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Susceptibility of Wonen to Deconpressi on Sickness

The cl assi cal publications on deconpressi on sickness (DCS) do not
contain any information on the relationship between sex and
susceptibility to DCS because of al ack of data regardi ng exposures
of wonen. Records covering the |last ten years of altitude chanber
exposures at the USAF School of Aerospace Mdicine (USAFSAM
I ndicate there is statistically significant four fold greater
I nci dence of altitude DCS in wonen than in nen (wonen 5, 791
exposures; 17 cases DCS, incidence 0.09% Significance in
difference tested by Chi2, P 0.0005).

One addi tional subgroup with an apparently greater incidence of
DCS t han t he wonen exposed at t he USAFSAMar e t he f emal e AFA cadet s
trained at Peterson AFB. However, the nunbers in this group are
too small for statistical conparisons with any of the other
subgroups (fenmal e AFA cadets: 155 exposures; three cases DCS;
I nci dence 1.935%

Addi tional information and data were obtai ned fromanal yses of 104
USAF-w de cases of altitude DCS treated by reconpression during
the 12 year period from 1966 through 1977. O these 104 cases,
32 (319 occurred inwonen. |In conparingindividual factors (age,
hei ght, wei ght, etc) exposure factors (type and synptons of DCS,
recurrences, synptomonset, etc) between t he nen and wonen tr eat ed,
a few significant difference, besides sex itself, were found.
These findings will be presented.

A 26 year old woman diver, active in sports and in excellent
physi cal condition, made a dive to 70 feet for about 5 m nutes,
then to about 50 feet for 29 m nutes. WAter tenperature was 82°F,
the diver wore a flight suit for protection and was diving with
a very experienced buddy. Upon surfacing, the Repetitive G oup
for a 70 foot/34 m nute schedul e was assigned, ie. Goup G One
hour 38 m nut es wer e spent on t he beach dri nki ng cof f ee and r el axi ng
prior to maki ng a second dive to 45 feet for 43 m nutes. Both dives
were w t hout incident except that the woman felt nmuch col der than
on any of her previous ten | ogged dives, in fact the second dive
was term nated due to chilling.



Upon exi ting the second di ve, she experi ence severe back pai ns but felt the pains
were normal inthat her nenstrual period was due to start intwo days. However,
she noted that the back pains were worse than normal. Follow ng the dive she
put away her gear and upon arrival home went to bed due to the persisting and
wor seni ng back pains. No nedication was taken and the general disconfort and
back pains grewin intensity. By six hours post dive her worsening condition
was the onset of pain in the knee joints caused her to seek medi cal hel p. She
was pl aced i n oxygen at the nmedi cal facility and transported to a nearby US Navy
reconpression facility.

The di ver was takento 60 feet on US Navy Treat ment Table 5, with al nost i nmedi at e
relief in nmost joints. During the course of treatnent her back pain recurred
so treat nent was conpl et ed on Treat nent Tabl e 6. One hour after conpl eting Tabl e
6 the woman started having tingling sensations sowas re-treated inthe chanber.
Apparently, there were sone residual deficits noted follow ng the second
treat ment which resol ved over a period of a few days. She was subsequently
recertified medically for diving and has conti nued her diving wi thout untoward
reaction.

Possi bl e contributingfactorsinthiscaseincludethefact that the night before
the dives she took two birth control pills at 11 pm having nissed taking one
t he day before, and the fact that the diver is a heavy snoker. She had snoked
hal f a pack of cigarettes between the tine she got up and her first dive on the
day of the reaction. She had al so snoked about 9 cigarettes during the surface
interval between dives.1

I f the cl assical publications onthe subject of deconpression sickness are read,
one wi Il find that the subject of sex as a factor in determ ning susceptibility

of deconpression sickness (DCS) is dealt with in three words - “no data
avail able”. 2.3 Wthrespect todiving, especiallyinsport diving, thisisstill
the case and will in all likelihood remain so - “no data avail abl e”!

Yet there are anatonical and physiol ogi cal differences between the sexes that
can be hypothesi zedtoresult in anincreased susceptibility to DCS anbng wonen.
The factors, whi ch m ght be expectedtoincreasetherisk of DCSinwonen, include
a greater proportion and different distribution of body fat, fluid shifts and
fluid retention (oedema) as related to the nmenstrual cycle, cyclic hornonal
changes, and use of oral contraceptives. Oher questions with respect to any
hypot heti cal | y greater susceptibilityto DCSinwonenthat need answers i ncl ude:

1. Are there perfusion anomalies found in women or nore prevalent in wonen
that could be related to an increased probability of bubble formation?

2. Are there haenotol ogical differences, which are nore preval ent in wonen,
that could be related to platelet aggregation triggered by bubbl es?

3. Are vasospastic phenonena or rel ease of vasoactive substances, as may be
caused by bubbles, nore likely to be found in sone or all wonen?

While little or no laboratory research has been conducted in the area of
differences in DCS between the sexes, there is data avail able now that does
i ndi cate a greater susceptibility anong wonen. Thi s data was gat hered on wonen
exposed to high altitudes inthe USAir Force's altitude chanber i ndoctrination
program 4 | n nost respects altitude DCSis the sanme as DCS encountered in di vi ng.
There are sone di fferences whi ch may nmake the extrapol ati on to di vi ng sonmewhat
confusi on, but when individual case histories are conpared there are al so many

10



simlarities. During the 12 year period from1966 t hrough 1977 there were 104
i ndividual s treated by reconpression for altitude DCS, 32 (31% of whom were
wonren. Mbre detailed records were avail able at the USAF School of Aerospace
Medi ci ne where 22 of the 32 DCS cases in wonen occurred. This allowed for a
determ nati on of the incidence (ie. # of cases/# of exposures) if DCS for both
men and wonen exposed to altitude for the 10 year period from1968 t hrough 1977.
The incidence in nen was 0.09%while in wonen it was 0.36% and this four fold
greater incidence is statistically significant to P 0.0005.

In conparing, anong all 104 USAF-w de cases, individual factors (age, height,

wei ght, etc), exposure factors (type of exposure, exposure tine, prior
exposures, etc) and case data (type and synptoms of DCS, recurrences, synptom
onset, etc) between the nen and wonen treated for altitude DCS a fewsignificant

di fferences, besides sex itself, were found. Wthin the category of individual

factors the women were significantly different fromthe nmen in hei ght, weight

and body buil d - certainly not anori gi nal observati on! However, size and sl ender
build are generally associated with a reduced risk of DCS, not an increased
susceptibility as found in this data. There was al so statistical significance
in the larger number of wonen who reported a history of vascular or mgraine
headaches and previous altitude reactions. Inthe category of exposure factors,

worren wi th DCS had attained a | ower naxi numexposure altitude than the nen, but

this datais biased by the fact that since 1973 wonen have general | y been exposed
tolower altitude profilesinthe altitude chanmber. Nevertheless, this finding
woul d support the finding of a greater susceptibility to DCS. Regarding case
data, significantly nmore wonen had t he onset of bends pain at altitude than nmen
and nore wonen had cutaneous (skin) manifestations than nen. Finally, while
the nunmbers are too snmall to test statistically, 7 (22% of the wonen treated
had recurrences of manifestations either during or follow ng reconpression
therapy and required retreatnment in the chanber. This only occurred in 2 nen
(3%9. An the only cases which resulted in |asting neurological deficits, in
spite of pronpt and adequate therapy, occurred in two wonen.

The concl usi ons fromthe data can be sunmarized as follows. In spite of their
smal | er nean si ze and stature, wonmen are four tines nore susceptibletoaltitude
DCS, have nore skin synptons, have a nore rapi d onset of bends pain, have nore
recurrences and | asting effects of DCS when conpared to men exposed to t he sane
altitudes in an identical manner. Interestingly, many of these findings are
seen in the case history cited at the beginning of this paper. It is tenpting,
therefore, to hypothesize that the sane differences docunented in terns of
altitude DCS may well be found in diving wonen.

Prescription Dive conservatively with respect to the deconpression limts.
Al ways stay well within the no deconpression limts on single and repetitive
di ves. How much conservatismis enough? There can be no definite answer to
this question until studies are, if ever, performed. As a reasonable set of
recomendat i ons, reduce the no deconpressionlimts for dives to 90 feet or nore
by 5 mi nutes, by 10 m nutes for dives shall ower than 90 feet, and use total dive
time (surface-to-surface tinme) for the maxi mumdepth of the dive to attain the
repetitive group designation.

How about the “Pill” and susceptibility? There are many reasons why oral
contraceptives nmay increase susceptibility to DCS - but there is no evidence
because st udi es have not been done. Inthe meantine, only the sane prescription
can be given, DI VE CONSERVATI VELY! As an alternative there may be other birth
control methods which a worman diver would find acceptabl e and whi ch woul d be
less likely to have any effect related to DCS susceptibility or severity. A
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relatively new nmet hod of birth control that appears effective and conveni ent
isthe Progrestasert SystemS Thisinteruterinedevicediffersfromthe “normal”
IUDinthat it isahornonal regulator likethePill, but the hornoneactsdirectly
on the uterus and not viathe circulation. Therefore, it would not be expected
to have any synergistic effect on wonen divers. Jo Ann Wesner, a diving
instructor in lllinois kindly provided this author with the i nformati on on the
Progrestasert Systemand is attenpting to gather data on its use by divers. |
encourage all of you interested in this systemor who are using it to contact
Jo Ann directly.

Thermal Bal ance in Whnen Di vers

As previously stated, wonen have a higher proportion (and nore interesting
di stribution) of body fat conpared to nen. This |ayer of subcutaneous fat shoul d
and does serve as a good i nsul ator due to the | ower thermal conductivity of fat.
Wy themis it a common observation anong divers that many wonen suffer the
effects of diving in cold water sooner than their male counterparts?

In a 1974 study on the nmetabolic and thermal responses of wonen during cooling
inwater it was found that an individual’s sensitivity to cold was based on two
factors: 1. the percentage of body fat, and 2. the ratio of surface to body
mass. ® It was observed that | ean wonmen who had | ess than 27 percent body fat
had a large ratio of surface area to body mass, and this resulted in cooling
at a faster rate. Above 30 per cent body fat, nmen and wormen were equal in their
sensitivity to cooling and maintained simlar |lowlevels of heat production in
cool water.

On the ot her end of the scale, awonmanis alsolikelyto suffer fromover heating
sooner than the male, since sweating in wonen does not begin until their body
tenperature rise is 2° to 3° higher than nmales. In addition, the woman has a
| esser nunber of functioning sweat glands to aid in evaporative heat |oss.?

Prescription Anyone, man or woman, who cools easily should use appropriate
thermal protection in the formof a properly fitting wet or dry suit. Don’t
base your requi rement for thernmal confort when di vi ng on what your buddy or ot her
divers use in the sane water - if you need a uni-suit to remain confortable in
Cayman waters while everyone else is in a bikini, wear it - it’s your body!

During rather lengthy periods of carrying heavy equipment, suiting up or
ot herwi se getting over heat ed duri ngthe hot sunmer nont hs, t he wonan di ver shoul d
periodi cally cool off by an occasional dunking inthe water if at all possible.
Starting a dive in an overheated condition is not only mserable, it is also
unsaf e.

Di ving During Menstruation

The general advice given to wonmen regarding physical activity during the
menstrual period is “if you feel well, doit”. This seens to be valid since
t he nenstrual period did not prevent wonen fromwi nning medal s in the A ynpics
of 1972 and 1976. On the other hand, if the woman experi ences severe cranps
or disconfort, it is unwise to engage in strenuous physical activity.

Knowl edge concerning the state of the nenstrual cycle and susceptibility to
deconpr essi on si ckness, narcosis or any ot her diving rel ated probl emi s general
| acki ng. However, there are some working hypot heses that may make the advice
that “if you feel well, do it” not necessarily sound with respect to diving.
For exanpl e, fluidretention and endema precedi ng and duri ng t he menstrual period
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may i npair bl ood fl owand i nert gas elimnation, giving an increased |ikelihood
of bubble formation and deconpression sickness.

What is the danger of shark attack for a menstruati ng wonen diver? The cyclic
sheddi ng of the lining of the uterus, under hornonal control, results in aloss
of approximately 50 to 150 cubic centinmetres of bl ood and cel |l ul ar debris over
the average of three to five days.

Prescription Regarding diving during or just prior to nenstrual period, the
only advice is that previously given, ie. dive conservatively. Stay well within
the no deconpression limts.

Regar di ng sharks, the small quantity of blood | ost during any given dive, the
use of internally worn tanpons, and the [ ack of any evi dence of shark interest
in a nmenstruating diver |leads to the conclusion that the worman shoul d forget
about sharks and enjoy her dive.8

Di ving Wil e Pregnant

As previously indicated, there is a lack of data regarding wonen divers

specifically pregnant divers. However, it is known now that dives nmade near
the limts of the no-deconpression tables can produce intravascul ar bubbling
i n many subjects, even w thout the devel opnment of synptonms. What is not known
i s whet her such bubbles will formin the devel oping fetus on such dives. ne
study conducted in dogs indicated that the feti were resistant to bubble
formati on even when t he not her di spl ayed mar ked bubbl i ng f ol | owi ng deconpr essi on
and even t hough the ammiotic fluid surroundingthe feti contai ned nunerous | arge
bubbl es.® A nore recent study i n sheep produced t he opposite results, ie. nore
bubbles in the fetus than in the nother.10 W\hile human observations may never
be performed, the consequences of any bubble formation in the devel opi ng fetus
could prove to be disastrous.

Anot her consideration is the possible effect of elevated oxygen parti al
pressures on the unborn children of pregnant divers. While breathing air at
dept hs of 30 feet or | ess does not rai se the partial pressure of oxygentolevels
that m ght be predictedtocausedifficulties, breathingair at 124 f eet produces
an oxygen pressure equal to breathing 100 per cent oxygen at seal evel . Pressures
of oxygen this high are known to produce retinal damage, resultingin blindness,
inpremature infants. Therefore, the unborn child m ght be expected to be very
sensitiveto el evat ed oxygen pressures that coul d be encounteredin scuba di vi ng.
Again no direct studi es have been conduct ed.

O her factors in pregnancy nmay present difficulties to the diver, ie. nausea,
fatigue, backaches, clunmsiness and poorly fitting equi prment. Hor nonal and
physi ol ogi cal changes, including fluid retention and i ncreased fat stores, may
increase the risk of deconpression sickness in the pregnant diver.8

Around the fourth nonth of pregnancy there is usually increased swelling and
sensitivity of the nucous menbranes which nmay give rise to difficulties with
equal i zing middl e ear and sinus pressures.8

One | ast consideration concerns the possible effects of treatnent of a pregnant
di ver with deconpression sickness. Present treatnment schedules call for the
use of 100 per cent oxygen at 60 feet equivalent depth in the reconpression
chanber. This raises the arterial oxygen pressure froma normal 100mm Hg to
over 2000mm Hg. This high an oxygen pressure would al nbst undoubtably have
di sastrous effect on the vulnerable fetus, yet the only recourse would be to
treat the stricken nother.
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Prescription The Undersea Medi cal Society guidelines for scuba diving while
pregnant are protectively conservative, i e. NOSCUBA di vi ng deeper than 30 f eet,
and avoi dance of deconpression diving. The second recomendation, of course,
shoul d apply to all sport divers.

After delivery it is generally recommended that t he new not her avoi d di ving for
six weeks to preclude the possibility of uterine infection.
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Public Health an N.S.W initiative

Human “gui nea pigs” will eat oyster to seeif they are safe, the NSWParl i anent
was told yesterday. The Conservation and Water Resources Mnister, M Lin
Cordon, said the panel of volunteers would eat oysters to find out if they
contai ned a harnful virus. He said the test was part of a research programset
up by the Fisheries Departnent and the Heal th Conmi ssi on and costi ng $120, 000.
When a grower felt his oysters were ready for sale to the public, the woul d be
tested by the Heal t h Departnment to see if the bacteriacount was at an accept abl e
level. “Further to that, there will be testing panels which will test to see
if any virus is present in the oysters. This can only be done by a panel of
vol unteers, whowi Il eat the oysters. O courseit’s akindof Russianroulette.”
Four or five nonths ago nore than 2,000 cases of gastroenteritis were reported
after people had eaten oysters. “This was said by the Health Commi ssion to be
t he | argest out break of food poi soni ng ever to happenin Australia, and possibly
the world” he said. (Daily Tel egraph 16 Nov 78)
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