Energency Ascents: sone background information
Dr Dougl as Wal ker

A man soon di es unless supplied with adequate oxygen and purged of excess carbon
di oxi de and anyone so placed that his respiratory requirenents can be interrupted
at any nonent has a constant awareness, to a greater or |esser degree, of the need
for urgent action should such a problemarise. The nost obvious action would be to
rush for the open air, an option that may be difficult to put into practice in the
case of a diver underwater.

Such a person has not only a distance to travel to reach the surface, which takes
time he canill afford, but also a pressure differential to traverse that can prove
fatal under certain circunstances. Unl ess an alternative source of air can be
obtained rapidly he will be faced with a choi ce between the possibility of suffering
a “burst lung” during an energency out-of-air ascent and the certainty of drowning
shoul d he renmai n underwater. Should panic intervene the victimwll be unable to
nmake any rational decision and forfeits his chances of survival, therefore training
nmust be designed both to reduce the chances of such situations occurring and to
i ncul cate a pl anned reaction so thoroughly that it will blank out at | east the early
st ages of the panic response. Controversy exists, however, concerning the formsuch
training should take. Sone hold that everyone should actually perform one, or
several, out-of-air ascents duringthe “col d” non-panic situationof theinitial (or
later) diver training sessions that precede each phase of diving fitness
certification. Theintent istolet every diver discover for hinself the practicality
of such ascents. Qthers believethat the possiblerisks associated with such ascents
are unjustified, that thorough training and correct diving disciplinewll make such
out-of-air situations extrenely rare, and that one or two practice ascents do not
prepare the diver for the conditions of a for-real situation. Dr G en Egstrom has
produced “l earning curves” to denonstrate that it required 17-21 trials before one
reaches a learning plateau, the “overlearnt” stage where behaviour is reliably
reproduced wi t hout t he need f or consci ous t hought. Such astageis hardly ever reached
by novi ce divers, even for the basic skills of diving and woul d not be attainable
by themre energency ascents except at the cost of very many practice ascents. There
is alack of docunmented evidence concerning the proven need for, or benefit from
such training. The BS-AC has for years prohibited it as a part of their tests for
certification, while the French have regarded it as essential for all divers to
denonstrate “Free Ascent”. There are, regrettably, no Incident Reports fromFrance
so the true safety of their nmethods nmust remai n conj ectural, but the BS-AC. | ncident
Reports seemtoillustratethe small part anability to ascendin an energency depends
on previous practical training. Al parties agree, however, onthe needfor athorough
t eachi ng of the theory of safe ascents to all divers at an early stage ininstruction.

In addition to those who hold strong views on this matter there are many who di spl ay
a fine bal ance of indecisiveness, debating the term nology of the various ascent
procedures wi t hout exani nati on of the basic facts. Thereis afurther group who awai t
an Oficial Verdict, aware of the bal ance that exists between the advantages and
di sadvant ages of each teaching routine. It is to these the following is prinarily
di rect ed.

For conveni ence the presentation of evidence is in three sections :

1. The opi ni ons and experience of Australian diving instructors who responded to
a pilot survey in 1975 concerning Energency Ascents.

2. Information available from SETT and Chanber incident reports.

3. I nformati on avail abl e frompubl i shed reports of Pul nbnary Barotrauna associ at ed
wi th diving.



1. Australian “Enmergency Ascent” survey

In 1975 a questionnaire was distributed to nenmbers of two groups of diving
instructors. This was a pilot survey intended to determine the feasibility of such
an approach, divers being notoriouslyreluctant to put pento paper, though not averse
to verbal commentaries about diving m sadventures under informal conditions. They
wer e asked whet her they believed it enough to teach but not practi ce Energency Ascent
(the type of ascent was not strictly defined), what their present practice was and
whet her they would wishto alter thisif free to do so, and what occasi ons of “real”
energency ascent had either occurred to themor were known to them There were 32
replies, which was sufficient to indicate the value of this type of investigation.
Attenpts were made to i nterest overseas groups in a sinilar project, unfortunately
wi thout eliciting nuch enthusiasm

As had been anticipated there was a majority in favour of practicing of Emergency
Ascent by pupils, but many qualified their opinions in a significant nmanner. Sone
of these comments are shown in Appendix A. It was noted that the term“Free Ascent”
(FA) was being interpreted in a wi de spectrumof ways. Some required a ditch-and-
ascent, others carefully acconpanied their pupils as they ascended with full
equi prent, denand val ve nout hpi ece in hand ready for i medi ate use. Sone thought
t he training shoul d be postponed till the diver was sufficiently experienced to seek
a 2nd dass Certification, and some reserved this test for certification of
instructors thenmselves. As it is known that the highest fatality rate occurs anong
the untrained or newy trained group of divers it is somewhat Del phic to state that
such practiceis “essential, but not desirabletoinflict onstudentsintheir initial
training”. The figures were 23 (72% in favour of practice, 9 (28% against. The
reason f or opposi ng such practicing for energenci es was fear of afatality occurring.

Concerning “for real” energency ascents, seven clainmed that not only had they
personal | y never needed to take such action but they had no real know edge of others
taking it. This was in great contrast with sonme ot hers who regarded an out-of-air
situation as a nornmal occurrence experi enced by nost of their pupils, theinstructors
bei ng so used to buddy breathing with the pupils for this reason that they regarded
it as anon-event. Excludingsuchin-trainingeventsthere were 64incidents reported
(Table 1 and Appendi x A). Though the accuracy of stated depths and causes cannot
be assessed and these must represent but a small fraction of the enmergency ascents
that occur, it islikely that the statenments i ndicate the experience and beliefs of
this group of instructors. No information was supplied as to the training, if any,
t hese divers had received. Four cases of possible | ung overpressure, non serious,
were nentioned. One was a bl ackout near to the surface after running out of air at
100 feet at M Ganbier luckily the buddy had an octopus rig. One diver experienced
chest pain followi ng arapidinvoluntary ascent from10 feet, the result of dropping
his weight belt while instructing pupils in rough lowvisibility water. The third
case was of subcutaneous enphysena following a hurried ascent from 20 feet when
regul ator troubl e occurred, whilethe fourth was a bl ackout associ ated wi t h an ascent
from150 feet. It is unlikely that these are the only cases that occurred, given
t he net hodol ogy of this survey. Pulnonary barotrauma is possibly both nmuch nore
conmon and nor e beni gn than is generally stated, though al ways potentially danger ous
through entry of air into the circul ation.

Attention shoul d possibly be directed strongly to the all eged causes of the out-of -
air situation developing. The term“regulator failure” may in reality indicate an
enpty tank if the lowair situation has not been recogni sed, or it nay indicate the
need for an urgent investigation to identify the trouble accurately, “Reserve”
failures are best avoi ded by the di sconti nuance of this type of unit, the use of a
tank contents gauge and possibly also a sonic warning of lowair would neet



requi renents of safety. Hookah failures are a matter worth special consideration,
i f only because so many seemto think no training is necessary before they are used.
The occurrence of sinply out-of-air situations in the absence of equipnent
mal functi on can be regarded as i ndi cating bad di ving di sci pline, though the answers
of several instructors suggest an easy acceptance of this type of diving. That so
many cases occur at M Ganbi er nay i ndi cate an excess of “cowboys” anmpbng occasi onal
visitors to this area. Their survival indicates that the “terms of trade” seemto
favour survival under energency no-air ascents.

Those responding to this survey were not necessarily fully representative of the
opi ni ons and experi ence of all instructors but they do at | east illustratethe problem
as viewed by non-nedical but safety orientated and active diving instructors.

2. SETT and Chanber reports (see also Appendi x B)

Ther e woul d probably be no oppositionto the practicing of “Free Ascent” (FA) by al
pupil s under initial scubatraining wereit not for the strong and repeat ed war ni ngs
i ssued to civil diving groups by personnel of both the US Navy and Royal Navy. This
has been due to their experience during the training of subrmarine crewin Submarine
Escape Training Tank (SETT) ascents where deaths have unexpectedly occurred in
careful ly supervised physically fit men apparently making faultl ess exhal ati ons.
Ther e have even been Air Enbol i smcases anong such fit personnel undergoi ng Chanber
pressureteststo 100-112 feet prior tothein-water training (USA UK, South Africa).
Though many question the rel evance of SETT experiencetothedivingsituation, because
the ascent made is different and the subjects lack the notivation of pupil divers
towards being in the water, the point at issue here is that carefully supervised
ascents in carefully checked healthy young nen in warm well it water and with
emer gency reconpression facilities a few seconds away fromthe point of emergence
may neverthel ess prove fatal. The deaths nmay be insignificant statistically but are
not uninmportant to the victimand the rel atives. Mses gives an apparent incidence
of extra alveolar air and/or air enbolismas 1 per 7,200 ascents (all types). His
figures are subject to error as the records had not been kept in a manner desi gned
to furnish such details, though the New London Tank figures were avail abl e.

The figures offered of norbidity refer to clinical cases and there i s now evi dence
t hat many | ess apparent | esions are occurring. Ingvar et al. in Sweden denonstrated
t he occurrence of asynptomati ¢ EEG changes after supervised SETT ascents and Janes
in the USA has shown the presence of extra alveolar air in 2 of 170 consecutive
trai nees, each apparently naking three ascents. This is arisk rate of 1 case per
255 ascents. Whileit nust be stressedthat these peopl e were not clinically disturbed
to any significant degree by the changes noted it may al so be noted that they woul d
not have been included in the conventional listing of norbidity follow ng training
ascents, yet would have been at risk of an air bubble reaching a vital area of the
brain. Sucharisknmy bejustifiedbythebenefits of suchtraining, but such benefits
require to be proven first if any less stringent managenent of civil ascents was
proposed t han that foll owed by US and Royal Navies. It is possibly of interest that
the first ever necessitous escape froma submarine, that of the three man crew of
the “Sea Diver” in 1851, was totally successful from60 feet despite an absence of
training for such an eventuality. And the RN investigation of successful WR®
submari ne escapes (all nations) showed that a | arge proportion were nmade w t hout
equi pment or prior training. Necessity is certainly a convincing teacher

The avail abl e figures indicate certain additional conclusions can be drawn as to the
relative risks of the various ascent nodes (Table 2). Under training conditions a
“Free Ascent” is the npbst dangerous, a buoyant ascent l|less so, and one using a
Subrmari ne Escape Apparatus (SEA) the safest. Acorrectly used SEA shoul d be as safe
as a rapid scuba ascent but the use of the apparatus i s di sconcerting to sonme at the



SETT and apparently often unsuccessful under the stress of a subsunk situation.

3. Diving Training and other cases of Pul nonary Barotrauna

It is generally believedthat there are few, if any, fatalities or clinical incidents
associ ated with ascent training and that this illustrates the basic safety of the
procedure. Setting asidethe fallacy that nil reports indicate nil cases, there have
been nunerous case reports published. These cases (Appendix C) have occurred in
depths as little as 8 feet. Many have not been fatal but to be reported at all they
nmust have been significant, soit is highly probabl e that nany | ess severe cases have
remai ned unreported. |Inthe Australian “Stickybeak” diving fatalities survey there
have been four scuba dive deaths where air enbolismhas been a probabl e cause, one
bei ng a FA trai ni ng ascent several years ago. Even apparently uneventful diving may
be foll owed by evi dence of pul nobnary barotrauma. The US Navy has even reported an
air enmbolismin a snorkel diver ascending from30 feet. As an exanple of the need
togiverestricted credence to nil reports a case of a fatal practice (training) 100
feet FA is known (overseas) where not only was there neither police investigation
or Inquest into the event but those involved called a person who reported the case
toafriend an (expl etive-del eted) troubl esone fell ow. The official cause of death
was dr owni ng.

It is hoped that readers will supply the author with details of incidents associ ated
with training or energency conditions known to them for the presently avail able
reports may represent a biased sanple of diving incidents.

Di scussi on

There are several points of interest that emerge fromthe available facts. First,
cases of pulmonary barotrauma can occur during normal diving and are of clinical
significance in a statistically rel evant proportion of ascents of an “irregular”
nature, however thorough the precauti ons. Second, extra alveolar air and cerebral
air enbolism theresult of pul nonary barotrauma of ascent, have effects rangi ng from
i medi ate death to damage di scoverable only by the use of special tests (Chest X-
Ray; EEG. There does not seemto be a reason why sone becone victins and ot hers
suffer nil ill effects while undertaking sinilar ascents, but the work by Wal der and
ot hers suggests that i n man, as i n gui nea- pi gs, bronchospasmor bronchi al obstruction
by mucus nay have occurred. He quotes a fatality that occurred during deconpression
of a man who had been effected by fumes. Thirdly, various nmethods of “irregul ar
ascent” are at present bei ng performed by many pupils under initial training courses.
There is al so probably, a significant degree of poor diving occurring if measured
by the occurrence of out-of-air incidents glinpsed at in the survey.

It is of relevance to note that the only BS-AC. specific investigation for making
Energency Ascents (Hume Wllace, Kingston Branch 1956-1961) indicated that the
failure of inferior demand val ves then entering the UK was t he cormopnest cause, with
poor di ving disciplinealsosignificant. Since 1966 t he BS- AChas prohi bited practice
of “free ascents” and t hey have not beenrequired for certification. |ncident Reports
since then have shown no need to change this rule. The recent introduction of Deep
Rescue training has itself produced casualties, a practical exanple of the need to
ensure that training for safety is itself safe. PR MJUM NON NOCERE shoul d ever be
our gui de.

Naval experience indicates that it is safest to ascend with buoyancy and with sone
source of air, conditions best net with the shot |ine ascents with demand val ve in
hand al ready practiced by sone instructors. This will significantly reduce, though
not elimnate, the risks.



As the vast majority of enmergency situations are potentially avoi dabl e, by wat chi ng
the remaining air level and rigorously investigating all cases of equipnent
mal function, great effort should be put intothe reporting of all such incidents as
may occur in order that dangers nmay be recogni sed and renedi ed before fatalities
occur.

CONCLUSI ONS

1. Scuba diving is a remarkably safe procedure, in part through the tol erance of
the body to the majority of barotrauma incidents.

2. Cerebral Air Enmbolism occurs in a significant nunber of cases of carefully
supervi sed SETT and Chanber pressure exposures but israrely fatal. M nor cases
are probably undi agnosed, but frequent.

3. Prevention of diving norbidity and nortality shoul d be based both on a reduction
of the |likelihood of enmergency situations developing and a thorough
i ndoctrinationof acourse of actionfor any out-of-air situation. Suchtraining
should be |ess dangerous than the risk of the problem itself. | nput of
informationis requiredto nonitor boththe causes of probl ens and t he response/
out come when they do occur.

4, 100%safety is never attainable. |f practicein ascent is considered necessary,
a shotline ascent with nouthpiece in hand seens the safest.

TABLE 1
AUSTRALI AN “ EMERGENCY ASCENT” PRQJECT 1975

PROBLEM ASCENT MODE: Free Ascent Buddy Breat hi ng TOTAL
Qut of Air 17 9 26
Regul ator failure 6 4 10
Reserve failure 3 1 4
Hose supply failure 9 Ni | 9
“Mechani cal ” failure 4 1 5
Sudden XS buoyancy 3 Ni | 3
O her causes 5 Ni | 5
Tot al 47 15 64
TABLE 2

EXTRA ALVECLAR AR AND Al R EMBOLI SM ASSOCI ATED W TH SETT TRAI NI NG

New London (USA) and HMS Dol phin (UK) tanks

SEA FA Buoyant Steinke Fatal RCC
cases
Moses 1928-51 1:16,100 1:1,030 1:3,250
Peirano et al 1929-54 1:21,776 1:1,483 - - 4 14
Wiite et al 1938-65 1:27,571 1:1,172 - 4 4
Lanmbet h 1954-57 - - 1: 3, 000 - -
Elliott et al “20 yrs” “better than” 1:2,300 ascents 5 3
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Appendi x_A

Reported Energency Ascents

Report Depth No Air Reg Reserve Hose O her Additiona
fsw Air Fai | Fai | Suppl y Detail s
Suppl i ed
Al 100 BB
100 BB FA M Ganbier: Cctopus

share ascent bl ackout
near to surface

acci dental drop wei ght
belt while teaching.
Rough sea, poor
visibility:- chest

pain
A2 80 FA
A3 ? FA Tank entangl ed: murky
wat er at power station
Ad 20-40 FA
20-40 FA
20-40 FA
100 BB M Ganbi er:
20 BB Subcut aneous enphysena
resul ted
A6 ? FA
A9 60 FA "Mechani cal failure of
equi prent "
90 FA ditto
A10 40 FA
50
100 FA M Ganbi er
All ? FA Mechani cal failure
? FA Mout hpi ece di sl odged
? FA
? FA
? FA
Al2 ? BB
? FA
? FA
Al3 120 Al'l students use up air
and need to FA
Al4 30 FA Know of ot her hookah
failures al so
Al5 40 FA Ful | facemask cracked,
under “Levi at han”
30 BB Pupil, sea, low air; BB
with I nstructor
Al6 60 FA Freei ng anchor after a
dive
20 FA Reserve already “on” in
error
100 FA M Ganbi er-recovering
dropped torch
25 FA “Some Idiot turned the
air off”
Al8 20 BB occurred at a
deconpressi on stop
150 BB "dive required
deconpressi on so BB not
FA'
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Report Depth No Air Reg Reserve Hose O her Additiona

fsw Air Fai | Fai | Suppl y Details
Suppl i ed
Al9 30 FA failed to fully open

on/of f val ve before
water entry: know of
ot her cases

100 FA Air cut off when pulled
reserve: know of other
cases

A20 120 FA Interrupted air supply

70 FA M Ganbi er 2nd descent

same tank; pulled
reserve then no air.
Untrained in FA

A23 70 FA Gear exchange test:
given enpty tank
? BB Hori zontal shall ow swi m
till safe to ascend
A24 130 FA M Ganbier: ABLJ valve
jamred so rapid ascent
? FA M Ganbier: ditto
A26 60 FA
150 BB Husband/wi fe team
wife's regulator failed
100 ** EA Hookah filter “bl ew off
screw cane free with
100 ** EA two divers below. Both
successf ul
60 FA Hookah hose changed to

wrong outl et
(100 snorkellers FA after diving to scuba divers at M Ganbi er)

Bl 130 FA M Ganbi er
60 FA
B1 150 FA
150 FA Shal | ow wat er bl ack-
out”: checked at SUM
B2 40 FA
25 FA
150 FA
130 FA
B3 ? FA Ni ght dive, out of air
after 5 mnutes; with
an instructor. “Oten
needed to FA since
then: ALL divers do”
B4 ? BB during a training
sessi on
? BB faulty J-val ve
B5 20 FA “1-3 students run out
of air every course”
? BB “Student took ny denand
valve so BB with the
instructor”

Some comments offered concerning practice of Energency Ascents:

A2 possiblyallowfor 3rdclasscertificate, and encourage for 2nd cl ass certificate
A5 performup shot |ine, demand val ve nouthpiece in hand: RCC at site

A6 with demand valve in hand and in all equipnment, all present students.

A10 7 foot ascent after ditch scuba, never i n openwater; allow instructor present.
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All Allow, not obligatory, 6 netre depth water

Al3 Require FAwithinstructor present; believe practically every diver on a shall ow
dive (20 feet or less) sonetimes sucks tank enpty knowi ng can FA

Al4 Require ascent wearing equi pnent, nouthpiece in hand, from60 feet. Avoid BB
ascents. Would suggest ditching scuba or hookah if “for real” energency

Al5 Desire that pupils practice but forbid because of legal liability risk.

Al6 Undeci ded: D&Rin pool and sea but forbid solo FA Suggest nodify test toditch-
swimto buddy and BB - return to and don scuba again, at constant depth

Al7 Essential but not desirabletoinflict onstudents at initial training, include
later. At |east one FA fromover 10 netres.

A18 Teach pupils feel of an enpty tank; forbid FA, teach NAU bail-out not D&R

Al9 Require 3 netre D&R instructor nonitored, pool and open sea.

A20 Instructor denonstrates FA, prohibit pupils: horizontal swins set to set in
1 netre water suggested as good substitute for FA practice.

A21 Instructor may show FA in shallow water: possibly ditch and ascend for nore
experienced divers, forbid for trainees.

A22 Suggest increasing depths FA for 2nd class divers; forbid at basic |evel

A23 Instructor present allow ascent with nouthpiece in hand, then after ditch

A24 Encourage FA in pool then sea with shot |ine, nouthpiece in hand

A26 Forbid for pupils; suggest instructors train ascents 100 feet to 30 foot | evel

A27 Forbid beginners, possibly allow for 2nd class certification

Bl Require all pupils to FA; never dive deeper than able to EFSA;, 25 feet basic.

B2 Require, even if only Ditch & Recovery test ascent: 15-20 feet.

B3 Require EFSA practice; crininally negligent if did otherwi se: 10-40 feet

B4 Require but never nore than 20 feet: would prefer 45-60 feet for basic divers

B5 Require, 10-15 feet increasing to 60 feet for advanced trainees.

Regardi ng practice of Energency Ascent by all trainee divers:

In favour: Al, A2, A3, A4, A5, A6, Al0, All, Al2, Al13, Al4, A15, Al6, Al7, A19,
A22, A23, A24 Bl1l, B2, B3, B4, B5.

Agai nst: A7, A8, A9, Al8, A20, A2l1, A25, A26, A27.

continued from page 15

Spi nal "bend" (air enbolisn?) with inperfect resolution
Los Angel es Cases include successful FA by m ni sub non-diver from 250 feet!
Nemi r of f Diver, entangled at 15 feet, dragged to surface by tender.
Diver, age 14, first dive, "deep", suddenly surfaced.
Screaned & sank: rescued: decerebrate. Treated as
drowning, no RCC. No cure

Okal yi 3 pearl divers FA from 15-30 feet FATAL
Pol | ock Hol di ng onto fixed buoy; |arge waves washi ng over FATAL AE
USN 1972 5 feet training dive with senmi-closed circuit scuba giving

positive pressure gas supply. Probable AE signs. CURED
USN 1971 35 feet depth using SSBN unit; free flow ng regul ator

whil e swi mmi ng. Snorkel diver 30 foot dive
Uni Rhode | sl and Nunmerous PBT cases are briefly reported in Scuba Safety
Report No 3
Wal ker Case SC 71/3 (unpublished) 6ft ascent in calmtepid water FATAL
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APPENDI X B

SETT and Chanber cases of extra al veol ar air and/ or air enbolismare noted in varying
degrees of detail by a nunber of witers. Mses gives brief details of 71 incidents,
of which 54 were with ascents and 17 in the pre-ascent pressure exposure test in a
chamber at “112ft”. There were in addition three cases of deconpression sickness
in instructors acting as attendants during therapeutic reconpressions. Thi s
i ndi cates a weakness in the therapeutic tables. Sone of these cases are reported
in greater detail by Behnke, Brown, Chrisman, Kinsey, Lieblow Mcd atchie, Polak
and Adans, Pol ak and Ti bbals, and Periano et al. A npore recent case has been fully
docunented by Collins. In sonme of these US Navy cases sone divergence fromcorrect
ascent procedure was ei ther observedor |ater adnitted but inothersthedrill appears
to have been correctly performed. At all relevant tinmes the trai nees were under very
cl ose observation by highly trai ned and notivated instructors.

In the UK, SETT cases have been described by Elliott, Forbes, Honor, Lanbert and
Warner. Brief quotations may explain the strong views held by many Naval personnel
i nvol ved in SETT training of submari ners when advi si ng agai nst practice of out-of-
air ascents by civil diving groups:

. “Acci dents have happened to the actual training staff”. (Warner, 1967)

. “The RN has consi der abl e experience of free ascent training and reports that,
i nspiteof the cl osest possi bl e supervi sion, an appreci abl e nunber of incidents
occur. Some of them wunfortunately, fatal”. (Warner, 1969)

. “Case 1, a submariner, was a good swinmer in his early 20s. He volunteered to

nmake a 100 foot ascent with instructors present. Waring goggles, nose-clip
and stole (life jacket) he made a “copybook” ascent. A |oud exhal ation of air
was heard as he broke surface. He was unable to understand the order to put
t he tube back into the | oop of the stole, caught the | adder with his | eft hand
only, said “l feel...” and collapsed. It was only 6 feet to the RCC and he was
conpressed to “165 feet” less than a m nute after | eaving the tank bottom He
was consci ous there so deconpression was comrenced. At 10 feet he said “Wen
will | be ableto see?” and it was realised that he was blind. He died 27 hours
later”. (Honor, 1970)

. “Despite all precautions, incidents occur. Over 20 years these have averaged
linevery 2,500 ascents and have, i n many cases, fol |l owed ascents whi ch appeared
to be in every respect normal and correct”. (Forbes, 1975)

. “Since the adopti on of free ascent with buoyancy by the RNin 1954 about 34, 000
escapes have been made (15, 30, 30, 60 and 100 feet). There have been 10
casualties with synptons primarily of cerebral air enbolismand two with w de
spread danmage in the thorax wi thout associated neurological synptons, an
i nci dence of only slightly nore than 1 in 3,000 ascents. (Lanbert ,1958)

. “The main group (studied) consisted of 112 subjects in which 4 cases of proven
lung rupture and air enboli smwere observed. In addition to routine clinica
i nvestigations, EEGrecords were carried out before and after divinginthe main
series. It was found that free escape as such affects the EEG only slightly

i n sonme subj ects wi thout neurol ogi cal synptons (the changes) were so nar ked
that the records follow ng the diving were classified as abnornal.” (I ngvar,
Adol fson and Li ndemark, 1973)

Cai sson workers are apparently at risk of air enbolism during their routine
deconpressi on after worki ng under pressure, though the | ength of pressure exposure
isnot acritical factor. Warner reports that 6 cases occurred duringthe construction
of the Dartford tunnel. They had been at | ess than 3 ATAfor | ess than 4 hours. One
victimwho fell unconscious after |eaving the | ock, was | ater shown to have a | ung
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cyst. It was supposed that bronchial blocking was occurring in victins and tests
wer e carri ed out on gui nea-pi gs t hat showed ai r enbol i smwas produced i n 75%of ani nal s
i f bronchiolar obstructi on was i nduced by a histanmi ne spray in the chanber. Later
experinments have shown air enbolism can be produced in guinea-pigs after short
exposure to 2 ATA. Acaseis notedwhere afatal air enboli smon deconpression foll owed
exposure to irritant funes.

The German civil chanber i nci dent was an exanpl e of the tragi c results one can produce
when dealing with forces one does not understand.

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

APPENDI X C

Air Enbolismcases associated with training

Cooper man Pool - 9 feet ditch and recovery test FATAL
Davi s, Bassett Lake - 35 feet sw nming ascent training: unconscious.
Recovered "and 2 additional cases have occurred"

Denney, Read Pool - 15 feet |esson in buddy breathing fail ed FATAL
Harveyson et al Sea - 20 feet FA test. Bubbles in coronary arteries FATAL
Hattori Sea - 25 feet 3 cases during FA training.
Kruse "tank"? - ditch and recovery test. Heniplegia but
recover ed.
Mles S Sea - 20, 34, 35, 60 ft - Free Ascent training. 4 Fatalities
Sea ? - 29, 25, 30 ft - FA training non-fatal incidents
Nemi r of f Pool - 8 feet ditch and recovery test, at night. Recover ed
Quarry ? - Free Ascent test: became unconsci ous Recover ed
Strauss, Prockof Pool - 12 ft ascent followed by blindness, enphysema  Recovered
USN 12-70 Sea - 15 feet Buoyant ascent
Uni Rhode I sl and Pool
(report 3) - 8 feet Doff & Don test: breath help as ascent:blind Case 1
- 40 feet Doff & Don and FA Case 4
- 43 ft FA exercise: convul sed, paraplegic: recovered Case 5
- 90 ft FA exercise: part blind, right paralysis:
sl ow recovery Case 15

Air Enbolismdiving incidents

Ander son Hel met diver; rapid ascent from 30 feet FATAL
Davi s, Bassett Pani ¢ ascent (untrained) from80 feet. Legs paral ysed:recovered
"and know of case from 10 feet"

Denney, d as Sea - 20 feet ascent. FATAL
"19 such deaths in M chigan since 1959"

Elliott DH | npai red consci ousness after rapid ascent from 10 feet noted

Har pur Sea - unconscious diver: buddy suffered fatal AE in rescue

Sea - unconscious diver: bystander ascended, hol ding breath
whi | e buddy successfully rescued victim Bystander got FATAL AE
Hattori Sea - at 75 feet ascended 25 feet over a rock and suffered
hem pl egi a and di sorientated. Rescued by instructor. Recovered
fully. Al socases from60 feet (fatal), 30 feet and 90 feet dives.

Jones SA Navy diver ship bottom search, on back; devel oped chest pain.
O her cases PBT al so reported
LaCar da Betty Gcl eared nask forceful I 'y whil e hol di ng anchor Iineat 10 feet.

conti nued on page 13
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Barotrauna after apparently nornmal diving

Bayliss G Four non-fatal barotrauma cases. (Unpublished thesis on
underwat er diving 1971).

Col ebat ch See previous reference

Jones AG See previous reference

US Navy Naval safety Report OPNAVI NST 9940. 2A 1971

Cases of PBT associated with training

Coopernan et al. Mechani sns of death in shall owwater scuba diving. Canadian Med
Assoc J 1968; 99(23): 1128-1133.

Davi s, Bassett. Di vi ng Casual ti es, Lessons | earned. NAU Conference “1Q6", 1974

DDenney, Read. Scuba Di ving deaths in Mchigan. JAMA 1965; 192(3): 220-222.

Harveyson et al. Fatal air enbolismfromuse of a conpressed air diving unit. Med
J Australia 1956; 21 April: 658-659

Hattori . Areviewof air enbolismanong di vers inthe Monteroy Peni nsul ar.
SPUMS Journal  1975; Jul y- Dec.

Kruse. Ai r Enbol i smand ot her skin diving problens. Northwest Medicine
1963; 62: 525-527.

Mles S 165 Di vi ng Acci dents. J Royal Naval Medical Service 1964; 50(3):
129-139.

Nemi r of f. The changi ng face of air enbolism NAU Conference “1@", 1974

Strauss, Prockop. Deconpression Sickness anong scuba divers. (Sumitt & Berghage)
JAMA 1973; 223(6): 637-640.

US Navy. Research Report, 12-70

Wal ker D. Unpubl i shed report to “Stickybeak I nvestigation” (PNG Case)

Sone diving incidents causing PBT, Air Enbolism

Ander son WM Cai sson di sease during helmet diving. US Naval Med Bulletin
1927; 26(3): 628-630.

Denney, d as. Experinmental studies in barotrauma. J of Trauma 1964; 4. 791-
795, 1964

Elliott DH. Deconpression, a hazard of underwater sports. J Roy Coll Gen
Practit. 1969; 18: 233-237.

Har pur . 90 seconds deep scuba rescue. SPUMS Journal 1975; Jan-Mar (al so
NAU News Jan 1974)

Hattori . see previous reference

LaCer da. Enbol i smdi saster averted (case of Betty Gerzanics). Skin Diver
magazi ne 1972; March.

Nemi r of f. See previous reference

Okal yi . Occupational nortality and nmorbidity of divers in the Torres
Straits. Med J Australia 1969; June: 1239-1242

Pol | ock. A classic case of diver air enbolism at the surface due to
wave action. SPUMSJ 1976; Cct-Dec (al so PRESSURE April 1976)

Rose, Jarczyk. Spont aneous Pneunoperitoneum after scuba diving. JAMA 1978;
239(3): 223.

US Navy. Naval Safety Report OPNAVI NST 9940. 2A ref 1971 and 1972

wal ker D. Stickybeak | nvesti gation of Australian Di ving Deat hs: some cases

published in Provisional Reports, sone await publication

Addi ti onal Sources

Los Angel es County. Underwater Safety Conmittee Report
BS-AC. Diving Officers Conference Reports 1966-1977 (yearly)
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2(9): 423-430.

Unusual case of air enbolismprecipitated by deconpression. New
Engl and J of Med 1962; 226(12): 595-598.

Clinical and Radi ol ogi cal features in 88 cases of deconpression
Barotraunma. (Paper read at San Di ego, 1975)
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Oficers Conference, 1975

Paper read at BS-AC Diving Oficers Conference, 1970.
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Subrmari ne Medi cal Centre Report No 550, 1968.
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Forces Med J 1954; 5. 243-255.

Submari ne Escape. Proc R Soc Med 1958; 51(10): 824-827.
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casualties. US Arned Forces Med J 1959; 10(3): 265-289.
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1931; 29(3): 357-366.

Casual ties inindividual submari ne escape. USN Submari ne Medi cal
Centre Report No 438, 1964

Subrari ne escape trai ni ng experience. Md Research Lab US Navy
Report No 264, 1955

Traumatic air enbolismin subnarine escape training. USN Med
Bulletin 1932; 30: 165-177

Fatal case of Caisson Di sease followi ng a dive of short duration
to a depth of 30 feet. USN Med Bulletin 1930; 28: 862-865.
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Under wat er Physi ol ogy, 1966
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Ceneral papers relating to pul nobnary barotrauna

Col ebatch et al.

Davi es W

Giffin RJ.

Mal hot ea, Wi ght.

VWl der D.

I ncreased el asticrecoil as adeterm nant of pul nonary bar ot raumna.
Resp Physiol 1976; 26: 55-64.
Enmer gency Ascent for the Amateur.

Decenber 1963

A di agnostic sign of spontaneous interstitial enphysema of the
medi asti num case reports. Annals of Internal Med 1942; 17:
295-297.

Arterial air enbolismduring deconpression underwater and its
prevention. Proc Physiol Fen 1960: 32-33

Sone dangers of a Hyperbaric environnment. Proceedings of 2nd
I nternational Congress Hyperbaric Oxygenation

DI VE Underwat er nagazi ne

17



