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 NEUROPSYCHOLOGICAL PROBLEMS
IN 25 RECREATIONAL DIVERS

ONE YEAR AFTER TREATMENT FOR
DECOMPRESSION ILLNESS

Allan Sutherland, Andrew Veale and Des Gorman

Abstract

Twenty-five recreational divers were treated for
decompression illness at the Royal New Zealand Naval
Hospital in 1987 using the the United States Navy treat-

ment algorithm.  Twenty-three of these divers were re-
viewed one year later.  At discharge from hospital, 11
(48%) had obvious neuropsychological sequelae.  None of
these had recovered fully by one year.  In contrast, 6 of the
12 who had no problems at the time of their discharge either
developed or were noted to have problems during the next
year.  These late sequelae were mostly in the form of
personality changes.  The overall morbidity rate at one year
was 74%.  Alternatives to the United States Navy treatment
alogrithm should be developed and tested, and a review as
late as one year after DCI may be needed to assess outcome
accurately.

Introduction

The treatment of Australasian recreational divers
with decompression illness (DCI) using the United States
Navy (USN) treatment algorithm1 is associated with treat-
ment failure rates at discharge from hospital and one month
later of between 32 and 45%.2-5  However, it is believed that
most sequelae of decompression illness will resolve during
the subsequent year.3-6  To test this belief, a defined popula-
tion of recreational divers who were treated for DCI were
surveyed one year later to determine the progression and
prevalence of neuropsychological sequelae.

This survey was based on questionnaires and clini-
cal examinations, as careful neurological examination ap-
pears a more sensitive measure of outcome than available
evocative, recording or imaging techniques of the nervous
system.7,8

Methods

In 1987, a total of 25 recreational divers were treated
at the Royal New Zealand Naval Hospital (RNZNH) for
DCI that developed after one or more air dives.  The USN
treatment algorithm was universally employed.  One year
after their discharge from RNZNH, letters were sent to all
these patients, requesting general information about their
invalidity, time off work, compensation or insurance claims,
and, if any, specific disabilities.  Any replies suggesting
problems were followed by further contact with the patient
(including an examination, if possible), their spouse, fam-
ily, family doctor and/or diving physician.

Two patients who claimed significant neuropsycho-
logical disability were further assessed by extensive psy-
chometric review9 at Auckland Public Hospital’s post-con-
cussion clinic.

Results

Twenty-three of the 25 patients (92%) responded to
the questionnaire.  The 2 patients who could not be con-
tacted had no overt problems when they were discharged
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TABLE 1

 SPECIFIC PROBLEMS AND DISABILITIES
ONE YEAR AFTER TREATMENT FOR

DECOMPRESSION ILLNESS.

Problem, disability Number of patients

(% of total patients)

Normal health 6 (26%)

With problems 17 (74%)

Mood disorders * 14 (60%)

Impaired cognition **) 12 (52%)

Headache 10 (43%)

Sensory disturbances 6 (26%)

Impaired balance 6 (26%)

Motor weakness 6 (26%)

Arthralgia & myalgia 4 (17%)

Visual disturbances 3 (13%)

Dysphasia, dyslexia 2 (9%)

Bowel & bladder problems 2 (9%)

* Includes mood changes from uncontrollable irrita-
bility to depression, lassitude, and social withdrawal.

** These patients had impaired short-term memory
and often other problems such as difficulties with arithme-
tic etc.

form RNZNH.  The dive profiles, presenting symptoms,
time to treatment and other relevant history for these divers
has been described previously.2

At the time of their discharge, 11 of these 23 patients
(48%) had neuropsychological sequelae.  None of the 11
had recovered fully by one year.  In particular, focal neuro-
logical deficits did not change significantly.  Of the 12 who
were well on being discharged, 6 had deteriorated over the
year and had obvious problems.  At the one year review 17
of the 23 patients (74%) had sequelae of their episode of
DCI.  None of these 17 patients had any relevant past
history.

The specific disabilities prevalent in these divers at
the one year review are listed in Table 1.  It is noteworthy
that the personality problems (e.g. mood disorders) largely
became evident after discharge, varied in severity from day
to day and had a greater effect on family life, relationships
and employment than the neurological deficits.

The 2 patients who underwent extensive psycho-
metric assessment were both shown to have a considerable
cognitive disorder typical of recent organic brain damage.
Both have been the subject of individual case reports.10,11

Discussion

The longitudinal study reported here shows that use
of the USN treatment algorithm1 in a group of Australasian
recreational divers with DCI had an unacceptably high
failure rate.  This is consistent with other reviews of similar
groups of divers.2-5  It also underlies the urgent need to
develop and test alternative methods of treatment.

However, our results contrast with those studies
which show an continuing resolution of DCI  sequelae
during the subsequent year.3,6  In this study, neurological
deficits did not change significantly and many psychologi-
cal/personality problems became apparent only after dis-
charge.  Indeed, six of the twelve patients who had no
complaints at discharge, had overt problems after one year.
This natural history is very similar to that described by
Rozsahegyi12 in a population of caisson workers who devel-
oped DCI and were given a single hyperbaric air treatment.

It follows that a late review, perhaps as much as one
year after an episode of DCI may be needed to assess
outcome and to determine if the patient is fit to return to
diving.
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Appendix 1

A letter from the wife of one of the patients describing the
sort of personality changes discussed in the paper.

Dear Dr Sutherland

I am hoping you will remember treating my husband
approximately a year ago at the Naval Base.  I am writing to
you as I am still rather anxious and concerned about him.

He still suffers from frequent depression, mood
changes, lack of concentration, and occasionally his
memory.is quite bad even after a short time of me telling
him something.  These symptoms can occur months apart
or as often as 3 to 5 times a week.  I notice they are worse
when he is tired or under stress.

I finally persuaded him to go along to his GP and he
has prescribed him some anti-depressants.  He has been
taking these for 8 weeks now and when he got adjusted to
the tablets I found his moods were much happier but still
some of the other symptoms are present.  Now he is sleep-
ing better and is more motivated in activities which he
hasn’t been for a long while e.g. running, indoor cricket and
general household chores etc.

My husband is usually a quiet, placid person and I
definitely know that he is not the type to complain but I can
see that he gets very frustrated with not being able to cope
with his symptoms.  I feel that you are in the best position to
advise me on this matter and I would be very grateful if you
could give me some guidelines on what and where do we go
from here.

I am writing this letter in the strict confidence as for
some reason my husband wasn’t too keen on me writing to

you when I approached him on this matter.

I realise it is very difficult for you to assess him
through a letter and I would be happy to give you any
further details if I haven’t been specific enough.

As this confidential, could you please send a reply to
my work address.

Thank you for your time which I realise is very
limited and I understand that correspondence takes second
place.

Appendix 2

These two case reports are based on the neuropsy-
chological assessment reports and illustrate the disabilities
patients are suffering.  Both men were severely disabled by
their residual brain damage.

Case A

A sustained 2 episodes of decompression illness
(DCI).  The first mentally muddled him up, and the second
physically damaged him.  After the first episode he lost his
way a lot, was forgetful, had to write everything down,
found it hard to concentrate on things, mentally blacked out
during conversations or if things were happening fast and
had difficulty sleeping and was very irritable and argumen-
tative.  He found irritability difficult to cope with as he had
been previously very easy-going.  It has had a detrimental
effect on his relationship (his partner and 2 sons).

On the dive which caused his second episode of DCI
he became disorientated at the end of the dive, came
straight to the surface, and has no memory of the following
events.  Apparently he was pulled from the water and taken
to the Naval Hospital.  His problems, which persist, include
severe pain in the back, hips, shoulders, and headaches.
The cognitive difficulties that he experienced following the
first episode persisted and added to the severe physical pain
of the second episode, caused him to feel irritable and to
have increased difficulty controlling his anger.  He had
difficulty with relationships, coping with noise, and family
relationships.  Not surprisingly he became depressed and
this further affected his sleep.  He has dreams.  Anti-
depressants did not assist him and he had bad days most
days of the week.

The neuropsychologist’s report included the para-
graphs below.

“This man’s neuropsychological profile is not
straightforward with considerable variability within the test
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limits.  These are caused because physical pain and depres-
sion are present as well as the cognitive difficulties.  The
neuropsychological profile does resemble that found in
individuals who have an organically-based dysfunction of
the brain.  There were some tasks on which his performance
fell well in the average range for the population.  In con-
trast, he had slowed reaction times which reflected a slow-
ing down of the cognitive process, a markedly reduced rate
of information processing, and a reduced ability to concen-
trate over time.  This was consistent with his subjective
complaints and is consistent with the kind of profile found
in individuals who have diffuse brain damage.

The findings have direct implications as to the pa-
tient’s ability to cope with daily activities, including his
home environment, and his ability to resume work.  With
cognitive problems of this type, any situation that is noisy,
requires quick thinking, doing several things at once, or
concentrating over long periods of time, will pose major
difficulties.  One direct example of this is his inability to
tolerate much of the behaviour of the children, which is
caused, to a large extent, by his deficits in information
processing ability.

Recovery from deficits of this sort is hindered when
an individual is regularly in situations where he becomes
over-loaded and unable to cope.  Appropriate management
and strategies within the home and work environments are
essential, involving:

a Physical, especially pain;
b Cognitive deficits;
c Depression

These areas inter-react with each other and thus it is
best to deal with each problem in isolation from the others.

Although the factors contributing to the neuropsy-
chological profile are complex in this case, I have no doubt
that there is an organic dysfunction to the brain similar in its
effect to the closed head injury which underlies the pa-
tient’s performance.”

A was re-assessed 19 months later which was two
and a half years after suffering his second episode of DCI.
As most recovery of cognitive function occurs in the 2
years post-injury, with other forms of non-progressive in-
jury (e.g. closed head injury and carbon monoxide poison-
ing), it is appropriate to investigate any residual cognitive
disability.

At the time of this assessment, the patient “claimed
he still had a lot of difficulty concentrating and was unable
to cope very well with any situation where things are
happening fast.  Such situations included those where there
was a lot noise, several people talking, or more than one
thing happening at once.  This difficulty affects his family
relationship, social relationships, and has implications on

his ability to work.  When his children are noisy, or racing
around, he gets very irritated and can’t handle it.  Similarly,
in many social situations, he is unable to follow conversa-
tions and just switches off.  Consequently there are many
social contacts he now avoids.

The patient has expressed a wish to write, but after a
short period finds that it all gets jumbled up and that words
he has written down get messed up and parts do not make
sense.  This is most likely related to impaired concentration
ability, rather than a language deficit.  Although he is able
to drive a car, he does not do it often as he has to put a lot of
effort in and after driving feels like a “wreck”.  A signifi-
cant change for someone who had a commercial drivers
licence.

He continues to have difficulty sleeping and usually
feels worn out even after sleeping.  His ability to handle
alcohol is markedly reduced from before his diving acci-
dent.  Now he becomes drunk very quickly on little alcohol.
The intense frustration and anger that concerned him dur-
ing the first assessment occurs less frequently because he
has adapted to the changes, using the words “I don’t care”
more frequently.  He has developed a strategy of removing
himself from situations which frustrate him.”

The results of the neuropsychological tests were
similar to that achieved previously.  “The patient has had
some relief from pain and this has significantly reduced his
irritability and depression and changed his lifestyle and
expectation of his abilities.  He will have to be involved in
a process of grieving for his major loss of lifestyle before he
will be able to construct a life that adapts to such changes.
There has been come improvement in his cognitive abili-
ties, giving some capacity to develop strategies to cope with
his many difficulties.

The findings of the second assessment were much
more clear-cut than on the previous occasion.  “The patient
being left with the kind of cognitive impairments that
frequently follow other forms of diffuse brain damage and
the pattern of his neuropsychological profile is strongly
suggestive that he has organic dysfunction of the brain.
This continues to have a profound impact on his family
relationships, his ability to work, and his ability to enjoy
life.

Case B

B's first assessment described him as having a gross
problem with attention and memory.  “The difference be-
tween his average to his above-average performance on the
vocabulary and perception tests, and his poor performance
on these measures, is strong evidence that the deficits have
resulted from some CNS insult.  They are consistent with
the history of the diving accident last year."
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When re-assessed a year later, it was re-
ported that it was “a pleasure to see and test this man again
because he had made so much progress.  He had improved
on almost all measures and although he said that he still gets
tired and has lots of headaches, he seemed to be managing
his taxi run well."

Three tests had improved.  The digit span reaction
time and word fluency to within the normal range.  Tests
which had improved, but still demonstrated an impaired
score, were visual memory and verbal memory.  It is un-
likely that this man would make as much progress in the
next 2 years as he has in the last, but even if he makes no

progress at all, his cognitive function is now at a level
where he should be able to cope reasonably well.”
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THE WORLD AS IT IS

CALCULATING DIVER NUMBERS:
CRITICAL INFORMATION FOR SCUBA SAFETY

AND MARKETING PROGRAMS

Jeffrey Wilks

Introduction

A question frequently asked of the recreational
scuba diving industry is “How many active divers are
there?”  The answer to that question is, of course, that
“there are no reliable estimates of active divers within
Australia”.1  While the question is asked by different peo-
ple, for different reasons, two broad interest groups can be
identified.

The first group is interested in establishing the size
of a potential customer market.  This group may include
tourism authorities, insurance agents, equipment wholesal-
ers and retailers, training agencies, the media and various
government departments.  In fact, marketing enquiries form
the majority of requests for diving statistics.

The second group seeks information on the number
of active scuba divers to provide a background or perspec-
tive on safety.  This group may include medical practition-
ers, health and safety authorities, dive industry associa-
tions, lawyers and the scuba training agencies.  To some
extent there is an overlap between the groups as those
concerned with marketing will also be interested in safety,
since it is an important component of the diving product.

Obtaining accurate estimates for the number of cer-
tified divers is a difficult process, as evidenced by the
continuing debate in the United States.2,3  One of the main
barriers to calculating accurate figures is the fact that scuba

certification cards do not expire.  Once a diver has com-
pleted his or her entry level qualification there is no easy
way to determine whether they continue on as an active
diver or drop out from the sport.  Even the definition of an
“active diver” varies, though the accepted consensus, used
in this paper, seems to be “at least one dive in the previous
12 months”.4,5  There are some who consider that the figure
should be 5 to 10 dives a year as fewer dives would fail to
maintain the diver’s skills.

Identifying groups of divers

One approach to the question of diver numbers is
first to identify unique groups, then attempt to count partici-
pants.  Ten separate groups have been identified in Queens-
land.  A brief description of each group follows, along with
initial attempts to determine the number of dives made by
the groups during 1991.

The intention of this project was to estimate the
number of dives made in Queensland over a one year
period, rather than the number of divers.  Pilot studies had
clearly shown that it would be impossible to track indi-
vidual divers, especially if they were members of groups
which had no contact with training agencies or commercial
dive facilities.  In addition, the total number of “safe” dives
completed was considered a more appropriate figure for the
purpose of placing accident statistics in their proper per-
spective.

1 NEW DIVERS TRAINING FOR ENTRY LEVEL CERTIFICATION

The first group consists of new divers who have
recently completed an open water course.  Confidential
figures were obtained from all four Australian training
agencies on the number of open water courses conducted in


