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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.
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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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