to the Comm ssion.
(Dr ES Bl ackadder, Deputy Director of Medical Services, Health and Saf ety Executi ve,
Baynards House, 1 Chepstow Pl ace, London W2 4FT).

I nt roducti on

1. The Health and Safety Executive, following agreenent anong interested
departnents, is preparing a unified Code of Diving Regul ati ons under the Health
and Safety at Work Act 1974, to cover all diving within Geat Britain and on
the UK Continental Shelf. The unified Code whenintroduced would all owthe Di ving
Operations Special Regulations 1960, the Subnarine Pipeline’s (D ving
Operations) Regul ati ons 1976 and the O fshore I nstal |l ati ons (Di vi ng Operati ons)
Regul ations 1976, to be revoked. One consequence of this woul d be that doctors
“appoi nted” and “approved” to carry out diving nmedi cal exam nations under the
respective Regul ati ons woul d have to be consi dered for reappoi nt nent under the
new uni fi ed Regul ati ons.

2. This offers a tinmely opportunity to i ssue gui dance to doctors appoi nted under
the new Regul ations to ensure that sound and consistent criteria of medical
fitness for diving apply at all exaninations. The standards set out in this
paper have been prepared with these objectives in view

3. It isdifficult tolay down absol ute standards for sone aspects of diving nedi cal
exam nations and best current practice has been followed throughout the
recomrendat i ons. On-going research nmay affect sone aspects and the

recommendations will be up-dated when necessary.

4, The reconmendati ons deal with specific aspects of diving nedi cal exam nations,
but the exam ning doctor’s clinical opinion on fitness or unfitness should be
formed on the whol e of the nedi cal exam nation. The section of paper on “The
Medi cal Exanination” opens with general advice to doctors conducting diving
nedi cal s to be specially sensitive to the potentially serious effects of m nor
illnesses in divers and to the need to assess the possible repercussions of
epi sodes of past ill health.

5. Under the unified Code it is pr oposed* t hat di vers nust have | og- books with an
i dentification photograph and specinmen signatures, and a section specially
desi gned for entri es showi ngthe findi ngs of each nedi cal exani nati on. The di ver
wi || have to produce his | og-book for the diving superintendent before he dives
and f or t he exam ni ng doct or when he reports for nmedi cal exani nati on. The purpose
of log-book entries is to prevent, as far as possible, an unfit diver from
continuing to dive, thus endangering his own life and the |ives of those worKking
with him |If a diver |oses his |ogbook his ensuing nedical exam nation wll
be conducted as if it were an initial diving nedical exam nation w thout the
benefit of awitten record of previous exani nations and/or diving experience.
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Any nedi cal unfitness which debars a diver fromhis occupation tenporarily or
permanently is a nost serious matter where enpl oynent is highly lucrative but
oftenof linmtedduration, andwhereit wouldbeverydifficult, if noinpossible,
tofind suitable alternative work. Where an exani ning doctor is in doubt about
the nmedical fitness of the candi date he should obtain a further opinion from
anot her doctor approved to carry out nedi cal exam nati ons under t he Regul ati ons
or froma specialist on any specific nmedical aspect of the case, in the first
instance. Wiere a candidate is declared unfit he should be informed that he
may appeal to the Director of Medical Services, Health and Safety Executive,
for a final ruling.

A diver who wi shes to appeal will do so on an approved formwhich will record
the findings of the nedical exanination and provide for a statenment fromthe
di ver of his grounds for appeal. After scrutinisingall therelevant docunents,
and ensuring that the appeal is neither frivol ous nor unreasonabl e, the Director
of Medical Services will take the advice of consultants on appeal. At |east
one consultant nust be experienced in hyperbaric nedicine and, where
appropriate, one nust be a specialist in the area of nmedicine relevant to the
appeal . The Director of Medical Services will convey the findings of the appeal
to the diver and to the exam ning doctor. Appeals will be dealt with as a matter
of urgency at all stages.

Medi cal St andar ds

9.

>

The following bodily systens should be evaluated from the history and
exam nation. Were relevant, nunerical values are given.

The standards shal |l apply to all divers but certain groups of divers may require
| ess frequent |ong bone x-rays as outlined in paragraph Mi).

The mi ni rumage for a diver subject to the provisions of the Health and Safety
at Wrk Diving Regulations is 18 years. There is no upper age linmit for diving
providing all the nedical standards can be net. Serious consideration nust be
gi ven however to the need for divers over the age of 40 to have adequat e reserves
of pul nonary and cardi o vascular fitness for use in energency, and therefore
to the possibility of a professional diver's career having to be terni nated on
t hese grounds.

Qbesity

B.

Obesity is a particular hazard to divers and may al so inply a | ack of physi cal
fitness. Any diver over 20%i n excess of hi s recormended wei ght based on hei ght/
age tables (see ANNEX) shoul d be disqualified fromdiving until he has | ost
suf ficient weight. In general a figure of less than 15% in excess of the
recomrended wei ght should be ainmed at. It should be noted that the tables in
the Annex do not allow for variations in body type and exam ni ng doctors w ||
wish to take this into account.

Respiratory System

C

i) Particular attention nust be paid to any condition that night cause
retention and trapping of expanding gas in any part of the |lungs during
deconpr essi on.
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iii)

The following conditions will automatically disqualify:
a. Any chronic lung di sease, past or present.

b. Any past or present evidence of obstructive airways disease (eg
asthma, chronic bronchitis, allergic bronchospasm)

C. Any hi story of spontaneous pneunothorax, perforating chest injuries
or open chest surgery.

d. Any fibroticlesionof thelungthat may cause generalised or | ocalised

| ack of conpliancy in lung tissue.
A large plate postero-anterior chest x-ray shall be nornal

Cardi ovascul ar System

Ther e nust be no evi dence of heart di sease and any arrhyt hm as nust be fully
i nvesti gat ed.

Ideally the resting blood pressure should not exceed 140/ 90nmms Hg.

An exercise tolerance test should be carried out. It is suggested that
the Arnmy Physical Fitness Test be adopted but other equivalent tests are
acceptabl e. The candi date shoul d berequiredto step, at arate of 30 tines
per m nute onto a hei ght of 17 i nches (43. 14 centinetres) for five m nutes.
A standard of Sumof Pul se Counts shoul d be applied 30 second pul se counts
(P1, P2, P3) are taken at 1 minute, 2 minutes and 3 m nutes post-exerci se.
P1, P2, P3 are then added together and a test score of 190 or |ess should
be taken as the indication of fitness.

Nervous System

D. i)
ii)
iii)
Centr al
E. i)
ii)
iii)

Afull exam nation of the central nervous systemnust shownormal function,
but localised mnor abnornmalities such as patches of anaesthesia are
al | owabl e provi ded generalised nervous system di sease can be excl uded.
Any history of fits (apart from childhood febrile convul sions), intra-
cranial surgery, blackouts, severe head injury involving nore then
noment ary unconsci ousness or concussi on, and m grai ne, shoul d be cause for
rejection. If theseverity of headinjuriesisindoubt, any further opinion
shoul d i ncl ude an EEG exani nati on. A history of repeated headaches shoul d
al so be a cause for further investigation.

Any past or present evidence of psychiatric illness should be cause for
rejection unl ess the exani ni ng doctor can be confident that it is of am nor
nature and unlikely to re-occur. Particular attention should be paidto
any past or present evidence of al cohol or drug abuse.

Muscul o- skel et al

Any i npai rment of nuscul o-skel etal function shoul d be careful | y assessed agai nst
the general requirenments outlined in paragraph 8.

Bot h tynmpani ¢ menbranes nust be intact and nobil e when a Val salva test is
carried out. This test should confirm patency of the Eustachi an tubes.
Any evi dence of chronic outer or mddle ear discharge nmust be cause for

Any evi dence of chronic or recurrent sinusitis, catarrh or severe allergic
conditions of the respiratory tract should be cause for rejection

Any history of mddle ear surgery (including tynmpanoplasty) should be
referred for specialist opinion before any decision is nade.

F.
Ears, Nose and Throat
G i)
ii)
rejection.
iii)
iv)
V)

Any evi dence of deafness - see paragraph Mv).
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Alinentary System

H. i)
ii)
iii)
Ski n
[ i)
Vi si on
J. i)
ii)
iii)
iv)
Cener a
K. i)
ii)
iii)
iv)
Dent al
L i)
ii)

Peptic ul ceration shoul d be acause for rejectionunlessthereis endoscopic
evi dence of healing and the candi date has been asynptomatic for at |east
one year.

Any abdomi nal herniation shoul d be a cause for rejectionuntil satisfactory
treatnent has taken pl ace.

Any other chronic gastro-intestinal disease (eg ulcerative colitis,
chol elithiasis) should be cause for rejection.

Ther e shoul d be no evi dence of chronic or acute skin disorders such as are
likelytobeaffected adversely befrictionfromdry divingsuits, prol onged
i mrer si on or prol onged exposure to the high hum dity, el evated tenperature
envi ronments whi ch are commonly encountered in saturation diving.

The foll owi ng visual acuity standard shoul d be the nini mum accept abl e:

Uncorrected distant: R 6/36; L6/36; both eyes 6/24
Uncorrected near: R J16 (N24); L J16 (N24)
Bot h eyes: J15 (N18)

Vi sual fields should be normal on sinple testing.

Fundi shoul d be nornal.

Col our vision should be tested at initial exam nation and candi dates be
i nformed of any abnornalities which should al so be detailed in their |og-
book and certificates of fitness.

Cinical anti mcroscopi cal exam nation of the urine should be perforned
at the initial examnation and repeated by accepted dipstick technique
subsequently. QG ycosuria calls for investigation before acceptance.

Al burninuria nmay be innocent, but acceptance should only be considered
after 24 hour protein excretion studies

A full blood count and test for Haenogl obin “S” nust be carried out at the
initial exam nation. The sicklecell trait is noreconmonincertainethnic
groups and evi dence of its presence shoul d be cause for rejection. At the
initial exam nation and every subsequent exami nati on Ho of | ess than 12. 0G
and a Pcv of |less than 40% shoul d because for rejection pending further
i nvestigation.

Any speech defect which might prevent instant, clear communication with
or without stress nust be a cause for rejection.

Severe varicose veins nust be a cause for rejection. Varicose veins are
not a cause for rejection if treated.

Candi dat es shoul d have a hi gh degr ee of dental fitness and any abnormalities
of dentition or nalformation of the mandible likely to inpair the
candidate’s ability to securely and easily retain an unnodified diving
equi prent nout hpi ece shoul d debar

Renovabl e dentures shoul d not be worn when diving.
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Speci al

Tests

M

i)

iii)

iv)

Long bone and joint x-rays X-rays of long bones and joints, taken in
accordance with the recomended MRC Deconpression Sickness Pane
techni ques, should be carried out on all divers at initial exam nation
Such exami nations should then be carried out annually, if appropriate
consi dering the diver’s experience over the previous three years, with the
fol |l owi ng excepti ons:

a. Annual x-rays are not requiredfor divers usingonly conpressed nat ur al
ai r who have not been exposed to pressure nore than the equival ent of
30msea-wat er and whose total exposure tine on any singl e occasi on has
never exceeded four hours.

b. X-rays at intervals of three years will suffice for divers using only
conpressed natural air who have not been exposed to pressures greater
than t he equi val ent of 50 netres sea-water and whose total exposure
time on any single occasion has never exceeded four hours.
Therapeutic conpression for a deconpression illness will exclude
divers fromthe exenptions set out in categories (a) and (b), above
for three years.

ECG Exam nati ons

a. Al divers should have a resting standard 12 Lead ECG at initial
exam nation and annually after the age of 35 years.
b. Post -exercise or stress ECG s should be at the discretion of the

exam ni ng doct or.

Pul nonary Function Tests

a. Al'l divers have annual pul monary function tests to establish Forced
Expiratory Vol ume at 1 second (FEV)) and Forced Vital Capacity (FVC).

b. An FVC of less than 3.5 litres and an FEV/FVC rati o of | ess than 75%
at the pre-enploynent nedical exam nation and 70% at subsequent
exam nations are causes for rejection unless further pulnmonary
function testing reveals no abnormality.

Audi onet ry

Annual Audi ometric exam nation should be carried out where indicated by
past history of noise exposure, barotrauma, deconpression sickness
affecting the ear or deafness.

A hearing loss in either ear of 35 dB or nore at frequencies up to 3000Hz
and 50 dB or nore at frequenci es above 3000 Hz i s an i ndicationfor referral
of the candidate to a specialist for further opinion, unless the exani ni ng
doctor is convinced that such hearing loss is unlikely to be significantly
i ncreased by continuous diving activities.

Frequency of Exani nations

Al'l divers nust have examinations at intervals not exceeding one year
Any illness or injuryresultingininability todive for a period exceedi ng
seven days, or any absence, for other reasons, fromdiving for a period
exceeding ( ) weeks shall require renewal of the certificate of fitness
to dive after such re-examination as is considered necessary by the
exam ni ng doctor. I naddition, any diver sustai ni ng a deconpressionillness
resulting in neurological or vestibular nanifestations, even though
t her apy appears to have been successful, must be nedi cal | y exam ned before
resum ng divi ng.
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Diving Restrictions

O i) The exam ning doctor may for reasons of age or other factors reveal ed by
medi cal exami nationelect toinposelimtations astothe durationand depth
to which a diver may dive or the length of validity of the certification
of fitness to dive.

ii) Any such limtations nust be clearly identified on the certification of
fitness to dive

Log- Books
P. i) In addition to the details which are recorded on the nedi cal exam nation

form the results of the exanm nation will be recorded in the diver’s | og-
book together with dates of chest X-ray exami nations, bone and joint x-
rays, audi ometry, haematol ogical, ECG and ot her special exam nation

ii) The exam ning doctor will make an entry in the | og-book as to the fitness
of the candidate to dive and any restriction that he may wi sh to i npose.

Al'l references to proposals under the Code nust be read with the reservation that the proposals
are subject to anendnent after the consultation process which the HSE will be carrying out on the
draft unified Code.

* % * * *x *x * *

Sorme talk of Fitness to dive! - Brief Report

There i s increasinginterest nowadays i n obtai ni ng a positive Medical Fitness to Dive
assessnent before starting training, a truly adverse verdict being accepted as a
regrettabl e but necessary fact of Iife by the applicant concerned. Wile de facto
many di vers, even anong t he nost exal ted, woul d not pass a strict application of the
hi ghest standards put before the diving popul ation, neverthel ess there are a few
points on which opinion is unanimous that diving is both inadvisable and
irresponsible. It is against this background of opinion that the follow ng facts
are presented for discussion.

The witness first sawthe di ver when she attended for a Diving Medical. As she was
on steroids, antihistanm nes, Ventolin and nasal drops for her exercise-induced
Ast hma, hay fever and sinus problens. She was advi sed that she was NOT fit. Another
poi nt was t hat t here had been an unsuccessful attenpt to descend on a previ ous occasi on
whi ch had been term nated because of aural barotrauma which included a perforated
drum She was next net about 9 nonths |ater when both were in a dive trip party.
She had apparently conpl eted trai ning froman I nstructor, having “absol ved” hi mfrom
bl ame in case of accident. As a precaution, or sop to conventional concepts, she
al ways restricted herself to sl ow descents, days with perfect weather and current
conditions, and a fixed rule of wearing a buoyancy vest which she inflated after
surfacing. She always waited to be picked up by the Safety boat, never naking any
attenpt to swimback toit. The witness observed that she was having to nmake great
efforts, contorting her body ingreat spasns, i nher (unsuccessful) effortsto“clear”
her ears: nminor ear barotrauma occurred on this occasion and she managed to once
nore rupture an ear drumon a |l ater occasion. She is said nowto have been weaned
fromoral onto inhal ed steroids but to be continuing on | arge doses of anti hi stamni nes
and to beinvestigatingthe possibility of having an operati on on her Eustachi an tubes
to inprove her ability to “clear”.

Question: how far are we “our brother’s keeper”

(Taken from “Stickybeak” non-fatal incidents files)
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Conpar ative Respiratory Physiology of Diving in Man and Dol phin
Denei ce L Van Hook (NAU 4602, Al abanm)

Thi s paper is reprinted fromNAU News August 1978 by ki nd perm ssion of NAUI, with
whom copyri ght remains. (The term ‘dolphin’ is used to refer to the Atlantic
Bott | enosed Dol phin, Tursiops truncatus, unless otherw se specified).

Mari ne mammal s i n general , but specifically the dol phin, because of hisintelligence
and his friendship with man, have al ways spurred an interest, if not a fascination,
with their freedomand their obvi ous enjoynent of their marine habitat. Perhaps it
was this fascination that first led nman to try entering the ocean and swinming in
its depths. It did not take long for mantorealize his limtations as a diver, and
to see the effects of pressure on his body, a body that is adapted to a terresti al
exi st ence.

Wiat is it that allows the dol phin, a warm bl ooded, air breathing manmual, |ike
oursel ves, to dive to depths of 300 neters, or to stay subnerged for fifteen nmi nutes,
whil e nost of us, as breath-holding divers, are limted to a nmaxi nrumof 30 netres
for a few brief nonments?

Ever since the dol phin returned to the sea, time and nature have worked to provide
hi mwi t h several anat om cal and physi ol ogi cal adaptationstofacilitate his existence
in his marine environnent. Many changes have been nade but we wi Il concern oursel ves
here with only those changes whi ch have hel ped t he dol phin to becone a better diver.

Dol phin Respiration

Let’'s begin by | ooking at the way in which the dol phin breathes. Breathing is done
t hrough the nose as in man, but the external nares or nostrils of the dol phin have
mgrated to the top of the head, to a position directly above the internal nares,
thus he has a built in snorkel, known as the bl owhole. The blowhole is closed by
a dense fibrous mass called the plug, with a rel axation of surroundi ng nmuscul at ure.
During normal swi nmming, the dol phin surfaces about two to three tinmes every mnute
to “blow’. The bl ow consists of a conpl ete exhal ati on and i nhal ati on taki ng about
0.3 seconds. During this time, the dol phin exchanges about 80% of his air vol unme
at aflowrate of 30to 70 litres per second. This is conpared wi th man who exchanges
only about 20% of his air volume on the average of fifteen tinmes a mnute. Thus,
t hough the pul nonary capacity of man and dol phin are not appreciatively different,
t he dol phin has a much greater tidal volunme. Between each blowis a 20 to 30 second
apneustic plateau where the breath is held.

Breat hi ng i s not an unconsci ous activity inthe dolphin, asit isinman, but infact,
when anaest heti zed, the breathingreflexisoneof thefirst to disappear, even before
adequat e surgical anaesthesia is reached. Respiration nust be assisted in the
anaest hetized animal or death will result.

I nhal ation is an active process whil e exhalationis a passive one; that is, it takes
an expenditure of energy to inhale but exhalationrequires little or none. This is
due to a |l arge amount of elastic tissue present in the |ungs and di aphragm giving
theman el astic recoil wheninflated, much like that of a stretched rubber band. The
dol phin is however capable of forced expiration.

Thi s styl e of breathing acconpli shes several things. Wth the greater vol une of air

exchanged, nore oxygen is obtained nore rapidly. Al so, water and body heat which
are lost through respiration are conserved by the fewer nunber of exchanges per
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mnute. In fact, heat |lost through respiration, is cut to 10 to 30%that |ost in
terrestial aninals.

Di ver Respiration Problens

These are several problens which confront us as breath-hol di ng divers, which do not
appear to affect the dol phin. These include thoracic, m ddl e ear, and si hus squeeze,
as wel | as anoxi a seen with prol onged subnersion, and the possibility of the bends
with repeated deep breath-hold diving. Let's |look at each one of these probl ens
i ndi vidual | y and see what happens in nman, and then howit is that the dol phinis not
simlarly affected.

First, the squeezes. According to Boyle's Law, as we descend, pressure increases
and vol unme decreases proportionately. Since fluid portions of our bodies are
relativelyinconpressibleit isminlytheair spaces with whi chwe nust be concer ned.
These include the lungs, sinuses and nmiddle ear prinmarily. At depths of around 30

meters, the air volune in our |lungs, assuming a full inspiration before descent, is
usual ly equal to the residual volune, or that point at which no nore air can be
consciously forced out of the lungs. The remaining air is just enough to fill up

t he dead ai r space. Descent beyond this point means that with the increasing pressure
the air vol ume, and t he remai ni ng space nust be filledw th something. This sonething
usual ly begins in the form of engorgenent of thoracic blood vessels as nuch as
possi bl e, and i s continued by a | eakage of fluid and bl ood fromthe vessels into the
al veoli of thelungs. This fluidinthe alveol ar spaces is call ed pul nonary oedens,
and reduces the efficiency of thelungs by decreasingthe functional area. |If severe,
this canresult in dyspnoea, or difficult breathing, and eveninrespiratory failure
due to anoxi a.

Wiy is it that the dol phinis not bothered by thoraci c squeeze during dives to depths
of 300 metres, when his lung capacity is not significantly larger than that of
terrestial manmal s. In fact, it has been shown that the volume of air in his
respiratory passages at 300 netres is only about 200 to 300 m, nuch I ess than his
cal cul at ed resi dual volume. Actually, several factors contribute tothis ability.
The t horaci c structure of the dol phin allows for much greater pul nonary col | apse t han
that of man. The dol phin has four pair of floating ribs where nan has only two pair.
These ribs are not attached to the sternum and so allow for greater thoracic
flexibility. The trachea and bronchi of the dol phin are equi pped with an extensive
system of cartil agi nous support, but they are arranged to allow for flexibility.

BLAST THAT FI SH!

Al f Leggatt, who was awarded the NBE for his services to fishing, asked the arnmy to
bl owa perch out of his pond because i had eat en 2000 gol dfi sh there. The arny obli ged
and expl oded two charges. But the perch stayed put. Ni cknaned “Jaws” to comenorate
hi s appetite, he renmai ned an unwel cone victor. Hisreignonly closedwhenthe Sout hern
El ectricity Board sent two nmen to shock him They used an electrified fishnet, 20
m nut es and 240 volts to conpl ete the assignnent. As Al f said when his eneny fl oated
stunned to the surface, “I knewl’'d get himinthe end - | wouldn’t let athing like
this beat ne. But | nust adnit |’'ve devel oped a grudgi ng respect for hinf. So he
put Jaws, all of 31 cns long, into a separate pondinfront of his house. Jaws quickly
recovered and swam strongly round the pond.

“He | ooks hungry,” said Al.
(UK News reprint)
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The trachea has been shown to be capabl e of dorso-ventral coll apse when exposed to
i ncreasing pressure. The diaphragmis also well devel oped and capabl e of a great
deal of flexibility. The lungs contain alarge anount of elastic tissue which allows
extrenme col | apse wi thout trauma. The lungs are actually capabl e of al nost conplete
atel ectasis, or collapse, without being torn away fromthe thoracic wall. Wth
col | apse of the trachea, bronchi, and other respiratory passages to the full possible
extent, only the bony portions of the nasal passages renmain fully inflated, with a
vol unme of 50m , nuch less than the 200 to 300 required for the 300 netre dive.

The lungs are provided with a rich supply of | arge di stensible veins which are seen
to engorge with i ncreased pressure of diving, and thus assist infilling sone of the
dead air space. Extensive thoracic and vertebral vascul ar networks called retia are
present and capabl e of engorgenent to prevent conplete collapse of the trachea.

M ddl e ear squeeze in man i s seen on descent when, again according to Boyle's Law,
t he vol une of air inthe niddl e ear i s reduced and the remai ni ng spacerequiresfilling
upwithsonething. Inthis case, the space nay befilledw thwater, whenthe flexible
tynpani ¢ menbrane i s stretched beyondits limt andit ruptures. M ddl e ear squeeze
and rupture of the tynpanic nenbrane is prevented in man by allowing air to pass up
t he Eustachi an tube to equal i ze the pressure on both sides of the tynpani c nenbrane,
i n the dol phin, Eustachian tubes exist for this purpose and it is believed that he
uses a nodi fi ed Val sava t echni que for equal i zi ng hi s ears on descent. Nunmer ous venous
pl exuses al so exi st in both the m ddle ear and the air sinuses of the head whi ch can
engorge to prevent ear and sinus squeeze.

Anoxia, or lack of sufficient oxygen to nmmintain consciousness, is a problem
encountered as nman attenpts to stay underwater for any extended anpbunt of tinme on
one breath of air. Anything in excess of a few m nutes, and nost individuals wll
becone unconsci ous. The dol phin, on the other hand, nmakes routine dives for five
mnutes at a time and can stay under for fifteen mnutes and soneti nes nore wi t hout
sufferingany ill effects. How? It’s not asinple matter of, “He can hold his breath
| onger”, or “He doesn’'t need as nmuch oxygen,” but is instead, a conplicated nixture
of anatoni cal and physi ol ogi cal adaptations of the cardiovascul ar and respiratory
syst ens.

Cardi ovascul ar adaptations are nunmerous. The blood itself has undergone certain
changes. The vol ume of bl ood has i ncreased, as wel | as t he haenogl obi n concentrati on,
and t he packed cell vol une, or percentage of red blood cells to serum This allows
for a greater oxygen carrying capacity of the blood. The mean corpuscul ar vol une
has al so been increased, thus the surface area of the red cells has been i ncreased
1.5to2tinesthat interrestial manmals. This permits rapid absorption and rel ease
of oxygen, allow ngfor rapi doxygentransport tothetissues. Another cardiovascul ar
adj ustnent invol ves a w despread peripheral vasoconstriction which is seen during
di vi ng. This vasoconstriction is not confined to the capillaries alone, but
effectively results in a shunting of bl ood away fromthe peripheral circulation and
to the nore vital organs of the heart, liver, and brain. Thus oxygen is conserved
for essential |ife-preserving processes. Shunting of blood away fromthe outside
of the body and appendages al so assists in the preservati on of body heat, a constant
struggl e for the warm bl ooded dol phi n.

A diving bradycardia, or slowing of the heart rate is seen in the dol phin as well
as ot her diving manmal s. Man, and even non-di vi ng mamal s show a si m | ar bradycardi a
upon subnersion. The slowed rate is nore evident in the deeper diving mammal s such
as t he seal s, and deep di vi ng whal es. The exact nmechani smwhichinitiates thisreflex
is not knowmn. It isprinmarily the result of an extension of diastole, or the resting
phase of the cardi ac cycle. Though the heart rate sl ows, the bl ood pressure remains
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about the same. Asinilar bradycardi a can be seenin the anaesthetized dol phi n which
is suffering fromanoxia, but is not seen if the animal is properly ventilated. A
normal respiratory arrhythni a has been noted, with the heart rate increasing to 70
to 120 just after inspiration and droppingto 30 - 60 qui ckly thereafter; maintaining
that rate until the next breath is taken.

A so cal l ed “natural aneurisni or bul bous dilatation of the ascendi ng aorta has been
noted just distal totheleft ventricle. It has been postul ated that this dilatation,
with its extensive supply of elastic fibres, nmay serve as an assist to the coronary
bl ood fl ow and mai nt enance of arterial pressure during the long diastole seen with
di vi ng bradycardi a.

The val ue of the lung air as far as increasi ng bl ood oxygen | evel s during diving is,
at best, of little value, in fact, in deeper dives, alveolar coll apse precl udes any
pul nonary gas exchange. What this neans is that reserves nust exist el sewhere, or
t hat anaerobic respiration nust take place, especially in those tissues which are
essentially cut off fromthenaincircul atory systemby the w despread vasoconstriction
seen with diving. As it turns out, the dol phin can store a great deal of oxygen in
t he nuscl e ti ssue bound to the nuscl e f ormof haenogl obi n., or nyogl obin. Myogl obin
can be responsi ble for up to 50%of the total oxygen stores. In addition, the nuscle
ti ssue can function anaerobically, whenits oxygen stores are exhausted. This builds
up a so call ed oxygen debt which nust be repai d upon surfacing. After a period of
prol onged subnersi on, the dol phin nust surface and by neans of several exchanges of
air, repay any oxygen debt he has accunul ated. The vasoconstrictionis relieved on
surfacing and the oxygen rich blood is carried to the nuscle tissue to conplete the
requi red aerobic portion of sue respiration.

In addition to these cardi ovascul ar changes, several respiratory adaptations have
been nade. The dol phi n has hi gher tol erances for both oxygen debt and carbon di oxi de
excess. In man, one of the nore sensitive signallingdevices of the braintoinitiate
breathingis anincreaseinthe partial pressure of carbon di oxideinthe bl ood. This
ef fect can be | essened sonewhat by hyperventilation, where carbon di oxi de i s bl own
off to such a low | evel that the decreased | evel of oxygen in the bl ood takes over
as a secondary signalling device. Hyperventilation has also been noted in the
dol phin, but is not the sol e nethod for suppressingthe carbon di oxi de signal. There
is actually a natural |y decreased sensitivity of the brain to carbon dioxide, sothe
urge to breathe i s not as strong, and in fact the need to breathe is not as i nmedi ate
as in man with simlar blood carbon dioxide |evels.

Dol phi ns and Bends

Why don’t dol phi ns get t he bends? The bends, or deconpressi on si ckness, isin general
t hought to be associated with conpressed air or SCUBA di ving, but it has been shown
to occasionally result fromrepeated, deep, breath holding dives. |In this case,
continued repeated conpression of the alveolar air with resulting high partial
pressure of nitrogen in the blood. Upon ascent this nitrogen in solution comes out
of solution and bubbles into the tissues, especially the joints, causing pain and
ot her associ ated signs of the bends. This di sease has not been reported in dol phins
even following as many as ten dives to 260 feet within a one hour period.

The reason why dol phins don’t suffer fromthe bends is related to the anatony of the
lungs. Fromeight to ten discrete circular nyoelastic bundles are present in the
term nal bronchioles, or thesnall air passages | eadingintothe al veol ar sacs. These
act as sphincters to conpartnentalise the bronchiole. They serve as val ves bet ween
the high pressure air inthe trachea and the | ow pressure naintained in the al veoli
during diving. They break up this large pressure differential into several snall
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pressure differentials. These sphincters donot trapair inthealveolus, but instead
actually trap air away fromthe al veol us, and thi s away fromt he area of gas exchange.
By maintaining low air pressure in the alveolus, the partial pressure of nitrogen
is not driveninto solutionin the blood in significant quantities toresult inthe
bends.

Thus we can see t hat nature has provi ded t he dol phin wi th nany and vari ed adaptati ons
tofacilitate his marine exi stence, just afewof whicharenentionedinthisarticle.

Summary

Nat ure has marvel | ously adapted the dol phin to his environnment. These adaptations
i nclude many anatom cal and physi ol ogi cal changes. The thoracic structure can
col | apse wi t hout per nanent danage, al nost to the point of conplete atel ectasis. This
isduetoalarge supply of distensibleveins, elastic pul nonary tissue, and fl exi bl e
bronchi, trachea and ri b cage. The bl ood has a greater oxygen carrying capacity than
that foundin|land manmal s. The nmuscl es are capabl e of storing upto 50%of the oxygen
in the body, to nake possible continued nmuscular activity in spite of w despread
peri pheral vasoconstriction and a reflex bradycardia. The muscle tissue is also
capabl e of functioning anaerobically and accunul ating a | arge oxygen debt wi t hout
ti ssue danmage. The brain has a higher tolerance to carbon dioxide and is |ess
sensitive toits signal toinitiate breathing. A series of nmuscular sphincters in
t he bronchi ol es permits alowair pressureinthe al veol us even whil e diving to great
depths, and thus a |l ow partial pressure of nitrogen exists. This prevents adequate
anounts of nitrogen to be dissolved in the blood to result in the bends. Al this
has been done for the dol phi n whil e man has been adapt ed f or an exi stence on dry | and.
Thus what is natural for the dol phin, we nust suppl enment our bodies with nachinery
todo. Sothe fascinationremins wththe beautiful, graceful, diving dolphin.....

PREGNANT DI VER UPDATE continued from page 87

What about the deliveries? What about the babies? These are the questions we all
ask. Al the babies were “normal” according to their nmothers. Only one baby was
under weight, at birth. The nmal e babi es outnunbered the females 61%to 39% The
conpl i cati ons that occurred during pregnancy i ncl uded one premature birth, one septic
abortion, and two miscarriages. (One of the women had two miscarriages before
| earning to dive and two nore since diving). The normal rate of spontaneous abortions
is 20% for the general public, the rate anong t he respondees was | ess than 3% There
wer e seven Caesarean sections (12% . This procedure is becom ngincreasingly popul ar
and the average rate is between 10-15%for the general public. Al but one wonan
continued to dive after delivery.

Fromthis survey, it seens that many wonen di sconti nued di ving as soon as pregnancy
was established, and the reason given was the | ack of information on the safety or
danger to the foetes. However, nost wonen dived at | east during the first trimester,
at atinme when the foetus is very vul nerable. Those who continued to dive as |ong
as possible did not run into any apparent problens. Even the wonen who nade deep
di ves reported no mshaps. | believe in good prenatal care and | reconmend t hat
pregnant divers limt their maxi numdepth to 33 feet, take it easy (make the easy
di ves), avoid overextendi ng oneself, and use common sense.
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CAN | T HAPPEN TO YOU?
Ron Pavel ka (NAUI 4860, California)

What do you do when you followthe rules and still end up “paying the price?” Well
it happened to ne and it could happen to you

If you are 21 years old, in good physical condition and have been diving for about
7 years, you might think that you have scuba diving under control. Your greatest
vices are snmoking half a pack of cigarettes per day and having a coupl e of socia
drinks before dinner. Since you are an avid diver and an active NAU instructor who
teaches the tables in every class, you feel you understand deconpression sickness
and howto prevent it. Wth all these things in mind, the forthconing day of diving
pronmi ses to be another fun day.

A Sunday i n Decenber 1977, dawns a little foggy, but after a beautiful, uneventfu

tripto Catalinawefindourselves inwarmsunlight anchoredin crystal clear waters.
Qur first dive is to be on The Valient, resting in her watery grave 90 feet bel ow
the surface. Since you are the instructor in charge of the advanced cl ass on board,
t he boat skipper asks you if you would descend to the weck site and survey the
conditions prior tothe group makingits dive. The group was instructedtotermnate
their dive after 15 mi nutes of bottomtine or when their air supply reached 800 ps

(whi chever cane first). Al of the students and their divemasters followed these
guidelines. Here is where the story begins.

The following profile | ed to one of the nost anazi ng experiences of nmy life. Read
the following and try to determ ne what went w ong.

10. 15 am 65 ft BT 2 m nutes.
SI 7 mnutes.

10. 25 am 90 ft Dive with group, surveyed wreck.

BT 25 mi nutes. Made a deconpression stop at 10 feet for 3
m nut es.
SI 9 minutes.

11.04 am 90 ft Last person gets out of the water (one of the dive nasters) and
asks for assistance to recover anchor. Made a deconpression
stop at 10 feet for 3 nminutes.

BT 3 mnutes.
SI 2 hours

Approximately 10 m nutes after surfacing fromnmy second deconpression stop | began
to feel painin ny left elbow A though the rest of ny body felt fine. | becane
concerned. Many thoughts passed t hrough ny mnd, but | knew“it couldn’t happen to

ne".

Next we dived the Bl ue Caverns, | was under water at about 50 feet when | picked up
a headache. Bottomtinme for that dive was 15 mi nutes. Back on board the boat | used
pur e oxygen for about 5 m nutes. The headache went away but ny armconti nued t o bot her
ne.

W left the island around 4. 30 pmand began our trip honme. As it is at the end of
nost diving trips each diver had totell his fish story of the day over a can of beer
or acard table, to his follow divers. The pain in my armpersisted, but did not
worsen until the foll owi ng nor ni ng when | began experi enci ng extrene di sconfort. The
pai ns were deep inside ny el bow and ny hand (the last two fingers) becane nunb and
unresponsi ve. After deciding, “it happenedto ne!” | was transported to the nearest
chanber by a friend and was in the chanber about 15 nminutes after my arrival to the
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hospital. | made two (2) reconpression runs in a one man hyperbaric chanmber, the
second run was 12 hours after nmy first run. Each run was 3 hours in duration and
| was breathing pure oxygen

Unfortunately, | have residual effects left by the formation of N2 bubbles in the
nerves in ny el bow. Even now after two reconpression runs | still experience a 30%
|l oss of strength in my hand and find nyself getting sore el bows and hands after
strenuous exerci si ng.

Accordingtothe tables | shoul dn't have been bent, but arethetables failsafew thin
t hensel ves or are there other factors that should be taken into consideration?

Read the foll owing overall profile and answer that question. The week previous to
the dive was no | ess hectic than any ot her week at the diveshop | manage. Up early
every norni ng (6.30 amor so) andinto bed | ate every night (1. 00 amor so). M diving
activity had been not hi ng nore t han usual the previ ous t wo weeks wi th seven open wat er
scuba dives, with none greater than 50 feet. Thursday ni ght before the dive |I had
a pool session with nmy basic class | was teachi ng and Saturday we went scuba di vi ng
at 25 feet for 30 minutes with the sane class, this dive was term nated at 10. 00 am

That sanme evening | had a social evening in Hollywod, | consuned three drinks (the
| ast at nmidnight) and got to sleep at 2. 00 am The al armrang at 5. 15 amand | awakened
to prepare for the Catalina dive. | was able to sl eep about 2 hours on the way over

to our destination.

Everyone i s aware that the physical condition of a diver plays an inportant role in
how easi |y one can acquire deconpression sickness. But how many people really pay
close attention to howtired or rundown they are, especially when they're excited
about an upconi ng dive.

|"ve shared this episode with you in the hopes that you as divers, will pay closer
attention to your physical and nental condition prior to a dive, and not becone bent
as | did. Anight inthe hospital and two runs in a hyperbaric chanber are not al
that fun, and unfortunately a hyperbaric chanber only renoves t he bubbl es, but cannot
make up for the permanent nerve or tissue danage caused by deconpressi on sickness.
I was | ucky! You shoul d never incur deconpressi on sickness i f you eval uat e yoursel f
bef ore each and every dive and all ow yourself a substantial margin of safety.

(This paper is reprinted from NAU News August 1978 by ki nd perm ssion of NAU.)

* *x * *x * * *x *

SEA FRONTI ERS

In 1954, the first nunber of the nagazine, 32 pages illustrated in black and white
only, was published under the title Bulletin of the I|International QCceanographic
Foundation. 1n the follow ng year, two nunbers of 64 pages each appeared under the
present title Sea Frontiers. By 1967, six nunmbers were being issued every year
Finally, in 1970, full-colour illustrations narked a great step forward, as i ncreased
menber shi p made i nprovenent possible. A feature that has continued since 1961 has
been the series of col oured photographs of |ighthouses on the back cover, form ng
a seri es that nownunbers over 100 and whi ch menber s have suggest ed shoul d be assenbl ed
into a special publication

Duringits history, Sea Frontiers, although appearing binmonthly only, has frequently
scooped t he dai | y newspapers wi t h unusual i nfornation as, for i nstance, the di scovery
that | and ani mal s, under very special conditions, are able to breathe water instead
of air for long periods and recover conpletely.
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