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PREFACE

The format of this publication reflects that of the meeting itself; that
is, it is divided into four sections, the first three of which are introdu-
ced by keynote papers, followed by individual discussion on each
paper, and concluded with a general discussion. The fourth session is
a general discussion of the whole meeting.

The general discussions have been edited and summarised to con-
centrate on salient points. By contrast, the editing of the individual
discussions has been limited to the removal of repetition and irrelevant
material; in this way it is hoped that some of the flavour, as well as the
content, of the meeting has been retained.

The organisers of the meeting are grateful to Norsk Hydro, Norske
Shell, Saga Petroleum and Statoil for their generous financial support.

The Society’s thanks are due to Dr Bgrge Minsaas of the Norwegian
Petroleum Directorate and the local representatives of the Eurpean
Underwater Biomedical Society in Stavanger for taking the largest
part in organising the meeting; to Mr Philip Bell for acting as rappor-
teur and preparing the transcript; to Professor Ian McCallum for ac-
ting as chairman; to my fellow editors; and to Ms Kari-Ann Lian and
Miss Angela Gray for secretarial assistance.

Tom Shields
for EUBS.




THE LONG TERM
NEUROLOGICAL
CONSEQUENCES OF DEEP
DIVING.

AN INTRODUCTION TO THE PROCEEDINGS.

Prof Ian McCallum.

The form of this conference followed previous workshops organised by
the EUBS by involving a limited number of invited participants in or-
der to take advantage of the maximum amount of informed discussion
between a relatively small number of people; but with full publication
of the papers and discussions so that the members at large could share
in the exchange of views.

The conference originated in discussions between Drs Elliott, Min-
saas and Shields in 1983 when it was decided that there was a need to
review the neurological effects of deep diving, particularly in relation
to the compression phase and the stay at pressure. It was recognized
that there were two factors which needed to be separated: the possible
effects of the stay at pressure and secondly, the long-term effects of
decompression from high pressure; although this might not be comple-
tely possible.

The view at the start of the conference, that a better understanding
was required of the effects on the central nervous system of high ambi-
ent gas pressure, has been reinforced by the evidence or lack of it
placed before the workshop. Time and again the discussion came back
to the high pressure nervous syndrome and the relationship of its dif-
ferent elements to electroencephalographic changes and to possible,
although hypothetical, permanent changes in the brain and central
nervous system. There were difficulties over interpretation of single
and repeated episodes of HPNS and what, if any, the permanent
effects might be. There was quite marked disagreement about the sig-
nificance of EEG abnormalities and what, if any, action should be
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taken, particularly if the abnormalities could not be related to
symptoms. If in EEG terms the changes were to be regarded as trivial,
did this mean that there would be correspondingly trivial and reversi-
ble changes in the central nervous sytem or not? A number of uncon-
trolled variables including hypothermia, subject variations and a past
history of damage to the CNS system unrelated to diving, create diffi-
culties. What seems to be uncontrovertible is the manifestly greater
danger of much shallower diving in terms of neurological decompres-
sion sickness.

In the field of neuropsychiatric testing, it became clear that there
are great limitations in the use of such techniques to detect brain da-
mage and that where brain damage is known to be present, a wide
range of ability may still exist. The use of chamber dives in association
with such tests has been advocated as having predictive value in the se-
lection of subjects for operational deep diving. The widest agreement
appears to have been reached over the need for standards of assess-
ment for the central nervous system, neuropsychiatric testing, and the
pathology of CNS damage and the need to seek more refined methods
of investigation. In this, the EUBS must surely have an important
role. In view of the lack of hard evidence of actual neurological da-
mage from deep diving and the need for more data, is there a case for
limiting deep diving now? Many feel that deep diving, when properly
carried out, is safe and I think it is fair to say that there was little sup-
port for limiting such activity at the present time, but rather for inten-
sifying the monitoring of those taking part in it.
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OPENING ADDRESS

BORGE MINSAAS, M.D., Norwegian Petroleum Directorate,
Box 600, 4001 Stavanger, Norway.

We meet in the shadow of one of the worst disasters to the diving com-
munity killing five experienced divers by the explosive decompression
from 10 ATA to 1 ATA when the chamber atmosphere escaped
through the trunk connecting bell to chamber. This is a sombre re-
minder of the numerous hazards facing man when entering a hostile
environment.

The reason behind our being present here today is the debate about
what happens to the central nervous system in man when exposed to
an increased ambient pressure or changes in an increased ambient
pressure.

On behalf of those who have helped organise this workshop I wish
you welcome. For two days we shall discuss and, if possible, decide on
the state of knowledge in a restricted area of diving medicine and
physiology: the long term effects on the central nervous system from
pressure exposure.

The history of this relationship is as old as diving medicine and was
early highlighted by the experience of giving tadpoles an anaesthetic
and then reversing the effect by pressure. If anybody applied for sup-
port for such research today I think he would receive a firm “no* for
an answer.

A Norwegian researcher sent a correct application form to the cor-
rect authorities in the name of a certain Charles Darwin for a 10 year
grant to travel around the world to have a look at the world’s bio-
sphere because he thought mans’ concept of the origin of all life was
inaccurate. The application was properly handled and then turned
down. '

This should pinpoint the problem facing us present here today. How
does one go about collecting the existing knowledge and information
and then extrapolate about the future maintaining the scientific stan-
dards we are trained in? Can we arrive at the proper conclusions
without the proper research? What constitutes “proper research?* Can

11



we point to the necessary basic research that must be done? What else
should be done, what can be done?

Man under pressure is a potent source of invaluable information
about human physiology and thus he is a very attractive person. The
area where information can be gathered moves from the area of basic
research through all kinds of experimental chamber dives to the mon-
itoring of operational dives. Where should we concentrate our efforts?

Our conquest of the natural resources on the seabed has so far ne-
cessitated the use of manned intervention in the sea. The resources on
The Norwegian Continental Shelf are found in increasingly deep wa-
ters and necessitate very careful evaluation of the future needs for
human intervention capability in the water.

We are thus faced with a multifaceted problem of conflicting areas
where we must try to find the way ahead. Within the limits of this
workshop’s definition , that is our job. Good Luck.
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DEEP DIVING,
A CONTROVERSIAL MEDICAL
PROBLEM

Jens Smith Sivertsen, MD,
Kongsmyrveien 27 B, 5070 Mathopen, Norway.

Mr Chairman, Gentlemen,

Before I start I want to make it clear that I am not representing Mobil
Exploration (Norway) here today. The statements and opinions I am
to express are mine and do not necessarily reflect the policy of the
company.

I have been invited to the this scientific workshop to open by pre-
senting some rather unscientific viewpoints on diving safety and the
health hazards of very deep diving. Since 1978, when I worked for the
Norwegian Petroleum Directorate here in Stavanger as their advisor in
diving medicine, I have quite frequently, through newspapers, lectu-
res, discussions, expressed my scepticism on extended diving depths.
Results from deep diving research for the last five years brought to my
attention, especially be people promoting deep diving, have not
altered this scepticism of mine.

It seems to me that a major area of discrepancy between myself and
them has to do with the attitude towards diving and the diver. They
look upon the diver as a pioneer, expected to push the limits of human
achievements like an athlete or a sportsman. I prefer to look upon the
diver as a worker with equal rights for worker protection as any other
employee.

The diving activity today, and offshore deep diving in particular, vio-
lates quite. a number of the Norwegian Acts related to worker protec-
tion and environment. But in the interests of the Nation, governmen-
tal authorities wink at this fact, peep through their fingers, as we say
in Norway. Our national economy is dependant on the exploitation of
our submarine oil and gas resources, and such exploitation is depen-
dant on the contribution of divers. These economic forces supported
by technological enthusiasm creates an enourmous motive power for
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further progress ready to buy any expert willing to justify such pro-
gress.

Who is responsible for drawing the limits? Very few people concer-
ned with diving have the necessary neutrality and independence to
shout out warnings without being accused of having hidden intentions.
Itis this situation that places a heavy and sincere responsibility on people
of the medical profession and especially on doctors engaged in occupa-
tional health. If we keep quiet, who else will raise their voices? But are
there any reasons for worry? Indeed, there are. A collegue who is a
participant in this workshop stated some years ago that every deep
dive is a physiological experiment. As far as deep diving beyond 250
metres is concerned, I support his statement, even today. One can not
just take the experience gained from shallower diving and then, so to
speak, extrapolate the data to greater depths. We face a new situation,
with new medical problems and health hazards.

The most obvious is the effect of compression on the central nervous
system. In which other work situation other than deep diving, would
one accept that the worker is suffering from reduced consciousness,
loss of memory, vertigo, a pathological electroencephalogram, muscu-
lar incoordination and even blackouts and hallucinations? All these
phenomena occur in the diving situation where the safety of the person
is dependant on his own alertness and cooperation. I, personally, do
not know of any other occupation in which this is accepted, and what
is more frightening to me, we can not explain why this happens. What
is the mechanisms behind these phenomena? And we certainly can not
rule out long term effects on the CNS. This is why I think the word ex-
periment is appropriate for this activity.

In addition to the HPNS problems, we face a number of other pro-
blems as we go deeper. As you know the tolerable limits for parame-
ters like oxygen concentration, purity of gas, temperature of inhaled
gas, temperature of the chamber, bell and diving suit, gas flow resist-
ance in the diving gear and so forth, becomes narrower and narrower
the deeper we go. A minor variation in the oxygen concentration, in
the order of tenths of one percent, or a change in ambient or inhaled
gas temperature of only a couple of degrees centigrade, harmless to
divers at shallower depths, may prove fatal in deep diving. Trifling
technical failures or irregularities or marginal. deviations from normal
procedures of no importance at 100 metres may cause the death of the
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diver at 300 or 400 metres. In case of a medical emergency insidg the
chamber or diving complex, the access to the patient for medically
trained personnel will be considerably delayed due to the mandatory
slow compression rate to high pressure.

I could list many more ateas of uncertainty and lack qf knowledge
concerning deep, prolonged and repeated exposures to high pressure,
for instance, haematological effects and fluid balance disturbances.
But I will conclude here. We all know that selected human beings can
be exposed to, and perform work at, very high pressures apd_ brought
back to atmospheric pressure without any obvious harm or injury. We
do not need more proof of this. Record dives are of limited value in
this connection. What we need, in addition to improved diving tech-
nology which will make the diver superfluous, is a better unders'tan—
ding of the mechanisms behind the alarming symptoms we sometimes
observe in deep diving, particularly the disturbance of the cgntral ner-
vous system. Such knowledge may enable us to prevent the 1mmed12'1te
effect that these disturbances have on diving safety and may also give
us the answer to the crucial question of long-term effects.

It is my honest conviction that operational, industrial divi.ng deeper
than 250 or 300 metres should be halted until diving physiology has
caught up with diving tecnology, until it has been confirmed that a
depth of 300 metres or more is a safe place to put man at work. I havg
a sincere hope that this workshop will baffle all I have expressed until
now. Thank you, Chairman.
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NORWEGIAN EXPERIENCE

I: CLINICAL NEUROLOGICAL
PROBLEMS IN DEEP MANDIVES
AT NUTEC

Stein Tgnjum, MD,
The Norwegian Underwater Technology Center, Bergen, Norway.

Introduction

From 1980 to 1983 four deep dives were performed at the Norwegian
Underwater Technology Center (NUTEC). Twenty-four divers were in-
volved, six in each dive, and the depths were in the region of 300 metres
of seawater (msw)(31 ATA) to 500 msw (51 ATA). During these dives
a comprehensive battery of neuropsychological, and performance tests
were used for monitoring effects on the central nervous system (CNS).
In connection with an open sea dive to 300 msw in 1983, NUTEC was
also inyolved in performing comprehensive medical and physiological
examinations of 13 divers before and after dive.

In 1980 NUTEC (NUI) performed their first dive to the area of high
pressure nervous syndrome (HPNS). In a dive called Deep Ex 1 to 300
metres of seawater (msw) (1), six divers participated, three of them
professional divers and three non-professional divers (Figure 1). The
subjects were subdivided into two groups of three, and one group was
compressed breathing a helium-oxygen mixture (heliox), the other
group breathing a mixture of helium, 10 % nitrogen and oxygen (tri-
mix). The compression rate was to be identical for both groups, pro-
vided that no severe HPNS symptoms occurred, and was supposed to
take 284 min. However, the planned holding period at 250 msw had to
be extended from 3 hours to 8 hours and 41 minutes for the heliox
group. One diver in this group was totally unaffected by HPNS, while
the two other divers were severely incapacitated with vertigo and nau-
sea when they moved their heads. The initial onset of these symptoms
occurred on passing 210 msw, and neither of the two divers were able
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to engage in other research activities for some time though they tried
to do so.

After the extended holding period at 250 metres the group was com-
pressed to 300 msw with no deterioration in the status of any of the di-
vers following the compression.

After a night’s rest, they felt much improved the next morning, and
there were no further problems with HPNS for this group during the
rest of the dive.

The three divers compressed on trimix had subjectively minor
symptoms compared to those reported in the heliox group. However,
one subject reported nausea, dizziness, euphoria and ringing in ears on
reaching 250 msw.

The compression proceeded on schedule with the divers reaching
300 msw in excellent spirit, which was mainly due to the narcotic effect
of the 10 % nitrogen in the breathing gas.

Conversion of the trimix group chamber atmosphere from trimix to
heliox took place on the second day under pressure. A time of 1 1/4
hours was required to lower the nitrogen from 9.7 to 3.5 %. Two
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Figure 1. The dive profile for Deep Ex 80.
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divers reported no symptoms following the gas change, but one diver
reported flu-like symptoms starting approximately 7 hours after the
reduction in chamber nitrogen, but these had disappeared the next
morning.

One object of Deep Ex I was to test unlimited duration excursion
ascents. The dive profile executed was fully within the realm of stan-
dard navy commercial operation procedures. Two ascents with each
group were made from 300 to 250 msw. Following one of these as-
cents, all three divers in one group reported mild knee pains. In addi-
tion Doppler recording revealed presumed gas bubbles on the arterial
side, i.e. art. femoralis and carotidis in several divers during and after
excursions.

Deep Ex I was a very exhausting dive for the divers involved, be-
cause it incorporated 12 different research projects. However it did
not last for more than 20 days. After the completion of the dive, two
of the non- professional divers reported that they were not interested
in being involved as subjects in future deep dives. One subject had
psychological distress with depression lasting for months after the dive
was completed.

Deep Ex II, (2), a 34 day dive with maximum depth of 500 msw was
completed in the fall of 1981 (see Figure 2). It included fifteen re-
search and development projects. Six divers took part in the dive, five
of them professional divers, and one research worker with diving ex-
perience. Four of the six had participated in Deep Ex I, and Deep Ex
IT used again both trimix with 10 % nitrogen and heliox breathing gas
during compression. The one diver very susceptible to HPNS who had
been in the heliox group in Deep Ex I, was placed in the trimix group
this time.

The compression time for the two groups was planned to be 32
hours for the trimix group and 25 for the heliox.

At 250 msw the very HPNS susceptible subject in the trimix group
started to complain about dizziness and nausea. When reaching
300msw he got worse and stopped communicating. He was not able to
fill out the status questionnaire, and reported later that he had not re-
gistered that his codivers had moved him to his bunk. At 350 msw the
same diver was still not able to fill out the status questionnaire due to
severe HPNS symptoms. Another diver in the trimix group reported
dizziness, euphoria and vomiting attacks. The trimix group arrived at
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