A CLASSI C CASE OF DI VER Al R EMBOLI SM AT THE SURFACE FROM H GH WAVE ACTI ON
Howard W Pol | ock*

On 25 Sept enber 1975 a 36 year ol d prof essi onal scuba di ver and aquanaut with 17 years
of diving experience, whomwe shall call “Joe”, and who was a nmenber of the First
International Saturation Study of Herring and Hydroacoustics, died of an arterial
air enbolismto the heart and brain, as the apparent result of a surface re-entry
accident. The accident occurred following a 3 day saturation dive (in the Gernan
underwat er | aboratory/habitat HELGOLAND in 110 feet of water, off Rockport,
Massachusetts), and after a correct deconpression phase, a proper instantaneous
reconpression for exiting the underwater |aboratory/habitat, and a nornal ascent,
at least until the dive teamwas about 15' to 18 fromthe turbul ent surface, where
10" to 12' waves were breaki ng agai nst structures and equi pnent on the surface.

The three aquanauts were returning to the surface fromthe HELGOLAND vi a t he buoy
cablelineattachedtotherelatively fixed and stabl e deconpressi on buoy at surface.
As observed from bel ow, the deconpressi on buoy extended about eight feet into the
wat er below the surface in good weather conditions. But this day the weather
condi tions were not good, and the sea was not calm Because of the poundi ng waves,
the froth, foam and splash, the normally subnerged portion of the stabilized
deconpressi on buoy was at one nonent deeply subnerged under the crest of a great wave
and at the next nonment nearly exposed above the surface as the trough of the wave
would fall away fromthe base of the tethered buoy.

During the ascent up t he deconpressi on buoy Iine, all three di vers exchanged sever al
“OK” hand signal s signifying that everything was under control and nornal. This was
done at the start of the ascent, at about m dway, and agai n near the surface before
exiting the water. One of the three divers later reported that he had |i kew se al so
exchanged “OK” signals wi th each of the other two divers i medi at el y upon surfaci ng.
Two of the divers surfaced in the heavy seas within a few feet of the deconpression
buoy, while Joe was first observed at the surface clinging to the buoy.

When the divers wererisingtothe surface together al ongthe deconpressi on buoy | i ne,
Joe was the first or uppernost diver onthe line. Wen the | ast diver was about 10'
fromthe subnerged bottomof t he fixed or stabl e deconpressi on buoy, he and t he di ver
j ust above hi mki cked away fromthe buoy and swamfreely to the surface, bobbing|like
corks upon the crests and down i nto the troughs of the turbul ent sea. Before sw nming
over to the pickup craft, one of the other divers |ooked back to see Joe clinging
to the buoy with his Cressi full-face mask of f and hi s nout hpi ece (regul ator) out
of his nouth. He was apparently trying to attach a blue plastic bag to the
deconpressi on buoy, and was struggling with a Ni konos canera and strobe Iight at the
sane tine.
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Pollock is active in both national and international ocean affairs and is an
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Fi nally he dropped the bag and canera and clung tightly to the fixed buoy staff with
bot h hands as the heavy seas internittently covered him Wile he was relatively
fixedin position, the waves were subnergi ng hi mat crest and suddenl y droppi ng away
fromhimat trough. When he was next observed he was calling for help. He took a
dunki ng and then cried out again in distress. A support diver reached himvery
qui ckly, hit the purge button of Joe's energency (octopus) regulator to clear it of
wat er, and i nmedi ately placed it back in Joe's nouth. At this juncture Joe rel axed
and rel eased his grip on the buoy. As he and the support diver slipped away from
t he buoy on the crest of a wave, the support diver fully inflated Joe’s unisuit. He
was t hen towed on his back by two support divers, unisuit inflated, regulator in his
mouth, with his head out of the water

Al t hough he was virtually incapacitated on the return to the support vessel, there
was an occasi on when sone of t he seas washed over causi ng Joe' s nout hpi ece (regul at or)
to conme out, and he personally replaced it with his right hand and held it in place
nmonentarily: but, then both hand and nout hpi ece fell away. One rescue diver |ater
comrent ed, “Hi s eyes were open, although | can’t recall seeing himblink as the wat er
passed across his face.” Another diver reported that when Joe was bei ng towed a white
frothy foamwas bubbling fromhis nouth

When he was pl aced aboard the support vessel, Joe showed no signs of life. He was
pul sel ess and not breathing. Cardi opul monary resuscitation was adm nistered
i medi ately and conti nuously aboard t he support vessel as it proceeded directly to
port. A Coast Guard helicopter was dispatched, but transfer of the casualty with
t he necessary |ife-support equi pment in the rough sea conditions was determined to
be unsafe. Upon arrival at Rockport Harbour, Joe was rushed t o areconpressi on chanber
by anbul ance and was conpressed to an equi val ent depth of 165 feet (50 neters) of
seawat er for deconpression treatnent. After atime, whenit was quite apparent that
Joe was dead, the deconpression phase and vi gorous attenpts at resuscitation were
term nated. and the attendi ng physician in charge officially pronounced hi mdead.
Al t hough a peri od of 3: 19 hours el apsed fromthe ti nme of the accident until the nedi cal
per sonnel on scene decl ared Joe dead and term nated resuscitation and reconpressi on/
deconpression treatnent, it is probable that Joe was in fact dead within m nutes of
t he enbolism

An aut opsy confirmed the cause of death as an air enbolismto the arteries of the
heart and brain - presence of air forced into the cardi ovascul ar systemby changi ng
pressure. More specifically, considerable quantities of air were found in the right
and | eft ventricles of the heart, and air was present inall of the coronary arteries.
In addition, an abundance of air bubbles was found in the vascular supply to the
surface of the brain, and in the branches of the mddle cerebral arteries. The
enbol i smcauses a sudden bl ocking of the artery by an obstructive air bubbl e which
has been noved toits |l ocationinthe vascul ar systemby the bl ood fl ow. The tissues
beyond t he enbol us becone deprived of their bl ood supply, of course. Incidentally,
it was especially noted that no gas could be forced out of the nuscle tissue or
subcut aneous fat by t he appli cati on of great pressure or conpressi on, whichindicated
t hat deconpressi on had been quite conplete prior to death.

According to the report of the Board of |nvestigation, the precise cause of the
enbol i sm could not be clearly established. The report indicated two reasonable
possibilities:

a. “The high seas passing could have caused a nonentary change of pressure

sufficient to cause air enbolismif the diver was hol ding fast to the mooring |ines
of the buoy and had just taken a full breath of conpressed air.
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b. “I'f the diver was rising to the surface with water in his mask and caught
arelatively mnute quantity of water in his larynx, this could produce
| aryngospasmwi t h an associ ated constrictionof air fl ow, or refl ex breath-
hol di ng. Examination of the Cressi full-face nmask on shore indicated that

the right half of the face plate was out of its seal, |eaving an opening
over about 70% of the right side. There was al so evidence of an inpact
on the top of the mask. It should be noted that this could have happened

in the course of the rescue operations.”

The Board concl uded that the actions which caused the enbolismin the final ascent
wer e those of the diver alone, and i ndi cated that these actions were not what shoul d
have been expected of a di ver of Joe’s | ong and di sti ngui shed record of diving under
severe conditions. The Board questi oned why Joe deci ded to surface at or on t he buoy
structure, for it was clearly hazardous because of the heavily surging sea and t he
attendant possibilities for inmpact or sudden changes in enersion

One can only surm se fromt he avai |l abl e pi eces of i nformati on preci sel y what happened
to Joe. Not having been there, | can only attenpt to reconstruct what m ght have
occurred. Thus, as pure conjecture on ny part, from a careful reading of the
depositions, nedical reports and supporting docunents, and through persona

di scussions with other divers and support personnel involved in the incident, | am
of the opinion that Joe nmust have received at | east a gl ancing blowto the right side
of his head near the tenple as he attenpted to surface, as a result of being thrown
by wave actionintothe subnmerged portion of the deconpression buoy. |If he were dazed
and di soriented this woul d account for his otherw se unexpl ai nabl e actions at the
buoy. It seens entirely logical that Joe's full face mask with affixed regul at or
coul d possi bl y have been knocked away fromhi s face. Accordingly, he certainly could
have gul ped a sufficient quantity of water to cause the laryngospasm with an
associ ated breath-holding reflex. [|f this occurred at the precise nonent when Joe
was hol ding fast to the nooring |lines of the buoy, and he had just taken a full breath
of conpressed air as the crest of a 10' or 12' wave fell conpletely out fromunder
hi m the monentary change of pressure in hislungs couldhave been sufficient to cause
an air enbolism Cbviously, this would be identical to a diver swiming up to the
surface and holding his breath during the last 10" of the ascent.

Assum ng nearly a one-half pound change in hydrostatic pressure for each foot of
change in depth (actually it is 0.445 | bs change of pressure), there coul d have been
about a five pound (250 mmHg) i medi ate pressure differential ina 10" to 12' sudden
change i n wave hei ght before Joe coul d expel the denser, conpressed air which filled
his lungs. Little nore than 2 psi (pounds per square inch) or 100 nm Hg pressure
di fferential woul d have been sufficient toforceair intohis circulatory systemand
cause the fatal enbolism

Perhaps it can be explained as follows. Air can be forced out fromthe alveoli of
the lungs into the circulatory systemwhen the air in the alveoli is at a higher
pressure than that in the bl ood vessels surrounding the alveoli. Thus if a true
pressure differential of about 100 mm Hg were to exist between the alveoli and
surroundi ng capillaries, an enbolismcould occur; but there mght be no clinica
evi dence of a rupture. 100 mmHg pressure differential is equivalent toonly 4 feet
change i n seawat er depth, or only 2 psi of atnospheric pressure change. On the other
hand, atrue pressuredifferential of greater than 100 nmHg coul d cause actual rupture
of the alveolar capillary nenbranes.

The point is that such a critical pressure variation could have occurred each and
every time a surgi ng wave passed over Joe and then al nost sinultaneously fell away
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bel ow hi mas he held tightly to the buoy cable. If he inhaled a full |lung capacity
of conpressed air at any such instant, a nmassive air enbolismcould surely occur
The same ki nd of danger of an air enbolismcan occur, of course, when a working di ver
attaches hinself by magnets or otherwise to the side of arolling ship, so that he
is first imersed and then suddenly lifted above the surface when the sea drops out
fromunder him

The tragic Il esson to be |l earned here is that a true pressure differential or change
of only 4 feet of saltwater can cause an enbolism if one holds his or her breath
i n a maxi numi nhal ati on of conpressed air, and a |l ung rupture m ght or m ght not occur
insuch acircunmstance. Also, it is clear that a fatal air enbolismcan i ndeed occur
to adiver after he reaches the surface if the necessary conbi nati on of circunstances
conspire to occur at a common nonment. | f for any reason an energi ng di ver does not
remai n on the surface in turbul ent wave conditi ons, and becones alternately i nmersed
and then lifted out of the water, it woul d be exceedingly i nportant that only short,
shal | ow and frequent breaths of conpressed air be taken, so that the | ungs are never
filled to capacity and | ose elasticity. Even though sone elasticity remains inthe
I ungs after a nmaxi muminhal ation, there is a danger of exceeding the elastic limt
of the lungs and their alveoli if at this nonent an expanding volume of air is
i ntroduced by a sudden decrease in depth and pressure. Also, it is inportant to
enphasi ze anot her sel f-evident point, towit: all divers shoul d be cauti onedto avoid
fixed or stable structures when near the surface in rough weather. One ot her
adnoni tion bears nention. In heavy seas it is inportant to refrain fromcarrying
objects if at all possible, so as to keep the hands free to use as necessary in any
crisis situation.

Inmy view, this is a classic case of an air enbolismoccurring to a scuba diver as
the result of a surface accident involving afixed or stable structure in rough seas.
It shoul d be brought to the attention of all novice scuba divers as a part of their
basi c i nstruction. An understandi ng of the i nherent dangers of diving in turbul ent
seas may save lives in the future. Sonmehow, | think Joe woul d have wanted it that
way.

Pots not natural habitat?

There is an interesting case sinmering up in Newcastle at present. A man has been
charged with stealing | obsters fromanother man's pots. As his defence he has cl ai med
that the | obsters are the property of whoever first lifts themfromthe water, being
still wild animals “free for the taking” until the owner lifted his pots. It was
al so claimed, naturally, that the State had no jurisdiction as the action occurred
beyond t he high water line. Legal evidence was offered to the effect that |arceny
could be conmitted on wild animals that are fit food for man. Sergeant Ri chards
assured the Court that it is undisputed that | obsters are fit for human consunpti on.
There is no mention of the | obsters pending the resunpti on of Court hearings ....

Cold gives little warning of the onset of Hypotherm a. Abnor mal  behavi our
(forgetful ness) may occur. 70%of the hunman body is within 2.5cns of the surface.
Activity increases heat |oss. Danger period continues after the victimhas been
removed fromthe water. Heat | oss occurs evenin “warni water. Severe but reversible
hypot herm a may produce a death-1ike appearance and therapy be wongly thought
usel ess.
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