partnership between doctors and hospital managers,
but if they are to succeed and be relevant doctors must
play a major part in their design. Unfortunately, there
is still much confusion and lack of knowledge among
doctors even in hospitals where computerisation is
advanced (box). My message to doctors is that if you
want to influence these systems spend time working
out your clinical information needs and ensure that the
system is relevant to them.

1 Lytinen K. Stakeholders, IS failures and soft systems methodology. Jfournal of
Applied Systems Analysis 1988;15:61-81.
2 Mumford E. Designing human systems: the ETHICS method. Manchester:
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Scuba diving is becoming an increasingly popular
sport, and the British Sub Aqua Club estimates that
there are 5000 female non-commercial divers in Britain.
Doctors are increasingly being asked to advise patients
about the risks associated with diving, and, with the
growing number ofwomen divers, this must include an
assessment of any risks during pregnancy or associated
with the menstrual cycle or oral contraceptives. In this
paper we review the current knowledge on the potential
risks for women associated with diving.

supported by a recent study which showed an inverse
correlation between the number of days since the start
of the last menstrual period and the incidence
of altitude decompression sickness." It has been
speculated that the haematological effects of the early
contraceptive pill may increase a woman's susceptibility
to decompression sickness by encouraging microsludging of the blood peripherally (Bangasser, unpublished data), but again this has not been formally
assessed.

Body fat and decompression sickness
Cognitive changes occur with various phases of the
menstrual cycle,`3 and in theory a woman's ability to
make safe decisions during diving could be affected by
her menstrual state, although to date no studies have
been conducted to assess this. Repeated exposure to
hyperbaric pressure seems to have no effect on hormone
regulation, ovulation, or menstruation, though there
has been only one formal study.4 In this study two
women were subjected to 5 atm (507 kPa) pressurethat is, 40 m of sea water-for 20 minutes seven or
eight times during their menstrual cycle.4
Most knowledge of decompression sickness in women
comes from the American Space Programme and
relates to altitude decompression sickness, which may
not be a good model for diving. Several altitude studies
have found that women form fewer nitrogen bubbles
than men for a given exposure56 but seem to have a
higher incidence of altitude decompression sickness, 358
to have more delayed onset of symptoms,5 and to be
more likely to suffer the more serious type II bends.5
One retrospective study of diving decompression
sickness presented in 1978 at the National Association
of Underwater Instructors International Conference of
Underwater Education in the United States showed a
3-3-fold greater incidence in women compared with
men.9 But a more recent survey'0 and results from
studies currently being undertaken by Fife in Texas,
US show no differences between men and women in
their susceptibility to decompression sickness. Women
have on average 10% more subcutaneous fat than men,
and it has been suggested that this could influence their
susceptibility to decompression sickness (B E Bassett
and E H Lanphier, unpublished data). Fat can hold up
to five times more inert gas than aqueous tissue and is
slower to absorb and eliminate it. This has been put
forward as a theory to explain the tendency for women
to have a delayed onset of decompression sickness,
especially with dives of long duration,'0 although to
date there has been no evidence to confirm this, and
some reports deny any correlation between percentage
of body fat and altitude decompression sickness.5
In one study all of the women who developed
altitude decompression sickness were in the first 14
days of their menstrual cycle,5 and this has been

Diving in pregnancy
There has been little work done on diving in
pregnant women, though two authors have speculated
on an increased risk of vaginal infection in women who
dive while pregnant.'2 13 Several retrospective studies
have suggested that diving during pregnancy is associated with an increased risk of fetal abnormality,'4 14a
and Betts showed that diving below 30 m during the
first trimester was associated with a rate of abnormality
of 16%,'5 although the number of women in this study
was small. In contrast Bangasser found no abnormalities
in a retrospective survey of 72 women who had dived
while pregnant.9 A long term retrospective study of the
effects of diving during pregnancy is currently being
undertaken both in Britain and in the United States.
Some studies in sheep have shown that maternal
decompression sickness in late pregnancy is associated
with increased fetal morbidity and mortality, whereas
dives that did not cause decompression sickness had no
effect on the fetus. 16 Bolton-Klug et al found no effects
of diving on fetal development during organogenesis in
sheep.'7 Gilman et al found a fetal anomaly rate of 5 3%
in hamsters after untreated decompression sickness,
reducing to 0-9% in those treated with hyperbaric
oxygen.'8 Some animal studies have, however,
suggested that hyperbaric oxygen treatment may be
toxic to the fetus."' There have been conflicting reports
about the effects of hyperbaric oxygen on fetal outcome
in non-diving pregnant women,20-23 but unpublished
reports from the Soviet Union suggest that the
treatment is successful in pregnant women with
cardiovascular problems. 46
Advice for women divers
Early reports from animal studies suggested that
the fetus was relatively resistant to decompression
sickness,24 but this was later challenged.29 Recent work
in sheep and goats suggests that although the fetus
produces fewer bubbles than the mother, bubbling can
occur in the fetus even when the mother shows no signs
of decompression sickness.26 Any circulating nitrogen
in the fetus can readily pass into the arterial system.
Women who want to continue to dive when pregnant
have been advised on the basis of published27 and
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provide more detailed information on women's diving
habits, the effect of diving on the menstrual cycle and
pregnancy, and the risk of decompression sickness so
that women scuba divers can be better informed of the
risks associated with this activity.

0

z

Problems lurking under the surface for women divers?

unpublished findings to stay above a depth of 10 m, but
this is an arbitrary recommendation, and no studies to
date in animals or humans give clear results about safe
limits for depth, duration, or timing of a dive during
pregnancy. The British Sub Aqua Club has recently
come into line with the main diving organisations in
America and is advising women who are pregnant or
trying to become pregnant, and want to be absolutely
certain that the pregnancy will not be affected by
diving, not to dive. Female commercial divers in
the United Kingdom are not allowed to dive while
pregnant.
Some women may be more susceptible to decompression sickness at specific times of their menstrual
cycle, so women should be advised to keep an accurate
record of their cycles in their diving log books. There is
no firm evidence suggesting that women taking oral
contraceptives are at an increased risk ofdecompression
sickness. Current knowledge is based on animal studies,
which may not be applicable to humans, and retrospective surveys on diving women, the results of which
are often conflicting and based on small numbers. We
need to gather more information on women and diving,
and this can be provided only by the women themselves
and detailed information from recompression chambers.
At present a long term broad based retrospective study
on a large group of male and female divers is being
conducted in the United States; and in the United
Kingdom the Diving Diseases Research Centre in
Plymouth is coordinating a questionnaire similar to that
used in the American study, which is being circulated to
diving clubs in Britain. We hope that these surveys will

ANY QUESTIONS
Is there any evidence that diet may cause hyperactivity in
children?
There is considerable scepticism about the effect of diet in
hyperactivity.' Work at the Hospital for Sick Children,
Great Ormond Street, however, has shown that a limited
number of children may be helped by dietary manipulation.' The regimen proposed is a rigorous and difficult one
requiring strict supervision to avoid producing deficiencies
of essential nutrients. Undoubtedly there is a strong
placebo effect, and imposing such an ordeal as a difficult
diet on a family may be therapeutic in itself. When

BMJ

VOLUME

302

29 JUNE 1991

1 Sommer B. How does menstruation affect cognitive competence and psychophysiological response? Lifting the curse of menstruation. Bunghamtom, New
York State: Harworth Press, 1983:53-86.
2 Gordon WH, Corbin ED, Lee PA. Changes in specialised cognitive function
following changes in hormone levels. Cortex 1986;22:399-415.
3 Boverman DM, Vogel W, Klaiber EL, et al. Changes in cognitive task performance aross the menstrual cycle.Journal of Comparative and Physiological
Psychology 1981;4:646-54.
4 Wilson JR, Blessed WB, Blackburn JP. Effect of repeated hyperbaric exposures
on the menstrual cycle; preliminary study. Ann Arbor, Michigan: University
of Michigan Medical School, 1983. (Michigan sea grant project 84-306.)
5 Dixon GA, Krutz RW. Female susceptibility to decompression sickness and
bubble formation using a simulated 7.8 PSIA suit environment. Aviation,
Space, and Environmental Medicine Dec 1988:1146-9.
6 Waligora JM, Horrigan DJ, Conkin J, et al. Incidence of symptoms and
venous gas bubbles in male and female subjects after decompression.
Aviation, Space, andEnvironmentalMedicine May 1986:511.
7 Bassett BE. Twelve year survey of susceptibility of women to altitude
decompression sickness. Preprints of Aerospace Medical Association Annual
Scientific Meeting. Alexandria: Aerospace Medical Association, 1980:12-3.
8 Weien RW, Baumgartner N. Altitude decompression sickness: hyperbaric
therapy results in 528 cases. Aviation, Space, and Environmental Medicine
Sept 1990:833-6.
9 Bangasser S. Medical profile of the woman scuba diver. Proceedings ofthe 10th
National Association of Underwater Instructors intemational conference on
underoater education. Montclair, California: NAUI, 1978:3140.
10 Zwingelberg KM, Knight MA, Biles JB. Decompression sickness in women
divers. Undersea BiomedRes 1987;14:311-7.
11 Rudge FW. Relationship of menstrual history to altitude chamber decompression sickness. Aviation, Space, and Environmental Medicine July
1990:657-9.
12 NewhallJF. Scubadivingduringpregnancy: abriefreview.AmJObstetGynecol
1981;140:893-4.
13 Smith KC. The woman diver. National Oceanic andAtnospheric Administration
Magazine Oct 1978.
14 Bolton M. Scuba diving and fetal well-being: a survey of 208 women. Undersea
BiomedRes 1980;7:183-9.
14a Bakkevig MK, Bolstad G, Holmberg G, et al. Diving during pregnancy.
Fifteenth annual meeting of European Undersea Biomedical Society. Eliat,
Israel: EUBS, 1989:137-42.
14b Vanina LV, et al. Obstetrical aid in hyperbaric conditions. Proceedings of the
seventh international congress on hyperbaric medicine; 1981; Moscow:
NAUKA, 1983:1:26-9.
15 Betts J. Diving and the unborn child. Diver 1985;30:14-5.
16 WilsonJR, Blessed WB, Blackburn JP. Hyperbaricexposureduring pregnancy
in sheep: staged and rapid decompression. Undersea Biomed Res 1983;10:
11-5.
17 Bolton-KlugME, LehnerCE, LanphierEH, etal. Lackofharmfuleffects from
simulated dives in pregnant sheep. Am J Obstet Gynecol 1983;146:48-5 1.
18 Gilman SC, Bradley ME, Greene KM, et al. Fetal development: effects of
decompression sickness and treatment. Aviation, Space, and Environmental
Medicine 1983;9:297-304.
19 Telford IR, Miller PD, Haas GF. Hyperbaric oxygen causes foetal waste in rats.
Lancet 1969;ii:220-1.
20 Van Hoessen KB, Camporesi EM, Moon RE, etal. Should hyperbaric oxygen be
used to treat the pregnant patient for acute carbon monoxide poisoning?

JAMA 1989;261:1039-43.
21 Ledingham IMcA, McBride TI, Jennett WB, et al. Fatal brain damage
associated with cardiomyopathy of pregnancy, with notes on caesarean
section in a hyperbaric chamber. BMJ 1%8;iv:285-7.
22 Bernhardt TL, Goldman RW, Thombs PA, et al. Hyperbaric oxygen treatment
of cerebral air embolism from orogenital sex during pregnancy. Critical Care
Medicine 1988;16:729-30.
23 Jennings RT. Women and the hazardous environment: when the pregnant
patient requires hyperbaric oxygen therapy. Aviation, Space, and
Environmental Medicine 1987;58:370-4.
24 Chen V. The prophylatic therapeutic treatment of decompression sickness by
heparin and aspirin [dissertation]. Texas: A and M University, 1974.
25 Fife WP, Simmang C, Kitzman JV. Susceptibility of foetal sheep to acute
decompression sickness. Undersea Biomed Res 1978;5:287-92.
26 Powell MR, Smith MT. Fetal and maternal bubbles detected noninvasively in
sheep and goats following hyperbaric decompression. Undersea Biomed Res

1985;12:59-67.
27 Turner G, Unsworth I. Intrauterine bends? Lancet 1982;i:905.

(Accepted 28 March 1991)

hyperactivity does not respond to advice and behavioural
management there is a choice of drug treatment and
dietary treatment.3 Drug treatment is effective, but many
parents are anxious about using it. When parents think
that simple dietary manipulation, such as removal of
additives, is helpful there is no good reason to discourage
it. -DORA BLACK, consultant child and adolescent psychiatrist,
London
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