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EMERGENCY AIR SHARING

Glen Egstrom

Introduction

The purpose of this paper isto focus upon a positive
approach to the standardisation of an important emergency
procedure, sharing air. The behavioural aspect of this
procedure could be effectively standardised with a mini-
mum modification of equipment and existing techniques.

Why shareair ?

Other than in training classes, one is hormally only
going to haveto share air when one' sbuddy isout-of-air. It
isatime of considerable stress. An out-of-air situation is
most unlikely for a scuba diver who monitors hisor her air
supply. It can happen, but itisrare.

In many parts of the world regulators freeze. When
gasexpandsit tendsto cool. Airisexpandingwhenitcomes
through the low pressure hose. We have tested a series of
regulators at various temperatures and at various depths.
Virtualy all the regulators on the market will freeze up if
they get cold enough and have enough air going through the
regulator. Typically theregulator valvewill stay inthe open
position, afreeflow, andwithfreeflow you get atremendous
cooling effect causing iceto form on the outside and on the

inside of theregulator. Sometimesthe regulator will freeze
shut. Thisis adifficult and serious problem. In between
sheet ice actually forms on the diaphragm increasing the
breathing resistance. Theincreasein breathing resistanceis
enough to create additional stress asthe diver may feel that
he is out-of-air. Every regulator available is going to be
more difficult to breathe from at low tank pressure and at
depth.

A tropical diving holiday is probably the worst pos-
sibleenvironment for ascubadiver. It takesabout 72 hours
to get about 80% acclimatised. Diversrarely havethat long
before they go to work enjoying themselves. Inspite of
understanding the problem, we consistently let ourselves
become dehydrated during the first two or three days. We
arenot sensitiveto the need to push fluidswhenwearrivein
the tropics. In addition we are offered deep, clear, warm
water, party times and late nights. We are not as well
prepared for some of our dives aswe should be. Asaresult
mistakes are made.

Many people who encounter increased breathing
resistance interpret that as an out-of-air situation. It is
important that people recognise that if one breathes slower
and so keeps the peak flow rates low, then the resistanceis
goingtobelower andonewill beabletoget air out of thetank
comfortably for much longer. In most of the regulators on
themarket excessivebreathing resi stance startsabout 500 or
600 psi tank pressure at depthsof 20 m or more. Most of the
good regulators on the market have different characteristics
becausethebal ancedfirst stagesare sofinely tuned that they
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will work up to a critical pressure and then fail to deliver.
The diver has no warning, one breath has some change in
breathing resistance and then one does not get the next
breath, or if one does, one only gets part of it.

Out-of-air isatime for an emergency ascent. If one
starts air sharing one should begin an emergency ascent.
Emergency air sharing should not bedonewhileonefinishes
the rest of the planned dive. That does happen. | know a
diver who chooses young women as diving buddies because
they do not use much air. When he gets tank his down to
about 300 psi, he shares her tank until it is nearly empty.
Then he uses his remaining 300 psi to surface.

The past

| have participated in recreational scuba and scien-
tific diver training and in commercia and military diving.
Those involved in training divers are obligated to have
peoplelessconfused at theend of instructionthan whenthey
started.

There are problems with emergency air sharing. |
hope to give you a better understanding of how the present
situation developed and to persuade you to convince your
communities to try to simplify emergency air sharing.

The Undersea Medical Society, now the Undersea
and Hyperbaric Medical Society, convened an Emergency
Ascent Training workshop in December 1977. Thirty-five
experts representing training organizations in all facets of
diving spent two full days discussing the topic. Position
papers and statements were compiled in a publication and
made available to the diving public. Reactions to the
positions were aso recorded and published. There was a
strong emphasis on unaided ascent aswell ason air-sharing
ascents.

During the years sincethe conference there has been
little, if any, progress towards standardisation of the latter
emergency procedure. Recommendations have come from
many sources and small groupswithin the diving field have
instituted programs for their own divers.

Emergency proceduresshould meet certain criteriaif
they are going to be effective for large populations. The
procedure needs to be
1 Standardised.

2 Easy to learn and reinforce.
3 Logical and require aminimum level of skill.
4 Reliable and effective.

Swimming ascents

Twenty years ago an emergency ascent was all very
simple. One did a swimming ascent. One took ones
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regulator out of ones mouth, tipped ones head back, blew
bubbles and swam to the surface.

Themilitary caled thisa“freeascent”, atermwhich
recreational divers immediately picked up. Some of the
training agencies, likethe Los AngelesUnderwater I nstruc-
tion Agency, insisted that divers had to be able to do afree
ascent from whatever depth they dived to. That wasconsid-
ered ones safety valve. If adiver wasgoing to diveto 30 m,
the diver had to demonstrate that one could, on a single
breath, get al the way to the surface, exhaling all the way.
We all managed to do it and no one gave it much further
thought. Astime went by, the US diving medical commu-
nity told thetraining agenciesthat free ascent was adanger-
ous practice which should not be done, either in training or
in any other circumstances.

Buddy breathing

The way round this prohibition was “buddy breath-
ing”, againamilitary practice. Diving wassupposedto done
in buddy pairs. It wasthe responsibility of each member of
the buddy pair to be thereto help if needed. The procedure
for sharingair wasvery simple. Oneswam up to onesbuddy
and drew ahand sharply across the throat, giving the signal
that onewanted to shareair. Thebuddy would immediately
takethetwo hose regulator out of hismouth, roll it over and
put it into position so that the recipient could get acoupl e of
breaths. Thenthedonor would roll it back and soon. Atthe
sametimeasbuddy breathing commenced, thediverswould
hold each other, so they were securely linked together. This
particular techniqueworksvery well, if onehasbeentrained
toexecuteit. But buddy breathing wasthething that onedid
only if one could not make a safe swimming ascent to the
surface.

With singlehoseregul ators, onetook themouthpiece
from onesmouth, passed it immediately to the sideand then
back and forth. After some accidentswe realised we had to
teach people that they had to exhale during the time they
werenot breathingfromtheregulator. Theconcept wasthat
onehadto seebubblesat all timesexcept wheninhalingfrom
theregulator. Had webeenreally ontheball at that time, we
probably would have have suggested that the airless buddy
could put his or her mouth over one exhaust valve outlet,
block off the other and breathe the expired air. Two people
can breathe off asingleregulator with very littledifficulty if
they practice the skill.

Sharing air did lead to some horror storiessuch as, “|
gave my buddy theregulator and hewould not giveit back”.
The failures of the buddy breathing system led to remarks
about how dangerousit wasand that onewould havetofight
for oneslifeif one gave ones regulator to someone. Every
timel read, inaaccident report, that thebuddy systemfailed,
| get livid. The buddy system does not fail, it is the people
using it that have the problems. The systemisfine, itisthe
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implementation that falls down. Usually that is because of
lack of practice.

Secondary regulators

The octopus (spare regulator) concept was alogical
step. Theoretically if one has an extra second stage dl a
recipient has do is swim up and put it in their mouth.
Unfortunately when the octopus was accepted amajor error
of judgement was made as we violated a basic precept in
emergency procedures. We failed to standardise the loca
tion of the spare second stage and failed to standardise the
procedure of air sharing.

Shortly after the octopus came in | asked a diving
group the question “What would you do if you run out-of -air
and you wanted to sharemy air?’ The whole group put an
openhandinfront of my face. | did not understand what they
meant. They explained that they were going to grab the
regulator out of my mouth and | would give it to them
because that signal meant “1 want totake abreath”. Unfor-
tunately only they knew what that signal meant. If they
dived with others they would not be able to communicate.

Even if one communicates the basic issue of “I'm
out-of-air. | want to share” there are two scenarios.

Inthefirst one, the person with air takes his primary
life support meansand putsit in the buddy’ s mouth and then
hasto find his spare second stage. | liketo keep my primary
regulator and give my buddy my alternative air source. |
know the primary works, but | am not certain about the
octopus. It takes very little particulate material to create
problems with the mechanism of a2nd stage. The octopus
should be in a convenient place where the buddy will get a
clean regulator and where both divers can find it. Is it
necessary to give up the primary air source? Do | have to
giveuptheoneinmy mouththat I know isworking? | do not
have a problem and | do not want one. We may have a
problem, but it isreally my buddy’s problem. | will helpin
any way | can but if we are going to have an emergency, |
want to keep it simple.

In the second scenario the out-of-air buddy takesthe
spare second stage. Unfortunately it is unlikely that the
buddy knows where it is going to be because most divers
permit their octopus to hang loose. Mostly the regulator
hangs somewhere, even down between people' slegsif itis
on an extra long hose, dragging in the sand. Some divers
even position theoctopussothat that onecannot tell whether
they have a one or not.

My point is that thereis till no standardised proce-
dure for octopus breathing. Thereis a standardised proce-
durefor buddy breathing, althoughin some programsbuddy
breathing is no longer taught, neither is the swimming
ascent.
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Whether we use buddy breathing, octopusbreathing,
breathing from an aternate air source or from a pony bottle
onehastohaveaprocedure, standardisation of theactionand
common agreement on how thisis going to work.

Some of the manufacturers’ innovations are located
inastandardised position. The Air |1, abreathing device, is
always on the end of theinflation hose and incorporatesthe
ability to automatically inflate the buoyancy compensator
while still being able to be used as an alternate air source.
This eliminates one low pressure hose.

However the Air |1 requires that both buddies know
how it works, which buttons do what. The manufacturer’s
instructions say that when someone comes up and indicates
“I"'m out-of-air and | want to share” one gives them ones
primary device. But thisadviceis not because the primary
regulator isinastandard position wherethebuddy can get it.
It is because they hope you know how Air |l works and
accept that your buddy may not.

At UCLA we completed some experimental
behavourial studies. We found that one can leave the
primary in ones mouth and hand ones buddy the Air II.
Certainly itisonashort hose, all that doesisbring the buddy
inalittlecloser. Onedoeshavetoturnittotheoutsidewhich
resultsinthehosekinking. However itisvery, very difficult
to prevent any air coming out of alow pressure hose, with
about 1401bsof pressureinit, by kinkingit. Thereisalways
sufficient pressure to activate the Air Il. However it was
shown to be important that the air source be in a fixed
position in order to avoid delays in the smooth pass to the
recipient’s mouth. Velcro or other attachments need to be
substantial enough to hold the second stage in a stable
position but must allow easy disengagement.

Diving isnow atechnologically driven sport, driven
by incredibly rapidly expanding technology. We used to
think it wasan instruction driven sport. Perhapsintheearly
days it may have been, but no longer.

Instead one or two new products per year, we see a
multitude of new products, innovations on existing prod-
ucts, and aburgeoning diversity of equipment, resultingina
diversity of methodsof handling functions. Other manufac-
turers have the copied Air Il. They are al basically a
breathing device that is incorporated into the automatic
inflation system. There are probably adozen variations, all
with different kinds of controls, al requiring specific train-
ing in order to make the device work.

Oneneedsto haveastandardised procedurefor using
a second regulator and both parties must understand the
rules. To make sure both buddies understand the procedure
one should try it out on the surface before the dive. During
an actual emergency isnot theideal timetotry to learn how
unfamiliar equipment works.
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Pony bottles

Pony bottles have the advantage of being a com-
pletely separate air supply. They have the disadvantages of
not having astandardised | ocation for the spare second stage
and of being a another thing to take on every dive because
one does not know when an emergency is going to occur.
The one thing about emergencies is that they occur with
sobering suddenness according to Murphy’s Law.

An enterprising gentleman in California, recognised
that people did not like the idea of the large pony bottle, but
did want anindependent secondary air supply. He came out
with Spare Air, asmall cylinder of compressed gas, with a
regulator on top and away of monitoring of how much gas
isinit. Oneturnsitonbeforeadive. If oneworksinaheavy
current, it may be activated and bleed off. But if one waits
until the emergency toturnit on, the person wanting air may
get a little tense during the operation. The manufacturer
suggests keeping it in aholster. The diver comes up, gives
thesignal and onewhipsit out and handsit over and they are
ready to head for the surface.

Spare Air doesnot requirethat you break the primary
lifesupport link. It hastheadvantagethat you canfill it from
a scuba cylinder. The manufacturer found an incredible
market, not only divers but also helicopter crews who have
actually bought more than divers. When a helicopter goes
into the water, it usualy inverts and everyone is confused
and it sometimestake several minutesto get out. If onecan
not breathe, escapegetstobedicy. With Spare Air they have
several minutes to find away of getting out and be saved.

Spare Air hasadrawback. Theearly onessimply did
not giveenough air at depth. At50 m, onegot onefull breath
and a part of another. At about 18 to 24 m one would get
anywhere from 4 to 7 breaths and on the surface 14 to 16
breaths or so. They have now come out with a 3,000 psi
cylinder. Itisavailable as a set of doubles.

Theproblemisthat thedeviceswill work well, butin
order for themto work every timethe spareair source hasto
have a standardised location, standardised procedure and
users with acommon set of rulesto be ableto utiliseitina
safe and effective manner.

Theideal isthat if you areoutfittedwithaprimary, an
octopus, apony bottle, a Spare Air or aAir 11, in astandard
location, then when the buddy comes up, they can say “I
think I’'ll have one of these” and life will go on.

Standardisation

One of the big criticisms of the number of devicesis
it isalways possiblethat the recipient may not know how to
usethe secondary air source and therefore grabsthe primary
regulator. The donor then has to sort out the problem,
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otherwise the other diver islikely to panic. From ahuman
factors point of view it does not make any difference what
system one uses. The basic steps one hasto go through are
the same. There has to be some linkage of the divers and
there has to be atransfer of an air source.

If thedeviceswerelocated inthetrianglebetweenthe
edges of therib cage and the mouth, thiswould makeit easy
to find them. In our tests placement of the air source
anywhereinthat triangleresulted in an easy pass, aslong as
the hoses, if any, passed over the shoulder or were attached
near the shoulder in afashionto permit theair sourcemouth-
piece to be placed in the recipient’s mouth.

In this discussion you will note that the recom-
mended procedures would not require the donor to remove
the primary regulator from the mouth except in the case of
buddy breathing. Mounting the alternate air source within
the triangle formed by the mouth and the outside lower
borders of therib cage has several advantages:

1 The air source has a consistent, semi-permanent
location.

2 The air source is visible to recipients as they ap-
proach.

3 A single movement with the right hand can quickly

move the air source to the recipient’ s mouth.
4 A single basic behaviour pattern is possible for the
recipient and donor.

One must do the ssimple things, standardise theloca-
tion of thealternate air source and standardi sethe procedure
so that whatever signals are given are standard, and the
responseisto get an air supply from what the diver happens
to be carrying. Buddy breathing even works with this
system, for people who dtill utilize this practice. The
procedure has to be kept simple. If it is complicated the
amount of training needed to overlearn the skill increases
dramatically. Tolearnto usean octopusproperly takesover
12triestogetitright, andthisiswithastandardised | ocation.
Buddy breathing takes from 17 to 21 tries.

Regardless of which system one uses, if both people
are not prepared by training, having overlearned the skill to
the point where they do not have to think about it during an
emergency, it is going to be difficult to perform. If you go
into a problem solving mode at the same time as you are
involved in an emergency, it is quite likely that you will
screw up whatever you decide to do. Any emergency skill
must belearned sothat itisessentially reflex. Thediver can
then deal with someother issueand till beabletogothrough
the mechanics of air sharing without thinking about it,
whatever elseisgoing on. One of thethingsthat needsto be
donein training programs is that when novices have learnt
the mechanics of air sharing, they then need to do some
rehearsals under additional stress. They need to be ableto
solve other problems at the same time they are air sharing.
One of these problemsis propulsion. What tendsto happen
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iswhile buddies solve the air sharing problem they usually
stop swimming. They need to be trained to do two or three
thingsat thesametimeasthey areair sharing. Itisamazing
how few people can do this.

If one has stress involved in whatever emergency
procedureoneisgoingto use, or anticipatesthat oneisgoing
to use, one uses more air. That isthe nature of stress. The
solutionisstressavoidance and reduction. Toreducestress,
therearevariousthingswe cando. Oneismental rehearsal.
| once did a research project that showed that one can get
reinforcement of individual skills, learning and maintaining
those skills if one does mental rehearsal exercises. One
imagines going through the process of whatever isgoing to
take place. The difficulty in the case of sharing air, is that
both people have to rehearse the same technique under the
same mental set of conditions. Talking isamost important
way of reducing stress and one that is very rarely used
properly. Oneasksonesbuddy “How arewegoingto handle
an out-of-air situation?’ and the buddy says “By buddy
breathing”. Y et youreally have not communicated how you
aregoing to do the action. One can bet that what happensis
not what you expected, unless you both trained in the same
program, on the same system and with the same set of
conditions.

There are other problems coming. The recreationa
diving community is getting interested in the technol ogical
aspects of diving. When asked about mixed gas diving,
nitrox diving or deep diving, base your advice on what
recreationisall about. If they areinsistent that they wish to
do such diving, then they need training by some competent
organi zation that specializesin that particular sort of diving.
This is because how they they do their emergency proce-
dures will vary according to the equipment that they are
going to wear. If they do not train in that equipment for
particular kinds of emergencies that are likely occur, it is
unlikely that those emergenciesare going to be successfully
handled.

Conclusions

Without getting involved in the controversy over
which of the techniques for air sharing is the best, an
examination of the problems reveals a procedure which
would meet the above criteriawith aminimum of retraining
or expense. Both the donor’s response to the out-of-air
signal and the recipient’s actions shourl be standardised.

If the diver does not take independent action in the
form of a controlled emergency swimming ascent we have
anindividual who goesto apotential donor for air. The*out-
of-air” signal (hand drawn sharply across the throat) fol-
lowed by the “I want to buddy breathe” signal (hand and
fingers motioning toward the mouth) could be given during
theinitial contact regardless of the manner in which the air
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supply exchange would proceed. A person who wants air
would therefore always follow the same procedure.

Signal out-of-air.

Signal for sharing air.

Establish contact with the donor.

Guide the offered air source to the mouth without
taking it from the control of the donor.

A WN PR

The donor should respond by

1 Grasping the other diver’ sharnessor tank and facing
the recipient.

2 Immediately passan air sourceacrossto themouth of
the recipient who will now be facing the donor.

So far the procedure is well established in the field
and should present no new problems. The donor may be
prepared to share air by
Using buddy breathing.

Using an aternate second stage.

Using adevice such asthe Air I1.

Using a redundant system such as a pony bottle.
Using some other suitable device.

ab~wbNPE

Unfortunately thereareanumber of variationswithin
each of these procedures which complicate the problem of
standardisation. However the donor holding part of the
recipient’ sgear while passing an air source can be standard-
ised. These moves can bedone quiteeasily if theair source
isin a consistent location where the donor can, in asingle
move, grasp the air source and pass it to the recipient’s
mouth. The recommended location is on the front of the
chestinthetriangl e between theedgesof therib cageandthe
mouth.

The principle issue is that when the individual who
wantsto shareair comesto the donor, the same procedureis
aways followed. This behaviour then triggers a response
from the donor that is functionally the same with regard to
themechanicsof themovement irrespective of other factors,
such as the type of device being used to share air.

The establishment of a standardised procedure does
not mean that dive buddies should feel that there is no need
to discuss or even rehearse the procedure prior to the dive.
Training is paramount in any emergency procedure.

Thereisalearning curve associated with the skill of
air sharing. In the case of buddy breathing, a study con-
ducted by the the UCLA Diving Safety Research Project
determined that 17-21 successful attempts were needed for
performance without errors in a group of basic students.
Retesting, after three months of diving without reinforcing
the skill, showed degraded performances, involving errors
inprocedures. Not only shouldtheskillsbewell learned, but
they should beperiodically reinforced, especially in circum-
stances where the buddies are diving together for the first



226

time. Useof aternateair source breathing such asalternate
second stage, Air I, pony bottle, etc., also involves the
learning of a series of skills. These procedures are as
complex as buddy breathing up to the point of sharing. The
basicdifferenceisthat therecipient receivingan alternateair
source need not alternate breathing with the donor. Thisis
asubstantial advantagein many cases. Itisfolly, however,
to assume that these alternatives to buddy breathing do not
require substantial learning and reinforcement.

It is possible to conceive of “what ifs’ that could
create additional variables and interfere with a smooth
procedure. Adequatetraining, education and dive planning
will still berequired in order to minimizethe“what ifs” and
their effects.

This is an edited text derived from a lecture with
slides and from the text of a previous publication provided
by Dr Egstrom

Glen H. Egstrom, Ph.D., is Emeritus Professor of
Kineseology, at the University of California, Los Angeles
(UCLA). Hisaddressis 3440 Centinela Avenue, Los Ange-
les, California 90066, U.SA.

RESPIRATORY FUNCTION IN INTENDING
DIVERS

Andy Veale

Introduction

Thehistory of diving medicinehasmoved through a
number of different phases. Firstly, divers smply went
diving to accomplish a particular aim, there was no consid-
eration at all about the physical or physiological attributes
necessary to perform this work safely. Occasiona deaths
and illnesses then occurred, and attempts were made to
explain these deaths using physiological and pathological
knowledge obtained in other situations and in other disor-
ders. Rules have then been derived from these extrapola-
tions. Of necessity theserulesor standards, are conservative
dueto thelack of basic knowledge, the desire to be exhaus-
tiveand to avoid any perceived medico-legal risks. Finaly,
the “natural” data accumulates and research data is col-
lected, suggesting that theoretical concerns have been over-
stated and standards are ultimately relaxed. One very good
example of this is the relaxation of standards for aircrew
following spontaneous pneumothorax in al Air Forces.

| believe diving medicine needs to become more
scientifically rational interms of risk assessment in order to
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be perceived by the diving community as acting in the
interests of divers, to avoid the “them and us” situation.

L ung anatomy and physiology

| shall briefly cover some aspects of the normal lung
anatomy and physiology before pointing out some of the
changesin normal physiology which occur during diving. |
will then discuss some of the possible mechanisms of
barotraumaand how these have been used to justify some of
thetheoretical risks, and hence contraindications, in current
diving standards. | will then discussthe actual risk data, and
the potential pitfalls in interpretation of this data, before
proceeding to a brief philosophical discussion of what the
doctor’ srole should be.

The lung is a very dastic structure which tends to
collapse towards functional residual capacity (FRC). FRC
represents a balance between the tendency of the lung to
collapse and the tendency of the chest wall to spring out.
Most of thelung elasticity isin the bronchovascular bundles
which contain most of the el astic and non-el astic connective
tissue. The bronchi and vesselstend to run together within
bronchovascular bundles and during inspiration or over-
inflation there tends to be a tractional force along these
bronchovascular bundles. Within the walls of the bronchi
smooth muscle is oriented in a circular or spira fashion,
becoming increasingly discontinuous toward the terminal
bronchioles, leading to areas of potential weakness.

During a normal forced expiratory curve flow rate
rapidly reaches a maximum and then falls as the airways
becomenarrower, acting asaflow limiting step. Flow atlow
lung volumes is thought to reflect flow within the small
airways but even in these terminal portions of expiration,
flow is till significant at around 800 ml per second.

The compliance of the chest wall and lungs varies
considerably with the phases of respiration. Starting from
expiration increases in lung volume cause little change in
intrathoracic pressure. However at the extreme of inspira-
tion a very small increase in volume is associated with a
marked increaseinintrathoracic pressure. So any reduction
in depth (pressure) while a diver is at total lung capacity
(TLC) will very rapidly increase theintrathoracic pressures
andasaresult thetractional forcesalongthebronchovascular
bundle.

During head out immersion there are significant
changesin pulmonary physiology. Thelung becomesmuch
less compliant due to the central redistribution of blood
volume, closing volume is increased and specific airways
resistance and the work of breathing are increased dramati-
cally.

Increasing gasdensity leadsto progressive, and quite
marked, declinesin flow at al lung volumes.



