There is an i nportant practical inplication of these findings. It neans that if you
go diving when you have, or have recently had, a cold, influenza or an attack of
bronchitis, which has left you with sone viscid nucus in your chest, then you are
i n danger of getting an unexpected attack of severe Type || deconpressi on si ckness.
Al'l the nen | have known who have suffered from an unexpected attack of Type |
deconpressi on si ckness have been found on enquiry to have had a cold in the week or
ten days prior to the dive and had presunably returned to diving before their |ung
mucus had had tinme to return to nornmal.

* *x * % * * *x *
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NI NETY SECOND DEEP SCUBA RESCUE
GD Har pur, M
(NAU  News January 1974)

It is proposed in this study to review the probl ens posed by the unconsci ous di ver
and to present solutions available to the diver attenpting rescue.

The unconsci ous di ver has ceased to breathe. There nay be several reasons - depl etion
of supply, contam nated supply, equi pnent mal function, thelittle appreciated danger
of cold, or other nmedical problems. He will have | ost his regul ator, and his oxygen
stores rapidly deplete. Unless he, or arescuer is able to replenish these, he will
di e.

Illustration No. 1 shows a conparison of oxygen consunption with elapsed tinme in a
non- br eat hi ng subj ect whose heart is still beating. Depending onthe reason for his
| oss of consciousness he is left with a certain anount of tine until he will have
sustained irreversible danage to his brain and only alittle |onger before he wll
die. At the point in time when his arterial pO drops bel ow the | evel of 40 mrHg,
(normal |evel = 80-90), his consciousness will be very nuch inmpaired. The tine
remai ning after this until his pO arterial drops to levels which will result in a
permanent alteration in the diver’'s central nervous system is approximately 90
seconds. This does not nmean that anyone found on the bottomknown to have been down
in excess of this tinme shoul d be abandoned or handl ed differently, but attenpts to
poi nt out that we should ai mat devel oping a rescue techni que which will take | ess
t han 90 seconds.

| LLUSTRATI ON NO. 1 (page 18A)
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What i s needed to treat an unconsci ous di ver, assunmingintact circulation, isasource
of oxygen and ventilation to remove CO2. Is this possible deeply underwater? It
may be. A standard two stage regulator with purge button cannot be utilized as a
ventilator on the surface as the exhaust ports free flow, any attenpt to obstruct
themcan lead to application of full internediate pressure to the |ungs or instant
enbol us. In water it is possible to ventilate with a regulator because of the
substantial pressure gradi ent which exists for very snall differences of depth (eg.
44 | bs. per sq. inch per foot or in centinetres of water 1 cmof water pressure per
1 cmdepth). By inverting the victimit is possible to have a pressure on the
exhal ati on ports of the regul ator 30mm | n excess of the pressure on the | ower chest
wall (in this case since the diver is inverted it would be his upper chest wall).
The regul ator nmust be inserted with the victi mupright and purged before inverting
t he unconsci ous diver for asthevictimisturnedtotheinvertedpositionthereversal
of the pressure gradient to which the chest is exposed will result in an effective
inspiration. The victimwould inhale water, then, if the regulator is not in place
(seelllustrationNo. 2). Innost situationsthistechniqueis of noparticular value
and because it is difficult to performal one valuable tine may be wasted. |If the
di ver begins to recover underwater serious problens are bound to ensue with panic
no matter how experienced the person is. The technique may be useful, however, in
situations such as saturation diving, cave diving, or weck diving where either a
habitat is cl ose to hand or escapetothe surface wouldresult in severe deconpressi on
illness. |If the surface is not accessible this technique night be useful

It is worth enphasi zing at this point that the unconscious diver’s air supply nust
be suspect. If histankis not empty, why is heindifficulty? Regulator nmal function
or contaninated air supply nay be possible torule out. If the safety of his supply
is uncertain then the rescuer’s supply woul d be the only source avail able and the
procedure becones increasingly unw el dy unl ess an octopus regul ator is bei ng used.
Mout h-t 0-nose resuscitation can be and has been carried out successfully by ny
associ ates and ne but requires an extrenely rel axed operator with previous practice.
The hazard of recovery and ensuing panic is ever present. The exact technique for
perform ng both nouth-to-nose and the previously nmentioned artificial ventilation
withregul ators of all typesw |l be describedindetail inaseparate paper tofollow
There renmai ns but one obvi ous source of air for an unconscious sport’s diver - the
surface air.

Hazards exist on the surface too. Boyle's Law has to be considered. Boyle's |aw
will have its greatest effect between 30 feet and the surface when the air in the
lungs will expand totwiceits original volune. |f a person |eaves 30 feet with 4.0
litres of air in his lungs he will have 8.0 litres of air in his lungs on reaching
the surface if none escapes.

If he has only 6.0 litres of atotal lung volunme he will have ruptured his |l ungs and
probably have sustained an air enbol us.

In an unconscious diver the follow ng can obstruct the air passage.

1. Fl exi on of the neck. While true for inspiration or driving air into the | ungs,
it is not valid for exhalation because the pressure of air from bel ow can
passi vel y open the passage. This is simlar to a cork in a bottle which can
be pushed out frombel ow and rapi dly becones | oose yet wedges tightly if pushed
down (see Illustration No. 3). A sinple experinent can prove this - drawin
t he bi ggest possible breath and have soneone push the chin down on the chest

18



100

NINETY SECONDS DEEP... Conti nued

O, CONSUMPTION/TIME

FULLY CONSCIOUS

80 sec.

N\,

pO, ARTERIAL

N\
IMPARIED \

N

DAMAGE \

) DEATH 1 N

1t 2 3 4 5 6 1 8
TIME iN MINUTES ILLUSTRATION NO. 2

ILLUSTRATION NO. 1

DIFFICULT
<>

ILLUSTRATION NO. 3

DIFFICULT

EASY

18A



LUN&S BLOOD CELLS

0, CONSUMPTION/TIME

80 v
70 FULLY CONSCIOUS NoRMAL |
-l
.4
& 60 90’ 30" 0
E 50
< |
«
g 40
IMPAIRED
36— \
™
20 DAMAGE \\\
10 v
ol 1 DT VN
Y 2 3 & 5 6 1 8

TIME IN MINUTES

ILLUSTRATION NO.4B

e Etfect of Surfacing
——w- Effect of Surfacing and Consumption

ILLUSTRATION NO.4A

CHANGES IN LUNG VOLUME
WITH POSITION IN THE WATER

Subject Subject
s No. 1 1A No.2
200cc 100cc 170cc
| 1 750ce 700cc 600cc
900cc 800cc 700cc

ILLUSTRATION NO.5

19A



as hard as possible, by relaxing, the air conmes out. This has been repeatedly
verified on anaesthetized subjects. Air can't be forced into the lungs with
the neck flexed but it can flow out.

| LLUSTRATION NO. 3

2. What about flowrate obstruction? Can expansi on of the gas take place sorapidly
that the respiratory tree is unable to handle the flow involved? Divers can
achieve flow rates in excess of 400 litres per ninute w thout encountering
difficulty. To achieve these kinds of flowrates while surfacing a man with
a7 litre chest would have to ascent 30 feet to the surface in |less than 1/60
of a mnute or under 1 second, unlikely at any buoyancy. The fact that this
can be safely acconplished is further substantiated by experience in the high
al titude chanbers where the rate of change for the sanme pressure differentia
is extremely rapid during a procedure known as expl osi ve deconpression. During
this particular procedure the person does the equival ent of ascendi ng 15 feet
to the surface in less than 1/100 of a second.

3. Laryngospasm coul d be present especially if water has inpinged on the voca
cords. Againthe larynx is |ike a bat wing door, it opens in one direction even
when in spasm This, too, has been confirmed i n anaestheti zed subj ects during
operations. Enbolus in the unconscious victimis probably near inpossible but
in a panic-stricken, conscious victimall sorts of voluntary mechani smexi st,
wher eby be can prevent air | eaving his chest. Al ook at data fromhi gh altitude
chamber wor k wher e as many as 3- 400 peopl e a year under go expl osi ve deconpr essi on
verifies this. In anornmal deconpression run a change in anbi ent pressure from
14.4 I bs. per sq. inchto 8.6 | bs per sq. inch takes place in | ess than 1/100
of a second whichis the equivalent of aninstant tripfroml5feet tothe surface
wi thout ill-effects and without enbol us occurring in any of the subjects. This
i ndicates that the person in air who is not frightened about drowning and
t heref ore not desperately hanging on to his air permits the air to escape and
that it can do so passively and safely at very high rates. On the other hand
there are many exanples in diving where air enbolus has been sustained with
changes of as little as 8 feet to the surface, but in these instances it was
in a subject whois in a foreign environnent, panicky, and attenpting to hold
his air by voluntary mechani sms. |n any instance where a diver is brought from
the water and found to have an air enmbolus, it is nmy contention that the air
enmbol us was sustained before unconsciousness ensued, not after. Even if
| aryngospasmis present at the outset, spasmwill relax as the pO; decreases.

The effects of Boyle' s Law as the diver surfaces results not only in the expansion
of the gases in the chest but alsoin afall in the respective partial pressures of
t he gases present including Op in both the victims lungs and in the victim s bl ood
(see Illustration No. 4 A). |If the victimleaves the bottomat 30 feet with a pOp
arterial of 40mmby the time he reaches the 15 foot level the pOp arterial is down
to 30mmon t he basis of pressure change along with no all owance for his consunption.
By 2-3 feet he has a pOp arterial of below 25mm a pOp | evel capable of producing
per manent darmage. |f he started at a depth of 90 feet his pOp at 30 feet will be
maxi num of 20 and by 15 feet a nmaxi num of 15nm of nercury at which point his bl ood
may be giving off oxygen into his lungs. This state results in an al nost instant
depl eti on of bl ood and tissue stores. The blood literally takes Op fromthe tissues,
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brings it hack to the |ungs causi ng anoxi ¢ changes or death (see Illustration No.
4 B). To save the diver he nust get through this zone as rapidly as possible. One
foot per second or even 2 feet per second are obviously far too slow. At one foot
per second it will take 90 seconds to get fromthe bottomal one. |t becones apparent
that not only is the best source of air the surface, but that ascent should be as
rapi d as possible even if the rescuer cannot safely keep pace.

| LLUSTRATI ON NO. 4B

The suggested techni que for saving an unconscious diver is as follows: a diver is
found lying on the bottom (eg. 60 feet) unconscious, regulator out. The weight

belt and nask are renmoved, the diver is raised to a vertical position, his vest is
pull ed and he is allowed to ascend, the rescuer following, toinstitute artificial

respiration on the surface. What is happening physiologically when the diver is
rotated into the vertical plane? The graduent of pressure on the chest wall fromthe
water will cause the | ung vol une to decrease and any excess air will cone out of the
mouth. This will purge the airway from bel ow wi t hout the danger of driving water
into the larynx and precipitating | aryngospasm As the unconsci ous di ver begins to
ri se the expansion of air withinthe chest will continue until the pressure required
to further expand the chest wall and offset the 30 cmof water gradi ent between the
base of the | ung and the nouth exceeds the pressure required to open the airway from
bel ow and all ows the excess to streamout of his nose and nmouth. \When he arrives
at the surface provided he is wearing a standard vest (which will float himon his
back), hewi Il first shoot fromthe water intotheair thenfall back into a horizontal

float supported by his vest. The sudden renoval of the 30 cmof water gradi ent due
to his vertical position and inmrersion in the water will result in a passive
i nspiration of 6-900 cc of air without any assistance. This was verified by the
foll owi ng experinments.

First, relaxed subjects connected to spironeter recording air into and out of the
chest were |l owered horizontally into a sw nm ng pool and the volune of air |eaving
their chests passively was neasured. They were then permitted to hang vertically
and againthe air | eaving the chest withthis changeinattitude was neasured. Finally
they were raised out of the water to a horizontal position and the air entering the
chest measured and the fol |l owi ng figures were obtained (seelllustrationNo. 4). The
degree of rel axation of the subject nust be suspect and so to be certai n subject was
anaest hetized, a tube put in his throat and he was put back into the pool repeating
it all again which was done with the results labelled 1A (lllustration No. 5).

CHANGES | N LUNG VOLUME
W TH POSI TI ON I N THE WATER

| LLUSTRATION NO. 5

The next illustration, No. 6 gives a conparison of the tine required for each phase
of the various nethods of rescue and a conpari son of sone of the hazards. Fromthe
total s the advant ages of what has been advocated in this discussion seemclear, in
addition, it has been pointed out by references to the high altitude and anaesthetic
experiences the hazards of embol us for the unconscious victimare vastly over-rated
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conmpared to such hazards as ful minati ng anoxi a, an i nevitabl e consequence of ascent
whose ef fects can be m nim zed only by the nbst rapi d ascent possible. |n addition,
the victimreceives that crucial first breath upon arriving at the surface as a bonus
wi t hout any assistance fromthe rescuer.

Inthis brief report | have revi ewed deep scuba rescue and have devel oped a si npl e,
ef fective method for acconplishing deep scuba rescue in | ess than 90 seconds.

COVPARATI VE TI ME COST

New \Way Brand “X’

Renmove Wi ghts 1.5 sec 1.5 sec
Repl ace Regul ator and Purge N A 5.0 sec + (20 sec)
Ext end Head N A 2 sec

Squeeze Chest May i nduce voniting
Pul | Vest 0.5 - 1.0 sec N A
Invert Victim N A 2-5 sec Aspiration
Trip Up (30 * ) 4 sec or less 15-20 sec
Approx. Time to

(1) First Breath 6-8 sec 25-33 sec

(2) Start AR 10- 20 sec 25- 33 sec

| LLUSTRATION NO. 6

* *x * % * * *x *

Brief Profile

Dr GD Har pur becane especially interested in the correct response to finding that
one’ s buddy had | ost consci ousness when he heard of an incident in 1972 where the
victi msurvived but the assisting diver held his breath while excited in the ascent
and suffered an air enbolismthat | eft a residual paralysis. Another incident |ater
in the year again resulted in conplete recovery of the victim but an excited
“bystander” followedtoorapidlyupthelast 20feet and sufferedafatal air enbolism
The significance of the unconscious/ survival and conscious/air enbolismrelation-
ship in these incidents led to the fornulation of this article. The views here
expressed are worthy of wide circulation.

* *x * % * * *x *
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