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EDI TORI AL

There are probabl y t oo many peopl e about who believe inrestricting their interest to natters which
directly concern them discarding or ignoring information which is not obviously relevant to their
i rmedi at e probl ens. The tunnel vision approach can be readily observed in Diving, as in ot her disciplines.
Good recent exanpl es have been t he conspi cuous failure of those invol ved i n debating t he probl ens of Deep
Rescue Practice (BS-AC) and Energency Ascent Training (US diving organi sations and UMS) sinultaneously
(or previously) to discuss the possible reasons for the diver being in need of the proposed procedure.
The limtation of interest to that inmediate concern is apparent in nany reports of treatnent centres
concerni ng the cases of Air Enbol i smand Deconpressi on Si ckness they receive, little curiosity being shown
in npst cases as to the why of their occurrence. Wiile adnmittedly their inmediate and urgent need is
toreach a worki ng di agnosi s and i nstitutetreatnment in a patient only tooready to give an “edited” version
of events and t hen escape fromattention and questi oni ng, nonet hel ess t her e has been t oo great a wi |l | i ngness
to apportion bl anme rather than seek predisposing factors such as the victims experience of good | uck
on previous sinilar dives, the existence of fatigue or cold, liking for risk, faulty or unused depth and
tine gauges, etc. etc. At the Dving Officers’ Conference of the BS-ACin 1978 Surgeon Conmmander Ransay
Pearson RN, took the line that divers shoul d nowbe avare of the fallibility of the Tabl es, bends occurring
on occasion even when care is taken over the dive profile. Possibly trouble results fromthe frequent
lack of significant synptons despite violation of advised diving tines, and the | ack of personalisation
of the reports. Nobody is afraid of “Type Il Bends” but npbst would cry shy of the synptons justifying
such a diagnostic |abel. Too few reports are published by those treating DCS victins. This is not a
plea for horror reports but for better conmmunication.

An excel | ent reviewof present views on DCSis given by Dr Charles Brown, and the | esson i s rounded
out by the case di scussion paper he al so presents. Although his papers were prepared for a | ay audi ence
they are highly appropriate to our pages al so, for he evidently subscribes to the belief that an educated
diver has a right (need?) to be well inforned concerning diving nmedicine. e of the New Zeal and cases
reported in this issue may seemto confirmthis viewpoint! Readers may notice the difficulty which is
often present in deciding between DCS Type | and Il, or Air Enbolism in the actual clinical situation.
The New Zeal and cases, for which credit in reporting is due to the New Zeal and Underwat er Associ ation
and Dr Adair, could serve as a basis for a useful sem nar on diving problens, and illustrate the val ue
of case reports. The fatalities renmind us that the diving risks continue until safely in the boat or
ashore, and that cardi ac probl ens can strike at 20 years as well as in the ol der age group (the actual
aut opsy reports have not been seen). The DCS cases possibly indicate the existence of a general diving
pattern of disregard for The Tabl es, a serious educational problem In the UK the RN advice has been
(rather surprisingly) that divers with possible synptons which are “non urgent” shoul d contact their own
doctor rather than the RN experts. Surgeon Commander Pear son has no doubt good reasons for this advice,
but it could |lead to problens should the victimbe only too happy to be reassured as to his condition
by a physician unversed in diving nedicine. It is better to be grow ed at for being neurotic about an
acne than conm serated with when del ayed treatnent is inconpletely effective. Case 12 from New Zeal and
is a beautiful cameo of a report, highly relevant to diving safety concepts.

The paper by Dr Oto Ml vaer has an inportance far beyond the conventional boundaries of Diving
Medi cine and i |l ustrates the i nportance of giving considerationto the “off-cuts” which inevitably occur
when consi dering avail abl e i nfornation for publication or discussion. He presents evidence that hearing
I oss occurs with spring board diving and such water activities as free diving and underwater polo. The
uni l ateral and limted nature of the loss of hearing expl ai ns t he (probabl e) under-reporting of this damage
anong “divers” of the various disciplines. The paper can be regarded as a tocsin, a warning to those
responsi bl e for the health of sports people that there may be a hitherto unsuspected danger to the | ong
term health of their charges.

It is a pleasure to present Conmander Warner’'s annual paper to the International Diving Synposium
given earlier this year in the USA. He is able to report that the fatality rates for North Sea divers
have been reduced to the | evel experienced by many ot her industrial workers. Study of norbidity reports
wi |l hopefully better define the | esser dangers and ensure that they are simlarly reduced: it should
be possible to becone safer than coal -face working.

I'n the next issue we hops to present reports fromthe Singapore neeting, which prom ses to be an
exciting and i nformative convention.

REPRI NTI NG OF ARTI CLES
Permission to reprint articles fromthis journal will be granted on application to the Editor in
the case of original contributions. Papers that are here reprinted fromanother (stated) source require
direct applicationtothe original publisher, this beingthe conditionof publicationinthe SPUMS Journal .
Addr ess correspondence to: Dr Dougl as Wl ker, Editor, SPUMS,
PO Box 120, NARRABEEN NSW 2101
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are not necessarily representative of the policy of SPUVS.



ACUTE HEARI NG LOSS FOLLOW NG DI VI NG | NTO AND | N WATER

O MOLVAR

Norwegi an Underwater Institute

SUMVARY

Acute and often pernanent inner ear injury
from water-related activities involving rapid
changes of pressureinthe m ddl e ears nay be nore
common than is generally believed.

25 cases are reported to illustrate the
relatively mnor trauna experienced by victim
whi ch however results in permanent inner ear
damage.

Cases are describedresultingfromdivinginto
water (3), free diving (2), playing underwater
polo (free diving) (1) , riding an underwater
sl edge (SCUBA di ving) (1), ordinary SCUBA di vi ng
(17) and hard hat diving (1).

Deconpr essi on sickness was not inplicated in
these cases. The val ue of a baseline audi ogram
is stressed, and a base-line vestibular test is
al so desirable.

I NTRODUCTI ON

The occurrence of inner ear barotrauna during
diving with transient or permanent injury to the
cochlea and/or the vestibular apparatus has
becone widely known during the |ast decadel3,

At the invitation of Dr Dougl as Wal ker, The
Edi t or of the SPUMS Journal, | have col |l ected the
case hi stories and audi ograns of the 25 patients
wi t h di vi ng i nduced hearing | oss whi ch appears to
be due t o i nner ear damage t hat | have treated over
t he past ten years. As aresult nany of the cases
have been reported el sewhere, though nostly only
in sumary. The details of the previously
reported cases are as follows.

Cases 1-12 have been published in sumary
previously in Norwegi an ( The paper has an Engl i sh
summary).® Cases 13-14 have been described in
detail in English el sewhere.> Cases 15-23 al so
have been published in English previously, case
15 in detail and cases 16-23 summarily in a
table.” Cases 1 and 15 al so have been briefly
mentioned in a short survey article in English.8
Case 1 al so was described in English in another
paper.4 Cases 24 and 25 have not been publ i shed
bef ore.

In the audiogranms which acconpany the case
reports the follow ng conventions apply.

The first audi ogrami s indicatedwi thcrosses,
the secondwithcircles, thethirdwth dots, and
the fourth with squares. Arrows pointing
downwar ds bel ow a symbol mean that the hearing
| oss was greater than the | oss indicated by the
synbol, ie. beyond the capabilities of the
audi onet er.

Post operati ve audi ograns have dashed | i nes.

CASE REPORTS
Case 1

A 21 year oldman made afree divetothe bottom
of a 4 netre deep swinmng pool. At the bottom
he experienced full ness and tinnitusinhisright
ear, but subjectively he becane free of synptons
after awhile. Beforethisincident his audi ogram
was normal and after he had a notch in the high
frequency range. 1In 1974 he did the sane dive in
t he sane pl ace and t he san®e t hi ng happened. This
time he was examined by an audiol ogist and his
audi ogramis shown in Figure 1. After a week he
still had a large hearing | oss and was adnitted
to our ward where we kept himin bed for a week.
As he still had the bad | oss in the highfrequency
range, whi ch could influence his career as a jet
pilot, we explored his right m ddl e ear and f ound
a perilynmphatic fistulain the oval wi ndow. The
fistula was closed surgically, and his hearing
becane normal through all frequencies up to and
including 4 kHz.

Figure 1 Rl GHT EAR CASE 1
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Case 2

A 19 year old man experienced |left sided
tinnitus during ascent froma free di ve to about
10 netres depth. Tinnitus |asted for 3 nonths.
Bef ore the dive hi s audi ogramwas nornal. After
the dive he had a sensorineural notch at 1 kHz.
Hi s | ast audi ogram 7 years after theinci dent had
a sensorineural notch between 500 and 1500 Hz
(Figure 2).
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Figure 2 Left EAR CASE 2
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Case 3

A 15 year ol d boy plunged head forenpst into
the water froml netre hei ght. The dept h was about
2 metres. He experienced fullness in his right
ear, felt unsteady, unwell and nauseated so he
took to his bed for a day. After one and a hal f
days he felt well except for the sensation of
fullnessinhisright ear. Thisstill wasthe case
when we saw hi mthree weeks after the incident.
Hi s audi ogram then showed a sensorineural |oss
(see Figure 3). Nine nonths after the incident
hi s audi ogramshowed son®e i nprovenent, but still
with a sensorineural |oss.

FI GURE 3 RI GHT _EAR CASE 3
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Case 4

A 28 year old man plunged head forenost from
5to 6 metres hei ght and free di ved to the bottom
He does not know how deep he went, but he had
difficulties inreachingthe bottom Afterwards

he had a sensation of water in his ears and
experienced vertigo. Next day he woke up with
left sided tinnitus which persisted. Three
nonths later he saw a doctor who gave him
vasodil ating tablets without any effect. Ten
years |l ater he still has the bothersone tinnitus.
Bef ore the dive he judged his hearing as nornal
and he had no ear synptons. Now he can no | onger
hear high frequency sounds in his left ear and
audi ometry 5 years after the incident showed a
sensorineural left sided loss in the high
frequency range, unchanged three years |later
(Figure 4).

FI GURE 4 LEFT EAR CASE 4

124 %0 S0y Juuo 2000 4000 8000 Mz
b
e b—f -4 4-1- U 4 = —
o p—4--4-3. 4-H4—4— —f -
10 | — - ~/h«: -t —
20 ——l #:( -
10 - SUDUS RS N Y
40 NN R S -
1t - — -
0 4. -
7 -1 - i
40 R - ]
9
100

X 8 years after the incident

Case 5

A 34 year old man, a sports diver, performed
2 open sea SCUBA dives. The first to 28 netres
with a bottomtime of 8 mnutes. After a surface
interval of 10 minutes he went down to 20 netres
for 21 mnutes. Hehaddifficultieswthpressure
equilibration to his middle ears, and had to do
forceful Valsalva nmanoeuvres several tines.
I nredi ately after surfacing after the | ast dive
he experienced reduced hearing and tinnitus of
the right side. Later in the day he becane
i ncreasi ngl y nauseat ed, experienced vertigo and
vonmited. He had to stay in bed the rest of the
day. The synptons aneliorated gradually. Wen
he saw a doctor a couple of days later he still
had reduced hearing, tinnitus, nausea and spin-
ni ng vertigo which became worse when he changed
position and closed his eyes. He was unsteady
during Ronberg’ s test and the ‘ finger-nose’ test
was not completely normal. His eardrunms were
slightly congested and his audi ogram showed a
| arge hearing | oss in the high frequency range on
the right side (Figure 5). He was treated with
hyper bari c oxygen and after 10 mi nut es t he nausea
and vertigo becanme |ess bothersone and the
tinnitus changed character. After the treatnent
he felt better and Ronberg’ s test was normal as
wel | as the ‘finger-nose’ test. Three days | ater
he was seen by an audi ol ogi st who found a | arge
sensorineural high tone loss on the right side
(Figure 5).



FI GURE 5 RI GHT _EAR CASE 5

70

o N
\

a0

90 - .‘4—

b4 3 days after the incident
o] 6 days after the incident

Case 6

A 25 year old man, a sports diver, did a 20
metre open sea SCUBA di ve. At a depth of 2 netres
during the descent he experienced pressureinhis
ri ght ear and coul d not equalize the pressure in
the middle ear. Therefore he returned to the
sur face and made anot her attenpt. He t hen reached
20 metres where he renmi ned for | ess than hal f an
hour before he returned to the surface. Wen he
cane ashore he experienced fullness in his right
ear and later tinnitus. The next day he saw a
doctor who found his right eardrum slightly
retracted and sone fluid in the niddle ear. As
the tinnitus and reduced hearing still was
present one nonth | ater he sawa doct or agai n and
an audi ogramshowed a bi g sensori neural hightone
lossontheright side (Figure6). Onenonthlater
t he hearing had not inproved and he was admi tted
to an ENT ward where his right middle ear was
explored surgically. No perilynmphatic fistula
was found, and an audi ogram one year after the
i nci dent showed no i nprovement (Figure 6).

FI GURE 6 RI GHT _EAR CASE 6
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Case 7

A 36 year old nman dived with SCUBA gear to 15
metres in the sea for 60 mnutes. He went up and
down between the bottomand the surface about 6
times and all the tine had difficulties with the
pressure equalization to the mddle ears. Wen
he reached the surface after the dive he
experienced pressure in his right ear, reduced
hearing and tinnitus. As the synptons | asted he
saw a doctor alittle |l ess than a week | ater and
a sensorineural hearing loss in the high fre-
quency range on the right side to 80 dB at 4kHz
was found. He was treated wi th hyperbaric oxygen
and 500 m of Dextran iv wi thout any effect.
Af terwards he was checked by an audi ol ogi st who
found a sensorineural hightoneloss ontheright
side (Figure 7).

FI GURE 7 RI GHT EAR CASE 7
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Case 8

A 29 year ol d man perforned an open sea SCUBA
dive to 25 netres. During the dive he got a
sensation of fullness and tinnitus in his right
ear and experienced transient vertigo.

FI GURE 8 Rl GHT EAR CASE 8
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As his ear synptons conti nued he saw a doct or
6 days later and a |l arge sensorineural hearing
I oss inthe hightone range was found on t he ri ght
side (Figure 8). Onenonth previously ascreening
audi ogramat 20 dB| evel had shown normal heari ng.
Because his troubl e did not clear up he was seen
by an audi ol ogi st a week | ater and hi s audi ogram
was unchanged. Four nonths after the incident
hearing had inproved renarkably at 4 kHz, but
still he had a big loss for 6 and 8 kHz (Figure
8).

Case 9

A 27 year ol d man performed an open sea SCUBA
dive to 40 nmetres depth. The bottomtine did not
require deconpression stops according to the
di ving tabl es he was using. He had trouble with
pressure equalization to his mddle ears during
the descent and made forceful Valsalva nanoeu-
vres. Before the dive his hearing was nornal but
afterwards he had a feeling of fullness in his
ears, tinnitus and subj ectively reduced heari ng.
Aweek | ater he sawa doct or who found a bil ateral
hearing |l oss (Figure 9a and 9b).

FIGURE 9a RIGHT EAR CASE 9
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Case 10

A 26 year ol d professional diver perforned 2
sea dives in standard hardhat equipnent. The
first dive was to 46 netres depth with a bottom
time of 9 m nutes and surface deconpressi on. Four
mnutes after surfacing he got a feeling of
fullnessinhisleft ear and experi enced verti go.
Nevert hel ess, he di ved agai n one and a hal f hours
later to 9 netres depth for 40 mnutes. Hi s
synptons continued. A couple of hours after the
| ast di ve he conpl ai ned of reduced hearing. The
next day he experienced transi ent nausea, vari-
abl e vertigo and a constant feeling of fullness
inhis ear. He was seen by a doctor, and 2 days
later fullnessinthe ear was his only synptomand
hi s audi ogram showed a big sensorineural high
tone loss inthe left ear (Figure 10). The | oss
at the highest frequencies was too large to be
neasur ed by t he avai | abl e equi pment. He was gi ven
hyper bari c oxygen t herapy pl us 500 nl of Dextran
iv. After that his feelingof fullnessinthe ear
was | ess and his high tone hearing had becone
measurabl e (Figure 10). The third day after the
di ve he was seen by t he audi ol ogi st who verified
the sensorineural hightonelossontheleft side.
H s hearing had been nornmal before the dive.

Figure 10 LEFT EAR CASE 10
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Case 11

A 28 year ol d man made an open sea SCUBA di ve
to 30 netres. During descent he experienced
difficulties with pressure equalization to the
nm ddl e ears.

Afterwards he had a feeling of fullness and
tinnitus in his ears and performng a Val sal va
manoeuvre triggered slight vertigo. Wen exam
ined 10 days | ater his pure tone, SRT and Bekesy
audi ogr amwer e nor mal , but cal ori c testi ng showed
ri ght sided canal dysfunction. Three weeks | ater
this had normalised, but even 7 weeks after the
incident he still experiencedfullnessinhis ear
and tinnitus.



Case 12

A 19 year old diving student in the Navy
experienced increasing difficulties with pres-
sure equal isationtotheniddleearsduringaride
on an underwat er sl edge. Before the dive he had
a slight di scharge fromhi s nose. The sl edge went
much up and down bet ween 10 and 15 netres and t he
great est depth reached was 20 netres. The bottom
tinme was 26 ninutes. No deconpression was
necessary. I medi ately after surfacing he
experienced fullness in his right ear and a
quarter of an hour later vertigo, slight nausea
and i ncreasing tinnitus with high frequency. He
t hought he had becone seasick and went to bed.
When his right-sided hearing |oss and tinnitus
persi st ed t he next norni ng he sawa doctor and the
audi ogram showed reduced hearing on both ears
(Figure 11 and 12), worse on the right side. He
was immediately reconpressed with hyperbaric
oxygen. Duringthetreatnment the hearingl oss was
subj ectively reduced and so was the tinnitus. An
audi ogram taken shortly after the treatnent
showed reduction of the hearing | oss, which was
confirmed by an audi ol ogi st the next day (Fi gures
11 and 12).

FIGURE 11 RIGHT EAR CASE 12
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FIGURE 12 LEFT EAR CASE 12
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Bef ore t he di ve a screeni ng audi ogramat 20
dB | evel was normal except for a dip to 25 dB at
8 kHz on both sides.

Case 13 (previously reported as diver 1 in
reference 5)

A2l year oldfemal e nursewith1year of diving
experience perfornmed an open sea, no deconpres-
sion, SCUBA dive to 37 nmetres depth. She had
troublewi th pressureequilibrationtothe m ddle
earswithpainintheright ear. She made several
forceful Val sal va manoeuvres. On comi ng ashore
she experienced spinning vertigo, tinnitus and
reduced hearing in her right ear. The vertigo
subsi ded gradual |y, but the tinnitus and hearing
| oss persisted. Aweek | ater she sawa physici an
who found a sensorineural high tone loss in her
right ear (Figure 13). Four days | ater the | oss
was greater (Figure 13) and after a year she had
no detectable hearing in the high tone range in
that ear (Figure 13). Caloric responses were
normal . She has stopped diving.

FIGURE 13 RIGHT EAR CASE 13
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Conmment : In this case the hearing |oss
progressed, while usually it will aneliorate to
a certain extent shortly after the acute phase.

Case 14 (previously reported as diver 2 in
reference 5)

A 23 year ol d nal e Navy SCUBA di ver perfornmed
an open sea, no deconpression, diveto 15 netres.
During the di ve he suddenl y experi enced verti go.
H s right ear felt plugged conbi nedwithtinnitus
and reduced hearing. The synptomsubsidedinthe
cour se of the day, but the fol |l owi ng ni ght he woke
up suddenly with spinning vertigo, retching and
a cold sweat. He had horizontal nystagnus grade
Il totheleft, fluidintheright mddleear and
a big sensorineural hearing |loss (Figure 14).
Good cal oric responses were obtained fromboth
| abyri nt hs.
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H s synptons subsided gradual |y, but even 10
nont hs after the di ve he had tinni tus and heari ng
loss (Figure 14). He stopped diving.

FIGURE 14 RIGHT EAR CASE 14
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Case 15 (previously reported as diver 1 in
reference 7)

A 21 year ol d SCUBA st udent experi enced severe
difficulty with pressure equilibration to the
m ddl e ears during descent during his first open
sea dive. He suffered haematotynpanon on one
side, and rupture of the tynpani c menbrane and an
oval window fistula on the other. Both were
successfully repaired surgically with an excel -
lent result (Figure 15).

FIGURE 15 LEFT EAR CASE 15
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Case 16 (diver 2 in reference 7)

A23 year ol d nal e nedi cal student who suffered
fromhay fever, had six nonths experience as a
SCUBA di ver. He nade a series of 3 poorly pl anned
and perforned repetitive dives to a maxi numdepth
of 25 nmetres. There was sone trouble with
pressure equilibration to the ears during de-
scent. On conming ashore he experienced reduced
hearing and tinnitus in his left ear, spinning
vertigo, nausea and voniting. Hi s sensorineural
hi gh tone | oss i nproved during bed rest, but the
lasting | oss was significant (Figure 16). The
response to cal oric stinulationwas sl ower onthe
affected side than on the right.

As he used neither a watch nor a depth gauge
it is difficult to figure out his exact dive
profiles. It is likely that he should have
carried out an 8 m nute deconpression stop at 3
metres on his last dive. This calcul ati onwas not
made until 5 days after the incident. He had no
other synptons indicating deconpression sick-
ness, and synptons fromthe inner ear only are
very rare (even unheard of?) in deconpression
si ckness fromshal | owair di ves. Consequently we
concl uded that this was not a case of deconpres-
si on si ckness, and reconpression therapy was not
tried.

FIGURE 16 LEFT EAR CASE 16
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Case 17 (diver 3 in reference 7)

A 33 year old mal e SCUBA diver who, 3 weeks
before the incident that brought him to our
notice, experienced marked vertigo with a ten-
dency to fall to the left after diving. This
subsided in the course of a couple of days. On
t he second occasi on he experi enced acut e spi nni ng
vertigo after repetitive dives to 18 netres. He
needed assistance to get ashore, where he was
unabl e to stand without support. There was no
spont aneous nystagnus. There was no sign of
barotrauma to the ni ddl e ears. However there was
sensorineural hearing loss in the right ear
(Figure 17). After 1 day of bed rest in hospital
ENG showed normal vestibul ar responses on both



sides, and there was no Ronbergism When
di scharged after 4 days he still hadtinnitus, and
even 5 nonths | ater an audi ogramshowed evi dence
of permanent cochlear injury (Figure 17).

FIGURE 17 EIGHT EAR CASE 17
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Case 18 (diver 4 in reference 7)

A fire brigade diver without previous ear
synptons had difficulties with pressure equili-
brationto the m ddl e ears during a shal | ow SCUBA
descent and perforned several forceful Val salva
manoeuvres. Hethen experiencedreduced heari ng,
vertigo, ringing and painin his right ear. The
tinnitus lasted for 3 nonths, and his sen-
sorineural high toneloss persisted (Figure 18).

FIGURE 18. RIGHT EAR CASE 18
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Case 19 (diver 5 in reference 7)

A fire brigade diver w thout previous ear
synpt onms had troubl e with pressure equilibration
tothe m ddl e ears during ashal | owSCUBA descent,
and per f or ned several forceful Val sal va manceuvres.
He experienced lasting tinnitus and reduced

hearing for high frequency tones in both ears.
Hi s sensorineural high tone | osses are shown in
Fi gure 19.

FIGURE 19 EIGHT AND LEFT EARS CASE 19
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Case 20 (diver 6 in reference 7)

A professional diver with 10 years experience
who al ready had a “noi se notch” in the audi ograns
for both ears. Five weeks before the hospital
admi ssi on he experienced acute spinning vertigo
shortly after | eaving the surface. He continued
todivedailyinspite of the sane experi ence each
dive. Sonetinmes the vertigo subsided so that he
could performhis task, but sonetimes it forced
himto abort the dive. The vertigo woul d now and
then last for several nminutes after coning
ashore. He had the sane experience during dry,
sinmulated test dives in a hyperbaric chanber.
After one week i n hospi tal he was synptomfree and
managed well in a shallow test dive.

FIGURE 20 LEFT EAR CASE 20
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Conment :  He had no tinnitus and no Ronber gi sm
on adm ssion, and no expl anation to his trouble
was found. H s ears were not expl ored surgically,
so we do not know whet her he had a perilynphatic
fistula. H's nain conplaints were vestibul ar,
but his hearing deteriorated on the left side
during the actual episode, and did not quite
recover to the previous |level (Figure 20).

Case 21 (diver 7 in reference 7)

A 21 year old Navy diver with a nornal
screeni ng audi ogramat 20dB | evel when he entered
the Navy. He performed a no deconpression sea
dive with nitrox (20 netres for 20 minutes) in
spite of having a cold and had great difficulties
with pressure equilibration to his mddle ears
during descent, wherefore he performed several
forceful Val sal va nanoeuvres. Suddenly he got a
feeling that “something” happened to his right
ear. Afterwards he experiencedtinnitus andfelt
as if the ear was plugged. He was not dizzy. He
did not see a physician at this time. His next
audi ogram5 nont hs | at er showed a dramati ¢ change
(Figure 21) with a severe loss at 6 and 8 kHtz.
Si nce then he has experienced tinnitus periodi-
cally, and even 11 years after the incident he
still had a consi derabl e sensori neural high tone
loss in that ear (Figure 21).

FIGURE 21 RIGHT EAR CASE 21
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Case 22 (diver 8 in reference 7)

A 31 year ol d mal e underwat er pol o pl ayer who
during a game experienced pain and vertigo and
felt as if his right ear becane plugged. He was
forced to surface and abandon the gane. The
spinning vertigo | asted for the rest of the day,
but t he plugged sensation, high pitched tinnitus
and di stortion of hearing continued. He there-
fore saw a physician 15 days | ater, and a marked
sensorineural high tone loss was found in his
right ear (Figure 22).

FIGURE 22 RIGHT EAR CASE 22
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Case 23 (diver 9 in reference 7)

A 20 year old male dived into the water from
a 5 netre high spring-board and experi enced acute
hearing | oss, tinnitus and verti go whi ch was nade
worse by Val sal va manoeuvres. An exploratory
tynmpanot oy reveal ed a round w ndow fistula in
his left ear, which was closed with fat.
Postoperatively his vertigo disappeared and
nystagmus could not even be elicited by the
Val sal va manoeuvre. One nonth | ater his hearing
had still not reached pre-incident | evel (Figure
23), but his main trouble, the vertigo, had
conpl etel y di sappear ed.

FI GURE 23 LEFT EAR CASE 23
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Case 24

A 24 year old nale professional diver had,
because of a cold, severe trouble with pressure
equal i zation to the ears during a 10 mi nute dive
to 30 netres. He experienced vertigo and nausea
and coming ashore he could not stand unaided
because of spinning vertigo, vonmting and head-



ache. He fell toward the right and had nystagnus
of third degree to the left. He al so conpl ai ned
of right-sided tinnitus, and had a sensori neural
high tone loss inthat ear (Figure 24). Al though
the dive profile did not indicate deconpression
sickness as likely he received a therapeutic
reconpressioninthe nearest hyperbaric chanber,
and was then admitted to the local ENT-ward.
After 4 days of bed rest he was discharged
synmptomfree, with nornal pure tone hearing
(Figure 24) and no | oss of speech di scri m nati on.
Cal oric vestibular tests were al so normal.

FI GURE 24 RI GHT _EAR CASE 24

125 250 S00 Joou 2000 4000 8000 Hz

acute phase

o X

4 days after the dive

Case 25

A 26 year ol d sport SCUBA diver with a couple
of years of experience. He had been exposed to
noi se as an aircraft mechanic. He always had to
performVal sal va’ s nanoeuvre during descent and

FI GURE 25 RIGHT EAR CASE 25
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woul d al ways experience afeelingof plugsinhis
ears for ashort whileafter adive. This specific
diveto 15 nmetres for hal f an hour was unevent ful .
The plugged feelinginhisright ear didnot clear
after the dive, and he al so experienced tinnitus
periodically. Therefore he sawa physici an 2 days
| ater, and a nmarked sensorineural high tone | oss
was found in his right ear (Figure 25). Hyper-
baric oxygenation was tried, but the hearing was
littleaffectedbythis (Figure?25). After 3 days
of bed rest his hearing had deteriorated dramati -
cally inthe mddl e and | ower frequencies (Figure
25). He experienced diplacusis, his speech
di scrimnation score was poor and Fow er’s ABLB
test showed positiverecruitnent. Anexploratory
tynpanot ony reveal ed a round wi ndow fi stul a t hat
was closed with |yo-dura. Three days post-
operatively his bone conduction hearing (with
surgi cal packing still in his ear canal) showed
nornmal hearing inthe lowfrequencies, but still
a considerable sensorineural high tone |oss
(Figure 25). H s speech discrimnation score
however was 100. (This caseisconpletely“fresh”
and will be followed up further).

DI SCUSSI ON

Many of t he cases di d not see a physi ci an until
a long tine after the incident, a fact that
af fects t he prognosi s unfavourably. The chances
are that many others do not see a doctor at all.
To evaluate a case of hearing |oss properly a
basel i ne audi ogramis essential, and a baseline
vestibular test is highly desirable.

Al'l these patients will probably benefit from
bed rest, and sone wi || need surgical treatment.
The pl ace of hyperbaric oxygentreatnent inthese
cases is disputed. In nost instances the victim
wi || manage pretty wel | after awhil e because both
ears seldom are affected, but a residual sen-
sorineural high tone loss is the rule.

An injured inner ear seenms to be nore
vul nerabl e than a heal thy one, and thus a person
with for instance a noise danage nmay be nore
susceptible than others to diving rel ated i nner
ear injury. Therefore at |east sport divers
experiencingdivinginjuriestotheir inner ears
shoul d consider giving up diving.
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SPUMS COWM TTEE MEETI NG
Hel d at 25 Hasti ngs Road, Frankston, 27th March,
1980 at 1930 hours.

ATTENDANCE: John Knight, Bill Hurst, Victor
Brand, Chris Lourey.

APOLOG ES: Bill Rehfisch, Dougl as Wl ker, Daryl
Wl | ner.

M NUTES OF PREVI OUS MEETI NG
Read and accepted as correct.

BUSI NESS ARI SI NG

Col . Ji mmy How ( Si ngapor e Armed Forces) comingto
Australia in My 1980. Decided to host the
visitor at dinner with the conmm ttee nenbers.

CORRESPONDENCE:  Letters from

Dr Paul Webb - President-el ect UMS
Dr Ken Kizer - President - HUMA
Dr C Schilling - Secretary - UMVS

Pl us general correspondence between the Secre-
tary and participants in the 1980 AGM

TREASURERS' REPORT:

Current bal ance as at 21st March, 1980 -

$3, 792. 27.

The Savi ngs | nterest and | nvest ment accounts t he
sane as previous and both with the addition of
accrued interest.

PRESI DENT' S REPORT:
Reported correspondence from Vice-Admiral, Sir
John Rawlins re attendance at 1980 AGM

SECRETARY’ S REPORT:

1. 1980 AGM pl ans and attendance progressing
satisfactorily.
2. Al conmittee nmenbers to give reconmend-

ations as to a suitable site for the 1981 AGM
WththisinmndD ASlark (NZ) to be approached
re the consideration of NZ menbers.

3. Di scussion to continue with regard to
future conference organi zati on. Suggested that
at | east one person (not necessarily the secre-
tary) be responsible for organi zing the AGM

NEWSLETTER:

1. The next newsl etter i s about tolaunchinto
print.

2. Dr John Knight to post the previous

newsl etter to new nenbers.

3. Reported that the current arrangenent
bet ween the Editor and the President is working
well. Decided to continue this arrangenent.

4. Dr DWal ker (Editor) to be advi sedto subnit
application for petty cash to rei nburse general
expenses as well as postage etc.

DI PLOVA OF DI VI NG AND HYPERBARI C MEDI ClI NE:

1. Letter from CO HVAS Pengui n advi sing t hat
the course will in future be linmted to five
civilian nenbers only.

2. Letter fromDr I Unsworth advi sing that the
1980 one week course in
Hyperbaric nedicine will not occur.

3. The Secretary reported a phone call from
Captain R Gey - Navy Ofice Canberra, where it
was stated that sone discussion is being under-
taken to consider deleting the Hyperbaric nedi-
cine section fromthe Diplonma. No action taken
- awai ting docunmented evidence and di scussion
fromthe Navy.

4. Letter from Dr Bruce Logan outlining his
experience and enquiring whether this net the
requi renents of 6 nonths full tinme or equival ent
part time experience required for the D ploma.
Referred to the Diploma Conmittee.

GENERAL BUSI NESS:
The discussion and plans to have a National
Network to be raised at the AGM

FUTURE MEETI NG
Date to be decided.

Meeting cl osed 2200 hours.

DR CHRI STOPHER J LOUREY
SECRETARY - SPUMB

* *x k* % %

FREE ASCENT AND “DUVB” AN NMALS

In the UMS hosted W rkshop on Energency
Ascent Training (1977), tohediscussedinalater
issue, Dr Eric Kindwall included the follow ng
information: -

“To denpbnstrate this point (that the key to
successful energency ascent was to be suffi-
ciently relaxed in the water), Dr Charles
Shilling, who was supervisor of Subnarine Escape
Training at the New London Escape Tower in the
1940s, took anmongrel dogto 100 feet i ntheroving
bel | and threwhi mout intothewater. Dr Shilling
reports that the dog swam towards the surface,
exhalingall the way, as he fol | owed behindinthe
roving bell. The dog performed beautifully with
no previous escape training, did not enbolise,
and remai ned Dr Shilling' s pet for many nonths.
(Admittedly the dog had been supplied by Harvard
University, so he may have been smarter than
sone).”



THE CAUSATI ON OF PERILYMPH FISTULAE |IN
DI VERS

Paul Donoghue and John Kni ght

On 23 Decenber 1979 a 23 year ol d man went
swinming in alake. He had no snorkel or SCUBA
equi pnent. He duck-dived to the bottom of the
| ake (10 feet - 3metres). He stayed onthe bottom
by hol ding on to arock. Suddenly he noticed al ow
pitched tinnitus in his left ear. He was not
trying to Val salva at the tine. Wen heleft the
wat er the tinnitus di sappeared.

Soon after this he had attacks of | eft sided
tinni tus whenever he stooped down or turned his
head to the right. On 28 Decenber 1979 he
devel oped, in addition, attacks of vertigo
lasting a few m nutes whenever he stooped down.
At no stage did he notice any hearing | oss.

He attended t he casual ty department at the
Royal Victorian Eye and Ear Hospital on 28
February 1980 conpl ai ni ng of postural tinnitus
and postural vertigo for 2 nonths. On clinical
exam nation he had a hearing deficit on the | eft
side. An audi ogramreveal ed a 25 Db sensori neur al
hearing | oss at 400 Hz. O herw se he was normal ,
and in particular was fistula negative and
Ronmber g negati ve.

Thirteen days later (12 March 1980) his
audi ogram was unchanged when he was operated
upon. A perilynph fistula was di scovered at the
anterior-superior margin of the oval wi ndow. The
surroundi ng nusoca was scarified and the fistula
plugged with ear |obe fat.

Post - operatively the positional vertigo
di sappeared. The origi nal | owpitched positional
tinnitus di mnished.

H's first post-operative audiogram (17
March 1980) showed a slightly increased sen-
sorineural deafness at 3000 and 4000 Hz. At this
exam nation his ear was noted to be bl eeding. A
repeat audi ogramthe next day showed a |l arge air-
bone gap, and increased sensorineural deafness.
Until this episode of bl eeding fromhis ear there
was little change in his hearing. Presunmably the
haenorrhage di sl odged the fat graft andinflicted
damage on his inner ear.

Fol I ow up audi ograns have shown a steady
reduction in the air bone gap (conductive
elenent) and sone inprovement in the sen-
sorineural deaf ness.

DI SCUSSI ON

a. Di agnosi s.

This case confirms the points namde by
Mol vaer.l Especially it is necessary to take a
careful history when the patient presents with
aural synptoms such as tinnitus. Tinnitus is a
comon presenting conplaint of perilynph fis-
tula. Vertigo often foll ows by several days and
hearing |l oss is often understated.

b. Mechani sm of Injury

Inorder torupture anenbrane the pressure
must be markedly different on the two sides. A
raised pressureinthefluidintheinner ear with

a normal middle ear air pressure fulfils this

condition. This pressure rise is achieved by:

a. rai sing the CSF pressure and transmtting
the pressure rise to the perilynph.

b. by conmpressing the CSF (so raising its

pressure) by inplosion of the stapes into
the oval wi ndow

In either case there can now occur a true
explosive fistula, one due to a higher inside
pressure.

The likely explanation for the perilynph
fistulae of breathhold divers is that there is
excessive inward nmovenent of the stapes due to
excessive inward novenent of the ear drumas a
result of the rapid risein anmbient pressures in
a diver who does not clear his ears (equalise
mddl e ear pressures with anbient) as he de-
scends. This could either rupture the nenbrane
round the foot plate or stress the round wi ndow
beyond its elastic limts. In either case
creating a fistula. In sone divers the ear-drum
ruptures before danmage is done to the inner ear
wi ndows.

Goodhi | 12,3 postul ates explosive and im
pl osive routes for the causation of perilynph
fistulae. The expl osive force being CSFtransfer
through the cochlear aqueduct, and perhaps
through the internal auditory neatus and | am na
cribrosa. This explains the perilynph fistul ae
occurring when effort and hypertension cause a
CSF pressure rise. His inplosive route (which
i ncl udes Val sal va manoeuvres) is | ess cl ear as he
inplies that the fistulae are due to the sudden
rise in mddle ear pressure, wthout specifying
the nechanical effects in the middle ear which
danage the wi ndows.

A menbr ane supported on one side by fluid
is unlikely to be deformed by any rise in air
pressure on its outer side since water is
virtual 'y i nconpressi bl e at physi ol ogi cal pres-
sures. Anyriseinnmniddleear pressure nust press
equal Iy on oval and round wi ndows unl ess t he ear
drumnoves in response to the rise in pressure.
Goodhill’s diagram 37-8 3 show ng inplosive
routes is nechanically wong. Nor mal st apes
nmovenent produces normal round wi ndow novenent .
Excessi ve conpression of the perilynmph by stapes
novenent at the oval window will result in a
pressure rise at the round window and at the
perilynph - CSF transfer points. If the cochlear
aqueduct, lamina cribrosa and internal auditory
meat us can transfer some fl ui d away fromt he i nner
ear the pressureriseintheinner ear will remain
bel ow that required to deformthe round w ndow
beyond its limts. However the mechanical
nmovenent of the stapes nmmy overstress the
f oot pl at e menbrane, sorupturingit andrelieving
the pressure in the inner ear before the round
wi ndow nenbrane fails.

It has been postulated4 that with a
forceful Val sal va manoeuvre occurring suddenly
the ear-drum is blown outwards pulling the
ossi cl es suddenly outwards. The stapes is then
exerting a negative pressure on the inner ear and
as aresult the round wi ndow i s sucked i n beyond
its elastic limts. Alternatively the oval
wi ndowmi ght crack first so causing an oval wi ndow
fistula. It is difficult to imagine that there
woul d be enough novenent of the ear-drum which

13
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has been forced i n by unopposed water pressure,
in a diver under water for this to happen. It
seens qui te possibleinair and coul d expl ainthe
hearing |oss associated with an oval w ndow
fistula reported by Friedman and Sasaki S during
positive pressure resuscitation. However, this
mechani smis not inplosive. The only inplosive
injuryisthat of the di ver who does not cl ear his
ears (equal i se mi ddl e ear pressures with anbi ent)
as he descends rapidly.

The reason now advanced for the Val sal va
induced fistulae in divers is that they are
expl osi ve due to the acconpanyi ng CSF pressure
rise.

A further nmechani smoccurs i n SCUBA di vers
during the ascent phase of the dive. A case was
described by Mannerheinf where the diver sus-
tai ned both aperilynmphfistulaandaruptured ear
drumduring ascent. Not satisfiedw th a perfect
recovery of his hearingfollow nggel foampacki ng
of his round w ndow niche he repeated the
performance sone nonths | ater. Duringthe second
oper ati on phot ogr aphs wer e t aken showi ng a st eady
dripthroughasplit intheroundw ndownenbrane.
Agai n packing with gel foamresulted in a resto-
ration of normal hearing.

The |i kel y mechani smon bot h occasi ons was
that he failed to clear his ears adequately on
descent. The pressure inbalance resulted in
transudation of fluid,7 which probably clotted
and bl ocked t he Eust achi an tube. Ascent resulted
in pain, as reduction of anbient pressure
resulted in the nmiddle ear having a higher
pressure than its surroundings. As aresult the
ear-drumwas forced outwards. Depending on the
rel ative strengths of the nenbranes the drumor
one of the windows ruptures first. |f a w ndow
goes first the drumw Il follow. However if the
drum goes first the inner ear nenbranes are
protected by the return of the stapes to its
nornmal position.

Goodhil 12,3 reviewed 76 cases of presuned
perilymph fistulae including 17 who were not
expl ored so cannot be confirned as having had a
fistula. |In 59 explorations, 47 fistulae were
found. 24 of the patients hadfistul ae of t he oval
wi ndow al one, 19 had fistul ae both of oval and
round wi ndows and only 4 had fi stul ae of the round
wi ndow al one. He did not give a breakdown into
i mpl osi ve and expl osi ve aeti ol ogi es, nor did he
mention how many suffered their damage while
diving. The left ear was affected twi ce as often
as the right.

C. Qperative Techni que.

Goodhi |l recommends the use of tragal
perichondium The fistula was patched with fat
in our case. The initial results were good but
the events following the bleed in the 5th post
operative day suggest that the fistula was still
unhealed at that time. In our experience two
cases where the | eaks were patched with crushed
gel foam had pronpt cessation of the |eak, and
st eady i nprovenent i n hearing fromthetine of the
operation. As these fistulae are linear tears
(whi ch heal fromside to side once the edges are

approxi mated) the inportant thing is to provide
a firmsplint to hold the edges together and so
al | ow healing by stopping the |eak.

CLASSI FI CATI ON

In view of the above we offer a nore
physi ol ogi cal classification.

Type 1

Due to raised CSF pressure transmitted to
the i nner ear (Goodhill’'s Expl osive). Acting by
bul gi ng t he wi ndow nenbr anes beyond their el astic
limts.

Type 2

Due t 0 an excessi ve outwar d novenent of the
eardrumand ossi cl es creating a negative pressure
in the inner ear (wongly called inplosive by
Goodhill). Found in SCUBA divers during ascent
and with positive pressure ventilation.

Type 3

Due t o an excessi ve i nward excur si on of t he
ear drum and ossicles creating a positive
pressure in the inner ear. (Correctly called
i mpl osi ve by Goodhill). Thi s nmechani smrequires:

a. a rapidly rising anbi ent pressure,

b. failuretoequalisethe m ddl e ear pressure
w th anbi ent,
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SI TUATI ON REPORT COVERING DI VING IN THE
OFF- SHORE | NDUSTRY | N THE NORTH SEA | N 1979

by Commander SA Warner OBE, DSC, Chief |nspector
of Diving, UK

M Chai rman, Ladi es and Gentl enen.

Thank you once again for asking ne to tal k
at your annual Synposium | have no doubt in ny
m nd that the International Diving Synposiumis
the prem er forumin the world for di scussion of
all diving matters.

Activity in the North Sea during 1979
continued at much t he sane exposure | evel as 1978.
The main activities involved construction, in-
spection and mai nt enance, repair operations and
limted pi pelineoperations. Explorationactiv-
ity was at alowlevel, however, this is expected
toincreaseinthe very near futurewhichinturn,
one hopes, would indicate a general increase in
diving activity in 1981 and onwards. It is
estimated that the diver invol venent inthe whol e
of the North Sea peaked at about 2000 plus | ast
year.

| propose to start as | didlast year with
a very brief run down on |ast year’s accident
record. There were atotal of 3 fatalitiesin 2
di ving accidents inthe North Sea | ast year, both
of which occurred in the UK sector.

The first one involved a diver engaged in
grit blasting operations at about 120 feet. The
di ver was breathing air froma surface supply and
either pulled or blew off his helmet. He was
wearing adry suit with suit inflationandit is
possi bl e that he “bl ewup” and that theair inthe
suit bl ew past his neck seal into his personal
neoprene hood which in turn lifted off his head
and bl ocked the vent hole in his main hood.

In August a diving bell was |lost fromthe
di ving support vessel “W/| drake” whil st operat-
ing on a SALM base at just under 500 feet.

Rescue operations failed to recover the
bell and the divers before they both died. | am
unable to give you further details on this
particul ar acci dent until a public Fatal Acci dent
I nquiry has been hel d except that | can say that
t he di vi ng operati on was not taking place froma
dynam cally positioned vessel and al nost cer-
tainly cold played a najor part in their deaths.

Danger ous occurrences, nminor incidents and
near msses continued to occur in the UK sector
at a level not unlike that of |ast year.

You nay renmenber, that | toldyoulast year
about an accident in which 2 divers lost their
livesinadivingbell asaresult of adynamically
positioned vessel being blown off station,
dragging the bell’s wires, life support system
and the bottom guide weight wires across the
anchor cabl es of another vessel. |In oneincident
3 methods of the bell recovery were |ost.

In spite of the fact that dynamcally
positioned vessels have been in operation for
many years | amstill worried about the various

danger aspects of divers operating fromthem

As | told you last year the UKinitiated a
project to forma risk anal ysis study of diving
fromdynam cal | y positioned vessels. The origi-
nal study has been conpl et ed and a draft gui dance
note was i ssued to the industry as a consul tative
docunent. Many remarks have been received and
many proposed anendnents have been submitted.
These are being studied and sorted out. It is
hoped t hat agreed “gui dance notes” wi Il be i ssued
inthe very near future. The final part of the
project is being carried out as a co-operative
ef fort between the United Ki ngdomand Norway. |
will ensurethat interested partiesinthe United
States receive copies of the final docunent as
soon as it is issued.

W continue to anal yse the figures we have
on acci dents and an up to dat e broad breakdown of
t he percentage i nvol vement of various factors in
the fatal accidents. | would like to point out
that | amquoting theinvol venent of those factors

and not necessarily the mmjor cause of the
acci dent : -

Human error 50%
Medi cal unfitness 6%
I nadequat e training 16%
Equi pnent failure 30%
Lack of equi pment 9%
I nadequat e medi cal supervi sion 4%
Poor di vi ng supervision 25%
Poor equi pnment nmmi nt enance 7%
Surface interface weather conditions 12%
I nadequat e deconpr essi on schedul es Ni |

for fatal accidents

Just before | left UKI received a copy of
the report on Cccupational MurtalityinNorth Sea
Divers by Dr Maurice Cross.

In the sight of the nedia, commercial
oilfielddivingis dangerous and a fatal accident
usual Iy receives considerable coverage. This
tends to create a disproportionate anount of
enmphasis on the risks of diving and reflects
adversely on the industry. In fact, little
objective information exists as to the true
fatality incidence in relationship to other
activities such as coal -nining or surface on oil
installations which may carry as high an inci-
dence.

Usi ng as a popul ati on substratathe nunbers
of certificates of fitness to dive issued by UK
di ving physi ci ans and exam ning the nunbers of
deaths in individuals who would have been in
possessi on of such certificates, aformal analy-
si s has been nade of the Standardi sed Murtality
Rati o for conmerci al diving. |t wouldappear that
the safety standard have inproved to the point
where, from being one of the nost dangerous
activities in 1925, commercial divers now have
the sane fatality rates as other industrial
wor ker s such as engi neers and coal -face workers.

However, minor cases of deconpression
si ckness and the very occasional serious case
continues to arise, but, in general, the thera-
peutic tables available appear to be adequate
when used correctly.
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At one period | was getting worried about the
nunmber of mi nor deconpressi on si ckness i nci dents
bei ng reported when using the United States Navy
Sur f ace Deconpressi on Schedul es. On investiga-
tionit was foundthat theincidents were probably
less than 2% | amsure that you will appreciate
thereis considerable difficulty ingetting hard
facts and exact figuresonall theseincidents and
my know edge is only as good as the information
that is passed to me by the diving conpanies.

| hate the idea of generating “paperwork”
but there is no doubt that sonething like a
quarterly return covering such factors as total
di ver exposure tine, depth, nunber of cases of
deconpression sickness, tables enployed, etc,
et c, woul d be of consi derabl e hel p i n progressing
di ving safety and certainly woul d hel p t hose who
are carrying out research.

It is perhaps of interest to note that in
the UK there was one fatality in inshore diving
operations and 13 anpongst sport divers in 1979.

The design of diving bells and the techni que of
enpl oyment themis very topical at the nonent.
The Association of O fshore Diving Contractors
have produced gui dance of diving bell operations
recently. Tom Hol | obone, the secretary of the
AODC i s here at t he Synposi umand woul d be pl eased
to provide further information to anybody inter-
est ed.

| still believe that prevention of acci-
dent s must be t he f orenost approach to di vi ng bel |
safety techni ques. However, there is no doubt
that serious consideration nust be given to the
provi si on of autononous |ife support for bells.
The bi ggest probl emof courseistoprovi de enough
heat to maintain safe thermal bal ance for, say,
24 hours. As you know this provides a very
difficult objective in deep heliumatnospheres.

In addition, history has shown that there

isaveryreal need for “bell” rel ocation systens
which can be used in the event of a bell or
subnersi ble being |ost. Probably the best

technique for relocation is the enploynent of

sonar beacons and as | told you on Tuesday,

investigation into this subject is currently
taking place in the UK and Norway. I regret

unfortunately there is no international organi-

sationor regi ster which all ocat es sonar frequen-

cies. To a certain extent one is restricted to
a conparatively short band by the | aw of physics
but | believe that it is necessary to have an
internationally accepted energency frequency
whi ch provides the necessary range, free from
interference and conpati bl e wi th sonar equi prment

fitted to diving support ships or, with portable
| ocation equiprent. |t is envisaged that diving
bells be fitted with a pinger which can be
activated in an enmergency, that diving support

ships be either fitted with or have available
| ocation equi prent for that frequency and, that

the diving industry have avail able diver held
final |ocation sets.

The AODC in conjunction with the UK and
Nor wegi an governnent intend to hold a meetingin
Aber deen on 21 February to finalise the require-
ments for a sonar beacon rel ocation systemand in

particul ar the frequency. The decisions nade at
this neetingw Il be publicisedimediately. Tom
Hol | obone i s the contact man for anybody w shi ng
to attend.

Since the i ntroduction of the first trans-
fer under pressure diving systemthere has been
di scussi ons and argunments about bell design and
operation techniques. | think the time has cone
for the industry and governnents to take a very
close ook at this problemand attenpt to answer
a few of the main questions in an agreed and
uni fied voi ce.

I would like to use this Synposium to
generate thought on the particul ar subjects of
di ving bel | operations. | suggest this, because,
other industries and indeed some people within
the diving industry produce statenents that
“divers are still flying by the seats of their
pants”. |n many ways this is true but trenmendous
progress has been nade within a short period of
time. Mich of this progress has been initiated
by t he pi oneering spirit backed up by atrenmendous
amount of nedi cal and physiol ogi cal research.

In spite of all this | would like to
generate thought on the foll ow ng subjects:

. Shoul d a diving bell be heavy or should a
bell be light with added weights that can be
slipped in an energency?

. Shoul d the weights, if fitted, be unders-
lung, or secured around the bell?

. Shoul d there be an interlock between the
bott om door of the bell and the slipping device
to prevent accidental slipping of the weights
with the bottom door open?

. Shoul d there be an interlock between the
slipping device and any cutting device for the
lifting wire and unbilical to prevent the bell
turni ng upsi de down or even obtai ning an upside
down position half way to the surface, anchored
by a pi ece of liftingcableor unbilical, whenthe
wei ghts are slipped?

*Wuld the introduction of such a system of
interlock increase safety or woul d t hey i ncrease
the areas for error thereby introducing nore
danger ?

. Shoul d the bell be top mated, side mated,
or is a rolling technique acceptable? I'n
answering this particular question one has to
renenber that history shows that di vers becom ng
unconscious in the bell have in the past fallen
onto the bottomdoor and thereby, in top mating
bells, have produced a trenendous problem for
rescuers.

. Wat i s the best net hod of securingthe bell
to the transfer under pressure chanber?

. Shoul d the hatches be round or elliptical
in shape?
. VWhat is the best size for hatches on which

to standardi se?



Bel |, through wat er, comuni cati ons present
anot her area whi ch requires a nmuch cl oser study.
VWhat is the best frequency for through water
comuni cati ons?

| believethat we shoul d ai mt o st andar di se
on basi c bel | design and mating techniques inthe
longterm It is probably because such things as
divingbell stakeaverylongtinetowear out that
little inpetus is given to standardisation.

We conti nue to pl ace consi der abl e enphasi s
on good diving training and the need for all new
divers to achieve mninmm standards. The WK
st andar ds have been avail able for several years
now and there is a |l egal requirement on diving
conpani es to ensure that these standards are net.
You may have heard that | have witten to sone
Arerican Diving schools and pointed out that
their curriculum does not achieve the term nal
obj ectivesrequiredinthe UKstandards. This was
not a sudden, wi thout warning action. The basic
air standard was published in 1975 and t he m xed
gas standard in 1976. These standards are
desi gned on the achi evenent of certain term nal
obj ectives. InJanuary 1977 and agai n i n January
1978 diving nmenoranduns were issued draw ng
attention to the need to conform to these
standards. | woul d suggest that our i ntroduction
time scal e has been very generous.

There i s no doubt inny mndthat in general
the United States divingtrainingcentres produce
extrenely know edgeabl e graduates but, nost of
them sadly | ack exposure to open water diving,
exposure to depth and pressure.

I thinkit is fair to say that as a general
rule diving graduates in the United States
continue their diving career with several years’
apprenticeship. Inthe North Sea they are often
literally thrown into the deep end. This is one
of the reasons that we require themto have had
exposure to depth and pressure.

The United Kingdom continues to support
research projects in diving safety matters and
wor k continues on: -

Car bon di oxide retention in divers.

Central body rewarm ng devi ce.

Excursion diving tables for oxy-nitrogen.

I nvestigati on of unexpl ai ned unconsci ousness in
di vers.

Investigation of anaesthesia in high anbient
pressure.

Safe thernal conditions for divers.

Long termenvironnmental effects on divers.

Effect of a nuscle relaxant at hyperbaric
pressure.

Production of a “black box” dive recorder.

And of course, research continues intothe
safety aspects of divers operating from
dynam cal | y positioned vessels.

CONFEDERATI ON MONDI ALE  DES ACTIVITIES SUB-

AQUATI QUES
Worl d Underwat er Federation
34, rue du Colisee, 75008 PARIS, FRANCE
Paris, March 1, 1980.

Cl RCULAR LETTER TO ALL FEDERAL DOCTORS

SUBJECT: NEXT MEDI CAL COLLOQUY | N CANCUN

(MEXI CO) | N DECEMBER 1980

Dear Col | eague,

The Medi cal and Acci dent Prevention Conmi ssion,
convened in Barcelona in January 1980, has
deci ded to hold during the CMAS Worl d Congress:

- a CGeneral Assenbly with el ections
- a Medi cal Col | oquy

The or gani sati on of the nedi cal col |l oquy has been
confided to Dr Spinola fromthe Mexi can Federa-
tion and to ne.

It isthefirst time that the Medical Colloquyis
held in Central Anmerica and know that a great
nunber of American doctors areinterestedbythis
mani f estation whichwill allowthemto establish
cl oser contacts with their European col | eagues.

So thi s Medi cal Col l oquy will take placein Cancun
(Yucatan) fromthe 1st to the 5th of Decenber,

1980.

The mai n thenmes of this colloquy are as foll ows:

- “Aptitude and inaptitude for diving” with
presentation of the newCMAS i nternati onal
formof aptitude, prepared by Dr Ehm(RFA).

- “Diving accidents and their treatnments”
and presentation by Dr Tailleur and Dr
Hol nber g, of the formfor divingaccidents.

- Free conmuni cati ons.

The persons who wi sh to present papers nust send
us:

- before the 30th Jane, 1980: thetitle, the
abstract, the duration and

- before the 31st August, 1980 the conplete
text of the paper.

We are preparing the programe of this colloquy
in order to let a large place for touring and
diving, for Mexico is a country particularly
favoured in these fields.

We hope that you will be interested by our
proposition and that you will conme numerous to
Mexi co.

Yours sincerely,

Dr Marcel BIBAS
Responsi bl e for Public
Rel ati ons for CMP CMAS.
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DEPARTMENT OF ENERGY

Pet r ol eum Engi neering Division
London.

Novenber, 1979

DI VI NG SAFETY MEMORANDUM NO. 12
DI VI NG EMERGENCI ES

1. Medi cal Energency Call Services

During several recent diving energencies
associ ated wi th UK of f shore operati ons, apattern
has energed i nwhichinitial engi neering probl ens
have devel oped rapidly into accel erati ng human
factor problens.

A tendency has been noted for diving
contractors to delay alerting nedical backup
services until this |ate stage.

Al t hough around the cl ock diving nedical
enmergency cal | services arewel | established; see
Diving Safety Memo No 1-6 March 1979; it should
be remenbered that the lapsed tine involving
nmobi | i sationprior tothe medi cal expertise being
avail able on site, is an inportant factor which
must be taken into consideration.

In such cases, even if medical energency
call services are not required imredi ately, they
shoul d be al erted as early as possible. Thisw I
all ow appropriate arrangements to be made in
respect of personnel and equipnent, thereby
mnimsing the | ead time shoul d nobilisation be
required.

2. Conmuni cati on

Di ving contractors are renmi nded that com
muni cation of accurate information is essential
in cases of diving nmedical enmergency, sincethis
provi des the basis for initial nmedi cal assessnent
and subsequent advi ce.

Details of such information are contai ned
in the AODC/DVAC Form 1 “Aide Menoire for
Recording and Transm ssion of Medical Data to
Shore” copies of which have been distributed
t hroughout the diving industry.

* X X *x %

DI VI NG SAFETY MEMORANDUM NO. 13
POTENTI AL DANGER TO DI VERS

A diver was recently put at risk when
cutting off a pile guide from a production
platform Sone three years prior to the “near
m ss” two grouting lines approxi mately 2 inches
indianeter and 45 feet inlength had been cut and
were only secured to the support by cl anps.

Having cut the pile guide the diver
remai ned under water to assist in the operation
while it was recovered. He had been warned of
possi bl e danger by the supervisor.

As the pile guide was being lifted to the
surface the grouting |lines becane detached and
descended to t he bottomand only pronpt action by
t he di ver avoi ded hi mbei ng taken to t he sea bed.

Since this type of operationis likely to
be on the increase, diving conpanies, diving
supervisors and divers should beware of the
possi bl e hazard invol ved.

Di vi ng supervi sors shoul d al so ensure t hat
di vers are not put at ri sk frominsecure equi pment
above wat er such as scaffol di ng whi ch could fall
and trap or injure the diver.

Sea Bed Debris

Al reports by divers of debris on the
seabed or of fshore structures which coul d cause
a hazard to di ving operations shoul d be reported
tothe O fshorelnstall ati on Manager and r ecor ded
in the |og.

The Diving Medical Advisory Conmittee,
London.
Novenber, 1979.

A NOTE REGARDI NG SAFE DI VING DI STANCE FROM
SEI SM C SURVEYI NG OPERATI ONS

Consi der ati on has been given to the safety
of divers in the vicinity of seisnmic surveying
operations. This note sets down gui del i nes which
it issuggestedw || beof helpinrelevant cases.

When sei smic surveys are to be conducted in
the vicinity of diving activities, it is consid-
ered that a safe distance between the seisnic
source and the diver inthe water shoul d be 1, 500
metres where the seismc source is of the airgun
or gas gun type and its capacity is not greater
than 4,400 cubic inches or equivalent.

When conventional explosive (for exanple
TNT) is used, safe distances may be consi derably
| ess than t hose advi sed for air and gas guns but,
unl ess there are conpel I'i ng reasons for not doi ng
so, it is advised that the linmiting distance of
1,500 netres should still be observed.

It isunlikely that seismc work will ever
be conducted in shallow water but it should be
pointed out that the calculations used to
determne the figure of 1,500 netres are not
applicableinextrenely shal |l owwat er dept hs, eg.
| ess than 10 netres.

Finally, it should be pointed out that the
psychol ogi cal effect of seism c surveying upon a
diver in the water may be significant and wll
certainly distract his attentionfromthe work he
i s engaged upon, | ong before the sound and shock
waves fromthe expl osi on have any physi cal effect
upon himor reach I evel s of intensity which even
begi n to approach danger.



I LLUSTRATI VE DI VI NG | NCI DENTS FROM NEW ZEALAND

These t wel ve cases have been t aken fromt he
reports prepared by Dr Allan Adair for the New
Zeal and Underwater Association Inc and circu-
| ated by them The purpose of such reportsisto
personi fy m sadventures such that the dry words
of an article or text book achi eve a rel evance to
each reader, who hopeful Iy applies the concl usi on
he (or she) draws fromthe reports to inprove
subsequent diving practices.

Case Not es

There were three fatalities, five cases of
deconpressi on sickness, two cases where diver
entrapment occurred and two where excessively
rapid ascent occurred. Buddies played a highly
significant and useful part in the vain attenpt
to save Case 11.

Case 1

This experienced diver was making his
second dive that day, the first having been
aborted due to turbulence. This dive was
simlarlyterm nated after ashort tine at 40 f eet
and t he pair of divers surfaced, thevictimpartly
inflating his conpensator and rolling onto his
back with nmask renmoved while his buddy clinbed
intothe boat. He was seen near the boat’s stern
before a |arge wave hit the boat, and was seen
shortly afterwards 20 - 30 feet behind the boat.
Then anot her | arge wave canme and he was not seen
for afewmnm nutes. He was seen near rocks, rescued
and brought to the boat but failed to respond to
cardi o- pul nonary resuscitation. The nedical
evi dence supported the Coroner’s verdict of
dr owni ng.

Thereis nodirect evidence astothereason
for the drowni ng, but areasonabl e reconstruction
m ght well be that he was pushed under water by
the boat when it was hit by the first wave. At
this tinme he was not wearing his mask nor using
either his snorkel or demand val ve.

It is reconmended that all divers retain
and use all gear, including nask and snorkel,
until right into the boat.

Case 2

He dived for 30 minutes at 80 - 100 feet,
t here bei ng no previous dives inthe precedi ng 36
hours. A surface swimof 300-400 yards back to
t he boat in choppy seas | eft himvery tired when
he reached it. The DCP needl e was between ‘ A" and
‘C at this tine. On reaching the boat he
conpl ai ned of pins and needles in his |egs and
difficulty on standi ng. He was put on oxygen for
20 mi nutes and taken to the Naval Base, arriving
there 6 and a hal f hours after surfacing. He was
treated for deconpression sickness, receiving
reconpression and oxygen on three occasions.
Long termfollowup is not known. Age 32.

Thi s di ve required deconpressi on stop of 3
m nutes at 10 feet if cal cul ated, as is advi sed,
by conventional nethod of total dive tine
ascribed to greatest depth. Although he spent
time at |esser depth he experienced severe

exertionduringhis surface swi mback to t he boat,
possibly the critical factor that precipitated
the onset of synptons. The DCP was still
indicating safe tinme, but he contracted decom
pression sickness.

Case 3

This 42 year old diver was hunting cray-
fish. Hs first dive was for 30 minutes at 60
feet, the second for 15-20 mi nutes at 100 feet.
Surface interval was 7 and a half hours. On
reaching the surface he felt nauseated and
unsteady, and 5 - 10 minutes |ater devel oped
nunbness and tingling in his body and | egs from
the wai st down. He was taken to the Devonport
Naval Base and treated with reconpression and
oxygen with good results.

If tinmes and depths are cal cul ated usi ng
the USN tables he was just inside the no-
deconpression tinmes, but the tables have a
percentage ‘hit rate’. The accuracy of the tine
and dept h measurenent i s not known. It woul d have
been safer to have nade the deeper dive first:
cal cul ati on shows that this woul d have | eft him
25 mnutes into safe tine instead of the
theoretical 2 minutes. It is unwiseto goupto
or even close to the ‘no stop’ tine.

Case 4

In this incident the diver was low on air
when hi s cont ent s gauge becane caught i nacrevice
between rocks in such a position that he was
unable to reach round and free it. He was,
however, able to cut it with his knife and so
becane free to ascent to the surface.

He was fortunate to have a good quality
kni fe but it mght have been better to take off
the tank and back pack and free the gauge. O
course a buddy coul d have set himfree, if he' d
had one.

Case 5

The di ving was froma boat in the open sea,
and di ve ti nes ar e appr oxi nat e because the victim
was not wearing a watch. First dive was
approximately 60 feet for 49 mnutes, with a
returntothe surface for anewtank and a further
45 mi nutes approxi mately at 60 feet. Soon after
returning to the surface he becane ‘jovial’ and
conpl ai ned of dizziness. He was taken back into
the water and spent 3 minutes at 20 feet and 2
mnutes at 10 feet. He still felt unwell and had
apaininoneelbowfollowingthis ‘treatnent’ so
was taken to the reconpression chanber on the
‘Pacific Installer’. Reconpression was carried
out with successful results.

Anal ysi s:

1. Total tinewas 60 feet for 93 mi nutes, which
is 33 minutes into deconpression tinme.

2. Victimwas not wearing watch (or DCP).

3. An attenpt was nade t o reconpress i n water.
Little air was avail abl e.

4. No information is available concerning

possibility of adm nistration of oxygen to the
victim
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5. Di ver had ‘several years’ experience’.

The diver was either unaware of no-stop
tines for his dive depth, or was unable to tine
his dives. Reconpression in water was an
i nadvi sabl e attenpt and coul d have conproni sed
hi s chances of recovery. xygenis a basic first
ai d

Case 6

This 42 year old diver had a history of a
bend the previous year. He wore a highlift
conpensat or, whi ch he i nfl at ed when at 60 f eet and
was unable to deflate during his very rapid
ascent. Sone tine after gettingintothe boat he
felt apaininhischest, and was gi ven oxygen for
15nmnuteswithsonerelief but was left with sonme
ache in the ribs which persisted. Next day he
returned to Auckl and and attended t he Devonport
Naval Base for a check. Apparently he had sonme
residual damage, for he noticed hinself that
thereis aheavinessinhislegsandamldburning
sensati on.

The vi cti msays t hat he was not awar e of t he
correct procedure of venting the conpensator.
This is a maj or safety factor with nodern hi gh-
lift conpensators and there is NO DOUBT that
instruction shoul d be given by the dive shop in
the use before they are sold. The dive tines are
not known but the ‘bend?’ was probably due to t he
extrenely high ascent rate, which can be as fast
as 200 feet/mn with such conpensators.

Case 7

The dive profile was 15 netres for 45
m nutes, surface interval of 30 minutes, then
second dive to 25+ netres (no depth gauge this
dive) for 30 mi nutes. On surfacing he conpl ai ned
of astiffnessintheright shoul der, right el bow
and right hipjoint. Hereportedtothe Accident
and Energency Departnent at Christchurch Hospi -
tal 12 hours later and was examned by an
experienced di ving doctor. Diagnosis: mldtype
1 deconpression si ckness. Treat nent was oxygen,
intravenous fluids, and aspirin. He was synptom
free on di scharge fromhospi tal and di d not report
for follow up.

He was 22 m nutes into deconpression and
failed to observe no-stop tines. There was
negligenceinonittingtowear his depth gauge for
the second dive and delaying attendance at
hospital for 12 hours. In addition, the dive
profileisincorrect inthat the deepest dive was
t he second dive.

Case 8

This case is markedly simlar to the
previ ous one and occurred the same day. The dive
pattern was first dive 15 netres for 45 m nutes,
surfaceinterval of 90 m nutes then a second di ve,
to 25+ netres for 30 m nutes (no depth gauge). On
sur faci ng he suf fered headache and nausea, | ater
pi ns and needl es occurredin his feet and weakness
inthe knees. Pins and needl es were experienced
inthe fingers 8 - 9 hours later. He presented
at the Accident and Energency Department of
Chri stchurch Hospital 11-12 hours after the di ve.
Di agnosed as Type 2 DCS. Treatnment was initially

oxygen at atnospheric pressure and intravenous
fluids, later reconpressi on USNNavy Table 5with
relief of synptons.

The dive profile shows that he woul d have
been 7 nmins into deconpression time. He failed
to observe no-stop tinmes for his dives, onmitted
a dept h gauge, del ayed seeki ng nmedi cal aidfor 11-
12 hours, failed to attend follow up nedical
check, and chose to nmke the deeper dive the
second one.

Case 9

Di ving wi th a buddy when he ran out of aid
at 50-60 feet. He buddy breathed till about 15
feet fromsurface, then broke off and ascended
alone. He was found to be in distress and soon
became unconsci ous. He was taken to a |ocal
hospital where he was observed for five hours,
after which he was transferred to Devonport. He
was reconpressed on three occasions and ended
with very little residual danmge.

It isunwi setorunout of air at depth (have
a contents gauge), and unw se to break of f buddy
breathing to ‘run for the surface” (as are
starting ascent with full lungs and a panic
feeling). The delay in transfer fromthe | ocal
hospital to the Navy Base illustrates the val ue
of a buddy with diving know edge to supply
information to nedical attendants in certain
ci rcunstances. xygen shoul d have been used in
first aid.

Case 10

The victi mwas aged 20 years and had j ust
conpl eted a course of instruction, passing all
tests. He enteredthe seaw th his buddy and t hey
snorkell ed together approximately 100 netres
of f shore through broken reef water. The victim
becane very puffed and so both inflated their
conpensators, then continuedalittle further on
snor kel . As victim was still ‘puffed they
deci ded to change to SCUBA and descend. Victim
had a little difficulty deflating his conpensa-
tor, attenptingtousethe LPinflator button (not
connected by hose at this tinme; oral inflation
only). Buddy usedthe danp val ve for him Neither
was conversant with this type of conpensator.
They descended to 20 feet and sl oW y worked their
way out to sone bi gger rocks, takingtineto feed
fishwith Kinaontheway. Asthevisibility was
not good and they seermed to be getting in each
other’s way continually they agreed to part
conpany around a rock, victimgoing to the |eft
and the buddy to the right. Buddy found that the
rock spread further than expected underwat er and
becane worried as the two would not neet up as
easily as planned, so surfaced. By this tinme
there was a 3 foot swell so, after callingout his
friend's name wthout getting any reply, he
clinmbed onto a rock and continued to call out and
I ook for his conpanion. He thought that he saw
soneone on the beach and swamashore to give his
mate a ‘talking to’ but found nobody there.
However his calls had been heard and the alarm
raised. The victimwas found the foll ow ng day
in about 20 feet of water. Autopsy reveal ed the
presence of coronary artery disease.



The victim was unwel |l (excessively breathless
whi | e snorkel ling) but proceeded with the dive.
He was unfanmiliar with the use of his equi pment
(conpensator) and the divers separated. Water
condi tions were possibly beyond the victims
ability to cope with, he being newy trained.

Case 11

The vi cti mwas aged 53 year s and under goi ng
his second fam liarisation dive of his training
cour se. It was noticed that he had sone
difficulty with breathing and conpl ai ned of a
pressure sensation in his chest. He becane
cyanosed and unconsci ous. At this tine the
instructor was with him and had inflated his
buoyancy vest sufficient to gi ve buoyancy wi t hout
causing a constrictive feeling around his chest.
Synpt omonset was after surfacing and practicing
vest inflation. Wen unconsciousness occurred
the instructor dropped the victims weight belt
and commenced nouth to nmouth resuscitation and
summoned hel p by whistle. The victimwas still
maki ng breathing efforts for hinsel f whil e being
towed ashore (150-200 yards). Sea conditions
were cal mand the dive conducted w t hout rush.
The victimfailed to respond to Energency Unit
care ashore.

This was stated to be a bad heart attack.
The attention received from those present was
excel | ent, but unavailing. Statistically there
is an increased risk of heart attacks in ol der
persons while diving and such fatalities are
probabl y unavoi dabl e on occasi on despite every
precaution.

Case 12

On a night dive at 80 feet with an
i nexperienced buddy, this experienced diver
becane trapped in a snmall cave due to the tank
getting caught under a |edge. After a mld
initial panic the diver nanaged to get free
wi t hout assistance. The buddy offered no help
because he t hough t hat t he buckling | egs were due
toeffortstocatchacrayfish. Duringthis short
time of entrapnent the victi mused up 1000psi of
air!

I't was unw se to enter a cave at 80 feet on
a ni ght dive, especially when with an i nexperi -
enced buddy. Situation was saved by |ack of
pani c, due to experience.

DI SCUSSI ON

These reports underline t he correctness of
the usual guide lines for safe diving. These
include adequate training, abort the dive if
unfit to continue in conplete safety, wear
correct equi pnent (conpensator, contents gauge,
knife, etc.) and be famliar with its use, dive
wi thinthe skills of yoursel f and your buddy, and
avoi d separation fromthe buddy. Avoidance of
dives which require deconpression stops is
advi sed, as also any reliance on deconpression
meters to allow marginally permssible dive
profiles. As always, do not run out of air, and
remenber that the potential dangers of diving
still operate until you have left the water and
are safely ashore. |f such advice saves your life
gi ve thanks to those who prepared the incident
reports for the NZUA

AN UNUSUAL DI VI NG PROBLEM

The follow ng report of what could have
been a fatal diving accident is taken from a
safety note of the US Naval Safety Centre and
contains a lesson for us all.

The diver checked out a set of twin 72 cu
ft open circuit scuba bottles for a recreational
dive fromamlitary activity diving |l ocker. He
gauged the bottl es and found that they were fully
charged (2250psi). He then placed themin the
back of his car. He did not gauge them again
bef ore making the dive, though he did check the
regulator on the set to ensure that it was
functioning properly.

The di ve took placein 8to 20 feet of water
near an old pier. Wen lowon air, after about
1 hour, the diver attenpted to surface but was
unable to leave the bottom a problem which
persi sted despite rel easing his wei ght belt. He
then proceeded to a nearby pier pilingand pul | ed
himself up the piling to the surface. The extra
buoyancy of his life jacket, while not enough to
keep hi mon t he surface, was enough to enabl e him
to kick and bob his way to shore. The diving
| ocker di sassenbl ed the bottles used on the dive
and found that one of the bottles inthe twin 72
mani fol d was conpletely filled with water. Even
at the shallow depths of this dive the water
pressure was sufficient to force water into the
bottle through the bl ow out plug.

Comment: The di ver had pl aced the bottles inthe
back of his car and the hot July weat her resulted
in the bl owout plug rupturing due to pressure
i ncrease of the contai ned air after several hours
of sun heating. The bl ow out pl ug openi ng al | owed
water to enter the tank during the dive.

Recomendat i ons

1. Al ways gauge bottles before entering the
wat er .
2. Do not stowbottles in direct sunlight for

prol onged peri ods.

3. Put reserve in the down position to
equal i se the scuba bottles and to al ert of
escaping air fromthe bl ow out plug.

4. Do not hesitate to ditch bottles in an
enmer gency.
5. Have a buddy.

THAT' S SCI ENCE FOR YOU[

Unconfirmed newspaper reports tell the sad
tal e of obstruction to the march of progress by
ill-informed environmentalists and others. In
late 1978 it was suggested that sone Canadi an
Pol ar Bears be fed crude oil to showthat there
woul d be noill effects should an oil | eak occur.
The resul tant public reaction was fol |l owed by an
of ficial statenment of disassociation fromlnpe-
rial Gl, Canada’s biggest oil conpany. But the
Experts eventual | y won perm ssionto denonstrate
the safety of crude oil to polar bears. Arecent
report states that they are nowtryingto findout
why the bears di ed when Scientific Experts knew
they woul dn’'t.
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THE PHYSI OLOGY OF DECOVPRESSI ON SI CKNESS

Charl es Brown M

THI'S PAPER WAS ORI G NALLY PRESENTED AT A PADI
VIORKSHOP AND VE ACKNOW.EDGE W TH PLEASURE PERM S-
SION TO PRINT I T IN QUR JOURNAL.

Deconpression is reduction of anbient
pressure, and deconpression sickness is any
ail nent resulting thereby, except for sone. We
don’t count reverse squeeze, |ung overpressure,
or hypoxia of altitude. DS (deconpression
si ckness or bends) i s essential ly bubbl etrouble.
I nnuner abl e other factors enter in, but bubble
formation is the primary event, and bubble
behavi our i sthe prinme source of grief. Therefore
this talk i s concerned nostly with how and where
bubbl es form how t hey nake mi schi ef, and how we
get rid of them

The answers seened reasonably clear after
t he excel | ent work of Bert and Hal dane nany years
ago. Bubbl es formed because of a 2:1 super-
saturation ratio was exceeded. They distorted
tissues and bl ocked bl ood vessels. They were
bani shed by reconpressi on. Experience has shown
those answers overly sinplistic. There are too
many things they don't explain. Divers get hit
whi | e obeying Navy rules: others don’t in spite
of flagrant violations. Many divers with proven
bubbl es have no synptons, while others are bent
in the absence of detectable bubbles. Sone
serious DS cases recover wthout treatnent;
ot hers do not evenif reconpressed. Bendsis nore
likely after two 40 m nute di ves t hree hours apart
than after one 80 minute dive, in spite of out-
gassing during the surface interval. Yet
frequent diving confers partial imunity. It’s
plain that we're tal king about a very conpl ex
di sorder. Today, after thousands of studies by
hundreds of investigators, we're nore confused
than ever, but we have |earned a few things.

How Bubbl es Form

First, you’ve got to have micronuclei, or
so it seenms. Put a glass of water into a chanber
and run it to 20 ATMs. |If you then deconpress
it rapidly, it bubbles. But if while still
saturated at 20 ATMthe water is poured into a
cylinder that has no air space, and is further
conpressed by a piston to 2,000 ATM when
deconpressed to the surface it won't bubble at
all. W infer that water contains nicro-bubbles
that are nornal |y stabl e, but can be di ssol ved by
i mrense pressure. We call themgas m cronuclei.
Wt hout them wat er tol erates huge supersaturation
stress without bubbling.

How do peopl e get micronuclei? The stuff
we drink is one source. Scientists say that
cosnic rays fromspace, and radi oactive decay of
trace elements in our diets cause nicro-explo-
sions that make nmore. And statistical analysis
of the randomnovenent of di ssol ved gas nol ecul es
shows that frequently some of them cone close
enough together to crowd out other nol ecul es and
so find thenmselves out of solution. What
stabilizes mcronuclei is not known. Surface
tension forces, huge at snall dianeters, would
inhibit their growth, but would also tend to

squeeze them back into solution. Maybe t hey
escape surface tension by hiding in tiny tissue
crevices. O maybe they’'re really sonething

ot her than m crobubbl es.

Anyway, real bubbles can formin the body
in a nunber of ways even without reduction of
ambi ent pressure. Pull afinger till the knuckle
pops. The pop announces sudden gas in the joint,
caused by t he vacuumyou made i n pul I i ng. Let go,
and the gas goes away in 20 m nutes.

Exerci se generates cavitati onforces al ong
muscl es and tendons that produce bubbles. And
bubbl es can formin the skin by a process known
as counter-diffusion. |f you breathe nitrogen
whi | e surrounded by helium(as commerci al divers
of ten do) the two gases di ffusingthroughthe skin
i n opposite directions cause | ocal super-satura-
tion and bubbling - a conmon formof skin bends.
A simlar mechani smmght hel p explain the high
incidence of vestibular hits in deep diving.
Theoretically bubbles could form in tissue
saturated with gas while cold, and then quickly
war med, because gas solubility falls as tenpera-
ture rises. Strong sound waves can al so cause
bubbl es.

Any or all of the above may contribute to
DS, but there’s no doubt that the nost effective
way to get a lot of bubbles in a hurry, short of
boiling a diver, is to rapidly deconpress him
How much supersaturation a diver will tolerate
bef or e bubbl es f or mi s not known. Hal dane t hought
the total tension of dissolved gases woul d have
t o be nor e t han doubl e t he anbi ent pressure before
bubbl es woul d form- hence hi s exhortation not to
exceed a 2: 1 supersaturationratioduringascent,
and his stipulation of 33 feet as the no-
deconpression limt.

He was wong. How do we know? Wi ghing a
di ver underwat er before and after deconpression
shows t hat he gai ns buoyancy, i nplyi ng a gas phase
separation. Also, dives to 33 feet or even |l ess
have on occasi on produced DS. The connectionis
confirmed by Doppl er noni tors which, placed over
the vena cava, sound off upon deconpression.

Si nce Hal dane, ot hers have hel d t hat super -
saturationtol eranceis properly expressed not as
aratio, but as a pressure differential - so many
feet seawater I essthantissue gas tension. Both
met hods for buil ding tabl es share a conmon faul t
- they really aim at defining how nuch super-
saturation stress can be tolerated without
produci ng synpt ons, not bubbles. More recently,
Brian Hills came up with the astounding notion
that divers can count on little or no super-
saturation tolerance. A glass of 7-Up sitting
still tolerates considerable super-saturation,
but stir it and bubbles burst forth. Adiver is
nmore like 7-Up being stirred than sitting still.
What he tol erates i s not so nuch a specific super-
saturation stress as a certain silent bubble
| oad.

Wher e Bubbl es Form

In practice, bubbl es are conmonl y det ect ed
in veins and in fat. The electron nicroscope
reveal s bubbl esinfat breakingthroughcapillary
wal I's to reach the bl ood, and sone t hi nk t hat nay
be a main source of venous bubbles. Another
source i s |lynph, which drains tissue fluid into
veins. Wth increasing provocation, we'd expect
bubbling in other tissues. Last to bubble would
be arterial blood. It's fresh fromthe |ungs,
whi ch swept out excess nitrogen, and it's at
hi gher hydrostatic pressure than obtains el se-
where in the body. This is fortunate, since
bubbles in arteries are particul arly dangerous.



How Bubbl es Make M schi ef

Bubbl es do indeed distort and disrupt
ti ssues and bl ock bl ood vessel s. But this doesn’t
necessarily hurt. |f you place your hand into a
little chanber that seals around the wist, and
punp the air out, your hand swells with the
bubbl es, yet you feel no pain. To feel pain, you
need pain nerves, and nost tissues don't have
t hem

Painful DSis nostly |linb bends. The site
of the bubbleinalinbbendhas | ong been debat ed.
Recently, bubbles have been seen in tendons.
Maybe they ari se fromsmal | fat inclusions, which
tendons have. Oher factors fit.

Tendons have poor circul ation, sothey | ose
gas slowy. They have a structural pattern which
a grow ng bubbl e woul d def orm and t hey have pain
nerves to conpl ain about it. Exercise, known to
favour bends, creates a relative vacuumin a
tendon by stretching it, and generates shear
forces by sliding it; both favour bubbling. And
finally, injecting salineinto atendon produces
bends-1i ke pain. O course other tissues such as
liganent, cartilage, and periosteum have not
been ruled out as sites of |inb bends pain.

Pai n can al so be a feature of serious DS.
When bubbl es bother pain fibres in the spinal
cord, painis felt wherever the fibres originate
- usual ly the | ower |inbs, and often t he back and
abdoren.

Bubbl es can cause pain with or without
doi ng nuch danage, and t hey can cause damage with
or without pain. Bubbles in the spinal cord or
a coronary artery cause both pain and damage.
Bubbl es i n the i nner ear can cause ri ngi ng noi se,
hearing | oss, dizziness, staggering, and nausea,
all without pain. Bubbles inthe brain can cause
stroke synptoms - no pain. Bubbl es bl ocki ng
vessels in various |arge organs cause no pain.
They don’t even cause damage if collateral
circulation is good enough that blood flow
bypasses the block. If it doesn’t, damage must
result. Evidence for it is a feeling of great
fatigue several hours after diving. A bl ood
sanpl e taken then wil| show el evati on of enzynes
rel eased fromdanaged cells. Inthislatter case,
heal i ng seens t o be pronpt and conpl ete el se al ot
of us here today woul dn't be functional.

Fi nal | y, bubbl es (or other enboli) in bone
cortex may cause silent damage that erupts in
pai nful disability nonths or years later. W're
t al ki ng about aseptic bone necrosis, or as it is
now ternmed, dysbaric osteonecrosis. Wen such
areas of bone death occur near a mgj or joint, and
eventual l y thejoint surface coll apsesintothem
it’s sudden crippling. Dysbaric osteonecrosis
correl ates poorly with linmb bends, and not at all
wi th serious DS. Nobody knows why. Anintriguing
hypot hesis is that uraniun?38, which tends to
concentrate near the ends of | ong bones, insures
a plentiful supply of gas micronuclei toinitiate
bubbl e formation in those areas.

The Pul nonary Bubbl e Trap

Si nce ordi nary di ves produce bubbl es capa-
bl e of bl ocking bl ood vessels, why isn't DS far
more common? Recall that npst bubbles either
arise inveins or are delivered to venous bl ood.
Venous bl ood goes to the ri ght heart, which punps
it through the lungs. A lung happens to be a
superb bubbl e trap. Bubbl es big enough to bl ock
vessels are filtered out, and remain stuck till

their gas diffuses out to the alveoli.

Isn’t this hard on the lungs? |t appears
that a diver won't notice synptonms until 25-60%
of his pulnonary circulationis blocked, depend-
ing on howactive heis, and on whose figures you
read. Near thelinmt, there are warnings. G eek
sponge divers learned that when a drag on a
cigarette sets off a fit of coughing, it’'s time
to pack inthe day’s diving and t ake an under wat er
deconpression stop. Even a deep breath may
provoke the coughi ng.

Chokes

If the lung’s capacity to trap and scrub
bubbl es is exceeded, a lot of bad things can
happen - like the chokes, spinal hits, and
arterial gas enboli. The chokes is a syndrone of
pain, shortness of breath, and coughing. The
I ungs get water-logged and still - it’'s harder to
breathe. Reflex or chenically induced bronchos-
pasm further reduces air delivery. Al veol i
wi t hout bl ood fl owcan’t exchange gas, so oxygen
upt ake goes down. Yet these alveoli are still
ventilated, so part of the work of breathing is
wasted. All this bl ockage causes hi gh resi stance
to fl owof bl ood throughthelungs. Back pressure
builds up in the pul nonary artery, and the right
ventricle nmust work harder to punp the blood it
gets fromthe system ccirculation. Wienit can't
mai ntain the pace, circulation slows and back
pressure builds up in the systemc veins.
Nitrogen delivery fromtissues to lungs falls
of f, and this sl ows outgassing and favours nore
bubbl i ng. When the capillary beds feel the back
pressure, thereis ashift of water frombl ood to
tissue, reducing the bl ood volume - a prelude to
shock.

Spinal Hits

Serious DS can occur wel | before the bubble
loadinthelungsislarge enoughto cause chokes.
Spi nal bends is a special case. It is often due
to bl ockage of the veins that drain the spinal
cord - the vertebral venous plexus. It is nost
apt to occur when circulationis slow, and it’'s
ai ded by an anatom c peculiarity. Mst veins have
one way val ves to prevent back flow. The veins
of the azygous system whi ch drai ns the vertebral
pl exus, do not. If anything increases the
pressure in the chest, |ike say a cough, or
exhal i ng agai nst ai rway obstruction, there could
be a tenporary back flow of blood through the
azygous systempushi ng bubbl es j ust energed from
the vertebral plexus backintoit, wherethey hang
up. Indeed, venous bl ockage isn’t unique to the
spi nal cord. Studies of other tissues have shown
bubbl es first apparent in venules to grow back
intocapillaries. Andspinal hits canalsoresult
fromarterial enboli.

Arterial Enbolism

Bubbl es gain access to the arteries when
al | owed t o by-pass the pul nonary trap, or whenit
i s somehow rel eased. An unborn baby has a hole
inthe wall between the upper heart chanbers, so
that bl ood can flowdirectly fromtheright tothe
| eft side, by-passingthe non-functioninglungs.
Thi s opening (the foranen ovale) is supposed to
close after birth, but doesn’t always. Up to 50%
of adults retain at | east a pin-hole defect, and
the vast majority don't know it. Normally it
doesn’'t matter. But when lung circulation is
bl ocked and back pressure in the right atrium
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builds up, a significant amount of blood and
bubbles will take the short cut to the arterial
side of the circulation.

Lungs themsel ves have shunts that bypass
their own capillary beds. These seemto be cl osed
nmost of the time, but they open as the bubbl e | oad
i ncreases. In one experiment, tiny beads of
various sizes wereinjectedintravenously. Afew
beads wi t h di aneters |l arger thanlungcapillaries
al ways got through. As the rate of injection was
increased, nore beads of larger sizes got
through. What opens the shunts is uncertain -
maybe i ncreased pressure, hypoxi a, el evated COp,
or all three. O concei vably, bubbles could
rupture pul nonary arterioles and break directly
into venules, to by-pass the trap.

Finally, arepetitivedivecouldspringthe
bubbl e-trap by squeezi ng sone of the bubbl es down
smal | enough to pass through. Mre nitrogenis
t aken aboard during the dive, and upon ascent it
diffuses into those pre-existing bubbles and
enl arges themto nore than ori gi nal di ameter. Any
that happen to be in the arteries at the noment
they become too big to transit the mcro-
circul ati on becone arterial enboli. As nmentioned
before, the harmthey cause depends upon where
they happen to lodge. This hel ps explain the
randomi nci dence of DS for a given provocation -
the fact that i f you pl ot theinci dence on a graph,
you get the bellshaped curve that reflects pure
chance.

Si nce sone bubbl es do reach the arteries,
the question arises why brainhits aresorarein
DS, while so common in the air enbolismof |ung
over-pressure accidents. There is disturbing
news. Maybe brain hits are not so rare. After
lung tear, alot of air enters the carotidartery
al | at once. DSbubbl es are much smal |l er, but they
keep comi ng. They woul d tend t o bl ock much ti ni er
vessels in nore scattered areas. It has been
reported that very careful neurol ogi cal exam na-
tion of DS patients often does show evi dence of
subtl e brain damage. It has al so been casually
observed that sone commercial divers of |ong
experience seemto undergo personality changes.
Fi nal | y, autopsies of goats exposed to frequent
deconpressi on stress showed unequivocal brain
damage. The pathol ogi st opi ned that one of the
brains couldn’t have been norethanfifty per cent
functional. Yet none of the goats had denon-
strated abnormal behavi our.

Bi ocheni cal Di sorders

So far, we’'ve been looking at DS as a
mechani cal disorder - the gas laws in action.
There’ s anot her side - biochenistry inactionand
it’s awhole newball gane. It’'s tenpting to say
t hat bl ood recogni zes bubbl es as forei gni nvaders
and counter-attacks. That's probably nonsense,
since the counter attack does nore harmthan the
bubbl eswoul dif | eft alone. Mrelikely, bubbles
trigger the damage control systemfor pl uggi ng up
| eaks invessels, but at the wongtine andinthe
wrong pl aces.

It all starts with bl ood gl obulins - |arge,
conpl ex, biologically potent nolecules. These
have one pol e that attracts to water, and anot her
that attracts to fat, and typically arrange
thensel ves in groups with the fat |oving poles
inward. Bubbles change this. For reasons best
known t o bi ophysicists, the bl ood-bubble inter-
face generates an electro-kinetic force that
makes the nolecules flip. They re-align with
their fat loving poles at the interface. This

sonehow activates them to do strange things.
Near by blood platelets beconme sticky. They
adhere to bubbles and to each other, whereupon
they too becone activated. The result is the
rel ease or the induction of a witch's brew of
hi ghly bi oactive substances with odd nanes |ike
serotonin, bradykinin, kallikrein, histamn,
SMAF, prostaglandins, etc. Then things really
l'iven up.

The bl ood cl otti ng nechani smi s cranked up.
Li pids split off |ipoproteins and coal esce into

gl obul es of fat. Capillary pernmeability is
i ncreased, and fluid|eaks frombloodintotissue
spaces, decreasing blood vol une. Arterioles

constrict intensely, reducing and sonetines
shutting off circulation to capillary beds. By
the tine waste accunul ati on and hypoxi a make t he
arterioles relax, the capillaries have been
damaged. Sone of their liningcells peel off and
are swept into the blood stream Plasma | eaks
through the danmged capillaries into tissue
spaces, so blood | oses nore vol une, and becones
further concentrated. Thisincreasesits viscos-
ity, which slows circulation, favours nore
clotting, and makes red cel|ls sl udge together in

cl unps.

How far all this goes depends upon the
bubbl e | oad. Wien the body’'s conpensatory
mechani sms are overwhel med, the victim slides
into shock. This is one reason why it's so
important to get potentially serious DS into a

chanber fast. Wait till the victims in bad
shape, and the results of reconpression will be
di sappoi nti ng. You can’t squeeze out the

pl atel et masses, fibrinclots, fat gl obul es, red
cell clunps, and other cellular debris clogging
up his circulation. He needs a |ot of medical
intervention- intravenous hydration, anti coagu-
lants, etc.

In practice of course the nechanical and
bi ochemi cal effects of bubbl esinteract. Bubbles
m ght hang up where tiny arteries branchintotwo
smal | er ones because surface tension opposes
deform ng a sphere into two wieners. But why
shoul d bubbl es hang up i n smal | vei ns? Doubt| ess
because they attract platelets, which becone
sticky.

Pr edi sposi ng Factors

Some t hi ngs predi spose to DS, and we may now
ask how. The npst inportant seemto be obesity,
age, exertion, and illness. After a |long dive,
fat holds al ot of nitrogen which, because of poor
circulation, it can't unload. So it Bubbl es.
Al so, overweight people tend to have el evated
bl ood i pidlevels, whichfavours the bi ocheni cal
derangenent in DS. Incidentally, fatty neals
tenmporarily rai se blood |ipids and so favour DS.

Esti mat es of the i nportance of age vary, up
to an 11%annual increase in bends liability for
young nmen. All agree that the risk increases
sharply at m ddl e age and beyond. The sinpl est
explanation is increase in body fat and, nore
inportant, in arteriosclerosis, which reduces
circulatory efficiency.

Exercise during a dive speeds up circul -
ation and, therefore, nitrogen uptake. It also
generates | ots of CO; which, because ventilation
isinpairedat depth, resultsinelevationof the
CO; tension. W don’t know why, but CO; seens
qui cker than nitrogen to pronote early bubble
growt h. Once bubbles form any excess CO;
enl arges them faster. Upon ascent, exercise



pronotes bubbles by cavitation and shearing
forces, and by generally shaking up the body.

A fewyears ago, aspirin got an undeserved
reputation for causing bends. The real culprit
turned out to bethe conditionfor whichthediver
had taken the aspirin. Though the mechanismis
not understood, illness seens to predispose
especially to serious DS. In this context,
illness includes al cohol abuse and ot her condi -
tions that | ower metabolic efficiency. Dehydra-
tion predi sposes at | east in part becauseit’'s a
head start to haenoconcentrati on. Divers shoul dn’t
be thirsty.

De- di sposi ng Factors

Cai sson wor kers and peopl e who dive a | ot
acquire partial imunity to bends. This is said
to peak i ntwo weeks at al evel of 75%protection.
We think it results from subclinical bubbling,
since intravenous injections of air in animals
al soconfersimmunity. Afavoured explanationis
that silent bubble showers from repeated
deconpressi ons consune nicronuclei faster than
they can be repl aced. The curious fact that
immunity for one depth does not extend to deeper
depths is consistent, if we assume that sone
mcronuclei are nore stable than others and
require nore supersaturation stress before they
wi || commence expansion. Consunption of bl ood
clotting factors faster then replacenment m ght
further add to the protection. To avoid
unpl easant surprises, it is npst inportant for a
diver to remenber that inmmunity is lost in 2-3
weeks of not diving.

Qut - gassi ng

W' || now address our final question. How
do all these divers running around with silent
bubbl es ever get rid of then? Say for exanple
you' ve just conpleted a nice legal dive - 50
m nutes at 60 feet. Youhave silent bubbles. Wen
all of your excess dissolved nitrogen has
diffused either into the bubbles or into the
alveoli, and equilibriumis reached, what’'s to
keep those bubbles from becom ng permanent
guests? They’'re at anbient pressure, so why
shoul d any gas | eave then? One reason is that a
bubble is never really at anbient pressure.
Surface tension and tissue elastic recoil exert
at least a little conpressive force upon it.
Another and far nore inportant reason is the
i nherent unsaturation of living tissue.

| nherent Unsaturation

Full equilibration between tissue and
al veol ar air cannot be reached, but rather a
steady state in which tissue gas tensionis |less
t han anbi ent, and therefore | ess than bubbl e gas
tension. Thisis tricky tograsp, but it's very
important. Here's howit goes. W say that, by
the laws of Henry and Dalton, dissolved gas
tensions in the body are in equilibriumw th gas
tensions in alveolar air, which nust add up to
anmbi ent pressure. But it’'s not quite true.
Actually, only arterial blood equilibrates with
al veol ar air. When arterial blood gets into
capillaries, oxygenislost and CO; i s pi cked up.
Oxygen i s poorly solublein bloodplasma, and t he
smal | amount di ssol ved i s rapi dly soaked up by t he
ti ssues, so oxygen tensi on drops way down. True,
haenogl obi n unl oads nore to nmeet tissue needs,
but only at this |owtension. Conversely, the CO
pi cked up i s very sol ubl e, and nost of it is found
in chem cal conbinations anyway, so whil e oxygen

tension drops a lot, CO tension rises very
little. Therefore, the sumof all dissolved gas
tensionsislower invenous bloodthaninarterial
bl ood. Since tissues are in equilibriumwth
venous bl ood, their total gastensionis alsoless
than anbi ent pressure, and therefore |l ess than
gas tension in bubbles. Thus, a bubbleis always
super-saturated relative to the tissue it occu-
pies, and the tissue is unsaturated relative to
the bubble. So Bubble gas nust slowy dissolve
intotissue fluiduntil thereis no nore bubble.

The magni tude of inherent saturation has
been neasured in rabbits at the surface as 80-94
mm of mercury. At depth, breathing conpressed
air, arterial oxygen tension is very nuch
greater, but venous oxygen tension is not.
I nherent unsaturation, determ ned by the differ-
ence between them therefore becones very much
greater. This has surprising inplications for
deconpression practice. Take a cormerci al diver
who has put in four hours at 150 feet and wants
up. Hal dane woul d bri ng hi mup hal f way t o achi eve
maxi mal tol erable super-saturation, and thus
maxi mal out-gassing gradient. Hlls says that's

wr ong. People don't tolerate nmnuch super-
saturation, so you'll just produce a lot of
bubbl es. Once bubbl es appear, excess di ssol ved

nitrogen will diffuseintothem Gas tensionin
tissues and blood will therefore drop toward
ambi ent, and the out-gassing gradient in the
lungs wi Il becone | ow. The diver nust then wait
till inherent unsaturation and slow alveolar
diffusion renove a | ot of gas fromthe bubbles
bef ore he can safel y ascend to t he next stop. The
nor e shal |l owhe gets, the snaller is theinherent
unsaturation, so the stops have to be |onger.
What a drag!

The right way, by Hlls, is the opposite.
Start the ascent slowy, w th much deeper stops,
so any bubbl es starting to formwi |l be pronptly
bani shed by the high inherent unsaturation at
those depths. Thisisgreatly facilitatedif the
bubbl es are never permttedtogrow, for withtiny
bubbl es, you get much nore help from surface
tension, and the surface to volunme ratio is very
great, permtting rapid re-solution of gas.

Thi s approach has good experinental sup-
port, and is now being used in some comrerci al
operations. The Navy tables are based on the
Hal dane nodel, but extensively nodified through
experience. Let us enphasize that, as of now,
they are the only ones thoroughly tested and
currently recomended for sport diving.

Oxygen in DS Treat nent

Since inherent unsaturation results from
oxygen netabolism it is sonetines called the
oxygen wi ndowf or out-gassi ng. To openthe wi ndow
wi der for faster safe ascents (in conmercial
diving) or for treatment of DS, you need sinply
replace all or part of thediver’ s air supplywth
oxygen. This trick further inproves the out-
gassi ng gradi ent for nitrogen because it |owers
inspired nitrogen. Another advantage of oxygen
for treatment is that at three atnopspheres
absol ute, enough dissolves in plasnma to supply
basal tissue needs wi thout help fromred bl ood
cell's. At such hightensions, oxygenw || diffuse
through tissue fluid around blocked vessels
enough to keep sone of the deprived cells alive.

Q her Aspects

We’' re done wi t h bubbl es, but before we have
done with DS, we nust at |east consider the
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possibility that other factors associated with
deconpressionmay play arole. Notableis osnotic
pressure - the tendency of water to flow (al ong
its own concentration gradi ent) fromareas where
the concentration of dissolved materials is | ow
towhereit is high. During ascent, fast tissues
| ose gas nore rapidly than slowtissues, and the
resulting osmotic gradients would tend to pull
water fromthe fast into the slow tissues. A
special case is blood, which is thought to
equilibratewithtissuesbythetimeit traverses
capillaries. In the arterial portion of the
capillary, up to where equilibriumis reached,
bl ood woul d | ose water to the tissue. As we've
seen, haenoconcentration favours DS.

Csnotic gradients created by the descent
phase of the dive could also be significant.
Di ssol ved gas i n wor ki ng muscl e and i n bone nmarr ow
woul d rise much faster than in the adj acent bone
cortex, tendingtodehydrateit. Haenpconcentra-
tioninthe cortex capillaries would favour red
cell sludging and blood clotting, and thus
osteonecrosis. If thisissignificant, as ani mal
studi es suggest it may be, dysbari c osteonecrosis
becomes, to that extent, conpression sickness.

UNDERWATER RECOVPRESSI ON OF BENDS

Charl es Brown M

(This articleis reprinted by kind perni ssion of
NAU and is from NAU News Cctober 1979).

Peopl e dive everywhere. Charl es Howel |
dived in Thail and, which is fine except that the
nearest reconpressionfacilityisfar anay inthe
Phi | i ppi ne Islands. Wen he got bent, he opted
for reconpression underwater instead of the 15-
pl us hour journey to Subic Bay. Here's how it
went .

The dive was the first of the weekend. It
was nostly at 60 to 70 feet, with a naxi numdepth
of 85 feet and a bottomtine of 23 minutes. Soon
after surfacing he noticed | oss of sensation in
hi s right hand, and t hen conpl et e paral ysi s of the
right armand leg. What to do? He could go to
hospital and hope for the best, or set out for
Subi ¢ Bay, or put on atank and go back down. None
of the options was attractive, so it became a
matter of deciding which was the | east bad.

Aqui ck i nvent ory of resources showed t hat :
1. Seven full tanks of air were avail able; 2. The
victimwas mental |y cl ear and felt confident that
he coul d manage his own air supply; 3. The water
t enper at ure woul d perm t several hours of exposure
wi t hout hypot herm a becoming a problem and 4.
There was present a very experienced di vemaster
who coul d acconpany and observe the victim All
t hi ngs consi der ed, underwat er r econpr essi on seemned
the best bet.

The profile elected was 20 m nutes at 60
feet, 10 m nutes at 50 feet, 10 mi nutes at 40 f eet,
20 minutes at 30 feet, 30 m nutes at 20 feet, and
60 minutes at 10 feet. It worked - M Howel |
regai ned the use of his linbs at 40 feet on the
way down, andfelt quitenormal after deconpression.
The fol | owi ng day, however, theright linbs felt
alittleweaker thantheleft, and ever sincethey
tire nore easily with exercise.

We | earnt of this case fromArthur Rhodes,
NAUI, in Thailand. Heis disturbed. Hetakesthe
US Navy vi ew t hat underwater treatnent of bends
i s dangerous and shoul d be condemed. He fears
that its success in the present case will entice
otherstotryit, with disastrous results, and he
asks for our comments.

First, we congratulate M Howell and the
peopl e who advi sed and assi sted him He had avery
serious probl emt hat needed a qui ck sol uti on, and
it was provided. It’s hard to argue against
success. Yet | ooki ngthrough our retrospectroscope
(the nedical equivalent of Mnday norning
quarterbacking) we can see possibilities for
i mproving the nanagenent. First, use of the
reverse slant position at the first sign of
troubl e mi ght or m ght not have been benefici al .
Second, newer theories of bubble resolution
suggest that sone of the tine spent at 10 feet
m ght have been better spent at the 30 and 20 f oot
st ops. Still, the schedule used was nmore in
keepi ng wi t h conventi onal practice and cannot be
faulted. Third, the 2 and a hal f hour treatnent
that was possible falls far short of any approved
schedul e. |f oxygen coul d have been obtained, its
use for sone hours after surfacing mght have
i mproved the outcone. Fourth, a neurol ogi cal
examafter the apparent cure m ght have reveal ed
subt| e residual defects andresultedinadviceto
get to achanber. Finally, sincecentral nervous
system synptons can occur after apparently
successful treatment, and since a recurrence is
best treated with hyperbaric oxygen, it would
have been wel | to get near a chanber for a day or
two of observation - assunming aflight with cabin
pressure near sea |evel and oxygen avail abl e.

And now that we’'ve gone on record as
agreeing wi th Howel | * s underwat er reconpressi on
- acontroversial opinion- we hasten to add t hat
we also agree fully with Arthur Rhodes. A
decision to treat bends underwater is alnost
al ways wong. Rarely is anyone present with the
expertisetoanal ysethe situationandinvent the
best possible treatnment schedule. For many
reasons, safe treatnment of adequate duration
woul d usual 'y be inpossible anyway. The victim
m ght be or become unabl e to hel p hinmsel f, or the
air supply i nadequate, or the water too cold, or
dar kness woul d set i n, or the weat her deteriorate.
The victims nitrogen burden would usually be
| ar ge enough t hat any f easi bl e under wat er schedul e
woul d hardly dent it. The depth required to
relieve synptoms would usually cause further
i ngassi ng, adding to the nitrogen burden. Unless
the ascent could be stretched over a great many
hours, it woul d produce | arger bubbl es and wor se
synpt ons t han beforetreatment. Finally, val uabl e
time would be lost. The victi mneeds hyperbaric
oxygen, and the longer he is deprived of it, the
less will be his chances of recovery. There are
horror stories of victins and rescuers dying
during prol onged underwater treatmnment attenpts.
In nost cases, the outcome will be better if all
efforts are directed towards reaching a chanber



even if far away.

What is different about the Howel |l case is
the conbination of an wunusually favourable
resource inventory and arel atively | ownitrogen
bur den. The dive was well within the no-
deconpression linmt and the ascent rate was 60
feet per mnute. The diver was a heal thy young
man in good condition with no discernible
predi sposing factors for bends. He should not
have been bent, and i ndeed we bel i eve he probably
was not. The synptons were those of arterial gas
enbolismin a relatively localised area of the
brain. It woul d be nost unusual for deconpression
bubbles to get past the lungs and reach the
arteries in dangerous quantity in absence of a
| arger nitrogen burden. |f they did, we'd expect
themto bl ock snal ler arteriesinnorelocalities,
causing nore diffuse synptomatol ogy.

Howel | probably had a |ung over-pressure
accident. Although he didn't hold his breath or
admit to a recent cold or wheezing, he did have
a medi cal history consistent withthis diagnosis.
One lung had been punctured during surgical
removal of a non-nmalignant but huge tunour from
the pleural space. Scar tissue perhaps bl ocked
a small airway. Wy not sooner? The dive that
hurt himwas only his eighth.

The t endency of | ung over-pressureto cause
enbolism has nothing to do wth nitrogen
supersaturation, but the outlook for success of
treatnment certainly does. Here the enboli smwas
smal | enough that 40 feet afforded relief, and a
rat her short deconpression sufficedto prevent a
maj or recurrence. And the nitrogen | oad al ready
aboard was not enough for the treatnment schedul e
(actually a repetitive dive) to bend the diver.
If it had been, the higher nitrogen tension and
reduced efficiency of circulation would have
interferedw thresol ution of the air enbolismas
wel | . Since the success of reconpression in
treating air enbolismdepends heavily on speed,
we feel that when the chanber is distant, atrial
of on scene water reconpression is justifiedif
a careful analysis of all pertinent facts | eads
to areasonabl e expectation of success. If relief
is not pronpt, the trial should be aborted.

There is another alternative, provided
it’s planned for ahead of time. |t was worked out
for Australian divers who might find thensel ves
several thousand miles and several days froma
chanber, and has been descri bed by that stal wart
innovator and individualist, Dr Carl Ednonds.
You carry al ong energency oxygen bottles, and
enough lines, floats, and anchors to permt
accurate depth staging. Thernal protection and
night lights are also needed. Under wat er
reconpressi on on oxygen has the huge advant age
that there is no additional uptake of nitrogen.
Bubbl e resolution and outgassing are far nore
efficient than when air is used. It would seem
t o be a val uabl e t echni que for Thail and until such
tine as a chanber is available. |f you' re bound
to dive in the booni es anywhere in the world, be
superconservative, carry oxygen at |east for
surface use, and have your contingency plans
wor ked out in advance.

A final suggestion. US Air Force planes
frequent many parts of the world. The hyperbaric
unit duty officer at Brookes AFB, San Antonio,
Texas knows where they al | are. Call 512-536-3278
(that’'s 512 RED FAST). He can gi ve expert advi ce
for managi ng your energency, and can sonetines

divert a plane, possibly even one with cabin
pressurised to sea level, to take the victimto
the nearest functional chanber - he knows where
those are too.

An al ternative source of advice is the RAN
School of Underwater Medicine, HVAS PENGU N,
tel ephone (02) 960 4444 extension 333 during
wor ki ng hours (8 - 4). At other tinmes the duty
Medical O ficer at the School can be contacted
t hrough t he RAN Di vi ng School at HVAS PENGUI N (02)
960 0321 where the tel ephone i s nanned 24 hours
a day. The duty hand can t hen “beep” t he doctor.
Wien cont acting HVAS PENGUI N make it clear you
want nedi cal advi ce about a di ving enmergency and
remenber to give your name and tel ephone nunber
(so that you can be contacted) and the patient’s
nane.

For these divers visiting Thailand the
nearest Anerican Reconpression facility is at
Subic Bay in the Philippines. However both the
Mal aysi an and Si ngaporean Arned Forces have
Reconpression facilities and do treat civilians.

GO NG DEEP W TH THE LATERAL THI NKERS

Vickers-Intertek reported |ast year that
successful trials had been conpl et ed using a new
concept of dive procedure which enabl es direct
wor k on wel | -heads, etc. without the usual risks
of exposureto anbi ent pressure of thedivers, and
reduced contam nation and fire hazard. Like all
great ideas it is based on an obvi ous and sinpl e
t hought, but one whichissuchonlyinretrospect.

It is pressure changes which result inthe
conplicated and sonetinmes dangerous physio-
| ogi cal changes in the diver, yet the 1 ATAsuits
presently available are sonewhat cunbersone.
However, to provide a gaseous 1 ATA environnent
for the diver introduces problens of strong
pressure hul | s and danger fromexpl osi ve or toxic
fumes during wel ding and ot her work procedures.
The answer was to conbine the advantages of a
wat er environnent with those of 1 ATA el ement.

The Neutrobaric chanber i sl oweredontothe
seabed installation and seal ed.

The vessel is depressurised to 1 ATA but
left full of water, worker divers being now abl e
to enter froma subnersible mated toit, wearing
scuba or hose supply.

Equal i sati on between t he diver chanber of
t he subnersi bl e and the work systemw | | be easy
as the pressure reduction wi |l be acconpani ed by
little change in the volune of the water as it is
deconpr essed.

The only probl emposed by this systemwi ||
be the dismay caused anpbng those who have an
interest in the solving of problens of adapting
to great anbient pressures or whose self image
(and pay rates!) are tied to depth neasurenents
of the work site.
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SUBSCRI PTI ONS

Menbers pay $20. 00 yearly and Associ ate Menbers
$15.00. Associate nenbership is available to
those nei ther nedically qualified nor engaged in
hyperbaric or underwater rel ated research. Mem
bership entitles attendance at nmeetings and the
Annual Scientific Conference and recei pt of the
Journal / Newsl etter. Anyone interested in join-
ing SPUVS should witetothe Secretary of SPUMS,
Dr Christopher J Lourey, 43 Canadi an Bay Road,
Mount Eliza, Victoria, 3930.

COURSES | N UNDERWATER MEDI CI NE

The Di vi ng Medi cal Centre wi || be runni ng courses
in Underwater Medicine in 1980 and 1981.

1. Novenber 22nd to 29th, 1980 Bay of I|sl ands
(New Zeal and) with an optional week 29th
Novenber to 6th Decenber 1980 in Tonga.

2. Honol ul u, June 2nd to 16th, 1981. First
week i n Honol ul u, second week i n the outer
i sl ands.

For further details contact:
Di ving Medical Centre,
6 Hal e Road, Mosnman, NSW 2088.

NOTES TO CORRESPONDENCE AND AUTHORS

Pl ease type al | correspondence, in doubl e spaci ng
and on only one si de of the paper, and be certain
to gi ve your nane and addr ess even t hough t hey may
not be for publication. Aut hors are requested
to be considerate of the limted facilities for
the redrawi ng of tables, graphs or illustrations
and should provide these in a presentation
suitabl e for photo-reduction direct. Books,
journal s, notices of synposiaetc., will be given
consideration for notice in this journal.

CONSTI TUTI ON

As only one nenber wote to the Secretary before
31 March 1980 the constitution circulated with
the Cctober to Decenmber 1979 issue is deened to
have been accept ed by t he nenbers and becones t he
Constitution of the South Pacific Underwater
Medi ci ne Soci ety.

JOHN KNI GHT
Pr esi dent SPUMS

OL RIGS PATROLLED BY SEA STARS

Any cl ean, hard obj ect pl acedinto shal |l ow,
oceanic waters will, in a short tine, nornally
acquire athickencrustation of organi sns coating
itssurface. Thisis asignificant problemonthe
I egs of giant offshore rigs, where the added
wei ght and i ncreased surface area caused by such
foul i ng make t he ri gs nor e vul ner abl e t o waveshock
during severe storns.

O all the encrusting organisns, marine
bi val ves are the greatest offenders onthe rigs.
These nol l uscs rapi dly formhuge masses of heavy
shell's, which previously coul donly be renpved at
great cost by divers using hanmmers, chisels, and
hi gh-pressure water jets. Nowseveral najor oil
conpanies are experimenting with a type of
bi ol ogi cal control of the encrusting bivalves,
using the conmon sea star.

Chevron USA, whose oil rigs dot the
Cal i forni a coastal waters, has been pl agued with
nmassi ve foul i ng by t he Cal i f orni an nussel (M/tilus
californianus), the clear jewel box (Chama
pel luci da). and the gi ant rock scallop (H nnites
mul tirugosus). To counter these dangerous buil d-
ups, Chevron researchers rel eased | arge nunbers
of the commobn West Coast sea star (Pisaster
ochraceus), a known predator of bivalves, onto
the platform |egs. To ensure a continuous
i nvasi on of nore sea stars fromthe surroundi ng
sea fl oor, the workers al sorenoved fromt he bases
of the legs a thick barrier of stinging sea

anenones (Metridiumspp.), which had previously
i npeded the novenent of the sea stars onto the
rig.

The sea-star predators soon devoured nost
of the bi-valves, and the experinent was deened
a success.

Only the dead nussel shells, however, were
eventual |y renoved by wave action fromthe rig,
due to their | oose attachnment to the substrate by
byssal threads. Thefirmy cenentedjewel box and
scal l op shells continued to present a problem
and these enpty cenented shells additionally
acted as a protective substrate onto which nore
jewel -box larvae could settle out.

Fouling on Atlantic oil platforns, espe-
cially those of the North Sea, nay be nore easily
control |l ed using sea stars. Since no species of
Chama live in the North Sea, the encrustation by
bivalves is mainly due to the activities of the
blue mnussel (Mtilus edulis). once the sea-
anenone barrier has been renoved, the nmussel s may
be quickly brought under control by releasing
| arge numbers of the highly predaceous, commpbn
Eur opean sea star (Asterias rubens).

REPRI NTED FROM SEA SECRETS, SEPTEMBER- OCTOBER
1979 BY KIND PERM SSI ON OF THE | NTERNATI ONAL
OCEANOGRAPHI C FOUNDATI ON.



