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PREFACE

¢,) .

For many years, physicians, divers, and diving organizations have struggled with the issue of
safety for the asthmatic individual who wishes to participate iridivirig activities requiring the
use of devices supplying compressed gas, Clearly, compressed air diving is not a blatantly
lethal or morbid experience for the individual‘ with asthma. Unfortunately, theoretical
considerations and available, albeit limited, quantitative observations fail to reassure critical
observers that the risks associated with compressed gas diving are similar for both asthmatic
and non-asthmatic individuals. In this ambiguous setting, organizational guidelines, recommen-
dations ofphysicians and compliance with patients have followed diverse, inconsistent pathways
that seem determined, in part, to self-interest rather than safety. i .

Predictably, govemmental-rnilitary organizations, rwishing to minimize; operational and
liability risks, issue conservative regulations, generally excluding asthmatic individuals from
compressed air diving. Diverse non-govemmental gorganizations generally offer more liberal
but discrepant guidelines that reflect the divergent beliefs held by members of various diving
communities. Physicians, faced with a paucity ofscientific data andgconcernsabout their liability
for not opposing an activity that is inherently risky for even the person, may recommend
against diving when the additional risk is minimal; The professional diver, anxious to preserve
his occupational status, more likely than not will conceal fromhis physician diverse symptoms
including manifestations of asthma. Also. the individual seeking to - dive for_ recreational
purposes has a vested interest in avoiding externally. irnposed constrairits, is likely to deny
respiratory illness. The extreme example, observed'during arecreational ismof physician
parents allowing their asthmatic child to scuba dive. A * ~;

Inevitably, this chaotic tableau ofdecision andbehavior has triggered a much-needed
convening ofexperts in diving medicine and physiology. They have critically reviewed both the
pathophysiological bases for concern and availableifdata regarding tlietastlimatigiindividual
participating in compressed gas diving. Distinguished expertishave presented thoughtful cases,
supported by available data, in defense of andin opposition to more permissive guidelines.
Areas ofagreement and disagreement have been delineatied. The presenters and audience have
shared a dialogue that has helped define important questions that require additional iesearch for
resolution. Finally, the panel has considered these proceedings into l2 consensus statements,
providing more coherent and generally more perrnissivefguidelmes for assessing thefitness of
asthmatic individuals to dive. 3- t F ‘I j » 7

This observer was greatly encouraged by méaee and thoughtful exchange of ideas that
characterized this syrnposimn. In addition to the contents of this document, servingias a llS€fi.1i
reference for the diving community, fixture research,‘ stirnulated by this should yield
new information and more definitive guidelines years aheadij '

HERBERT A. SAL'l'ZMAN," M.D.
~P_rofe§s0r:ofMedicine ' f
Duke University_Medical Center
Durham, North Carolina, USA
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Welcome to the "Sunshine State," but I regret Florida itofgive a new rneaning to the
words "Underwater Symposium.“ _ F 1 .;. 1. . V ,1‘ "'_]’ A A ' V" i

Today should be a turning point series of "Fit-to¢Dive" meetings. These have been
running forflsome years as courses, originally forthe benefit of those who certify professional
divers for fitness to dive, but it was (‘obvious atthe first/meeting in Hawaii that the majority of
people attending were more interested inztheirecreational diver. Since then we've been looking
at both aspects in PaYfll1¢l- .}';1 l 1

But what emerged last year, and is summed up in the ‘objectives of this meeting today, is the
realization that doctors are going to zhaveitrouble with the Ameiicans With Disabilities ‘Act (and
similar laws in other countries) unleggwev could justify what we're doing when we make a
p€fSOI1l1I1fl;I“.__‘ I I if if D

OBJECTIVE .

The theme ofthe 1994 FIT TO DIVE meeting in Denverwas la’ review of the Amencaris with
Disabilitiesi'flAct and its medical implications on fit1iess_t_c;A;l_tlive:,S_;e_’yfrLf§ii"'_al prominent attdnieysi told
us that, in making aperson unfit to dive, medical judgement is no longer sufiicient. The law now‘
expects evidence that any specific deficit in an ind_ividual'sl health which disqualifies them
medicallyifromvdiving would, in fact, cornprornise his It was coni:e'dedth“at'this
would befdiflicult and it seems improbable, that tnef courts would demand controlled ti-ials
between, “for example, those who have and those who have‘rio_t;§‘spontarieous pneuriiothorax.
But, as yet} no precedent has been set. , §‘i“*-‘ii’ , Y ‘#3 1" '

The outcome, after much discussion, is that there is a need to develop appropriate consensust -rr,.._

guidelines‘ medical assessment and; where posiSi(t,>,,1@_i,"S;<>ri?rej‘pass/fail standards?” lie ‘A’
It is the objective of this meeting to make progress toward ‘aigconsensus on guidelifies for

divers and their doctors on asthma and fitness to dive.i=.i‘.,;,., Q, “_ I . .

_,.,W _ z _ I‘ w'm“ V .___ lft,r_.l _ .-

\l 1. ‘ , ‘ M ~.
M, fir,‘ ... V. ,1 _.; . _ .

In essence, the purpose of thisrneeting is not only toweducate, but also to try andnachieve
agreement The very least we will do is to identify the areasofdifference where coriseiisiis may
not be achievable, but that too will be very important. z 7-T-jg ~;3 l

The structure is to begin with invited speakers, and then attemoon to plu'sue_one'or two
consensus statements which everybody will be able to debate. 3, V‘\\\_ " A

Undersea and Hyperbaric Medical Society’-_=Fitness to_Divef Asthma ' l



THE COINCIDENCE OF ASTHMA AND MORBIDITY OR MOR-
TALITY IN RECREATIONALWSCUBA ADIVERS INVOLVING
UNITED STATES CITIZENSAND REPORTED TO DIVERS ALERT

NETWORK (DAN).
»~., r

A G. Yancey Mebane

I will present some information that we have at the Divers Alert Network in regard to
decompression illnesses and fatalities related to asthma in some way or other. The mission of
DAN is to assist divers and, in addition, to collectdive injury and fatality data.

First, when we ask individuals whether they have asthma, we have in mind the disease coded
by the Iritemational Coding System as unspecified asthma 493.9. Whether that individual has
the same thing in mind when answering the question is open to doubt. Individuals frequently
are not able to say what asthma is.»The lay person may not understand and may think of a variety
of illnesses as asthma. So we have a problem to begin with. . r

Our » information comes from the completion of a form which generally is done by the
individual, except in the case of a fatality when, obviously, it's done by someone else. So this
is more or less a volunteer effort on the part of the diver, that they will or will not complete this
form. Most chambers throughout the country are provided with this form. Eventually it arrives
at DAN headquarters and is entered into the database. >8 1 --l ~

When these fonns are received, the individuals are contacted, ifpossible by telephone, to
flush out some of the questions that are missed.~Nevertheless the precision is certainly not
100%. Over the years we've received about 4,500 forms of which 3,000 entered the database.
Someal;500 forms have been discarded (about a third) for one reason or another, usually
incompleteness or they weren't decompression sickness.

During this period, 1988-1994, there were 369 cases of arterial gas embolism; 2,720 of
decompression sickness. Ofthis group, 23 individuals who had arterial gas embolism responded
that they also had asthma There were 123 individuals who had decompression sickness and also
responded that they had asthma. So that the total respondents with decompression illness was
l26,as 20 personsehad both gas embolism and decompression sickness. I think the last line is
also 'of"‘sorne interest. Fifly-nine of that 126 had indicated on their form a second medical
problem.“ "~

So now, how do we distinguish what the influence of asthma was as compared to whatever
the ‘other medical illness was, which may have been quite significant. So these are the
individuals who had a decompression illness which they survived, and this group also indicated
that they had somexform of asthma according toitheir interpretation.

Oneicannot look at any ofthese numbers and come up with a.n incidence rate. Incidence rates
are not available in diving injuries, since the basic information is not there. A study was done
by DAN in which 1,000 individuals who were members of DAN were sent a form about

-' -wt :\~' r > - ', ‘.

Undersea and HyperbaricMedical Society—_Fitness to Dive: Asthma 3
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asthma. Of that 1,000, approximately 700 responded, and 50 of them had or did have
at the time. These individuals had done almost 6,000 dives and they did not haveiany problem};
which indicates that there are some 600 “asthmatic”divers out there who have been
who have not had a problem, but it doesn't tell you anything about the incidence ofdiving with
asthma. = i '

The problem of course is that it was just a simple mailing and not a random survey?
Asthmatics may not have answered, and there are untold problems with that of a studyi So
I don't think that helps us very much. >1‘, i

Let's look at fatalities. DAN collects information on diving deaths of U.S. citizens and
fatalities occurring within United States waters. In the last 8 or 9 years, the average fatality
incidents has been about 100 per year. The total has oscillated around the 90-100 mark. During
this period of study there have been approximately 700 or 800 fatalities. During that length of
time, we have three fatalities where there was some indication that asthma was present. And I
thought I would just read these three cases to you and you can make up your own minds as to’
whether asthma had anything to do with the outcome. _i_ -- Q

First was a physician who had had ulcerative colitis, had had a colostomy, and had developed:
asthma after his surgery. He was diving out of the country and was founddead on the surface’
after about l0 minutes ofdive time. He was using oral medications and using an inhaler for his
asthma at the time. Unfortunately the autopsy was done out of the United States and so we do
notvhave a report. This is an instance of an individual who was signed out as drowning by the
local medical authorities also had these other problems. You could postulate that asthma did
have something to do with this, but it's not possible to state conclusively that it did. But you do
have an individual who died who was known to have asthma. I I . I

A similar situation was a female who was a beginning diver and was diving ofishore in the
open ocean on the West Coast, not a significantly deep dive, but probably under some
environmental stress. After a dive at l7 feet for 20 minutes, she retumedto the surface and
indicated to her companion she wasn't feeling well. They started swimming toward shore. She
felt further difliculties and dropped her weight belt. By the time she was assisted to a nearby
breakwater she was cyanotic and was not breathing. The medical examiner decided this was
death due to unknown natural causes. I'm not sure that he knew she had asthma. So you could
postulate that she did have an asthmatic attack and either drowned at the surface, or for whatever.
reason developed a sudden death. The obesity didn't help; she also had nonalcoholic liver

So again, an individual with a history ofasthma who died while diving. And whether
we can say more than that, I'm not sure. . . i

The third case is a male who was making an open water training dive—and this was the fiee
ascent dive or buddy breathing ascent. At the surface he was fotmd unresponsive by the
insuuctor, who rescued the diver and performed CPR. He did have bubbles on autopsy within
the coronary circulation and in the cerebral veins. An epinephrine inhaler was found in his dive
bag. - I I 1

The autopsy showed lefl ventricular hypertrophy, which is considered an absolute
contraindication to diving, and coronary artery disease. Defining the proximate cause is not
possible, and perhaps it was related to all three. ~

i This next study was interesting. This is from a university where the team physicians had 304
varsity athletes. Of that 304, they knew that 8 had asthma, so they did challenge tests on the
remaining 295, just as a study. They were trying to predict exercise-induced asthma in this
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group of athletes: who might have trouble and who didn't.'It was very interesting, out of that
of31huI6lCiSi,‘ii50 responded positively to the methacholine challenge test and of

that 350,,/35 hadfai greater than 20% decrease in I~'EV,. What does that mean to us as far as
examining divers and predicting whether they-will develop either asthma or exercise-induced
=». ~ ~ ~ I<\ I ~_
astl1ma?..r...., ~., ~ I , ~ ” '1 I, , ‘Y ,., . . — » . .._, » -_ ‘,1 M _ V, _ _,__

1

.r»::t*~ ~'-, -.» k\ V 1." J, 3‘ ,- .- _'<~; ,3 ». : ~ ., , -

Dr. Elliott: In introducing the next speaker, let emeiisaygvthat the whole poiritgof Dr.
Mark Harries to talk to us is because many, ofus havevery definite opinions on'tl1e relationslnp
between asthma and fitness to dive. So it is irnportant_for us to have somebodyjtcfreview the
subject who has no preconceived ideas about divirigfarid yet is familiar with waterisportsi Mark
is eniinerit the ‘World SurfLifesavers Association; editor of the Oxford Textbook ofSports
Meoliqiiiefiiniwhichi he wrote the chapter on asthma; clinical director of medicine in a large
postgraduate hospital, and medical director of the British Olympic Medical Center._h_ X, . A,
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Mark Harries '

it

Introduction“? __§ ,1 ,_ _ A i _ _
It has been agreed that gas can readily escape from the bronchial tree despite the increased

intra-luminal seeretions or airways narrowing encountered in theasthrnatic diver, and so gas
trapping should not prove aproblemi(l). But bronchial constriction induced by inhaling cold,
dry gas or by eiiercise can be seveiievenoiigh to pose a significant risk due to a reduction in
exercise tolerance. Effective treatme_nt_ means a return to normal lung function and a retum to
diving. It is the iesponsibility of the diving physician to recognize asthma, assess its severity,
and to provide etfective treatment. i W ii it. . . if .» . ; IQ.

. J“ n_‘_..H‘ _,‘ H _ . U W M ’. , e >_ M i

Physiologic Eonsiderations , - -ii ~ K‘ ‘V I f
The nonngilii iiiay beregarded asamernbrane-one cell thick (the alveolar capillary

membrane) on one side and alveolar air on the other. r The membraneicovers a surface
area 'rouglily__tliie'_siz'e,of a tennis court and offers no barrier to gas diffusion’. CO, and oxygen
pass a¢£o§sPfi¢e1y“qqym"a concentration gradient. At rest, alveolar ventilation (Va)'is perfectly
matchediwitli perfusion (Q), ensuringthat airand blood are alwaysion opposite sides of the
membrariaiatsvarne time. Oxygen. is only soluble plasrna, but oxygen transport
is transfoirned by the presence of lienioglobin, each gram ofwhich takes up‘to'l.36 ml of
oxygen. The ”_reai:t_ioiiAtal<es a fiaction of_a second and erythrocytes become fully saturated first
pass through mt; and this remains ti'iiei(tl1ougli notmquite) almost to the limits ofphysical
capability..Anyi fall in hemoglobin percentage saturation therefore_indicates\_a mismatch of
perfusion with ventilation (Va/Q defect, or a shunt), i . is L. _ i_f3»,' V

--1 -~ 3* lf'~-" " ' ' .' ‘IL_'-wt; ‘ _\ _. ;r._,...?

Importance of high minute ventilation for working divers -I -- A “
Energy for physical activity derives from a cycle of chemical reactions in which glucose "and

free fatty acids are burned, liberating carbon dioxide. There oxygen-dependent reactions.
Higher demands . can be met, but only over very short,’ by metabolizing glucose

sodium lactate the product. Unlike , lactate is non-diffusible and begins
to accuriiulatein plasma at levels beyond 4 rnmol - literff inhibiting further physical activity.

The rate at which oxygen is consumed therefore provides an indication of vvpijkiratie. The
level at which work can be sustained is bounded by the point at which lactate begins to
accumulate. To increase work rate (oxygen consumption), both cardiac output and lung output
(minute ventilation) must also increase until this threshold is reached. Minute ventilation and
oxygen consumption have a linear relationship, the higher the oxygen consumption‘, the higher
also must be the minute ventilation (Fig. l). . if ” e

Do the lungs limit aerobic power? i I
Minute volume is the product of breath volume and the respiratory rate and limited

absolutely to the resistance to air flow imparted by the convulsions of the respiratory tract.‘
These flow limits are demarcated by the maximal eflbrt flow volume curve. Air flow rate at the
mouth falls form peak expiratory flow (PEF) at total lung capacity (TLC) at the beginning of

Undersea and_Hyperbaric Medical Society—Fitness to Dive: Asthme __ 7
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Maximum ventilation vs maximum oxygen I i » -
consumption ._~ ,1 i .
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Fig.7 l—I-I-lighminute ventilation isineeded toachieve high oxygen consumption.‘ Minute ventilation is
measured during sustained maximal exercise testing in a sample of Olympic competitors ranging from
equestrians to rowers U _ i _ ' - ' II

vs.» tri cm; ' I I L ' ' "I ' " I I "
expiration, to reach zero at residual volume (RV), at the end of expiration. The mean is best
defined as the flow rate reachedat mid-expiration, in other words, at 50% of vital capacity
(MEF50% liter -min") during a forced expiratory maneuver (2). I

Average breath frequency measured in elite male athletes exercising close to their maximum
sustainable ventilatoiy capacity (MSCV) is in the range of60 and 80 breaths a minute with the
mean around 70, or roughly one breach per second (Fig. 2). This falls well short of the maxi?“
irnum that is achievable (maximum minute ventilation, MVV) which lies in the range 100-120.’
breaths per minute. Average breath volume at MSVC is only around half of the volume that can
be forcibly expired in l second (FEV,) and about 40% of vital capacity (Fig: 3).
,, So during exercise there is the capability to increase both respiratory rate and breath volume
to reach the boundaries of the flow loop at MVV. Indeed, minute ventilation can be raised still
fiirther by breathing a mix ir1 which helium replaces nitrogen, indicating that the limiting factor
is the resistance to passage of gases in the airways rather than a mechanical failure of the
muscles ofthe chest wall (3). These considerations have led to the assumption that factors other
than pulmonary f mechanics limit tissueI oxygen delivery, and these include hemoglobin
concentration andlcardiac output. Ifnormal; thexlungs should_ofl"er no limitation at all to aerobic
capacity. But there are ainumber of conditions in which structure and function of the lung are
far from normal and which undoubtedly do limit aerobic capacity, and asthma is one such.

‘rt tit»-*1 i...i. I I

How airways obstruction (asthma) limits ventilation (aerobic power)
During inspiration, the bronchioles lengthen and widen, retuming to their original dimensions

by elastic recoil in expiration. During light-to-moderate exercise, inspiration and expiration are
equal in length, but as the level of exercise increases, expiration occupies a greater proportion
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Fig. 2-—Breath frequency is shown on a scatter plot recorded during sustained maxinial exercise tests
performed on a large number of elite sportsmen and women. Mean breath rate._for,_r“nale,Olympic
competitors exercising at their sustainable maximum is around one breath per second. .. . . I. Z . _, l
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ofthe respiratory cycle and becomes a more active process. Any obstruction ofthe airways not
only prolongs the expiratory phase but also demands a greater expiratory effort, result
that intrathoracic pressure rises. Respiratory bronchioles that are unsupported cartilage then
tend to collapse, causing a fall in rnid-expiratory flow (MEFSO) and producing a highly
characteristic scalloping of the expiratory flow loop (4).

Asthma is an important condition to recognize in any person wishing to dive, because the
airways narrowing can be triggered by exercise or by breathing cold or dry air, any ofwhich
the diver is especially likely to encounter. Indeed, ea single exercise test rnay, be enough to
precipitate incapacitating airways obstruction (Fig. 4). By definition, isua condition in
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which obstruction to the airways is variable, and so simple spirometric measurements alonecmay
reveal no abnormality. For this reason a bronchial provocation test is desirable if the subject at
risk is to be identified. Biith histamine and methacholine inhalation have been iised; any
exercise test is the more pragmatic and, what is more, can be conducted with complete safety,
without the necessary laboratory support required for inhalation tests. i ii I "

>
~eQ ,..~_ W g

Relationship between FEV1 and Breath Yolume at Maximal Aerobic Exercise.tl X:
, ; _ _ \

Ratio of Breath
Volume lo FEVI -I.'}I FEV1(I)- Breath Volume (1)

I . r ~ ,, _. , 1’ (. ...- . \_, . _ . \
Elite MaleRowers (n=8) < , \, _ I .

Mean I ~s.s2‘ I 2.99 I. ~' 51.93 I
Confidence Level (95%): 0.45 0.17 4.55

Elite Male _l‘\/[iddle Diitance Buiiners (n=l0) w i

Mean ,,I,, . -I, 4.91 , -2.93 60.92 1
ConfidenccLevel(95%)‘-I 0.43"?‘ 0.14 6.84 2'

,.
FIG. 3-‘-Average breathivolumei measured,’ ivviorldlclassmale athletes exercising at their sustainable
maximum shows that only around 50% ofFEV, accessed each breath. Ifmean breath rate is 60 (Fig. 2)
minute veltilation (MV)i_can estimated: lie/1‘_'\/jfll/2cFl=i‘\_/,, >< 60. A V ‘_ _c

. _ ‘1‘i~1“.ll‘“!’i'_,v‘ ‘ 1 _ ‘-‘~‘;"ilXi WI _, ,I _i ,_ I VI \~»I»I- .< ii H

I ~ "I t’-Exercise-Inducedasthma I I .<‘t
‘ I I > i - I . . »

'- I~I:': Y - . ' I...
II : 91 ‘- .." ' "‘I I

. 10 . Pre-ieitercise FEV, _;4.‘03L_~:;.;i:‘§{; A
. 9 1,. evfpstfexercise FE)/,.0.j76;L

Fon,(iL/sec

NT" J;';_ e
»

FIG. 4—An example of very isevereiéxercise-induced asthina_‘Pre-exercise FEV,’ measured over 4 liter
falling to less than 1 liter 5 minutes after exercise. Note also the dramatic fall in vital capacity from 5 to less
than 1 liter. Bronchial constriction was so marked that the subject was unable to speak and would have
been severely compromised had this occurred at depth.
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Fall in mid-expiratory flow is always greater than tall in peal<’flow.-
Fig.‘ 5—Fall in mid-exiairatory flow“ is ii more"seii'sitive' indicator of exercise asthma (and therefore of
underlying asthma) than fall in peak flow ofFEV,Z In the eirample shown, post-exercisefall in peak flow
is not greater enough for a diagnosis ofexercise asthma to be reached (fall in peak flow "rnust be more than
20%), but mid-expiratory flow (MEF) falls by 44%, clearly an abnormal test indicating exercise-induced
asthma. v

j-' " ‘ __ _ , /= ',
"1’ - "'flil;}(['L_\. _ Y~'_'>‘\-\>;~?. __ _ g» ;:;..l.-_.~-. . ~
Identifying the asthmatic diyerfyith an exercise test _
flit; All asthmatics whee>_z:e>v1'on‘_exerciVse and anLke>§ercihse test does no moreithani reveal an
underlying bronchial (5)l§l,\llfl1ileltl1ere“is no standard test protocol, certain
ingredients are irn'p£ortaritilRumnngl in the oiien air is a more potent stimulus tolbroinchial
constriction than egrercismg on a treadmill or bicycle ergometer. The reasons for this “are”
complex and are ‘related in part to climatic conditions. Cold, dry air causes more bronchial
constriction than warm, moist air. The exercise must be vigorous, suficient toiraise the heart
gateio around _80%,ofthe“rnaximurnthat can be achieved (220 minus age in years).liT_he duration
of the test is also important. It should last at least 3 minutes, but need not tal<e_‘more than 5
minutes to cornplete; y E ‘ ‘ t ‘-

1}/Iost test protocolsiucorniaare either peak flow (PEF) or FEV, before and about 5 ininutes latter
eiclercise. A fall in either \\/311.16 of more than 20% is said to be diagnostic. But a riinch more
sensitive isia corriparison ofthe fall in mid-expiratory flow (MEF50%). In the example
;n'_o{~n (Fig. 5), fallin peak flow reached 8%, a negative test, and fall in mid-expiratory flow
was 44%, so clearlyythis was an asthmatic subject.

Treatment of exercise-induced asthma _
Bad exercise-induced symptoms imply poor asthma control. Treannent is the same as that

given to any asthmatic, using inhaled corticosteroid as the mainstay. The modern dry powder
breath-actuatedn\deli\(ery" systems (Fluticasone Accuhaler, Beclomethasone*Diskhaler, and



W! ;_

., ' .T"'.~
l2 UNDERSEA AND HYPERBARIC MEDICAL SOCIETY

1 1 f~".§¥:‘.';'~y.. -. .
Budesonide Turbohaler) are superior to metered dose inhalers, with the added advantage that
protection is provided with twice-daily medication, once in the moming and oncein theievening.
Ifdoses in excess of2,000 pg daily fail to suppress symptoms, systemic medication should be
considered [5-agonists, Cromolyn and theophylins provide only short-terrri symptom relief and
are best used as adjuncts to inhaled steroid therapy (6). 0 _ 3 1 ' r Plait 7

Conclusions . * J .
- Asthrnatics who dive are at risk from exercise limitation, not peripheral gas trapping.
- Well-controlled asthmatics face no problems, but an exercise test required to gauge

asthma severity. ~~ A _ A
' Fall in mid-expiratory flow (MEF50%) post-exercise is a more sensitive indicator of

asthma than fall in either PEF or FEVL ‘A Y 1, r 7
~ Subjects with a post-exercise fall in MEF of more than 50% are at'risk.'
~ Exercise asthma is best controlled with inhaled corticosteroid taken twicedaily.

r-. '
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nrscussrou »
Dr. Faesecke: Having shown the role oftemperature, could you say something about the role

of humidity, because the diver, for obvious reasons, breathes a_ totally dry air?_‘ ii;
Dr. Harries: Many publications by Regis McFadden and others show the influence of

the air on bronchial hyperactivity, interpreted as change in histamine sensitivity, but we don't
have the data here. Z ' ' it , Q; L .

Unidentified Speaker: It is not reasonable for all athletes to have pulmonary function tests,
so are there clues in the examination that would help you to decide whether an individual has
any problems with airway reactivity? l ’ j" " T /;

Dr. Harries: The answer to that is no. There's no way of guessing it.“,You must do an
exercise test in my view, and flow loop spirometry is so simple that at a cost of a few hundred
dollars it should be in every physicia.n's ofiice. . ' I 1 . A A

Unidentified Speaker: Is there any value in, for examples, listenirig during a forced
expiration? ,,,..,.§.,_,,,

Dr. Harries: Yes, ifyou listen over the trachea during forced expiration, whether air flow
obstruction is due to asthma or to chronic bronchitis and emphysema, will have a prolonged
expiratory phase and will make a noise in expiration. It is a beautiful ‘clinical rule: don't listen
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over the lung for asthma, listen over the trachea.
Dr. Saltzman: I'd like to expand on this elegant presentation withfa few.points that I think

are germane. First, patients with impaired pulmonary functionoflen can perforni_surpnsingly
Swell and I'm not convinced that one can use parameters mid-flowreliably to predict the
outcome of a particular impairment. The other point is that; for asthmatics'in'general, the risk
of hypoxemia is a consequence of failure to exhale ensuing hypercapnia and,
ultimately, anesthetic depression of respiration. I perhapslione needsto focus on that point
in considering limitations for diving. y I , , ..l].I_..“f "'i'37i4‘?3‘11.1‘-it V

Dr. Harries: Well, taking your second point, airiflowobstriiction hasito be very severe
indeed to witness any change in the PCO,. As you know,_the early stages of an asthma
attack, Pcoz falls, then rises to normal. It's only when there is airvfayiplugging and alveolar
hypoventilation that the Pcoz begins to rise. So i_t‘s a sigiiiof aipatient who is in extremis and,
in many cases, an indication for mechanical ventilation.“.._l --:> = - W‘? I

Concerning your point about the collapse ofairways expiratoryflowiitlis very important
for the primary physician to witness the performance of forcedexpiretion test, because it
may tell you straight away that the patient is cookingthe ’re_s_ult._It's very easy to see someone
who is not doing it properly. It is vital that you do not ae1y'6n'yoa'r to do this. Ifyou
want to make an accurate diagnosis, you do it yourself. _ 3:‘1 ,

In myexperience, thoselwhol are trying to say that they've got a condition which they haven't
are not able to produce airways collapse in expiration.*_It is something that eannot be faked, and
it's highly reproducible and in my experience, highly reliable. i

.» Dr. Kelleher: We screen a number ofdivers and submariners with pulmonary function tests
“(PFT) kind a number have low ratios. Please the patteiii of a ‘large lung volume and
jwhat then aflflow volume loop? l , _ _ _l be . .
1:. Do you see a peaking irfscaphoid expiratorye-; M * ~ W " _'i I 3 ‘_ _- . .

Dr. Harries: No, we see the very best athletes in the world the very biggest lungs and
if they're normal, they have a normal expiratory l0Op_= so yiouldon't in normal lungs,
howevell pig they are‘ I :1; ‘ :1 “ l‘ . .T"’“’“_f'_f...1 i I " T qDr. Torre: I have la ooinineni snora" question. First as quick lIllZIiO‘('.ll:l(2_llOIl.l I'm on the National
Faculty of the National Asthma Education Program coordinated byitlief, National Institutes of
Health. The National Faculty consists of asthma experts who give asthma maiiagement lectures
around the United States to primary physicians. . ..-,A e e it - l_~ ~ . .
. You can't always tell if someone is having an asthma episode clinicallyby listening, because
the peak flow rate or FEV, usually has to be below 70-80% ofexpected value to hear wheezing
and, as you said, manysevere asthmatics present with coughing not___wheezing. The history
actually? ofiers the best clues for picking up asthma. Symptoms_‘lil<e“leoughing, wheezing, or
shortness ofbreath with exposure to allergens, irritants, cold air, exercise, _or for more than 10
days following an upper h respiratory infection all increase the 1 likelihood of asthma. Past
diagnosis like asthmatic bronchitis, reactive airway disease, and recurrent bronchitis (except
perhaps in _a smoker) are all likely to reflect asthma. If one were to thesetypes of clues
in the history, many morepeople may be diagnosed as having asthrnal with the appropriate
pulmonary function testing. Animportant point is that people with may present without
a liistoryaofwheezing, but stillineed to be diagnosed to receive proper treatment, and ofcourse
this maybe even more important for the diver, to lowerthe ofpossibleiconsequences.

Dr. Harries: Can I itirstwof all concur with everything yousaid and say that itaccords exactly



14 UNDERSEA AND HYPERBARIC MEDICAL socnzry
I

with what an earlier questioner said, and that is that the severe may not necessarily
have a wheeze. The young rnan who had the; severe e;<ercisei'_asthii1a’:tliati/I've seen in years,
presented with no story that might have “suiggested he was bad,""s_ave' the fact that he was waking
in the middle of the night unablemtdisleepJ"li,l‘1I_ 1;. ~» , = . ;~; ;jf“*‘?~: '1 g I

Dr. Torre: But one ofthe ofasthma according to: the Guidelines is frequent
nocturnal symptoms. Just a quick fexampleof another person csigniiicantlsymptomsbut no
wheezing: I've done a numbertofiyseminars with an;Oly‘mpic G_ol_d Medal "asthma"
swimmer in whom the hfastlirna was missed until on-deck ‘physician suspected the
diagnosis while hearing her cough herattempt to win h‘e_r"r<sft1rth"go1d medal. Despite
the fact that she had been seen by numerous“physicians as of theQlynipics; that her father
was a physician and gave allergy shotsto herlbrother asthrxia (and 'r_nany' other patients as
well); that she occasionally ‘sio_s_hort_ofl>ireatl1"atter exerciseishe literally passed out; that
she routinely had severe coughing e;<ercise—'_—;the diagnosis of never been made
because wheezing was notpartiof complex§_Agai_ri,' (wasthe primary
symptorn,and while physicians may no_t_h_ave beenawarec of it the l980s, it is very important
to recognize cough variarltrasthrnailnow the_.l990s. I seea sigiiifica/nt_ number of divers
coughing after dives with at typicah cotigh, whh don't have asthma. The
problem is that untreated theyistillhave all the theoretical i"isk§ bf those diagnosed as having
asthma, without the advantage of Lappropijate inedicationi .. nofinaliiea their pulmonary
functions. i I ‘ii e- s he ,. ' . , };,,, -1i»_;‘.'..'::» <1‘-

THE question—the one BIG, question: Frorniyour data, u1a¢‘y¢i;'i>_¢ saying that ifyou
can normalize an asthmatic's puhndnary function te/ists, includii1g' poéi-eiegéiée, your feeling is
that he should really be relatively safe? I ‘Y.’ ""“;_? 1* 'L,;.;§ , 1,

...-3.,” . » . y W . I4!‘ Jake t .1.
Dr. Harries: Completely.‘ I " * » 1 . if; I. {.., ii
Dr. Torre: Okay, I concurTvvitli:_tl'1at. " 'i “ii:
Unidentified Speaker: are yoiugsuggesting to me, as _a_ person who screens a lot ofdivers

initially and continues to screen them throughout their career, thaitwlhcan have a person who is
going to suddenly develop asthma?-Or are you saying that ifl screen them at one point and
they're okay, I can forget asthma in the future? _ A , [1 i-

Dr. Harries: I'm sure thereare“ many who have had the ¢>&peri¢;'r¢¢_f<sr a perfectly normal
subject who," out of the blue, gets ari upper respiratory viraliespiratory infection, followed by
the most severe asthma which neverpclears. You can test them when they're perfectly normal and
you see nothing, and 6 months later they get a viral infection whit_:h renders asthmatic and
converts them into persistent bronchial hyperactivity. All you izaii doiisito ieehtify that at the time
that you tested your patient, they did not haveiair flow obstruction which was severe enough to
preclude them from diving. It doesn't tell you that they're never‘: going to get asthma. I ‘

Unidentified Speaker: So,» if I have a person who understaiids thathe is probably going to
lose his livelihood ifhe admits to these symptoms, essentially 1'w¢’q1d have tndo the provocative
testing every year in order to say that at this point in time this person does not--- 3 t

Dr. Harries: No, I don't think so.‘ You need to doit once aiidyou certifyithat at the time you
did that test it was normal; V‘ * “ ” ' "ii-T.‘ ‘ 1

Dr. Elliott: Thank you In fact, you've anticipated the commentithat I was going to make, and
that is the Idiflerence between the average hospital patient,‘,who wants the best possible
diagnosis, and on occasion a professional diver who wants to avoid losing his job.

Dr. Harries: I couldn't agree‘ more. It 's very difficult tofanswertliat question without
_ _‘
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appearing to toour) subjects. It's essential that the physician monitors and
observes the test It takes ‘a lot of experience,“ and you shouldn't leave it to the practice nurse or
totthe technician. I " " - ‘ _ i I l *' “ ~ 4» 3 , ._~._

Der. Torre: A "plug". for having a consensus: "One of the problems we face in New "Jersey
(where there are manytasthmatics, many divers, and many asthmatics who dive) is that many

or potential diverai lie about having asthma in order to be "allowed" to dive. When this
it is unlikely that the person I, will receive appropriate treatment; the dive shop or

instructor will not mal<e'aphysicia1i'refenal and the usual treating physician is not likely to have
instructions related to andidiving. If in fact we develop a consensus, the diver will

behiable to admit to and therefore getthe appropriate physician referral. With
published guidelines (both the fitness to dive consensus we are trying to develop today, as well

llijenln asthma dialgnosisdand management guidelines already available), thephysician will
be better able tot, evaluate thepatient‘s ability to dive and develop at management "plan ‘I to
optimize both asthniaioontriolfand diving safety. Ifone lies about asthma, thechances of gettirlg
appropriate management are nil and the risks are,-in fact, much greater. . J ‘Z3? "*1

._ Harries: have kindly _sumrnarizedex_actly what I'vetried to say inftlléilast 45
151iIi*%¥¢$. That is: méifi reason whll iasthrnali¢?S [should not dive. 7 ~“;iDI;TS_anCheZ2 Whatipericentage _er'FEv, would yoii accept for asthmatics as be ableitodive?
Ifyoi_l'_tbring them" backitotnonnal, what percentage? '1 _ _ j 7"’ . _ ’

That this aftemoon. The literature says that exercise-induced
==S$h.'fi?.ai is diasrlosed .wh?n'=;FE.Vl 'fa.11si'by.20%i ._.$9ni¢' people Say 15%,'l°t11¢r.S.-say <>th¢.r
percentages. I suggest that you the line at a fall in mid-expiratory flow at greatei" than 20%
belowtthe predicted. D i l l i l i i i
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P. J. Benton, J. D. Woodfine, and T. J. R. Francisfefl.

The training facility ;;,@ i ~ ‘ _ I i A i Q
The Submarine Escape Training Tank (SETT) at nms Dolphin was opened in 1954 as the

center for Royal Navy submarine escape training." During its 39 years ofoperation (it was closed
for an extensive refit in 1974) allIRIoyal Navy submariners have lmdergone escape training at
thisfaci1ity.__ _ I , I A‘ I , . ,. I “

"nie SETT is aeylindlical tank, so meters deep and 5.4 meters in diaineter, filled with warm,
fresh water; into the water may bemade from the surface, at various depths through a
system of locks, or from a diving bell. The airilocks at 9, 18, and 30 meters are designed to
simulate submarine compartmentsflwhile the air lock at 28 meters is a one-‘moan escape tower
similar toithat found in most classes ofRoyal Navyisubmarines. “t I t_..Tj _ .

-"1 n , --ti" "- .
The training schedules ' ' ' L“

A The Submarine Escape Training lfleview Committee (SETRC) was established following the
deathof undergoing escapetraining over the i_970_—l 974. It was
tasked witlirre\}iewing submarine escape training in the Royal Navy. In its report (l ), a number
of recoinmendations were made, among which was that there be a requirement for accurate
“statistical data 'tbbe recorded on all ascents and incidents. Before l 974, detailed data were not

between 1954 {and 1965 no distinction was made between buoyant ascents and
those madelas part of other “in-water” training. The 1974 SETRC reportialso concluded that
the 100-foo1t_i(30 buoyant ascent was no longer essential and that, since it accounted for no
less tlian"40‘Vn of all the incidents inthe tank, it should be removed fromthe training schedule.
From 1975;}; 1994, die training schedule has been as follows: ‘ ‘ ‘ ‘ ' l '
Initial trainees: '* * »

(a) Twit; ascents from the 9-meter lock?“
(b) One buoyant ascent from the 18-meter lock.

, (c) One unpressurized the 30-meter lock.
_ (d) O_ne*28_-_1neter hoodediasceiltlfiom the SET.

Requalifiers: - '4" i " ~

(a) Onebuoyarlt ascent from the 9-meter lock.
(b) oneAtinpressurized “dry” run irl the 30-meter lock.
(c) One 28-meter hooded ascent from the SET.__ ,1,‘ W i, _ . _,. _7.. .. . .

.~ -‘.1’ ~‘i,.\3~=.~ ‘ i J '4-u -

- -;..l>.~;l,‘:l ~ I . ..i.-»_»
Undersea anti flmerbricMedicztl Society;/-Fimesseto Dive: Asthma X 17
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All submariners are required to undergo initial submarine escape training, requalify 3 years
later, and thereafler every 4'/2 years, Alter the age of 3§, sgrbmanners may choose to requalify
“d1y’’ (unpressurized),asrnaywho are assessed as medically unfit for “wet”
pressurized SET "*»:.*‘-11 H V‘ ~‘ . .‘ .1._'., 5 g 4 r.‘..= ' 1, E. 1. t V I

Lung function testing i .
Another recommendation of the SETRC Report was that all trainees should have routine

spirometly performed before undertaking SETT. The objective of this was to identify and
exclude trainees with any evidence of obstructive airways disease, as this was thought to be
potentially a predisposing factor for PBT. ’ ‘S ' ‘

<* 1 = .. ’ . r .-V» 4'_'.=1 M) 3.. ,,,- <2 . .. _. _.

Classification of SETI‘ incidents ,1. .i~_;;.: .-7; -. ~. ., .. _ _ "
A SETT incident report is raised in all cases where the"Ofiicer in Charge of the SETT

considers that a significant event has occurred. Unfortunately, the definition of a significant
event is unclear. Extremeillustrations ofthisare thelack of incident reports following the
therapeutic recompression of two trainees in the <1 950s and the occasional recompression of
trainees for no apparent reason. lrl generahincident reports are raised on all cases where
recompression therapy was initiated as well as cases where there was evidence ofdiving-related
diseases which did not require recompressionq. gt .¢ ¢ . 11

In previous reviews of SETT accidents (I-5), incidents that resulted in diagnoses ofAGE or
PBT, according to the Pearson Criteria (2), have been labeled astc‘~‘accidents.” However, the
validity of the Pearson‘Crit_eria,"in'light of current thinking,_is open to “question. While the
presence of radiographic or clinical evidence of e_xtra¢alveolar_ gas are specific to PBT, the
presence of frothy, blood-stained sputum, although a sign ofPBT,‘ can also occur in cases of
near-drowning, acute congestive cardiac failure, and a number ofother less cormnon medical
conditions. Furthermore, it isreadily confused with the blood-stained saliva or sputum which
commonly occurs following sinus barotraurna or simply from accidental biting of the tongue or
cheek The potential for misdiagnosis can be illustrated by an incident in which the decision to
recompress the subject appears to have been based primarily on the presence ofblood in the
man’s mouth, whichlwas subsequently found to have arisen fi'om an epistaxis.

The criteria for the diagnosis of AGE may also be criticized for lacking specificity, as it is
now recognized that it may beundistinguishable, clinically, from decompression sickness.
rapid onset of neurological and/or‘ is not exclusive to AGE and may occur
cases where dissolved gas is an equally likely pathogenetic mechanism (6). Thus, use of
an arbitrary latent interval does not necessarily promote accurate diagnosis. ’f‘_:

In previous reviews of ‘SETT accidents; dissolvediinertgas as asignificant factor irl the
development ofdisease has not been considered as it beenassumed that the pressure/tirne
exposures in the SETT I are such that the inert gas burden, and hence riskiof decompression
sickness, is so small as to be insignificant. As part of this study, this assumption has been
reviewed. An estimate of the igasburdeniofa tissue (Q) can be made by use of the equation (7)§

where P is the absolute'ipressureiarld,t spent at pressi1re.'_;;The time spent under
pressure in the 9- and 18-meter locks," and the 30-meter submarine section, before a trainee
makes his ascent, will depend on the number of traineesjaheadtof but is unlikely to be
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greater than I0 minutes. The 28-meter SETT ascent takes approximately? l Tminute fiorn the start
of compression to reaching the surface. ‘There may be occasions when, due todifliculty in
equalizing middle ear pressure during descent, trainees will spend longefperiods but, even in
these cases, Table 1 reveals that their gasbbiuden will “be considerably less than that of the diver
who carries out a maximum no-stop dive permitted for that depth by current Royal Navy
decompression tables (8). A " I f ' b I 71:-;:».'fjZ" ' . ‘ '3 ii " -

Given the negligible gas burden imposd bynthei SETT ascent, the past practice ofascribing
overt, short-latency, neurological manifestations to PBT arterial gas embolism isconsidered
reasonable. However, the inert gasiburden following the 18- and 3Q3fneter ascents, although
small, is not negligible and the same assumptionvcannot be made with confidence. -

The difficulty 'in"attempting to ascribe an origin for the disease-provoking gas can be
illustrated by an incident whichiinvolved an instructor who had been assisting a group of
trainees make 30-meter buoyant ascents. On completion, he made a slow,’ fiee ascent to the
surface. Within l minute ofreaching the surface, he reported a progressive weakness ofhis left
arm which rapidly resolved on recompression. In all previous reviews of SETT incidents (1-5)
this incident has been categorized as having been caused by AGE ori the basis of they rapid onset
of symptoms,‘ despite there having been no clinical signs or investigations compatible with a
diagnosis ofPBT. Evaluation of the dive profilereveals that this individual had accumulated a
substantial inert gas burden (maximum depth of 30.6 meters for a total bottom time of about 20
minutes, Q 5 18.2) and the possibility that his signs and symptoms were the result of dissolved
gas cannot be ignored. Consequently; in this study a descriptive approach to the diagnosis of .
past SETT accidents was adopted. i ., -" '7 ‘

However, this approach was complicated by the tre'atn1entpolicy'wl1ich»was in force over the
period; namely, ifif in doubt, trc‘-ziatf’ Although the rapid recompression of an individual with
confirmed DCI is the treatment of choice, recompression is not without tothe patient and
attendant. ln_'_many of the incidents the decision to fpot’. the trainee was made on the evidence
ofminimal symptoms and withoutianyiiieurologicial examination being performed, In the very
brieftime availablejilfor assessment, neurological DCI could be confused with, for example, the
headache ofsinus barotramna, middle, or inner ear barotrauma, altemobaric vertigo, or syncope
ofany origin.'1.'l"he inforinationiwhich is tlierefore availablemadéaccurate, retrospective
diagnosis aiirié£i1i;"“" ' ” ‘ 2 " ' .. _ , .

on )'_i_‘I’.A‘§p‘>Tabl\e 1: Values bf Q for SETTYAscentsandNo-‘stoop i if ,
: ’ Dives (RN Table 11) to Equivalent 1\)¢pih§k#

Timein_Lock, E Value ofQ No-stomp rim¢,”""" "‘vam= ofQ_for
Depth,m l min - for Sett mm‘ '»-W_:~" ' No-stop Dive

. , \'i_\,'. _, v

9 10 6.00 — if ' —

18 l0 8.85 60 <'= ‘ 21.69

r.
30 by 10 12.65 20" 17.s9

0 ‘s;Iv

28 SETT i l

28 SETT . 4

3.80

7.60

20

20

. _ \_. t
16.99

-i_,,.~>.\__ '4 1,, .;'

16.99
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In an earlier study (9), Brooks and Pethybridge analyzed the spirometry results of all SETT
trainees since 1975. Somewhat surprisingly, they reported an association between PBT and low
FVC rather than spirometric indices ofobstructive airways disease. However, the diagnosis of
PBT in the study was made by application ofthe Pearson Criteria (2). The aim of this study was
to determine whether the association holds true when the diagnosis of PBT was made using
more objective criteria.

Methods
All of the SETT incidents which occurred since the implementation of the SETRC Report

were analyzed and divided into five groups on the basis of the probability of PBT being the
causative mechanism, the five categories being defined as follows:

Group 1: Cases were there was clinical and/or x-ray confirmation ofpulmonary barotrauma
Group 2: Cases were there was an insignificant inert gas burden and positive diagnosis

ofneurological DCI of short latency (less than 10 minutes) had been made.
Group 3: Cases where, although AGE following pulmonary barotrauma cannot be

excluded, there was a significant inert gas burden and/or uncertainty as to the
diagnosis ofneurological DCI.

Group 4: Cases where there was a significant gas burden and long latency (range 90 to
210 minutes) before the onset of symptoms.

Group 5: Cases where puhnonary barotrauma can be excluded. This includes cases of
ENT and dental barotrauma, and cases where there was no obvious reason for -
recompression.

For each case, the Standard Residual (SR) for the FEV,, FVC, and FEV,:FVC ratio was
calculated as follows:

SR : Observed—Predicted
1 Standard Deviation of Predicted

The predicted values used being derived from the Brooks and Pethybridge study ofspirometric
values in normal submariners (3).

Results
The number ofeach type ofascent made during the period 1975-1993 is shown in Table 2.
Between 1975 and 1993 there were 44 incidents involving initial trainees and 8 involving

requalifiers. The incident rates being 0.61/1 ,000 ascents for initial trainees and O.l8/1,000
ascents for requalifiers. The incident rate for initial trainees and requalifiers combined being
0.48/1 ,OO0 ascents. Trainee incidents which followed pressure exposures other than standard
ascents are not included in these figures.

In Table 3 the 50 cases are listed by group with the Standard Residual (SR) ofFEV,, FVC,
and FEV, :FVC ratio.

Cumulative distribution of SR ofFVC for the groups defmed above is plotted in Fig. l.
This reveals that the SR ofFVC for each of the five cases allocated to group l and the three
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cases allocated to group 2 has a negativeivalue. Since the FVC of submariners is normally
distributed (9), then the probability that aiirandom sample of five (group 1) should all have
negative values is less than 3% (P < 0.03).'If groups 1 and 2_oare combined (as it is difiicult to
conceive a mechanism ofcausation other than arterial gas ‘embolism following subclinical PBT
in the cases allocated to group 2), the probability that a random sample ofeight trainees should
all have negative values of standardized residual ofFVCiis less than 0.4% (P < 0.004) and as
such must be considered to be statistically significant. Examination of the standardized residuals
ofFEV, and FEV,:FVC revealed nocorrelation between their values and the incidence ofPBT.

' .1 1 ‘Q11 -4. - 'W.‘ 1 , V 4.
Table 2: Number of Ascehts made byiTrainees' I _, ii 2 ' i»

from 1975-1993 ‘» 1 1 if
1 /

.. Initial _ :.~._ .1
Depth Trainees ,_Requal1fiersd_J Total C

9m -36,388 _ 16,364 W ~ 752,752
Y .- 1:. =

18m 17,8771 ' -" ; 17,8715?
I ;-~~~;. .

SETT ‘$17,642’ ‘ ‘.-916,226 , _, 33,868 _
Total '7l,907 32,590 . 104.497 it

X“. I __ ... \_ __ _.. an
‘. , V1. .;- K ,, ,L_ V . 1.».

__‘i ) i.
Table 3: Standardized Residual of FEV,_,iFVC, and FEV EEVC

Ratio by Diagnostic Group for Incidents_l_975+'~19‘93

Group 1 .2 -'i “Y”. ‘ ii mi
= -. p F1.»

'- . .11.
.1 . i_,_ =1,-. M1. _ . ‘M. . _1\

Incident " sra . skf‘,_ ‘:~i‘. ‘I d
Number M FEV] “=FVC FE‘/‘ZFVCDepth
134 srzrr

'a»i1.

142 18 I
145 18
167 9 -
187 18

170.41
it .92
0.54

~1.29
_0.65

.-0.61 0.'2§‘-_
ilrir ii -

-2.'01~ ‘i -0.09"?
10.40 1.38

2151.. ,5x-. =.

0'-0.88 -0.74,..._..,‘. f,-.....»v
!‘¢“?t‘*.ri.<‘*~'§ .1 1ii" 8
1:146 1-1i12

Group 2

44' ‘-1 V1, >-i-1'11»; ., m ,.??,\_;:xll,_t ,1} .1? ‘
\

2.“. a .‘ ,4 ~.1 ‘ta. * 4 F.‘
_i 8.51%. .

Incident
Number Depth

srzrrav, ‘ SR i SRFVC FEV,:FVC
136 SETT

185 SETT

188 SETT

0.24

—0.77

0.33

bf: 1i‘.i>2
-0.51 -0.47

1‘ . 8“ 5"" t-tii :6)“

-0.43

1—0.50 ,,.,l.ll
' »' . .1‘ ' "*1.
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Group3* 1 . " -"'~~-~__y;,j_j"

1r1cident:¢,_"*- SR SRw SR(Number _, 1366111 _, p FEV,‘ "Fyc FEV,:FVC

1131
4 .

SETT " 1:180 1:»01:12.18I
' 10- -'1'.‘ ‘ Z71 17‘ I-I3.» Y-*“:» 1;-::..-:;., ~

SETT» .1: -0.51 5’ -0.63
132 it oO_i1

gk _ 6. V‘...

‘l33 ' ' ‘ ’7'18‘i*»-* '~"~-50.414 3. -0.37
.- t .14 ,. M}

13%

140 1 ‘18 .>~,i~ i¢0.20__,;_.; . _0;67,
1." ,.

$11;
.144

I 1'47
148 .0 1

149
150

»~151
'»l56

1157

168%. . .

162

165

166

1 - _ ,-., w\._-,_ -

.1 15.8. 5

161

. hnll 1 3 -.1‘
135“ o j /‘VK-1.140 _-1.04

1' -‘._ " =4-- . .2 .1.. _ ._\ _

137 A
. ;- 3- ,~.1‘1'-. 1-; ' * 4 .\ 11 . > t

srzrr 1 0130 0.47
.1 . 11.‘ z -

sarrf-1, V 0.48.11 1.. 1
l 4

139m _ ’{,',sEiTiiTi;".i.l-“L....f"’T1,i0.47 “-1115
‘2'1i‘.~ ., Bi“ ‘--. . ‘ 44

141 _ 18;f;'_ ii.03f?,i‘~~‘"'~‘0.01i_i. V... V ,-.:"‘> 11.v ,..,|.,.. ,_, ;.-1. I i-1».
- . 1" -‘.111-1. ..1 _.. 1' 1.. ,. _ .1.

1SETT ,' .27 b \;~;‘jl,"-_\..1;¢<)_.41
SETT " 1, 1.57. 1.85, » -r .i. 1 1 8 ._.=1 ..'=-- _ - 1 . ,_, A 1 x. ‘1~ ... = :1 1 "1 -.- .1 1 .J I ~ i_. Y ., .. 5): P.‘ 1., 1% W1 .kml’.., ., K _ I

SETT.,’ --51.24,. " ‘- 0.36
. 2 '

'r-= .1 ‘..

SETT.: , -1.3071-I , ow,-2.36
» ._ ( ; A . ._=‘l.I v . .snrr, 41.33 -.'"J..:,__"_2;19

"-'-- - ~ \.-- .\.- ti; .
. 1- iv.

sarr 0.03 i -0.38
SETT " ‘-1.221 ..»._-2.36

».,-8"-1;" .<¢ \' " --

~_9>; "“-1.03 -2.28
""9 I .1.40
SETT-=‘=Y =1; w40.34 -» j.'.;-_.j2.02
.4. :-1 ., ~1.~\ ‘ 7

SETT»¢ A 10.82
._i.... ~._...-..'1» ..»--1.

SETT H 0.58 "-0.94
A1,. til“ I .,

»-*9 . *-0.04 I ,,.-.0.62
, 18 f;.i1i‘i:..;f-j0.58§.ii ~ 42.17

I ~18 ~ "-0.41
-.-.:' 41“. ~ - ..

18 I 0.78 -0.11

0.57

0.11

-0.93

1.14

-0.71

-0.23

-0.01

0.91

0.60

-1.38

-1.31

-0.22

1.15

1.57

1.07

0.49

1.72

1.74

0.13

-1.73

0.49

2.31

-0.71

2.20

-0.18

1.18

1
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Group 3, continued T;

Incident
Number Depth

SRnzv, SR
FVC '

.SR ti
FEVpFVC

168

169

170

171 V

181 Z-, ‘
-w

183

191

SETT
SETT

18"
sErT.li

18 J
“

18

’ 1.04
.--‘V.

"-027=~»
. -0.33

;¢b56-3
‘.1.

'-0.78

‘—O.30' '

t-145

;;m053
., ..0.15

,fl-037
W‘ '\<t’ _ _-JP».

V .f.—0.47

Q.1i;f'¥0.59

~1:zn9
_ V .q_.

j;+2.85

. up‘.

~*io§s“h
;0§7¢“.- ~.

1- u0L,,Jed.
1 -0.33 . >7

N '~-\r1

1037i?
pzezuw

._,- >”‘ u ,-

L9l_
13:8 values available from date of incident (1985), values given frqni "1

Group 4

-‘.1 .-.___. ‘
I .|¢- _.~

Incident
Number Depth

.¥sR
’iFEV»

“"?SR.:¢Bvc,
_ -./'-inSR""~FEYgFVQ

130 '18"
t.~-‘l

163 18 ..
iv190 ‘Ml 18

-=<,_ c_. ' _ I" ¥3.82

0.32

-1.73

~.+3§s
..~-|-'

. ~o30
i&m?“*latte.

\ _,» -. My

£63835

Group 5 w
.’ ‘._.

~ -\. w.
»» .

.~.».,

.V‘~i*““,5‘. ..
HI

Incident
Number Depth

SRFEV, SR
FVC

SR»FEVpFVC
129°

146

155

175

178

186‘

9

18

SETT

9

SETT

SETT

-1.06

0.47

0.57

2.25

1.32

-1.63

-028

0.11

1.55

-0.21

,1 1;‘ t

0.78
,-,,._..

1.06

oese
0351
176‘

" Nofrgfiord of height available, therefore not possible to calculate(val-
ues 0 .' e “
lg? values available from date of incident (1991), values givenMfrqrn
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FIG. 1-Cumulative distribution of standardized residual ofFVC by group.

Discussion . J H
Routine spirometry has been carried out on all trainees since_' 1975 in an attempt to identity.

Jthose who may be at an increased risk of PBT. When this policy was introduced, it was)‘.-
considered that those with evidence of obstructive airways disease were theqat-risk group _
trainees with an FEV,:FVC ratio of less than 75% at initial training and 70% subsequently were
excluded from training. Since 1982 this was discontinued in favor ofperniitting such candidates I
for SETT to undergo training regardless of their spirometric values ‘provided that full lung‘
function testing, including provocation testing (by exercise), lung volumes (by helium dilution),
and transfer factor were normal and there was no contraindication to SETT. in their medical
history or physical examination. The value of the FVC per se wasnot an excluding criterion
over the whole time period of this study. However, those with ‘ a very large FVC (and
consequently liable to have a low FEV,:FVC ratio) may have been excluded from 1975 to 1982.
Consequently, it is possible that the value ofFVC for the 50 trainees involved in incidents in this
study was not normally distributed V . . 1 » I

This study confirms an association between low values ofFVC and PBT, with all individuals)
with PBT having FVCs below that which would be predicted on the basis of their height and
age. However, only one individual had a standardized residual of FYC greater than -2. Thus,
determining an exclusion criterion based on the measurement ofFVQ may be diflicult because
a “low” FVC appears to be insufliciently specific for the purpose of identifying those mdividuals
at riskyofdeveloping PBT. It is however ofnote that 20% of all reported SETT incidents since
1975 have involved individuals with standardized residuals ofFVC greater than -2. This is 8
times the predicted figure. Thus, using an exclusion criterion ofFVC ofmore than 2 standard
deviations below the predicted value may not prevent all cases ofPBT; it might be predicted to
prevent 20% of SETT incidents. It is of interest that there appears to be no association between
low values ofspirometric indices ofobstructive airways disease (FEV, or FEV, :FVC ratio) and
SETT incidents. ~ T
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DISCUSSION

Elliott: Questions as to fact, please. Let's not get into the general debate.

system decompression sickness: latency of 1070, human cases. Undersea Biomed Res 1988

Hempleman HV. Investigation into the decompression tables. Report III, part A, a new theoretical

FEV,:FVC ratio, and FEF,,_,,, derived from the results of screening 3788 Royal Navy submanners

Harries: No debate. Genuine statistical question. You assume the distribution of the
standardized residual was nonnal and my assumption is you mean a Gaussian normal?

Dr; Francis: Yes.
, Dr; Harries: I am not sure, however, that that assumption is necessarily valid because it

assumes then that there's an equal distribution of big standardized residuals versus small
standardized residuals. However, anything that might atfect somebody's vital capacity, forced
orwotherwise, would more tend to make it small rather than large. What would happen ifyou
reexarnined your data statistically, not making the assumption that there's a Gaussian nomial
disuibution, but in fact halfofa normal Gaussian distribution, i.e., instead of it being two-tailed
having one tail?

Dr. Francis: We could certainly do that, but the way we did it: 0.4% as a probability is highly
significant. Ifit goes to half of that because it's really a one-tailed atfair rather than a two tailed

that doesn't necessarily change statistical significance.
-V:-_ _D'l'§ Sanchez: Just a question, maybe I missed it, but I thought you were screening out the
_subrnariners having very low FEV,:FVC ratio?
~**Dr. Francis: No. We have decided not to do that anymore and there were two reasons for
this. First, the Navy didn’t like it because they were losing 12% of potential submariners and
they asked us to look at what we were doing and why, and could we justify this loss of
manpower? We thought about it for a while, and then said can we really justify these values
which had been plucked out of the sky, eflectively. So we couldn't justify the values. What we
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did was to say, right, we will ignore the absolute value of FEV,:FVC ratiowith respect to
making people fit or unfit to dive, and check outthe rest of their, lung (functions and see if that
is normal. .We carried on doing these measurements at unit level as a screening test and those
who quote "failed" the criteria came to be examined at the lab at So we don't screen them
out, we examine them closely. s ' 1 :1. 2 ~ I 5?» M '

Unidentified Speakerii-The volume iistaninteriesting obsfervatiomand lithink it's gotten
everybody sortof scratcliing their heads aboutwhat it means. You irientionedithat you thought
that this was small lurignvolume for the body size. _ . . . , ~

Dr. Francis: Yes. .. _,., W _ . . _’_’*_“‘ j .
Unidentified'Spealreiiii'Is that indeed the case,lor is it j‘p2=qp1ewith small lung

volume with essentially normal volume to body size‘? ,, -.2 .. ;
Dr. Francis: .-The people come in all shapes and sizes and it's just that their FVC is below

predicted, given a normal subject.
Dr. Grnhageni When you measure pf the,f0rced expiration inf the laboratory, the flow

restriction is mostly caused byidynarr1ic‘closiire of the small airways. During the ascent you
have expansion of the gas thealveoli iaiiditlietle should meréfofé‘ “_iioi'§uch efifect. Do you
have any explariation except for the fact you also have immersion the ascent?

Dr. Francis:vSii',V1udo‘n't quite understand‘your question. $.11,’
Dr. Gmhagen: The difference between the laboratory and being in water is the immersion

pooling a large amount of blood in the pulmonary circulation. Could that be an explanation,
because I don't that the dynamic restriction ‘offlow really exists in the ascent situation.

Dr. Francis:“7I~"'don't" krio'w,how.to_._explain this." What I'm"pi'tttiri“g'*forv_vard to you is an
observation basedgon 5‘ large numberofmade by agieat number ofpeople, and it
came as a surprise to us because we had all thought that obstruction might be associated with
pulmonary barotraiima, and that wasiclearlylriot the case, The"oril_v"'tliirig that did have a
statistical associationiwas an index ofresuiction.“ . E »»¢?.1;‘;:-<'?;. 1 ~. g A

Dr. Grnhagen: So itliere is no hypothesi“s?_§. 1' -'1? l i
Dr. Francis: I have no hypothesis, ~ "i_ . - 1 ‘~ ' J -; -_ .,
Dr. Grnhagen: Thankyou, _ ~§ I “>74 t if 1'5; 17'? 7 A.
Dr. Elliott: Following a_ discussion with Dr.i,»Torre during thebreal<,I would now like to ask

him to summarize for us a_ classification of asthmatics which hasijust out from NIH.
Dr. Torre: When I introduced myself before, I mentioned the lectures we give for the

National Asthma Education Program of the_National Institutes ofHealtli on the diagnosis and
treatment ofasthma. lectures typicallylast an hour or more andiaddress six areas that are
crucial to propericare including: (1) education ofpatients to develop a part_nership in care; (2)
objective measurements as peak flow and spirometry; (3) environmental control measures and
avoidance of triggers; (4) establishing plans forboth exacerbations, as (5) long-terrn
management,'and finally (6)'the need for proyiding regular follow-up caret In my allotted time,
I will discuss those aspects that Ifeel are most important for oiirifitiriesis-to-dive seminar today.

Before the 1990s, A was considered to be a reversible airway, disease primarily
characterized by gbronchospasmi and therefore treated with bronchodilators. In 1991, with a
better understaqridingA/ofthepathophysiology of asthma, a new defmition included not only
reversible ainvayiobstruction but stressed chronic airway inflammation the resultant hyper-
reactivity. This increased reactivity or responsiveness causes constriction of the airway to
stimuli that would normally have little or.noiefl‘ect and is related tothedegree of airway
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inflamrriation.,F_o_r_divers this Itl_t3311_S_‘ll1t1_i themore your airways are (from allergen
exposure, respiratory infection, etc.),ithe more likely exercise or cold,“d1y air associated with
scuba will precipitate an asthma episode and the more severe the "episode will be. Questions
about past history of childhood asthma which is "outgrown" may reallyrbe moot. Chronic
inflammation can persist a lifetime "_ter_riporary'rerni,ssions" seemingly suggesting that the
patient no longer“ has asthma. Often, if a carefiil history is taken, recentsymptoms maybe
uncovered noctumal coughing, exercise-induced coughing or shortness of breath, colds that
"go to the chest" or take more than lO__ days to cleariup, all ofwhichpoint to the patient's having
a current diagriosis ofasthma according to the Global guidelines, and without proper treatment
place the divei*_at an increased riskf _ I , . E‘; H _ A i. l1'f..3~¢~'¢T‘i’.ii’r‘i'2 _ t ,

For the reiiiuuider of my time I want to discuss the present classification of asthma and its
relationship to proper therapy. Three sets of guidelines have now been published. The NI-ILBI
(National Lung and Blood Institute,'divisionof the NTI-I) where the first set of guidelines,
published 1991, and these were mailed? to ' every physician in tlie‘-United States.‘= The
Intematiorial Report followed in June of 1992. In .1995the NI-[LEI and the
World Health Organization combined 1 to forrriithe ‘Global Initiative? for Asthma (GINA)
workshop repoit which I will discuss today. It_'s important to remember that these are guidelines
not biblical rules; however, they do represent the _"state of the art" management and should be"
followed as closely as possible togobtain the bestoutcome for our patients. ‘ * . . , if I 0' T,

Asthma is currently classified intofour categories based on the severityand frequencyiof
symptoms (the original guidelines l‘iaditliree).i_ ,_ _i A F 6 5' I ,_‘ ".TiT" 5.?i.. II _, _ .. _ . . . .1

The first category is Mild interiujiteniitdsthinu. Clinical feat1ire_s‘_(before treatment) include
intermittent symptoms, less than once a week, tassociiatediwitli a lessjthari 20% fall in'peak'flow
or FEV,; brief exacerbations lasting a few hoiuirs to Ta few days; noctumal symptoms occurring
less than twice _a month; between exacerbations patients should be asymptomatic withnorrnal
or near (within 80%)-norrnal pulmonaryhfiinotioris This CIISIIIIICIIOITIS really veryjimportant
because this is_the only classification that does not require maintenance anti-inflammatory
medicine. Many people think tlieythaivei mild with symptomsiiiiuch more often than
allowed r<;£‘_)i;r this classification.;I‘liis is important‘ for our "land-basedlepatients, but may be
even more in our diving 'pbpti=itr¢>n. Ifru1troated,'tlie underlying inflariiination that occurs
in all the other“ steps would increase airway responsiveness as mentioned earlier,“ and make
diving more likely to cause some airway obstruction with resultant consequences. A ' is g j

A few words about the terms we use in assessing airway obstruction.‘ The peak expiratory
flow rate (PEFR) or peak flow for short measures flow rate in the the airways‘ arid
occurs during the first 150 niilliseconds of forced expiration; this measureinent correlates best
with bronchospasin. Peak flow meters can be used by the patient and ipliyisician alike, with ‘most
costing $20.00-$30.00. The (forced expiratoryiflow measuring the flow rate exclusive
of the fustnjaud last quarters of the vital capacity) corresponds to the ‘smaller airways and
correlates best with the amount of inflammation. This value can onlyiwbe measured witha
spirometer and is therefore done only in the physician's ofiice or a hospital:1_The FEV, (forced
expiratory volume expired in the first second) is considered by manyhto be the most useful
measurement because it includes all of the peak flow as well as tlie.etirlier portion of the
FEF,,_,,. This also generally done with a spirometer, but recentlyasmall, portable device
called SPIR_O_it_ was developed costing about $120.00 which measures botli peak flow and
FEV,. In can even suespeictta lowered I_=_El=2,_,, value if the patient has a normal peak
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flow but a reduced FEV, According to the guidelines, everyone with the diagnosis ofasthma
should have a spirometry performed as well as those patients needing pulmonary fimction
testing to help confirm the diagnosis. From my personal point of view, anyone doing diving
medical evaluations should at least have a SPIRO-1 to evaluate basic airway function.

Back to the treatment ofmild episodic (intermittent) asthma. The treatment of choice here is
the intermittent use of short-acting B-agonists (the bronchodilators) on an as-needed basis.
However, ifthe patient has periods when symptoms occur more than a couple of times a week
or if the FEV, or peak flow fails by more than 20%, his classification and therefore treatment
plan changes according to the appropriate step. So another point: the classification is variable,
patients may move from class to class depending on their circumstances, and therapy is
dependent on their particular classification at the time.

The next step isMidpersistent asthma. Like mild intermittent, peak flows should be normal
or near normal with less than 20% variation, though now symptoms occur more than once a
week (but still less than once a day) and exacerbations atfect sleep, with nighttime symptoms
greater than twice a month. The symptoms and changes in pulmonary function are still mild but
occur on a more regular basis. Treatment now requires daily anti-inflammatory (e. g., Cromolyn
or Nedcromil) as a "controller." Other anti-inflammatory measures should also take place,
including environmental controls and avoidance of allergic triggers. The short-acting
bronchodilators are still used for rescue medication, but you don't expect to use it more than a
couple of times a day and ideally less than three times a week afier the anti-inflammatory
measures take effect. Long-acting bronchodilators may be used at night to prevent noctumal
symptoms (particularly while waiting for the anti-inflammatory measures to "kick in").

Step three is Moderate persistent asthma. It is important to remember that the presence of
even one objective or clinical feature is enough to place the patient in that category of severity.
Symptoms (even cough) may occur daily OR symptoms interfere with activity or sleep (with
nighttime symptoms greater than once a week) OR there is daily use of (short acting)
bronchodilators. Objectively, PEFR or FEV, are generally between 60 and 80% ofpredicted
with variations of 30% or greater. Again, many patients have the above symptoms and really
believe they have mild asthma; worse yet, some patients with the above symptoms and/or their
physicians still insist they don't have asthma at all. An article in Diver's Alert Network about a
year ago pointed this out very well. One reader wrote in and asked "Every time I exercise, I
cough; my doctor told me I don't have asthma. Can I dive?" The answer-—ifyour doctor says you
don't have asthma, you can dive. Well, any asthma expert and by now all those in this room
know that ifyou cough with exercise, you probably have asthma. I assume the physician did no
pulmonary function studies and certainly not an exercise challenge. Saying you don't have
astlnna certainly fiilfills our present criteria for fitness to dive, but unfortunately it's not in the
patient's best interest. Denial of the disease doesn't make it go away, and the inability to
recognize asthma is probably the worst thing we can do for our patients, especially those that
dive. Chronic inflammation, ifuntreated for 5 years, leads to remodeling and permanent airway
damage.

Interestingly, most patients I see who do not realize they have asthma, actually fall into the
moderate category. They have significant coughing episodes a few times a week, especially with
exertion and at night (so both daytime activity and sleep are atfected), but often suspect post-
nasal drip as the cause of their coughs. As one would anticipate from a patient with symptoms
compatible with moderate asthma, the pulmonary functions even at baseline are significantly
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affected Ifthis patient is a scuba d,iver,it is even more important to pursue the correct diagnosis
and severity classification. Not only canthe base-line airway function place the diver at more
risk, but with the increased airway'respon‘siveness,_the diver morenlikely to have an acute
exacerbation during the dive or the ‘surface V H

Treatment of moderate persistent asthma requires daily "controller" medications, generally
inhaled steroids. Environmental control and avoidance of triggers is even more important in this
category. Bronchodilators are used needed, but our goal is to reduce the need for "rescue"
medication to several times a day, and ideally to only several times a _wee_k.___Remember, the more
inflammation, the more variable the pulmonary functions willybpe, themore frequent and
severe the symptoms will be. The basic strategy isato _j'_enougli"- anti-inflammatory
therapy so the moderate persistent patient on‘ medication, will ‘vesseiriitiallyp be similar to themild
episodic patient oflmedication. Ifone cannot meet this goal, tliefrjnairitenaiice managemeiit must
be reevaluated. Allergy immunotherapy may also beliuseiiil in both the mild persistent and
moderate persistent patient as another anti-inflammatory modality. .1 _-

The fourth category is Sev_ere_'persistent asthma. These are the patients with continuous
symptoms and peak flows or FEV, of 60% ofnormal or less. Because of thesevere inflamma-
tory process, the smaller airways are more significantly involved. The FEI-‘,,_i,, is the best
measure for this and is generally low. As a simple screen, the bas_e¢line FEV,‘, as mentioned
before, will more accurately reflect the degreeof obstruction '*p‘ear<' flow rate which only
correlates with the larger airways. Exacerbations withia 30% or rriorer fall in peak flow or FEV,
occur fiequently. Physical activity is limited by asthma symptornsf‘ arid noctumal symptoms, as
seen-in the first case presented today, occur frequently as we1l;‘Reineinb_er that any one feature
is suflicient to place a patient into the more severe category because in that first patient only the
noctumal symptoms revealed him to be in the severe category; his“ chariges inflow rates seemed
to suggest a milder process. Treatment of severe, persistent coiisists ofmultiple daily
controller (anti-inflammatory) medications including ‘_‘high dose”._inhaled steroids. Long-acting
bronchodilators like theophylline and/or longéactingi B-agonistisfiare false appropriate. Oral
corticosteroids may be used for a 7-14 day acute courseto decrease inflammation and increase
responsiveness to the [5-agonists as well. Many times daily or alternate-iday oral steroids may
also be necessary for maintenance. <1 Q. 1: - . .

An important point to rememben No matter what the severity, the goal is to usepenough anti-
inflammatory modalities, including medication as well as environmental controls and possibly
‘allergy shots, to achieve "control ofasthma." Control consists ofminimal (ideally no) chronic
symptoms including nocturnal, normal exercise tolerance, infiequentepisodes; no emergency
visits, and minimal (less than two or three times a week) need for PRN B-agonist bronchodilator
therapy. » "J . ~ ..-1;: » ~

‘In my talk today I have shown only the medication summary slides.‘ One interested in the
entire presentation for the fiiture to get a more complete understanding of asthma can contact
me directly or arrange for a local speaker by contacting the NHLBI National Asthma Education
Program.

Dr. Elliott: That was really a statement straight ofi the press—further discussion will occur
later. I . . .
: ~i The South Pacific Undersea Medical Society has just had its annual Mworkshoplon same
topic, and so it is with particular pleasure I ask Deszgonnari, wh‘o__is“piesi_dent of that society,
toiishare with us what they concluded. i A’ i i I A



THE BASIS FOR THE PASS/FAIL’ Cl_§ITEl§IA_USE IN
AUSTRALIA AND NEW ZEALAND ‘ . ~

D. F. Gorman

What I'd like to do is review the local general practice, with respect to the ‘assessment of
fitness for diving in Australia and New Zealand in the context ofasthmatics, and their to quickly
outline the SPUMS policy which arose from the workshop we held recently in Fijiflf. . -

The fimdamental questions are those that are common to any form ofhealth surveillance, and
are reasonably simply answered in the context of asthma and diving.'.._,' ~ ' :‘ ‘ ~- <

' Is the condition or the treatment of the conditioniirriiiortant?
- Is the condition prevalent? . " ’ r5‘ ‘A ' ' ’
. Are there sensitive and specific screens? li ' " “ i e
- Is the condition consequently worthy of screening? I i I-M. A. I

I will now address the importance of asthma and the worth of screening for this condition.
First, I will consider the prevalence of the condition in oursubject population. The prevalence
of asthma in our communities is extremely high. Most conservative surveys in Australia and
New Zealand suggest that just under 30% of the total population will wheeze at some stage in
their life. It follows that the dogmatic stance that people who wheeze at any time are not fit for
diving will effectively prevent a third of our population from ever diving. i ._, i ~- - '

It is possible to determine the importance of asthma in diving by considering questions.
First, will diving make the divers‘ asthma or its treatrrient .worse‘.? § Certainly, diving may
precipitate an asthma attack, by a combination of exerciseand breathmg a dry, cold gas or
altematively by breathing a salt-water aerosol, and by consequent anxiety, stress, and panic.

Second, will asthma or the treatment of asthma compromise tliedivers’ or their buddies’
safety in the water? It is obvious that even a moderate asthma attack will make it very difficult
for the diver to survive-—for example, it would be impossible for them to swim 400 meters
against a knot and a half of current. * :r » - v 1 ' " I

Third, will asthma or the treatrnent of asthma predispose the diver to a diving-related illness?
There is at least a theoretical increased risk ofpulmonary barotrauma in asthmatics, and some
bronchodilators will impair the ability of the lungs to filter venous bubbles. I " r

Consequently, most Australian doctors will discourage people from diving if they have a
history ofcurrent, active asthma It follows that the requirement here is for a definition of asthma
currency. The Australian and New Zealand Thoracic Society produced a position paper in this
regard (MedJAust I993; l58:275—279), and chose a 5-year period ofdisease and medication
absence. The choice of5 years was a compromise; the people who led this debate were actually
arguing for 3, that is, if someone hadn't taken medication or hadn't had_any symptoms of asthma
in the last 3-5 years, then the Thoracic Society argued that there ismno requirement for any
further survey and that such individuals should not be discouraged from diving.
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v iv, .,. ;~.t~ , .~ _;.~‘l’ > -tr“Most attention in Atstralasia in this context then is focused on how best to deterrnirie‘ the risk

in diving for peoplewith a pasthistory ofasthma. Many practitioners rely on spir'IIorrieItryIalone;
but you've heard from James lirancis today about the lack ofpredictive power for EELY,
FEV,:FVC ratios and the weakprediction of risk IthIaIItIIcan be deduced from FVC aam.‘~‘ I‘

A point needs to be made here in the context of the use of spirometry and EVCd_ata inIIIdiver
fitness. We have a crazy situation in the two navies that I'm involved with—the Australian and
the New Zealand navies—ofdoing annual spirometry on divers to (help determine their fitness
for diving. Given that our own datashow that the only,pred_ictive measu§re,;FVC, does not

signifieantly with either age or diving, thereiis riorequirement, in the absence of lung
disease oIr_ injury;IIto measure a diver's FVC more than 'onéE-=f*- _ , . , ' j» .-

Some practitioners use exercise in their rooms to test for active asthma;
Far moreiiofien however, a practitioner will request Ieither Ia hypertonic saline or methacholI'
line/histamine challenge; Hypertonic saline was ehoserfas a method of detecting exercise-I3
induced asthma, on the basis of exercise inducing asthma by changes in bronchial Itonicity. The I
result of this test in Australia varies enormously. * , ~ i7 ‘I .

In Sandra Anderson's laboratory at the_University of Sydney, hypertonic saline testing has af
high sensitivity. Elsewhere, a very high false negative rate is often reported. The latter is!
particularly true in asthmatics who are treated withxregular‘ inhaled steroids:Histamine and
methacholine tests are going out offavorin Australia and _New Zealand because of false positive‘,
ratIeIsofabo'utI20%..., ., . a V .

I Fnrafly, is Iworth noting that diving medical assessmerits incur part of the world are
fiom a format to one ofdiscretion; based on a_ _deterrnination and explanation of risk
and Ian ongoing monitoring of health. The latter proeess is compatible with some (former or
inactive)asthmAatics diving.~,_ it _ ._ , ~ . " f Q _'_‘ I‘, i ,. ~- . ~~,, »

I What I'd like _to_pdo now, Ion behalf of the Soutl1IPaci_tic _U_ndenvater Medical Society, is to}
review IthIe_,SocieIty‘sI policy on asthma and diving.“'“This'policy was developed during am?

v

workshop held at our meetirig'inFiji last month. _f_}~;i, ,
_ This is the policy as itI'will appear in our Journal. First, Ithe {Society makes a statement aboirt
the prevalence of asthma in Australasia. - . .. . I _ I. -—

“A history ofasthma is common in diving candidates._” is a relative understatement.-
“The assessment ofriskfor __a diving candidate with a history ofasthma should be conducted
by a medicalpractitioner who has had training in diving medicine. " -- This is an argument that
the members of SPUMS believe in very strongly. ; -. I

Second,-.the.Society has a policy on the importanceof asthma in diving. “Asthma is a
potential causeofmortality and morbidity in divers. The level ofrisk in this context needs toI
Zbe measured Diving may precipitate an asthma attack, and asthmatics are at risk of
shortness of breath, panic, and drowning on the water'I'suIrface. '7 '~ It is possible that we've
worried for too long about pulmonary barotrauma in asdimatics and overlooked the far more g
Ilikely scenario of an asthmatic drowning on the surfaceI.Certainly,* local analyses of diving
deaths show that asthmatics who die while diving, usuallydo so by drowning on the water
surface. '. .r .» t » - . .- .;=r ' I
I ' The Society also has a policy statement on the nature ofexisting groups ofdiving asthmatics.
“Asthmatics who dive may be a self-selectedpopulation; and the experience ofthis group may
not be representative ofthe rislcs ’bfdivingfori the general asthmdtic population.” Of rele.
vance here is the infamous BSAC,epideImioloIgica1 survey; which I believe is a role model of

I
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“how not to do V g H 7 g _
Third, SPUMS hés policy dnielgtive risksvfor asthmatics who dive. “Current information

suggests that the“; relative riskfor “asthmatics who dive compared with non-asthmatics for
decompression z11n¢si”;§,ja,(;¢1i¢‘i»t»jq, ’f;-These data are sofl and need to be considered in context.
Itwould appear that £¢‘r,r;¢vi¢¢§"doi11gemergency ascent training, the risk of some injury
with an emergencyasoent aboin'l¢;le"m, 20,000 to one in 60,000. Consequently, even if the
relative risk is abooiit {€v£>:' u{ela¢ti1a1 risk islstill low. A p;;v -

Fourth, SPUMS’has a policy on the assessment ofrisk fora diving candidate with a history
ofasthma “The society believes that thedeter-rninatioiiofhiskfolr divingfor someone with a
history ofasthma requires a gradation ofthe severity and currency oftheir asthma.
e “Riskstratrficationfiarsomeone with a history ofasthma_wh_o wishes to dive would require
a thorough history and examination, and ofien Iungfitnotioni testing, includingprovocation
tests.” It is again noteworthy that in many laboratories, medicated asthmatics are not showing
any abnormalities on their provocation ESl§%fl18 basis of ajrejlisonable argument for their fitness
to dive. é" . l r. .i .~ _ ~. t ~:' '-r.‘.— '. I.”-\ ,-'-.

Finally, SPUMS recognizes the lack of objective data Athiwslkcontext. “As the riskfor diving
in someone with a history ofasthma is uncertain, pemnageht records should be retained as
part ofa SPUMS-sponsored study.” . 1 ‘ e 7 3 . .

Thank you very much. _. .1 1* 1 ¢ g . if * “
‘_v V t ~ lJv|44l‘~| ,1»

_;- Dr. Elliott: Thank you Des. We take questions and discuss this, ifwe may, afier the next
speaker, who is hereto represent _t_heMBri_tish Subiltqua Club." _.



ASSESSMENT OF ASTHMATIC DIVERS IN THE UK
.a'w.' .. . »‘ M.‘ -"1.

' ‘ PatrickFarrell
._ .'. _./if, ;_ .-,l;.“- r_ .1 ._, ..r_ ‘V In

The BSAC Medical Committee no longer exists and we now have a U.K. Sports Diving
Medical Committee pO0lCnd_‘_fI'0I"I1ydI;1 amalgamation of the BSAC, the Scottish SubAqua Club,
and the SubAqua Association to set unified standards for the U.K. It's really on their behalf that
I'm here, although much of the data come from BSAC.

Today I'd like to discuss the experience of allowing asthmatics to dive for the past 15-20
years. By 1980, the BSAC Medical Committee was aware that there were many asthmatics
diving despite advice to thecontrary. We couldn't stop them and the BSAC Committee at that
time prepared a set ofempirical standards to try and protect those considered to be most at risk.

These were basically: you could dive ifyou had asthma in childhood: you had not wheezed
in the previous 48 hours or used a Bzagonist; you were allowed inhaled steroids. But diving was
banned if you had cold-induced, exercise-induced, or emotion-induced asthma. Interestingly,
nobody defmed how to assess cold,‘ exercise, or emotion. It was left to the individual doctor.

At the end of the 1980s we looked at the statistics and we could find no asthma deaths in the
BSAC accident record. i-There were no accurate figures at the time for air embolism or
decompression illness in the U.K. Most of the centers at that time didn't exchange such
information. " * I :1" " =" I

This has changed dramatically since the formation ofthe British Hyperbaric Association and
the Royal Navy Data Base. What is now regarded as an infamous study was designed in 1990
by Pete Glanville and myself.- We organized a postal questionnaire in Diver magazine and found
I04 surviving asthmatic divers‘ with ~ l 2,000 dives and no episodes of air embolism or
pneurnothorax. We had a group ‘ofsevere asthniatics who wheezed daily who had managed over
1,000 dives uneventfully (50% claimed to have no idea of current recommendations); but the
study, as I said, was well criticized. '~ 7 . T

Peter and I at this point set out on a prospective study which we started virtually as soon as
the previous correspondence was finished. The prospective study uses a similar postal
questionnaire to the original study. We have most of the original cohort; we have new divers
taking up the sport; we have old diving asthmatics who surfaced “through the grapevine.”

The data are rmpublished as the study has several years to run yet. However, we have over
250 asthmatic divers in the study and they had done over 20,000 uneventful dives. We've had
more than 20 free ascents without problems. They still don't know the current recommendations
for asthmatic divers. The asthma care of most, regrettably, does not follow British Thoracic
Society guidelines and, in fact, it's lamentably poor.

At the end of 1994, I looked at whether the asthmatics were getting more gas embolism or
decompression illness than the rest of the diving population. Like other people who run
chambers, we didn't see asthmatics. So we took 25 of the BSAC medical referees at random and
sent them a letter to get details from a number ofbranches, e. g. ,2 how many people are in your
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club, how many take asthma medication, and how many regard themselves as asthmatic? We
have aboutA70,000 divers in the U.K. and we found that about 4% of the diving population is
probably'asthmaticl I then asked all the chambers, the Hyperbaric Association, and the Institute
ofNaval Medicine how many people they have treated in the period 1991-1993. We found 393
non-asthmatics and 9 asthmatics. There was no statistical ditference between the normal
population and the asthmatics.

This year __the~n_ew Medical Committee has redrawn the original asthma standard, and this is
haw it will 1<><>1<§*~* "‘ I ‘

1? 4 ~,__'. _ i
.v K ,._ I

U.K.“ Sports Diving Medical Committee Asthma Standard
_“The theoretical risks should befillly explained to the asthmatic diver. There is little, any,

evidehceflthatnthie moderate, ‘controlled asthmatic whofollows the guidelines below is more at
risklthann the noirnialiirpulation. Asthmatics may dive ifthey have allergic asthma, but not
ift theyihhavej cold-_in_duceld, exercise—induced, or emotion-induced asthma. All asthmatics
shouldbe rriaridged accordance with the British Thoracic Society guidelines. Only well-
controlledasthmioticsimay dive. Asthmatics should not dive theyhave needed a bronchodila-
tor the last_':4_H8Jholu‘rs or have any other chest symptoms. ”

Theldiving should not need more than occasional bronchodilators, i.e., daily use
would steroids are allowable. During the diving season he or she should
measure pealcflovv A deviation of 10% fiom best should exclude diving rmtil within
l0%_§fbest viilues,' fo'r_‘at least 48 hours.

The'diver should peifonn an exercise test, such as the l8-inch step test, running but not on
a bicycle ergometer for} minutes, and a decrease in peak flow of l5% for 3 minutes should be

evidence of exlercise-induced bronchial constriction, and hence disallow. The reason
we chose a steptest 6512' peak flow is it can be done in any doctor's surgery. Most doctors in the
U.I§;do not havelziccess to spirometry or lung flow volume loops. Ifyou consider 4% of 70,000
di_vei*sf_tliat is la 15) offolk to get through.

, We also saidyofin advice’ that a B, agonist may be taken pre-diving as a preventative, but not
to relieve bronchial spasm at the time. Despite the possibility of shunting, we feel it would
contribute a lot to psychological well-being to take it “just in case.”

h 2ThYat_'s the new standard. It will be available to each asthmatic diver with, when it's written,
an exphlanatorybooklet on symptoms and how diving may afiect the condition.

Webelieve that prohibition fails in those countries where asthmatics are banned. We believe
in selection education, which has to be the way forward with this group. Ofcourse we are
not iintelrested “letting ‘people dive who go to the ITU twice a week. They shouldn't be
anywhere near;t_he boat, let alone in the water.
“ _So ‘can astlrmatics dive? In the amateur world, yes, I believe they can. They always have a
choice as to whether theyiget into the water. In the commercial or military world, a diver cannot
say to asupervisor, "I don't feel like going into the water. I'm a bit wheezy today." That is not
realistic)’ *3 “"0 I T;.. V v . . ,~ P _ .4‘. i __ .1 .l> <. . ..

'I>I$’§lT$51°i15i.' i .-
Dr. Elliott: We can now, discuss the last two papers.
Dr. Saltzman: A question for the last speaker. One of the concems in compiling statistics
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for divers is that the worst outcome occurs; the diver does not retum to shpre and does not fill
out a questionnaire. Is your survey reliable in terms of including people who may not have been
fortunate enough to retum to shore? , fl l ‘L’ ‘ A

Dr. Farrell: We know what the dropout rate is in the prospective and fortunately in
the UK all the accident deaths are reported, so we can check asthmatic deaths off against our
database, and so if they don't retum, we would know about it. ‘_‘Y‘m I A I‘ “

Dr. Torre: Are these people allowed to be on maintenance medication like Thurnalin or
Tilade or inhaled steroids before they do the exercise-induced test, or is that without any
medication? ‘ ; I '

Dr. Farrell: The exercise test is done on their normal medication.lWe believe everybody
should be managed in accordance with the British Thoracic Society guidelines, so if they're on
inhaled steroids, they have the exercise test, if it's normal that‘ is fine, and if it isn't, it isn't.

Unidentified Speaker: I have a question for Dr. Gorman on the predictive value of
methacholine challenge. The statement was made that methacholine challenge has too high a
false positive rate to be useful, and I wonder if that could be broken down into’ positive afid
negative predictive values and what is the cutoff used to malcegthfati statement? K

Dr. Gorman: There was a survey done by the Australian-New Zealand Thoracic Society, and
in an unselected population ofpeople with no history ever of asthrria and no clinical findings of
asthma they foimd an abnormal response to histamine. . . ‘:1 . . J1 2 '_ 2', ‘I

Dr. Kelleher: I'd like to comment on the statistics from the database. First, we don't
keep track ofdeaths at all unless they died in a chamber. We receive reports from_it_he__chambers
throughout the United Kingdom, but if they died on the surfaeeiarid were riever recompressed,
we wouldn't receive a report. ' I’ e 2 ' i N " "

Second, I think it's important to look at the statistics as youhaye done. ‘I would just liketo
mention that in the 9 out of the 393 that were reported as asthmaitics there‘ was at least one that
was clearly an asthma attack that was provoked at depth. The individual surfacedwtmconscious
and then had a recurrence of the asthma attack in the hyperbarici 'ch'arnber.} So although there's
no difference, I think it's worth mentioning the individual case jiisi to reflect that there rriay be
a true risk, although it appears to be small. » _ 2

Dr. Bove: I have a question for Des and I think I asked this qiiestion A, couple ofweeks ago
in Fiji. When you do predictive testing, you need to define an erid point. I thought I heard you
say exercise testing was an end point, but my question is that when the”predictivel testinglis
done, is there a clear-cut end point? Because I got a sense that thehend pointin some cases was
the result of the test, rather than some other outcome. ,,.,1’-“ii I W I II‘

Dr. Gorman: What answer did I give you a couple ofweekslago, Fred? _,
Dr. Bove: I don't think you gave me a clear answer. » ‘_' _ I M
Dr. Gorman: Well, I hope your expectations are no higher now?" You'rd “duite iightl The

point is often the test itself. For some of the tests there are reasonable nomograms: for
hypertonic saline it's l5%, for example. At the SPUMS workshop, the argument fora 20%
shifl, but you're quite right, the end points are the tests themselves. i , fl“

Dr. Francis: Patrick, as you are well aware, the investigation ofdiving deaths intlie U.K.'is
far from systematic. So although we may not be aware of asthmatics who died _diving, that
doesn't mean they don't exist. It's just that they haven't been looked for pi'operly.' ~u '

Dr. Farrell: I'm not entirely sure that's true because certainly tlieBSACincident reports have
been looking into the deaths for the last 3 years for anybody whorhas“ been asthmatic. They *¢<>n{E
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straight to my desk as a matterhof course.
Dr: Francis: Yes, indeed, but you have no control over who does the postmortem

investigation and that, we know, is often too elementary.
Dr. Elliott: The debate will begin after the two next presentations, the first one ofwhich is

to be Tom Neuman, who propose the case for allowing asthmatics to dive.

J

l



THE CASE FOR ALLOWING ASTHMATICS TO DIVE _»
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Tom S. Neuman J -i .1 -~1
=-‘\ " ,; ' t

Let me begin by taking a slide fiom the cover of an early SPUMS journal that was shown last
year and try to answer the question ofwhether “anyone can do it.” -: '

There are some striking theoretical reasons why asthmatics should not dive, andthose
theoretical considerations are: T - " 2

l_ obstruction can lead to arterial gas embolism; ’
2. overpressurization can lead to arterial gas embolism; and V, ' A
3. decreased compliance has also been associated with arterial gas Q, i

Since all those things are associated with asthma, and since there was an extraordinarily well-
done study by Wagner that showed that marked abnormalities in ventilation perfiision ratios
exist even in asymptomatic asthmatics, and that as many as half the perfused lung units can be
ventilated only by collaterals; this led to a theoretical consideration—and it seemed reasonable
at the tirne—that asthmatics simply should not dive. It was open and shut." l '7' ‘

On the other hand, asthma is not one disease, and as has been explained earlier, there are
variations and gradations of asthma, and it ranges in severity from those with the most severe
disease to essentially those without disease at all (without symptoms and without complaints)
from whom maybe the only thing that you ever hear is that they cougha little bit longer afier a
cold than folks without asthma. It makes little difference whether you look at FEVi or FEF,','_"7,,
you see the same kind ofvariation in astlmia. 5‘ “ Y ii I -

So do we really have to treat every asthmatic in exactly the same wayzl think the answer to
that intuitively ought to be no. t t

Now, how did I get involved with this whole asthma business, and how did I really change
my mind? I was trained, like many ofthe people in this room, by the Navy—_and that Was: Ifyou
had an asthma attack after the age of 12 you did.n't dive. Period. 11:1,-‘:1 ‘Y’ I ‘

Several years ago there was a fitness to dive symposium that was sponsored by the Undersea
and Hyperbaric Medical Society, and Paul Linaweaver was the moderator. Paul asked me to
construct a straw man. He asked me to go and look at the data and comeupiwith the statement
that “everybody can dive” and that straw man would then be attacked. I ,

And so I did. And I discovered something rather interesting. At the time, it was fewiyears
ago, the risk ofbeing shot to death while diving was greater than the combined risk of asthma;
epilepsy, or diabetes while diving. I presented that at the symposium andofcourse there were
people there who said, “Well, Tom, the answer to that is obvious. The reason that none of these
folks show up in the fatality statistics is because they don't dive. It's selection bias.” V Y

And 1 said wait a minute. I give this “asthmatics shouldn't dive” talk twig; a month, and there
are always six guys at the back ofthe room who raise their hand and say, “You mean I shouldn't
have been diving for the last 10 years?” _ V '_" i

As a result of that, we did a study—and this was the first one that I'm aware of. Just like Dr.
Farrell's study, it had its limitations to say the least; We looked at the; prevalence'of
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diabetes, and epilepsy in a population of newly certified divers whom we got fiom PADI.
Approximately 1,700 questionnaires were mailed out and, as usual, 1,300 didn't respond.

We had 405 negative responses, six were retumed in the mail for incorrect addresses, but we
did have 45 aflirmative replies, which represented about 2.6% of the entire population. Even
ifyou assume that the only people who were likely to respond to such a study were the ones who
had the disease or condition, still 2'/1% offolks gave positive responses. Ifyou assumed that the
distribution ofresponses was the same across the whole population, then we're talking slightly
more than 10%.» ’:::.:7 * '2'.-...-.1 ;j

Well, that was the first one but it was by no means the only study that had been done. There
is the study that Dr. Farrell did several years ago. l am going to present some data here that
you've seen before, but in a magazine with a circulation of 38,000, there were 104 positive
respondents; 22>wheezed 9 l hour ofwheezing. Those who wheezed within
l hourof logged l,24l aecidentlfree dives, and in the remaining asthmatics, l2, 864 safe
dives were logged. -: 2 ?"'._~“;_1.T‘- i

Again, in another study, which was published in SPUMS Journal recently, there were 813
divers and 3 lrasthmatics (thus there were about 4% asthmatics). Also just published in this
month's SPUMS Journal;-12% ofpresent Auckland open water trainees are asthmatic or have
a history of asthma.‘ Thus," in the United States, Britain, and the South Pacific the numbers are
similar. . . *‘ i Y ts. .3 ‘i T; I

It -In‘ the Annals’ofEmergericy Medicine in 1983, another study of 1,000 divers, 36 of 674
respondents stated they had asthma.‘ That came fiom the DAN data. Then Dr. Bove and I did
another SIa'ndivei'Mag{z2irie reader questionnaire, and here were the questions:

» --,‘ , , .3-.,-I’ “ ' -.3 ,-

' Are you a certified diver? ’ l ' t -
, K} __ I-lave you ever had asthma? 5, , V, ,

~ Do you currently have asthma?’ ' i ~
If Do you currently dive with as_thrna‘?> ~

'--There were"10,400/respoiises'.'_We designed this questionnaire in a slightly different way so
we didn't get a selection bias asthmaticsare concemed, by using a survey card included
for readers who ‘ask for inforr/nation ‘about advertised products. Thus the questionnaire was
incidental, here werethe results frern the certified divers.

Have you ever had asthma? 8.3%.
L , 1, Do you cuirently have asthma?:- 3.3%.

V Doyou dive with asthma? 2.6%.» ;
‘Wu " " ~ ‘ -_--z ._=._ ~. .

Dr.‘ Farrell showed in his study that asthmatics have no statistically significant increase in
‘dysbaric illness over the normal population. In his ongoing study of 200 asthmatic divers, he
also mentioned 30,000‘?accident-fieekdives with greater than 20 unscheduled fiee ascents
without an incidentin his ongoing study of 200 asthmatic divers.

* In looking ‘over the l3 ofcollecting mortality statistics at the University ofRhode Island,
only one death in L300 could beyattributed to asthma.

3 In talkirrgto researchers at the Catalina Marine Science Center (where they never got around
to publishing their so is word ofmouth), but in looking at the etiology of systemic gas
embolism, they found that was among their emergency ascents—buoyancy control
problems, panic, non=panic breath'vhold,'and pulmonary blebs. They didn't have asthmatics in
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their group. In a study at the Los Angeles county_coroner's oflice, of 18 consecutive scuba
fatalities, none was linked to asthma. V ; .;_ _, ,.rl,?=r_ 1». j 8 =

Now, looking at the DAN database, Fred Bove and I and our collaborators published an
article on asthma and diving just recently, and so almost everything that I'm saying is in that
article. In looking at the DAN database in 1987, there were 95 cases of arterial gas embolism,
or a risk ofwhat's probably around one in 200,000. Of 38 cases with adequate data, there were
four asthmatic victims. This would suggest that the_re'san increased riskof arterial gas embolism
in asthmatics by a factor of two to three, but onthe other handjthree of the four asthmatics had
rapid and/or uncontrolled ascents. pf ' ["11 ‘ 1' . I A _ ;

In 1991, the DAN database was presented at the UI-IMS ‘meetinglin San Diego, and again
they had 1,200 cases ofdecompression-related illness; 196 cases of arterial gas embolism; 16
with a history of asthma; 755 cases of type 2 decompression sickness; 54' with a history of
asthma; and 25 currently asthmatic. ' _".~";~;;' i" §. q 5"’. '

Looking at the odds ratio, this and the confidence interval around it,“you find an odds ratio in
this case for arterial gas embolism of 1.58 in all asthmatics,» and if you only look at the active
asthmatics, it's 1.98. Notice the confidence interval around thisl—it's 0.8—2.99. and 0.65-5.33,
respectively. None of these numbers reach statistical significance. You can as easily make an
argument that it is safer for asthmatics to dive than it is more risky for them to dive.

That argument would run as follows: We've been telling asthmatics for years that it's unsafe
for them to dive, and as a result of it they monitor their airmore carefully and they don't do
foolish things. Since the vast majority ofdiving accidents are due to divers doing foolish things,
the asthmatic, because he knows he's at additionalrisk; actuallyis more earefiil in the water and
has a lower risk. The argument is not unreasonable, tlrerefore;that it's ‘safer for him to dive.

Now, looking at all of the DAN data that were available from 1988 through 1991 , using the
DAN codes which was code 1, which was usually type 1 decompression sickness; code 2
through 5, which was usually type 2 decompression sickness; and code 6, which was usually
arterial gas embolism—taking a look at all of the cases and whether these divers have a history
of asthma, either current or past, you can see the percentages compared tothe rest of the
population. And given the population statistics and the numberzof asthrnatics that we found in
the population ofdivers, which ranges from 3 to 7%-you canisee that these numbers are not
appreciably dilferent and these numbers do not achieve any statistical significance as far as
increased risk is concemed (Table 1). _, ,, * *

These are from Project Stickybeak, 100 scuba diving fatalities in Australia and New Zealand
fi'om 1980 to 1990, with 125 causes ofdeath, and there were 9,;deaths subjects with a history
ofasthma This has been quoted over and over agairr as an indication that asthmatics are over-
represented in the diving deaths in Australia and New Zealand. I'm not sure why,‘ if 12 or 20%
ofthe population ofAustralia and New Zealand are asthmatic, but nonetheless, Dr. Walker who
was one of the authors of Sticl<ybeak stated categorically that “tlrisv_'appears”to4be tmtrue in
relation to Australia and New Zealand.” i I A I L

So this led to the conclusion that there is a group of asthmatics who can dive. Iwon't say
safely because there are inherent risks in diving, and diving is not 100% safe. Incidents are
going to happen, and I'm sure there are people in the room who raise hand and give
us a specific incident of an asthmatic getting into trouble. That's not the point. The issue is
whether asthmatics are over-represented, whether they get into troublefso way,out’ofproportion
to everybody else getting into trouble that the risk is unacceptable. But there always a risk.
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Table 1: Non-fatal Diving Accidents 1988-1991

History ofAsthma Past
All Cases Current # (%) # (%)

. Code1,
usually DCS 1" 192 4(2.1) '/(3.6)

"‘/Code 2—5, 1,214 l8(l.5) 45(3.7)
_ usually DCS II

t Code 6,
* usually AGE 148 2(l .4) 7(4.7)

1,554 240.5) 59(3.s)
- _"DC_I I—-type 1 decompression sickness; DCS lI—type II decompres-
sion sickness; AGE—~artenal gas embolism.

Table 2: Approximate Lower Limits of Nonnal at Fifth
Percentile Level

ti-A Parameter Percent ofPredicted

:6 VC Below 75

FRC Below 70 or above 130
“I... RV Below 65 or above 135

’ TLC Below so or above 120
FEV, Below 80

FEV,:FVC % Below 85

~ FEF,,_,5 Below 65
‘ From Clausen J. Pulmonary function testing. Irl: Bordow RA, Moser
KM, eds. Manual of clinical problems in pu monary medicine, 2d ed.
Boston: Little, Brown & Company, 1985.

-Several years ago we felt that asthmatics who could dive were those who were wheeze-free
for more than 2 years with normal PFTs and those with sporadic attacks triggered by defmed
factors with normal PFTs between attacks. The individuals that we believed could not dive were
those 1 who were on maintenance medication; those with exercise-induced, cold-induced, or
emotion-induced asthma; and those without normal PFTs when not symptomatic.

Now.we‘ve_ changed our mind, and we've become somewhat more liberal about this because
the key seems to be how they function. They either can do the exercise or they cannot do the
exercise. The risk for barotrauma doesn't seem to be there. So now, basically we use pulmonary
fimction testing and we want it to be normal, indicative of both exercise tolerance and a certain
lack ofvariability. The asthmatics who we like to clear are those who have well-defmed triggers
and who are unlikely to get significantly worse underwater. And that well-defined trigger can
be defined in anyway that you want, as long as you know what the trigger is.

l
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The person who has tremendous variability and may get bad very, quickly forno apparent
reason is the kind ofperson we want to screen out. The asthmatics we generally don't let dive
are those without normal pulmonary function testing and those with poorly defmed triggers,
likely to get worse under water. Simply because we don't know what they're capable of doing
or when they're capable of doing it. .

We define normal as two standard deviations away from the mean. That's what abnormal is.
It strikes me that ifyou have a test where 20% of the population is abnormal,the test is wrong.
It's not the 20% ofthe population is abnormal. So these are wtwolstandarddeviations away from
the mean for typical pulmonary function tests (Table 2), V .4 2 ‘fr. ‘T we =1": V

The methacholirle challenge test is not indicated in assessing whether_ asthniatics can dive.

/~ " H J".-r--' iv!‘-"" O '~ v 1* . wDISCUSSION a .. .1 I
,_.;_f:‘I‘f. '_ ' Il.’.'.",' ._ ,, ,1‘: '> *"

Dr. Davidson: One oftlle slides on pulmonary function tests ‘earlier said “noteri mainteriaiice
medications”—is the pulmonary function test to be normal with orwithout medication? 7‘ "'

Dr. Neuman: The slide earlier that said “not on medications’? was our old thinking and I
brought it to show you the progress of our thirlking. Thevissue is fi1r'ietion,'not"whetheryour
medication achieves that function. __ ‘ _g , '*:""‘“ _ “ _v- "

Soto answer the question, the tests are done on medication, particularly inhaled steroids. Dr”.
Torre mentioned this, but we've changed our thinking about the management of asthma
dramatically over the last several years, and people who have regular attacks often should be
maintained on inhaled steroids. Many of those individuals_ who t_are‘_mainta_ined_ on inhaled
steroids will have normal methacholine challenge tests. Ifyou put theni on inhaled isteroidsiltliey
don't have asthma irl a sort ofphilosophical sense. U H If if S O A
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THE CASE THAT ASTHMATICS S_IhIOULD.NOT.t DIVE >1

Richard E. Moon .

Medical exclusion for recreational activities i A V
Why should there be medical exclusions for divers while there are none for “many other more

dangerous activities? I believe the reason is that while it is selfeevidentj when one is considering
hang gliding or mountain climbing for example, to foreseethe potential n'sks'that would be
incurred by muscle weakness, poor balance, or impaired visualhacuityfi most divers do not have
the same intuitive feel for the pathophysiology of divinglrelated illness. In treating serious
decompression illness (DCI) one hears, not infrequently, statement such “if only I had known
it could be like this I would never have done it.” One ofour duties as diving physicians is, when
appropriate, to “save people from themselves” by pointing’ out potential physiological risks of
which they may not be aware. , >5“ *1»; l 1'1 y _.‘.IL~” i . 75 ‘E

Second, diving doctors and their diver patients have a duty to the divers’ buddies, rescuers
and also those who must bear the costs of transportation)’ and treatment of divers who may
become injured because of a susceptibility to diving illness forwhich the diveilshould receive
counseling or medical exclusion.

Risks for asthmatics
There are two possible risks for asthmatics. The first ispossibility of_iiripaired exercise

capacity due to a reduction in maximum ventilation incurred by increased airways resistarlce.
This is a relatively easy issue to deal with, because the effects ofiiirimersionharid divingion
ventilation are well described in the literature (1-8) to increase airways resistance‘; the breathing
resistance of the gas supply apparatus and immersion itself. ‘Exercise’ventilation a dive
may approach maximum voluntary ventilation, even in normals. hlcreased airways resistance
due to asthma will reduce a diver’s maximum ventilation further, possibly caulsing respiratory
limitation at only moderate levels of exertion. p _ rs, if ‘~‘

The other issue is the risk of pulmonary barotraurrla and decompression illness] The
hypothesis is that airway obstruction, airway closure and gas trapping caused by asthmaand
other pulmonary diseases can precipitate pulmonary barotrauma‘ (PBT)1during. ascent.
Overexpansion of gas spaces in the lung could cause rupture, and release of gasgintoithe
pulmonary interstitium, pleural space, or pulmonary venous blood; Large amounts of intra-
arteiial air result in the classic clinical picture of arterial gas embolism (AGE).‘A_The releaseéof
arterial bubbles from PBT could also predispose to DCS in divers with a significant inert gas
load via the mechanism suggested by Neuman and Bove (‘ftype 3 D_(_§S”) (9).mUpon immersion
in water, there is an influx ofblood into the central circulation. Using high resolution computed
tomography in experimental animals, Mitzner et al (10) have demonstrated that administration
ofintravenous fluid or blood results in an increase in airway wall thickness and a reduction irl
luminal diameter (10). This raises the possibility that immersion may compound the increased
airways resistance in asthmatics. . -'\‘-1;; , - e .; §

J ;» .. '_,<in t.\rt. " ;‘ ‘
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There are reports in the literature containing illustrative cases. For example, in a paper by
Mellem (1 l), ayourlg woman on her first dive complained ofchest pain during ascent and then
developed neurological abnormalities. On radiographic imaging ofher chest a large bulla was
clearly evident, which was presumed to have been the source of gas embolism. While it is not
diflicult to believe that severe bullous disease might predispose to gas embolism, asthma is not
the same disease. Nevertheless, indirect evidence of gas trapping exists even in asthmatics with
minirrral or no symptoms ( l 2, 1 3). It is at least theoretically possible for constricted airways to
retard_the decompression of gas spaces in the lurlg during ascent, and this could be augmented
by the tendency;for immersion to cause airway closure (6,8,l4—l6). Weiss and Van Meter
reported two IcasesrofAGE occurring in asthmatics during scuba training in a swimming pool
.(l7).. A few years ago wentreated a diver who appeared to be similarly predisposed at Duke
Medical ,Cen__ter._ He vvas_la30-year-old male asthmatic who stated that he only used albuterol
inhaler jonce ;or;~_twice la month. During ascent fiom his fourth dive he was observed to
experience 5 generalized} convulsion. He received recompression treatment, had another
convulsion, ultimatelyiwas transferred to our hospital, where he was noted to be lethargic,
paraparetic, had "s T8 sensory level, and expiratory wheezes. Alter additional hyperbaric
treatment his neurological status gradually improved. Despite bronchodilator therapy his vital
capacity’was7'9% ofpredicted, and his FEV, was significantly reduced below normal, at 61%
(of hispredicted value. brain MRI scan showed areas of infarction. Five years later, he
decided to diving again, dived to 30 feet and reported no problems. Afier S more years, he
made another dive (only his dive overall), to 60 feet for l0 minutes, a fairly low risk profile
for traditional decompre_ssion'sickness. Nevertheless, during ascent, at a depth of 20 feet, he
‘described a ‘fstrange feeling”-“in his arms and legs. When he exited the water, he felt arm pain

difficiiltylwallcing, after which he was treated for DCI. This is a man who, during the
ofsix dives, hadtwoofneurological DCI, with documented cerebral infarction.

evidence therefore supports the concept that there are asthmatics who are at high risk
lofDCI‘ should be precluded from diving. ,

Medical decisions can be based initially upon theoretical principles, but a firmer grounding
_ is obtained by a progression to anecdotal clinical information (such as currently exists), and then
epidemiological information based on studies ofpopulations.
A. Ideal data would be obtained by obtaining otherwise comparable populations of randomly
chosen asthmatics arld nonlasthmatics, who are then followed prospectively while they follow
the same diveprofiles, and record the number ofDCI incidents in each group. It is unlikely that
‘such; an experiment will ever be done. Dr. Farrell should be commended for doing a
prospective (see elsewhere in this report), but any such practicable study has the inherent
problem’ that the asthmatics who dive are likely to be self-selected, lower risk individuals.
Divers, such the ones described above are unlikely to remain in the diving population. Some may
have been screened out before they started diving, causing random asthmatics in the general
population and ones “whochoose to dive to have different characteristics.
.,_ A more realistic study; though less perfect, is to compare the prevalence of astllrna in a
population ofdivers who have sufl°ered DCI and with a control diving population without such
alrijstory, or, second best, non-divers. Edmonds et al. stated in 1992 (l8) that although only 1%
ofdivers are asthmatic, _?°_/9__or more of the deaths in his series were in asthmatics, and in another
8% asthma was a contribiiting factor. It was noted that at least 7% of patients in his series of
fatalities had respiratory disease other than asthma. The percentage of asthmatics in the diving
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population, at least among American divers, is probably higher, than 1%‘ (see below), so it is
possible that these data somewhat overstate the contribution ofasthma to divingdeaths: I

Another approach is to look for divers among an asthmatic population. This was done by Dr.
James Wells in conjunction with DAN, in a large 'g;9uppractice, containing 16,000 patients
with allergy, all ofwhom were receiving immunotherapy and approximately'4,000 had asthma.
Questionnaires were sent to each one to solicit divers,'and they were specifically asked whether
they had experienced pulmonary barotrauma or decompression ’ilh1essl;The results were as
follows (19). In this population, 32 divers answered the que§tionnaire,I of whom 1 l 7 were
asthmatics and 15 non-asthmatics. The median number ofdivesfor each person was l00 in the
non-asthrnatics, 28 in the asthmatics. The total inumber ofman-dives was roughly comparable;
however there were no episodes ofpuhnonaryebarotrauima in either groupf Because of the low
numbers, this approach turned out not to be O . Q?‘ ,i C ‘i5”‘71-'~'~i.§“ ‘

Another way ofattacking the issue is to look for asthmatics among divers. Dr. Tom Neuman
has already quoted his own results ofsuch a search th_is'(Work1_shop‘. The Divers Network
(DAN) in 1989 sent out 1,000 questionnaires to randomly selected members,of
696 were retumed. In those divers 5.3% reported that tlreysgwere astliiiratic, of l3
reported that they were currently asthmatic, which was defmedpas an attack within one year or
taking bronchodilators on a regular basis. There were about 6,000 man-dives logged, no
reported episodes of decompression illness. This provides an estimate of the upper bound for
the risk (i.e., risk < 1/6,000 dives). , , , ’ I; j j 1- I 1jj;7=' 7»?

The study ofFarrell and Glanvill (20) has been published in the open literature. A ‘similar type
of study was performed by DAN in 1991. _Using, the newsletter, _ Alert "Diver; an
advertisement and an accompanying questionnairewere published to solicit information from
diving asthmatics. A total of 304 questionnaires were received for analysis; There were'a total
ofapproximately 60,000 dives reported by 292 divers, who had experienced a total of l3 cases
ofdecompression illness: l0 DCS and 3 arterial gas embolismin _7 individuals, from which one
can calculate an approximate risk of one episode per 4,600 ‘hdives. The risk of DCI in
recreational divers is not known, nor can it be estimated for these, divers because no information
is available on the dive profiles. However, this ‘riskjexceeds the probability ofDCI estimated
for recreational divers by Wilnrshurst (l/l 5,000—l/20,000 dives) (21 ,22"); Gilliam (l/_l l,09_7)
(23), and Hahn (l/52,600) (24). gr‘,

A recent update ofDAN data, including all cases collected from 1987 to 1994, is shown in
Table l. The random DAN members listed in the Table l represent the 696“, questiorlnaires that
were retumed a few years ago, in whom 5.3% had asthma and 1.87%‘ had current asthma
(defined as wheezing within the past year or cllrrently taking bronchodilators). , it “' C

Table 1: Asthma in 696 Randomly Selected DAN Members »
and in 3,359 Cases of DCI in the DAN_Database

.,,.

Odds Ratio
Random DAN DCI-II AGE AGE

Condition Members (%) (%) (%) (95%)

Asthma 5.32 3.92 6.65 1.25. ._, (0.s_-211)
2
9Current 1 -65

asthma 1.87 1.67 3.09 (0.8-3 .6)
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Although the estimated probabilityrof expe_riencing“AGE is l .25 times higher for asthmatics
(odds ratio of 1.25) and 1.65 times higher for current asthmatics, the ratio 1.0 is included in the
span. of. the 95%: confidence intervals, and tliereforethe estimate of the risk does not reach
statistical sigriificance. Y ¢,~,,»;, _‘ ' j ~“j‘;_;, 1“,_»,s;@> jjj

What is the interpretation of these data? It_is“co_rrect to say that there is no evidence for an
increased risk ofDCI in asthmatics who dive. However, it is not correct to conclude that there
is no risk. To do so it wouldfirst be necessary tonestablish the confidence with which one can
exclude such a relationsliipflf the same proportions are maintained in future years, in order to
exclude asthma 551; risk factor relationship witl1[9_5% confidence, about 4 times as many
asthmatics would b_er1eededia’s_ currently exist in _thcdatabase. At the current rate of accident
data collection thisimeans that aistatisticallysignifrcant answer might not be available for
another 25 years.‘ Absence ofproof does notiniply proofof absence. Furthermore, there is no
assurance that the asthmatics who are diving represent a random selection of the asthmatic
population .' Thedivers ar‘e’ver;»__, likely to be self-sielected as low risk: those who experience
complications probably ‘stop Thus any c_alculat_i_on of risk using this approach reflects not
the risk of diving Withasthrna,“ but the risk ofdiyingfor those asthmatics who are already
diving. This type ofanalysis isiitlierefore not likely. to be conclusive, since it will underestimate
the risk foria rando:mly,selected_ asthmatic fioiii the general population. The small increase in
risk suggested tlieestirnatesin Table l may be misleading, and belie a considerably higher
risk for some other asthmatics who are noticurrentlyidivirig.

1 Giventliat _have_apparently been able to scuba dive without complications,
the,relevant_"question i's'tlierefore not, Can dive?but rather, Which asthmatics can
divé:?,Based uponthe evidence iiccumulated"tlius“,ifar, Neuman et al. have suggested some
liberalized (25). ‘suggest that asthinatics who have abnormal airways resistance
or hing volumes should riot dive,‘ altlroughiithere are no published data on the physiological
res'ponses'1,of the lung in asymptomatic asthrnaties with normal lung fimction to the diving
enviromnent, particularly water immersion. Neuman has further recommended that diving be
prohibited afier an acute asthmaticiattack, until "airway mechanics are normal by formal testing.
This recommendation may sound acceptable intheory, but it is one which is difiicult to follow
in practice. Furthermore, there is too little “expefienee with these recommendations to know
whétherithey are safeor not. In view of the“conservatism of most diving doctors regarding
asthma,’ the degree to which physicians’ T6; = divers are liberalizing their own practices is
uncertainl This may also apply to practices in the United Kingdom, where the British SubAqua
Club hasflhad less stringent guidelines for several ‘years.

Since 2' the epidemiological data are not helpful,‘ it is therefore necessary to retum to
physiological principles. Here, unfortunately, th'e' information is also lacking. There are no
objective data on the degree of airways obstruction among diving asthmatics. Except for a few
studies of gas exchangein asymptomatic or rriild asthma (l 2,1 3) demonstrating the existence
of bimodal distributions of perfusion (suggesting aiipopulation of gas exchange units prone to
gas trapping), ‘there are fewydata pertinent tocthe etfects of diving on airway mechanics in this
disease. We know a deal about how diving afiects the lungs, but we know almost nothing
quantitative about how diving affects the astliniatic lung.

1 -‘M ,< _ K ‘ _
_ ' §{1“';, i,‘,‘r':_=, "‘ \i}1"""-‘ f»": ___ ‘ I/ ".',,~~ l))'..' ‘V

Conblusion ,- 5;’ '11-fr, _. .> ., ¢_ U“_v.,‘_.~~~. ..) ‘fly--.i "

There are * theoretical. r_easoi1s_why gas trappirigcould occur in asthmatics and cause
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pulmonary barotrauma and gas embolism during ascent from a dive. Anecdotal evidence
supports the existence of this phenomena in some asthmatics. There are trends in the
epidemiological data suggesting an increased risk ofDCI in asthmatics. However, the numbers
are not sufliciently large for statistical significance,‘for either confirmation or exclusion of
asthma as a risk factor for DCI.f;Moreover, epidemiological data collected thus far are
fundamentally flawed, in that there is reason to believe thatthey represent a biased population.
Even to answer the question ofwhich asthmatics can dive, the epidemiological data contain no
clinical information with which to characiterizei the reported asthmatics, and therefore derive an
appropriate recommendation. is . ' ' _i

Physiological data are also lacking. Several physiological/pathophysiological questions
remain, for which answers are needed before liberalized recommendations can be validated:

. * 4 r.

- What is the efifect of immersion and airways resistance on the asthmatic lung with
diifering degrees ofbronchoconstriction? 1 i 3 .

- Can it be correctly assumed that the sevjerityiiof airways obstruction measured using
conventional spirometry is predictiveof the risk ofpuhnonary barotrauma in asthmatics?

' For asthmatics, during ascent fiorn a dive: can the possibility of “micro-embolization”
(perhaps subclinical) of gas into the arterial circulation be excluded?

~ What are the clinical and physiological “characteristics of those asthmatics who are currently
diving and who have not experienced DCI or PBT? L ” ,.

- If asthmatics can dive, what recornrnendatioris should they be given with respect to the
management of their asthma and dive patterns, particularly ascent rates?
Despite the impetus to disseminate recornrnendations, there is no strong evidence

with which to challenge the traditional recommendation that asthmatics should not scuba dive.
l; ' ,~.‘,, .,.,‘ » :7 ,=
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Dr. Elliott: Thank you, Richard. The case is to be for discussion, and what I would like
to do now is to invite two of our panelists to comment on where we've got to so far.

Dr. Bove: The debate starts later, but Dr. Nemnaniaskedirneito mention that some pulmonary
function testing is no more than peak expiratory flow fate_meas1nements and a point for debate
is whetlier that measure is adequate.’So I don't wantitoi continue with that now. In my own
practice many ofthe divers who come for initial evaluation don't mind paying for the pulmonary
function test,‘ because I think they feel, and we feel,'it defmes some aspect of safety.

is_not what I wanted to address. As we go tlrrough this debate this aftemoon, there will
be someconsideration ofwhat the information from the testing means. And I want to point out,
since I am a cardiologist,'and try to provide care for my patients based on information fiom
the cardiology literature,several important observations Jwhich have been made in the area of
cardiologyrasi models for how one makes proper decisions _ir1 patient care.

. 1; We did randomized on the treatment ofacute‘rnyc_cardial infarction in the 1980s when
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we randomized people to thrombolytic agents and no thrombolyticiagents. That was a pretty
gutsy thing to do because there was some evidence that thrombolytic agents were good, but we
decided that to really get an answer we had to randomize;~We found that the mortality in the
patients treated without thrombolytics 13%‘, it was “around 6 or 7% in the patients treated
with thrombolysis M Y Ads’ _ A . p _ - » ,1 5:, 5 V .-,- . .

There were measures. There was testing of left ventricular'fi1nction,"testing of enzymes, and
everybody felt that these interim tests would give us the “answer. The fact is the tests were not
adequate end points. The mortality was the importantend ‘point. . 173 5 I

Heart failure and use ofangiotensin converting (ACE) inhibitor raised similar issues.
Through a number of randoriiized studies, we found that the 2-year mortality for class 4 heart
failure went trom 60 to 35%.These conclusions representedisolid, goodclinical data which we
now use as a mainstay of therapy. Others‘ such as atrial fibrillation and use ofanticoagulation:
5% down to ‘/2% risk for stroke and mortality. Again, a randomized trial with controls to define
the end point in statistically significant important data. ‘*1 y A - so Y5

The other study I was going to mention was .the'§use . of Beta blockers post~myocardial
infarctions. Again, a large study, l0%'reduction‘in :1 year'rnoitality. These studies established
standards ofpractice. _ _ , r . .. l Y *‘ i if *1-7“ 5

All standards of practicethat we use have ‘come fi'om carefully done, randomized clinical
trials. And I will tell you the other extreme.“ About A month ago a statisticiari presented data from
an insurance database, suggcsting that the use ‘of calcium channel blockers in hypertension
caused acute myocardial infatctionsi This was an abstract presented at a non-peer-reviewed
meeting. It wasn't published ‘except irfabstractifoim butiwasi by the lay press, and within
about a day of that hitting the newspapers, I started getting calls fromrny patients who had
stopped taking calcium channel blockers for blood pressure. Mycomnient was, I cannot practice
medicine from headlines in _the newspaper. We have to use good clinical outcome data.

We have not seen good clinical-outcome data in this asthma debate. Theireason for that is that
it is very diflicult to get a good clinical trial underway. The interest in cardiac diseases is much
greater and we can get funding to do these clinical trials'.Y If "

I would caution everybody to look at the data that we have}. The result of a test is not
an appropriate outcome. One must look at mortality or morbidity, andmake some conclusions
based on good, clinical and statistical observations.“ I i A

Dr. Moon mentioned that we__don't havedata that gdefinean increase in risk. The lack of data
raises concems that we are making a type *2 error, that is,“we are ia negative conclusion
because of lack of data. We don't have data thatfshow there is '5 significant increase in mortality
or morbidity from asthma andvdiving at point. For medicalpractice I would like that kind
of information. i if I I I y M i_ H , i ‘_i I

So to a point we are guessing, and I would askeveryone to look carefully at the outcome data
that we have so that we can‘ reach ‘$552 reasonable conclusions. W _

Dr. Harries: Thank you, David. I would just like to tee up this _aftemoon‘s discussion by
being thoroughly provocative in the most fiiendly way, of course, and by drawing the battle lines
as I expect them to be. I will__start by making one or two comments. The first is to Dr. Gorman.
Iwas interested about using histamine provocations as indicator of exercise debility. This strikes
me as rather like testing an apple by taste to be sure it isn't anorange. “Failure to prove an
association beyond doubt not proof of its gconverse.”MOf course the failure to disprove
association beyond doubt “notdisproof of___it_s converse. It's a complicated argument but it



52 UNDERSEA AND HYPERBARIC MEDICAL SOCIETY

doesn't get us any further, I felt. ,1, ‘
I was also worriedvto_discov_er that there are still people prepared to use B-agonists in the

treatment ofasthma, without steroids. This is rather like papering over the cracks
on the wall and then to persuadeiyour surveyor that there is no crack there at all.

This aflemoon's discussion is going to center around whether diving with asthma is going to
be a danger, We've been told that asthmatics are not at special risk from pulmonary barotrauma
and we'll probably visit that again this aftemoon.

It-strikes me that the question boils down to whether the ability to exercise and work is
impaired byasthma developing _in they/ater. And if it does, whether adequate treatment of
asthma removes that problem. ; _._ 1,: ._'_ ‘f

Dr. Elliotvtzi All the panelists are now on the dais and each will be asked: What do you
perceive as being the greatest obstacle_toward achieving consensus today?

Dr; Neurna_n:_l'm not sure if it's_the_ greatest obstacle, but I certainly see a portion of this
debate being philosophical insofar as whether it's up to the individual to be given an assessment
ofrisk as best we have it and letting that individual make the decision whether he or she chooses
to.underwrite, that risk. We oughtwto be worried about the risks to the people who have to
perform the rescueand, as far as buddies are concemed, each individual must let his buddy
know as well:',,_,"'!’_" “ *1 j

So to a certain extent, I see this a philosophical issue as to who underwrites the risk of
anybody with kind of limitation Tdiving?

..-Drgv Elliott: Des Gorman. r V - _,- ~
Dr. comiaa'a' you, Dai/id."It interesting that for most of the SPUMS workshop

,on asthma the debate was on whether diving medical assessment assistance should
be a prescribed process or a discretioriary_ process. That is a question—whether doctors should
be risk advisors or policemen. T‘ ' A‘ '

1 The group of asthmatics that we're starting to struggle with conceptually in our part of the
eworldqare the people with active asthmabut who, on medication, are exercise-tolerant. From a
traditional commercial, and recreational diving viewpoint, we have discouraged these
people from 'diving.'_ ls this a valid prohibition for someone who is demonstrably “non-
asthmatic” in the context of regular inhaled steroids?

Theother area where sornedebate may be needed to reach consensus is in the nature of the
data we need to collect to determine the risks ofdiving for asthmatics. In my opinion these have
to be collected on people entering diving, not afler their diving course, because I suspect even
thisjis a survivor population. ’ " t ‘

__Di-. Moon: I think the way to approach it would be to divide the problem into two. There are
twoiproblerns. One is exercise tolerance and the degree to which one can perform under water,
and that issue really applies to any potential respiratory disability, not specifically asthma. And
the other is theirisk ofpuhnonary barotrauma

The second issue is that the actual lei/el of risk needs to be addressed, and then finally the
philosophical issue as to what level of risk is tolerable, and that leads back to Des‘ comment
aboutadvice rather than being a policeman.
_-f, We are perhaps uniquely positioned in this country in that we can give all the advice that we
,Want, but eventually one has to come to the point ofwhether one is going to sign the form and
appiove the diver for diving or not. ' And perhaps we could address how to get around that one.

Dr. Francis: I think that the problem we face is, to a large extent, one of our own making.
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Many ofus have been trained that asthmatics should not dive and it's apractice that we_have all
tended to follow during ourdiving medical careers. The feelings that brought about the idea that
asthmatics were unfit to dive were based on ideas that seemed reasonable at the time. It is
unfortunate that there is a lack ofevidence to support those thoughtsf particularly with respect
to pulmonary barotrauma. . . . r v , Y '1 - -~ :.»

So we've actually caused the problem to some extent, and now,'we're'trying to get out of it. It's
going to be difficult because in large parts ’ of the divirigfworld, particularly military and
commercial diving, asthmatics have not been allowed to dive‘, and so we have no good data on
how they perform And, ifwe carry on with the ideathat asthniatics areinot allowed to dive, we
will never get the data. i T .‘:"’,. up ~':_i_' i '~" +“==~"‘

So I think we're going to have to get diving asthmatics,“ ifyou like, .‘,‘out of thecloset,” and
study them very carefiilly. And the question is, howdoiwei get them out into the water? We also
need to separate sports divers fiom those who are employed to dive, because the criteria which
apply are diiferent. Those are the major problems: .1 , Y"tr ,_ rgflfi *1

Dr. Harries: We spent some time this morning idiscussiiig how acuteobstniction to airflow
limits aerobic performance and how, if it were treated correctly, it didn't.',We also talked about
methods ofmaking a diagnosis and methods of treatment.’ ¥ ' ll‘ " , '~'~**‘

Mild asthmatics should be allowed to dive because there's no evidence to suggest that they
would be in any difiiculties ifthey did. Obviously, those with‘ tater. asthma will have problems.
If one is going to approve diving for asthmatics, at what level is one going to say to a more
severe asthmatic, no, you mustn't. That is going to be dififieult. ',.' .17 L"I ..'llil'Jf.' .

Dr. Mebane: The science of epidemiology began in London a_bout_200 years ago when an
astute physician began to notice a correlation between individuals witliicholera in" his practice
and the supply ofwater from a certain water pump. This'carrie about tliroughcasestudies. So
case study was a valid tool in epidemiology for many years.'.The accumulation ofdatabases is
a more modern development, and I would make a plea for return to case study.» Every database
in diving which now exists, of course, is flawed by selectivebias. In studying rarediseases it is
not possible to accumulate a large database, so we will probably never have a' database large
enough to make any conclusions. I make a plea for the intensive ofindividual cases and
perhaps there is gold to be mined in that resource. I "v‘,"{,:)" ' j

Dr. Farrell: I have little to reiterate that recreational divers are a dit_‘ferent'p_opulation from
professional divers. To reach some form ofconsensus, we need to split them into two groups,
the amateurs and the professionals. i ' '

Dr. Bove: I mentioned my interest in clinical trials thisvmorriing., Ifwe lookmback in the
training ofphysicians, we've been told many things about how to practice medicine which, when
examined in detail, do not have adequate scientific basis: This discussion on asthma is another
example. The conclusions were drawn from some understanding ofbasic physiology without
clinical outcome observations to correlate with the test data. This isinot the only example of
having made perceptions of treatment patterns for disease in the presenw of inadequate data.

We are learning in this last two decades or so to take carefiil looks at the data based on true
clinical outcomes, and not the hypothetical outcomes that one would conclude from the basic
experiments that might be related. a ' a

One of the major obstacles we have is that we still are not used tougoing back and carefully
looking at the origins of the conclusions that we use for practicing medicine. To ‘me that is a key
issue which is relevant, not just to this issue, but to many of the things we doinmedicine.
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I make a plea for being critical about the conclusions that you make in terms of medical
information and how you apply that to your practice in any area. I think this is a good example
ofusing inadequate data to draw conclusions that don't have support. So ifwe can get by that,
I think we can then decide, number one, that we will deal with asthma, number two, we will
develop guidelines, and ultimately have some way of dealing with the individual who walks into
your office and says, “I have asthma, is it okay to dive?” Because right now, I think we have
many different answers to that question.

Dr. Elliott: Thank you all very much In a moment I will open it up for general discussion but
I would like to add the idea that we need to debate this in two parts. What are the current criteria
in the way of diagnosis and assessment? And what data do we need to collect in the fiiture?

I have prepared a number of overheads which will address the first question, but not the
second. Also, one of the speakers this moming picked up another very important factor, which
is, in conducting an assessment for fitness, it's not just the asthmatic, it is also the doctor. At a
4-day meeting in Edinburgh last year on the assessment of fitness to dive, perhaps the most
important conclusion was that didactic prescription is out. The cliche is that rules come in black
and white but people come in shades of gray. Thus the doctor who has to interpret any
guidelines we might produce this attemoon must fully understand the hazards that the diver will
confront. In my view too many diving medical examinations are done by doctors who know
nothing about diving. So I would like to add a controversial question, what are the standards of
competency that we expect fiom the medical examiner in interpreting the guidelines that we do
produce, and what training objectives must be met for him or her to relate the clinical findings
to the hazards of the underwater enviromnent?

So now we can start the debate fi'om the floor.
Dr. Saltzman: The intemational audience may not appreciate that there is a surplus of

lawyers in the United States, and we live in an increasingly litigious society. Medical liability
is a major concern. Physicians are historically risk adverse, and it's much easier for a physician
to tell a patient not to dive than to use rational criteria that might allow a yes answer. It is very
important to develop a consensus statement that can be used as a support system for physicians
so they can use rational thinking to determine the disposition of this question.
i Dr. Daugherty: David, you mentioned the Americans with Disabilities Act, and for
American commercial divers there is one more factor besides the physician's assessment of risk
or his estimation ofwhether this would affect the health or welfare of the worker or others. After
the employer is presented with that assessment, he has to determine if he can make a reasonable
accommodation. For other disabilities this might be something for a person in a wheelchair who
works at a bench or a desk and might involve changing the equipment or raising or lowering
something.

So if an asthmatic diver presented and wanted to work as a commercial diver, after the
physician has made the assessment, the employer then has the duty of deciding ifhe can make
a reasonable accommodation for this person, and ifhe can legitimately say that he cannot, only
then can he refuse to employ the diver under the Americans with Disabilities Act. So there is
one more element after the doctor has puzzled it through in his own mind.

" Dr. Yotmgblood: I have two points. The first is that I would like to disabuse the panel of the
concept that recreational divers don't involve any dangers or liabilities to third parties. In
America, they certainly do, and I will give you what I can now call a case study instead of an
anecdote, where a Board Certified anesthesiologist, with childhood and adult asthma, answered
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the questionnaire on his diving test, but didn't admit to having asthma.’ On his first open water
dive, despite being asked to put his regulator in his mouth, he jumped in withhis snorkel in, and
apparently inhaled water and went on to drown from there, by all ‘signs, acute bronchial spasm
from salt water aspiration. A, _ 3 is-if 1' ' '

Now, he died, and his wife sued the boat company and Sued the two owners of the boat
company, despite the corporate veil; sued the urologistwho was divebuddy and failed to
resuscitate him; and won all of them. It cost the third parties about three landa half million
dollars. So don't kid yourself. _ 'i'....- 3"‘ , -.3‘: ‘l T '

This particular case brings me to something that Des mentioned arid was actually misquoted
on, I'm afiaid He didn't mention the methacholine challenge as b‘eing,' as I iriterpret it, a useful
one, but the hypertonic saline challenge seems :8 be la very practical thingthat we need to
evaluate fiirther, because the data that I saw from Aiistralasia wereithe deaths from dfowriing
on the surface in asthmatics. . i‘ f I A . 3"" e

I would wager that a great many of the cases assumed to be cardiaeianytlnnias or drownings,
may have occurred in asthmatics who aspirated saltwater, i.e. ,i doing their own provocative
hypertonic saline challenge test. lfyou're actually the riiedia of the challenge test,
it might be wise to test that medium before you . _ . v _ A. , . ~

Dr. Bove: Just a cornrrient: had this individual, iivhogaspiratedjwater and ‘drowned, not had
asthma, the same result of that lawsuit would have occurred. -Itt had nothing to do A with
bronchospasms. I'm not sure that you can use it as an example because my guess is that it could
never be established ifbronchospasm was the reason he died. I ifyou look at tlie__deatlis
from diving, you'll find a lot ofpeople who have drowned like that no history of asthma at
all, and they still win the lawsuits because somebody let them jurnpover theside or the snorkel
was twisted wrong or who knows what. V , at _ vv ."»'.::. . v f'.‘<>l»- 1 I I1

Dr. Youngblood: My point is that if some fail theirisalt water aspirati_on'test in a clinical
setting, then they would probably fail in open water. , j .5, v . '

Dr. Bove: I'm not sure that's a foregone conclusion. I mean aspirating watei? is different fiom
a fme mist of saline in the airways. Aspirating water, is a predrowning everit','v'_\_'/liich will ieause
significant problems with the airways, whether or not you have asthma. a 7»

Dr. Torre: Ifthat diver was in fact able to tell the truth and admit he had asthma and was then
referred to get proper screening, he found out he did not have good exercise tolerance. He could
have received appropriate treatment before he dove, and it may not have happened either} So
our present standards, which “encourage” withholding important medical information, actually
make it more dangerous to dive. , ..
A couple ofother points. Dr. Mebane was talking about case studies for why these asthmatics

may die. We may not have the case studies with asthma in scuba divers, but we certainly have
plenty in non-diving asthmatics. The single most important reason for asthmatic deaths is the
improper, i.e., under use (none, too little, or too late) use of anti-inflammatory drugs as
controlling (maintenance) medications, generally associated with the overuse of B-agonist
bronchodilators as the main treatment for asthma. And I would bet if there were suflicient case
studies of asthmatic divers, the mortality would statistically follow the same pattern. , _

Those people who rely on B-agonists more than once or twice a week have persistent asthma,
and if they’re not on anti-inflammatory drugs, may be at much more risk. The point I'm trying
to make is the necessity for utilizing some kind of criteria (whether it's exercise or methacholine
challenge or histamine challenge or saline challenge, or how ofien you have "symptoms or falls
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in your peak flow or how ofien you have asthma at night) to“ assess the measure of asthma
control. ’

It doesn’t matter which challenge test or clinical measure above one uses, ifyou're in control,
i.e., you're taking the right amotmt ofanti-inflammatory medication, etc., you’re at risk ofhaving
a problem on the surface (bronchospasm secondary to exerciser aspiration ofhypertonic saline)
that can lead to drowning is going to be much smaller. The fact is that asthmatics under control
don’t die from asthma. Now, whether that will be proven beyond doubt in scuba again might
take another 25 or more years to know. But the “persistent” asthmatics on the surface (in
addition to those scuba diving) who do not have appropriate anti-inflarnrnatory medication and
therefore abnormal tolerances (whether it's methacholine or exercise, etc.) are at much more risk
to die, and again the single biggest cause for asthma deaths is inappropriate use, i.e., under use
of anti-inflammatory medicine and overuse ofbronchodilator medication.

Dr. Gorman: David, I would like to comment about the guidelines that you're trying to
develop. To a certain extent, though, they're driven by the type offitness certification the doctor
is to sign. It is impossible for any person to be literally fit to dive.

I've had a long chat with PADI, for example, as one of the stakeholders in this context about
whether they find it acceptable to have a different sort ofFitness Certification, in which there
is an acknowledgment that the specific risks for that individual have been fiilly discussed and
understood Ir1 response, PADI has said that it would find such a system to be both workable and
desirable.

Dr. Elliott: I'm happy for this debate to continue, but we need to establish the other areas we
will have to spend time debating. -

Dr. Neumanzz I wish to respond to David Youngblood’s views on hypertonic saline. That
test is limited because there are too many false positives.

Dr. Harries: I want to support again what you have just said. I said this morning the
methacholine challenge, histamine challenge, and saline inhalation are methods of quantifying
the degree ofbronchial hyperactivity; in other words, the severity of the asthma. An exercise test
merely flags up whether your patient, the diver, is potentially asthmatic, that's all. Yes or no.
It's a much more pragmatic test because it tests what you are afler. Does this person develop
problems when exercising (not if inhaling saline)?

Dr. Lissauer: In the United States we defme a junior diver as one between 12 and 15 years
ofage, and that junior diver is not permitted to dive with another junior diver, only with an adult
diver. My question is, would you send a junior diver, be it your own child or somebody else's,
to dive with an asthmatic? That's question number one. Question number two: you're certifying
an “asthmatic,” whatever that means, and that person now wants to become an instructor. What
do you do with that person‘? Thank you.

Dr. Lundgren: I'd like to touch on Tom Neuman‘s problem that he brought up, namely
philosophy. I think it's a very important one. It's much more generic, perhaps, than applying just
to the diving and asthma question But I keep being amazed at the phraseology, "shall we allow
this patient to dive?" "Doctor, am I allowed to dive?" et cetera. I think it's a totally wrong
approach to the question, and it invites litigation.

I don't think the doctor has any business whatsoever to tell the patient what to do or not to do.
It's akin to the person walking up to the trauma surgeon, saying, Doctor, should I go downtown
after dark? And then suing the doctor when he gets shot. It is for the physician to explain the
dangers—-that should be done carefirlly, no question, and preferably in the standardized
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phraseology that would be somewhat common to the medical community—and then it's up to
the prospective diver to decide whether he wants to take that risk or not. What is one guy's thrill
is another guy's deadly threat. p ,

’ Dr. P. Bennett: Somewhat along the lines that Claes was talking about, I think there are three
people involved here. We're concentrating on the physician's involvement and the physician's
decisions on whether that individual asthmatic is fit to dive. That is important for that individual;
it may be important for the physician. The real trouble is when he goes to the instructor. Ifyou
go to“ Caribbean and dive, you will be given a piece of paper which asks, have you ever
been+whatever——pregnant, had diabetes, or had asthma? And ifyou mark asthma—or diabetes
or whatever—then you're likely to be told, I'm sorry, you can't dive. That's the problem, because
when" the infonned diver says, wait ajminute, I don't think there's any problem with asthmatics
diving, I_ don't see why you won't let me dive. We get a lot of calls from people in this kind of
situation. , , 4 _ . .. A ,, _

Sofwhen you write your criteria,_they have to be not only for the physician, but also the
instructor in the field. They must be simple so he can say, look, here's a consensus, it is my
advice to you that you shouldn't dive because there's a certain amount of risk, it's twice what it
is normally or whatever the case may be. It's your decision to make; I can't make it for you.
DAN never says to anybody about to dive, “you cannot dive.” We're not the dive police force.
We just say, here's the information; you are a responsible diver, you must take the information
and decide whether the risk is high or low for you and whether you're prepared to dive under
thosecircumstances. __ _ ,

Dr'.'fElliott: That is a good point, Peter..
m. Bove: David, to start the debate, I'd like to throw out the premise that we have no data

that show that asthmatics are at increased risk in diving.
Dr.’ Elliott: A good idea; we will do that.
Drilfioonz David, could I just make a suggestion. I think we've all got our own degrees of

risk aversion which are unlikely to change this afiernoon. Perhaps if you change the title to
“Consensus guidelines for management ofasthma” to “Statement on asthma,” and simply spend
the reviewing the literature that we have seen this morning and make positive or negative
statements evaluating the evidence. _ N p I "

Dr.‘ Elliott: That is another good suggestion. Like the statement just made by Peter, it is
particularly applicable for the recreational diver, but we must not forget that there are thousands
ofworking divers as well. _ _, ,

Dr. Francis: What we're dealing with is a speclmrn ofdisease and so, ifwe are going to have
a pass/fail criterion, we're going to have to put a boundary line somewhere on that spectrum.
This lbe extremely dificult to do fi-om what has been said, the best idea is not to put
a line_a_nywhere. ii ii 7. U , ii

Dr." Elliott: When we were debating this in Edinburgh, it was obvious that there were some
peoplewho believed that 76% was okay for the FEV,:FVC ratio whereas 74% was failure. In
corrifnercial diving in Europe this had become a magic number. This view has at least been
modified and it is now said that this ratio is only part of an assessment.
ii I-larvey: We may have to treat these divers as patients. Some are going to get
decompression illness and so what are the eflects of their medications on pulmonary oxygen
toxicity, central nervous system oxygen toxicity, perhaps even narcosis?

Dr. Desola: We must agree that the question, “Doctor, am I allowed to dive” is not a good
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approach to fitness for an asthmatic to dive. We need an answer to that question, because in
many countries, and most of the Mediterranean ones, the doctor must sign the paper: “I, doctor,
my name, allow this patient to dive.” This question must be answered.

Dr. Kay: I would like to include the category of diving scientist, which hasn't really been
addressed. We talk about sport and we talk about commercial divers , but I think the diving
scientist is neither fish nor fowl. They do not receive direct money for the engineering feat, the
archeological work, the coral research, or whatever the academic is doing underwater, and this
is not the same thing as a commercial diver. So I'd like to include diving scientists as a separate
category.

Dr. Elliott: Could I answer that one myself? As Chairman of this meeting I try to distance
myself from the detail of debate, but in Europe we have the European Diving Technology
Comrnittee,- which is a l5-nation committee of government, employers, and trades union
representatives which is looking at all aspects of the “working diver.” A working diver is
anybody who works for a reward. Thus the definition includes anyone who dives in the course
of their normal work. This includes the diving scientist and many instnrctors of recreational
divers. Recreational divers and, for that matter the “technical diver,” are not working divers.

Health and safety legislation for all workers in Europe, including divers, tends not to be
prescriptive but “goal setting.” This applies to all aspects of diving, not just medical. In the
U.K. there will be approved codes ofpractice for six categories ofworking diver.

First there’s the off-shore divers, predominantly the oil industry divers, and next the
harbor/inshore and inland divers who do mostly construction work. The next category, the
military divers, have their cum code of practice or diving manual.Then there are the diving
scientists. I don't like the word scientific diver—the diving scientist. They already have an
intemational code of practice. Police divers will also have their own code of practice in the
U.K.,'and finally there is the professional instructor of recreational divers.

These are all working divers and the discussion at Edinburgh was “Do the same medical
standards apply to everybody?” The conclusion was that for those aspects offimess which will
affect in-water safety, the same standards must apply.

Dr. Heimbach: This meeting is being attended by top-of-the-line specialists in diving
medicine and respiratory medicine, as it should be, and it has been brought out that there's a
spectrum in severity in asthmatics, but there is also a spectrum in the quality of care given to
potential divers in both the assessment of their asthma and the care of their asthma.

With a tendency, at least in the United States, toward increasing care by generalists rather
than specialists, I have some concems about whether asthmatics will receive proper care for
their asthma to make them qualified for diving. I agree with what I've heard that in most cases
they can be, but the question is will they be and, even if guidelines to do those are well
established, will they be followed?

In addition, who is to judge whether these guidelines indeed have been followed? Then the
asthmatic will report to the dive shop and say “yes, I'm an asthmatic, but I've been under care
ofa physician and my asthma is well controlled.” Now, who makes the decision as to whether
it truly is safe for him or her to dive?

These are questions which need to be answered. I'm all in favor of trying to achieve a way that
we can get asthmatics to dive safely, but this question truly needs to be evaluated.

Dr. Elliott: Thank you, Dean. This particular can make some firm recommendations and
maybe make a statement about how to assess risk in this population, but it is not possible for
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this group to decide how those statements and guidelines will be interpreted outside‘ themedical
community. That must be a multi-specialty decision. 1.. L ‘Qt 1‘ -

Dr. Farrell: I agree totally with the comment about the quality of asthmacare. In the U.K.
most asthma is managed by general practitioners or family physicians. We have British>Thoracic
Society guidelines which effectively lay down how to manage“a'sthma"divers but they are not
universally followed. .g UZII .'.'...v “'7 3 ‘ 5 ' ' i'

Dr. Goldmann: In the 50 miles surrounding my service area,'there are approidmately 45 dive
shops. Seventy-five percent ofmy referrals for diving evaluations came from three of those
shops last year. There are shops that are interested in dive safety, and there are shops that are
not I would ask the panel to consider that, while we may not be dive police, there’ are certifying
agencies in this country who will be looking at whatever we corneup with.‘ So, whatever evolves
over these issues has to be usable by those organizations. ., .; 7*

Dr. Peterson: I would ask the panel to address the mostirecent upgrade in classification of
asthma from the NIH, and specifically to address the gradations therein, such that those whomare
not as familiar with current diagnoses and treatment of asthma could perhaps be brought up to
date when they are considering the statement from this morriiiigl >i1»77*~£ ' ,_ Q.’ Y . '

Dr. Elliott: Yes, certainly those grades are to be published “as part of tlielproceedings of this
meeting. J

Dr. Torre: All three sets of guidelines I mentioned earlier,’-little NI-ILBI published in I991
(NlI—I publication no. 9 I ~3042), the International Census Report in l992_ (NH-I publication no.
92-3091), and the I995 GINA (Global Initiative for Asthma) workshop'_report publication
no. 95-3659), which I discussed earlier, can be obtained; for _refere_rr'_ce__ by calling NIH __at
301/251-I222 and requesting the appropriate publication niirnber. ._77 . -- 3' '~ -V -3'

As far as the step approach to asthma treatment based on theguidelines is concerned (wether
they are helpfial in determining fitness to dive) the expected outcome for all but the rnost severe
asthmatics who follow the plan is: symptoms less than oneiwfleek, norrrial exercise tolerance,
normal or near normal pulmonary function tests and therefore,“ according to the data presented,
as low a risk as possible for diving. , ,1 1', fr.

Dr. Bove: I take your point. But I suspect the categories wéiiisaw today are simply a way of
allocating care, not too many risk factors in this context. 7 ,,,,,._.~l.:. V.-i::<,;»:. q ~

Dr. Torre: I basically agree with that. I don’t think we have specifictograde risk
at the present time other than the clinical criteria. I don’t think any of the tests will allow us to
actually grade risks, so it seems to me we are going to have to use the cliriical criteria, including
pulmonary fimction tests, to make some reasonable guesses about risk, and then decide how to
advise individuals based on that assessment. ,3. E.

Dr. Elliott: We are trying to come out with an intemational statement; because althoughvthe
NIH may mail however many doctors there are in the States, this Society is worldwide. ;

We seem, at last, to have come to a point where there is nobody waiting at the "microphone.
So maybe we should now begin to go through some of the statements. We have said that we
need to come up with statements on asthma rather than guidelines. These also need to reflect
the international nature of the Society and should recognize the separateaaspects ofunderwater’

._|.. X ,_
safety for recreational and working divers. d q

We will be looking at the questions that have been precirculated to achieve these statementsff
There seems to be a feeling that there may not be as much risk with asthma as we had perceived.

That is the major part ofwhat we want to do today. Then we need to see what we can do in the
. t . . .. '. i .> .. -. ~ I - . ._

¢ . ' " r.-l 5 . 7.
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way of trials and collecting data from around the world. Who can do this? We need more data
when this asthma topic next comes up for debate.

I would like us also to consider that perhaps only selected doctors should do the medical
assessment of a diver. Also we should consider the question that Dr. Harvey raised. Could we
do that first, before we debate these various overheads? Are there any comments from the panel
upon the potential secondary effects of the various medications which the asthmatic may be
using during diving? Particularly during any recompression?

Dr. Bove: The medications we deal with are the [5-agonists, the steroids, probably some
antihistamines ofone sort or another, and anti-cholinergics. I'll have to ask for some advice, but
I think the inhaled steroids do not produce major systemic effects, but we probably don't have
enough real data The only study that has been done on systemic steroids for oxygen toxicity, and
that would pertain to active doses of steroids in the presence ofhyperbaric oxygen treatment,
a possible but not a likely scenario.

The antihistamines on occasion will interact with nitrogen and augment the sedative effects
ofnitrogen narcosis but, again, this is not a well proven phenomenon although something that
one should at least warn divers about when they take sedatives like the antihistamines.

As for the [3-agonists, I don't think there are any data on them at all, other than people with
coronary disease getting angina sometimes from B-agonists.

Dr. Neuman: Yes, as far as the antihistamine is concemed, I think people have always been
diving with Actifed, and I don't think that's an issue. On the other hand, there is a theoretical
issue of the etfect of B, agonists on the pulmonary vascular tissue. They are all vaso-active in
the pulmonary system, and they're all bronchodilators as far as musculature of the bronchi are
concerned, but they're also pulmonary vasodilators. They all are. That's one of the reasons that
you can worsen some VQ relationships in the acute treatment of asthma with [3, agents.

A theoretical concem would be if in fact there is an increased risk of type 2 decompression
sickness with asthma in diving and, if that relationship is secondary to the arterialization ofgas,
one could be concerned about the arterialization of venous gas emboli through the pulmonary
vasculature by the dilatation of the pulmonary vasculature from B, agonists. That would not be
a concem with steroids for people who are managed with steroids, but certainly it is at least a
theoretical issue with B, agonists.

So B2 agonists can clearly worsen VQ relationships through dilating pulmonary vasculature
and, as such, might be a risk for the arterialization of otherwise asymptomatic emboli.

Dr. Elliott: We are getting into a very difficult area here because the whole history offitness
to dive is based on theoretical arguments. The navies of the world started offby not accepting
for diving lots of people who probably would have dived very safely, for purely theoretical
reasons, a perception that they might be at increased risk. While I accept that we must put that
forward, I'm not sure that we want to emphasize too much the purely theoretical risks without
evidence.

Dr. Mebane: For the sake of the record, I'd like to remind everyone that in the United States
an examination for taking scuba is not required unless there's some disagreement between the
instructor and the prospective student as to fitness for diving. That is, if they both agree, the
physician will not be involved.

The second point is that in the United States there are probably many millions ofpeople who
have mild asthma who never see a physician. They go to their local chain store, buy an inhaler
ofepinephrine, and take care of it themselves. So what is the physician to do who is faced with
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one ofthese individuals who has admitted to some asthma, who does not haveongoing medical
care, and now wishes to become a diver? What is the responsibility of this physician who
probably does not have a patient relationship with that individual? How doesthat affect
certification and how does that affect the ongoing care of a chronic‘illnes's?‘ That needs to be
covered. H 1:: I I

Dr. Elliott: Fine, thank you. Are we all happy with that? Good- I ' -T
It is now time to move to the possible consensus statements. Please bear in mind that these

were prepared between us before today so some may already have beeiiiovertaken by "our
discussion. The first is: Jfif _V Iii I l<'iT'l?. 1

Which ofthefollowing is the majorproblemfor an “asthmatic '3. who Hives? FYI? _ Y
(a) gas retention on rapid ascentperhaps due to a mucus plug} collapse ofalobe or

on rapidascent due to airway constriction leading to pulmohbry bririotraumlii and/or
gas embolism. .,\ if F 3‘ 1- - ' ‘P

(b) a greater risk ofdissolvedgas DCI (DCS). _»’ " < . 3""? ~
(c) limited excercise capability under water and on the surface. i‘ 1 _ I_ -
(d) the drugs usedfor the treatment of asthma may reducgrithe efiféictiveness iof the_

pulmonary bubblefilter. _-f_17 . /'5 _ » . 1
Are there any disagreements that those are potentially major problems I am sure that the

first will be that there is no real evidence about (a). - ‘- . _:9, _ » .
Dr. Bove: The only thing that one can support is (a) and (c), alirnited exercisedcaipability.
Dr. Elliott: Would anybody disagree with that? First of all letfs take it_from the panel and

from the floor. Fred has put forward the fact that only a limited exercise capabilityis the major
. . "1--' ‘-"J v "\ .~-~.problem for “asthmatic” divers. j_‘f[- . 1- -- ~

Dr. Mebane: I don’t disagree, the point is that all three cases I described died on the surface.
Dr. Farrell: Ifpeople are dying on the surface it surely means that theirfdiying education and

diving technique are faulty; it should be extremely easy for them to be buoyant on the surface;
Dr. Francis: Ifl can just say that, apart from (c), we don’t haveariy idata atgthemoment

to support these. However, what is also clear is that we don’t have adequate data to any
ofthe others. As part ofour study on asthmatics, once we let themwdive, mese are things we
should monitor. ,..._ . - - _

Dr. Elliott::Limited exercise capability is known whereas the other three are thetiretical.
Dr. Moon: I think we can deal with (c) very quickly. One way wejhan lookfattlris to

examine the relationship between maximum voluntary ventilation (MVV)f'which the amount
ofgas one can move in and out of the lungs in a I5-second period, normalized to I minute,
the maximum exercise ventilation which typically in the average person is about 50%. As you
say, when exercising to the maximum extent possible, your ventilation approximately50%
ofyour MVV. Now, measuring MVV for I5 seconds is not the same as deterrnining your long-'
term ventilatory capacity. Ifyou ask someone to hyperventilate for l minuted or 5 minutes there
is a reduction below the I5-second level. Now, what happens to exercise ventilation in the
water? Well, as soon as one jumps into the water, there is an immediate reduction in the MVV
due to blood flow redistribution. As you descend through the water, column, your airway
resistance goes up approximately according to one over the root squareof density. =When we
take all these factors into account at the same time, your sustained MVV to a depth of, let’s say,‘
130 it is approximately halfofyour l5-second MVV at the surface. Nowthere are other things
that go on in the lungs as well which impair pulmonary gas exchange; there are ventilatory
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perfusion abnormalities and there is some evidence for gas phase diffusion irnpairment.So t.hat
would suggest that you would need, to be able to exercise maximally at a depth of around 130
it, absolutely normal surface MVV. .

Dr. Gorman: I accept (c) as within our SPUMS policy. In the assessment offitness to dive
they need to demonstrate an exercise capability and then to demonstrate fitness to dive in salt
water, which is why so many Australians vacate the salt-water provocation test.

Dr. Neuman: To polarize things a touch more, I would say that for (a) and (b), although we
don’t have evidence to prove it one way or another, the bulk of evidence clearly suggests that
those are not major issues. In any event, in (c) I think there is clear evidence that it is an issue
as we can agree. I would put (d) in a category of completely unknown, whereas (a) and (b) are
leading toward not being a problem.

Dr. Francis: I just want to comment on what Patrick Farrell said, and that is that one does
not have to be submerged to drown; it can happen at the surface.

Dr. Torre: The issue with (c), exercise capability, whether underwater or on the surface, is
to measure the asthma whether controlled or not controlled. There are people, women in
particular, who are overweight, out of shape, and have heart disease, who are still diving and
nobody is saying to them “don’t dive” and they have more impairment of exercise capability
than a controlled asthmatic. As far as (b) goes, the bronchial dilators generally increase
perfitsion before they increase ventilation but, theoretically, ifyou’re wheezing before you dive
you probably shouldn’t be diving anyway. Using the B-agonists to alleviate wheezing may
increase perfiision before ventilation. Ifyou’re using it with a normal lung to start with and as
a prophylactic, the ventilation perfusion difierences aren’t going to be significant.

Dr. Elliott: Certainly, both in recreational and commercial diving, exercise tolerance is
considered, though not necessarily accepted, as part of the assessment. This is regardless of
clinical diagnosis and, in fact, Fred and I debated once whether the ability to do 13 METS
should be the only assessment for diving! Ifthey can do l3 METS then “of course they’re fit to
dive.”

Mr. Beyerstein: I want to make a couple of clarifying statements, so please bear with me.
I’m speaking fiom the commercial diving point ofview. Dr. Torre mentioned that we have the
Americans with Disability Act, which has unlimited liability, and that means, of course, that
there is no cap on the settlement that the jury can award. On the other hand, in the offshore
segment ofthe industry we can also work under the Jones Act, which also has unlimited liability
and there is no limit to what a jury can award. So we are caught in the homs of a dilemma and,
as far as the ADA regarding diving is concemed, we have not been challenged in the past
because there is a large body ofmedical literature out there that supports these decisions for
denying a person’s fitness for commercial diving. So l’m urging you to be very definitive about
the statements you’re going to make now if they are different from what has been accepted
before. Differentiate between what is speculation and what is fact.

We have had problems of the old bathroom scales and obviously the ADA would not accept
“overweight.” We had to come to a mechanism for handling that and we started using fimctional
capacity evaluation That provided a mechanism for the doctor to say “I would recommend you
have a functional capacity examination.” It would need a fixed job description which was
defensible. We are looking to you to give us a decision. Is this person fit to be employed as a
commercial diver or not? Ifyou don’t give us something clear, or don’t give us an alternative
as a way ofdefining whether this person can meet the physical criteria or not, then you’re going

l
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to bring on law suits from both sides of the fence, both afler and before employment. Ifwe him
somebody you have passed because it should be all right and we avoid the ADA, we may then
get it later when it goes wrong. So I just want to clarify your responsibilities, gentlemen; We
look to you for answers. '> ' ., ~-. ‘1

Dr. Bove: You’re opening premise is incorrect. There is no body of literature that supports
the decisions on asthma. All we have is a whole lot of anger, unsupported hearsay, and opinion
with no support data. If somebody can quote “Dr. So&So” somewhere and maybe say asthma
is OK, you’ve got to say “Dr. So&So” doesn’t have the data to support that premise.’ r 7 -

Mr. Beyerstein: Let me just state that there is a lot of literature a plaintiffor defense lawyer
can use. I-Ie can say that “in Bove’s book asthmatics should not dive.»’_f_ It’s very simple. That’s
what I mean by a body of literature. ' J r "

Dr.Gorman: I think it should be good to keep clear ofdecisions by the"ex'amining doctor.
The risk assessment should be done by the diver and his employer. ~11‘. L ';> J ..

Dr. Lundgren: Hear, hear! '1 2.1‘? if-‘~‘ f i= '
Dr. Elliott: Yes, that I agree with in principle but I don’t know hov/"practical thatis,

particularly if you are considering somebody for a fitness to retum to diving in a particular
category. One may be considering a police diver who is not going to go deeper than 30 ft'or
somebody who is doing a totally difierent type of diving and thereis indeed theneed for the
doctor to make that medical assessment and advise the employer. He hasn’t got theiknow-how
to make that judgment himself. It ' L. I

Dr. Francis: I agree that it is up to us to determine the leveliof risk7a1id it'§is'.up toijthe
employer of the diver to determine whether that level of risk is acceptable. iii‘ ‘_ 1.5‘ u

Dr. Daugherty: With regard to Tom Neurnan’s polarizing comment, ifyou “question (a) and
(b) as being relevant, why do we assume that severe asthmaticsare at greater risk than mild
asthmatics?

Dr. Faesecke: I would like to remark on the terminology “Fitto Dive.”~.This requires the
doctor to take a prognostic approach which says that somebody w_ill"perfor'rn’unde_rwater to the
employer’s expectations. This is not the job of the doctor. In Germany, the doctor says, “I have
no objections that you dive,” “I have total objections,” or “I have objections under certain
circumstances.” But he does not declare someone fit to dive, and that is whyjwe don’t have any
legal cases against doctors. V, 7’_ - , . i_-"

Dr. Elliott: The question offit to dive is merely a succinct title, it “the medical assessment
of fitness to dive” and the fitness refers to not working effectiveness but to in-waiter safety in
this context. So it is a very circumscribed area and is what we are reallycoinceméd with here.

Dr. Heimbach: lwould take extreme issue with that and wouldstate that it is the task of the
occupational medicine physician specialist to do exactly what you’re objecting to, he judges

environment. You deny the total specialty when you say that the physicianris notin a position
to judge risks and make statements as to whether somebody with a particular medical condition
is to work in a particular occupation. , 1 f,

I would like to discuss with the panel the statement that was made a few’ speakers ago about
the Americans with Disabilities Act and its impact in terms ofpotential litigation. As most of
you know, I have just stepped down as President of the Aerospace Medical Association, and
part ofwhat I wrestled with last year was the ADA’s other actions, ‘wbicliwas to to reverse
a fitness standard about insulin-dependent diabetics. Here we are talking about issues that are

the medical capability of the medical state of the individual relation to they particular

l
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well-documented in the FAA regulations and still they are going to be challenged. I’rn not
arguing against but in support of what you said. If we don’t get busy and change out-dated
material and literature, the courts and juries will make the medical decisions for us.

Dr. Bove: I would like to return to what was just said relative to the issue of where the
physiciari’s responsibility lies. We need to difierentiate between the physician who is employed
by an organization that employs the diver and the private practice physician. The first is hired
by the system to assess the diver, whereas, in the sport diving environment, the doctor is not
hired by a system but by the diver. We must make those distinctions.

Dr. Torre: About the severity of asthma, statistics are that the risk of air gas embolism is
about l per 100,000 in a regular population. The risk perhaps in the asthma population might
be as much as 3 per 100,000 and 2 out of these 3 were wheezing at the time. The conclusion
is that if he actually wheezes you might be a greater risk than ifhe is not actually wheezing.

Dr. Watt: I entirely agree that exercise capability underwater or on the surface is a risk factor
and we have firmly allocated that as a sort of positive one for agreement, but actually we are
applying rather different criteria here because the information we’ve got to confirm that is
entirely unacceptable. We have no irifoimation about the exercise capability of the people who
have dived before their accidents, and I think you need to consider that in relation to two other
pieces of information. One is that when you look at people who have died suddenly from asthma
in other circumstances, a lot of them do not have a significant history of severe asthma in the
past. Many of them have not been in contact with their GP or medical adviser in the days or
hours before their sudden death. So what we may be seeing in people who are having acute
sudden death fi'om asthma in the water are those who would have died on the surface anyway.
The other piece of information is that there is a small population who have quite significant
exercise-induced asthma and they are diving perfectly successfully without any illness. So ifyou
go l5 years into the future we could be having the same sort of argument, but setting completely
different standards and accepting people who have got exercise-induced asthma. I think the
problem will be getting more and more difiicult.

Dr. Elliott: At the Edinburgh meeting where you had a paper it said that the exercise
tmderwater doesn’t get up to that level ofself-iriduced asthma. Is that correct? Then the other
point, which was made very forcibly at the same time, is that we do not know what level of
exercise in required in a life-threateriirig situation and for how long it needs to be sustained.

Dr. Watt: Ithink that’s a slightly different problem, but there are all sorts ofother pieces of
information that can impinge on the ability to exercise in water and relating that to the person’s
performance doing an exercise test at the surface. I’m not at all sure that it is logical to extend
the information from normal people’s relationship between ventilation and their FEV to the
asthmatic population. This is because there are people with asthma who have no definitely
impaired lung function, who are able to achieve very high levels of physical fitness, and
presumably they are able to achieve a greater proportion of the FEV. The other point is that
even ifyou assess somebody and decide that their ability to exercise on the stuface is adequate,
it doesn’t tell you how they are going to behave when you use a breathing apparatus on them
and, from other areas, particularly on the assessment offirefighters who have developed asthma.
A particular problem in getting these people back to work when their asthma is well controlled
is that they are unable to tolerate the breathing apparatus. So there are a lot of practical
problems.

Dr. Moon: The person on dry land may well be able to achieve quite a high exercise capacity,

é
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even in the face oflung disease, because there is a relatively large reserve. Dr. Harries has just
told me that this would not apply necessarily to Olympic athletes, but the average person has
about 50% reserve in the sense that maximum exercise induces a level ofventilation which is
only about halfofour maximum exercise ventilation.

Under water, with relatively moderate exertion, one achieves one's maximum voluntary
ventilation at reasonable depths, so I would again suggest that we get away fiom (c), we simply
make a statement that, for a person to be able to sustain moderate exertion under water, he must
have absolutely normal pulmonary mechanics on the surface.

Dr. Harries: Can I just clarify a comment I made? The comment that the lung is not a
limiting factor in aerobic capacity is because maximum ventilatory capacity can still be
increased voluntarily for a short period of time. That's variously said to be a maximum
sustainable ventilation and it is said to be between 50 and 80% ofMVV. Trained athletes get
maximum sustainable ventilatory capacity very close to MVV, but they of course are able to
ventilate at enormously high levels by comparison with you and me. So I think we're looking at
a slightly shifted population there, but it doesn't change the fact that once one develops airway
obstruction, this will have an impact on aerobic capacity. There's no doubt about that.

Dr. Bove: Yes, I'm not sure I agree with you, Dr. Moon. There are numerous studies, and
I think we've all seen them, of underwater exercise, carefully controlled with oxygen
consumption measurements, comparing underwater oxygen consumption with the fitness of the
individual based on surface measurements. My impression was that they correlate. I would be
interested in hearing from somebody who recalls the data, but my impression is that if you
demonstrate a certain exercise capacity on the surface, it correlates with the exercise capacity
submerged. And I think it would probably be better to use exercise capacity than just a single
ventilation parameter to predict exercise capacity in the water.

Dr. Moon: Fred Iwas saying something a little difierent, and that is that on the stuface one
has some ventilatory reserve, whereas at depth and immersed in water, at moderate to high
exercise levels it is possible to reach one's ventilatory capacity. So all I'm saying is that in the
event of impaired ventilatory capacity at the surface, it is quite likely that under water one is
likely to be impaired.

Dr. Bove: I'm not sure I believe that. I'd rather say that the exercise capacities correlate.
Claes, could you make a comment on that?

Dr. Lundgren: I am trying to caution that too religious an attitude toward predictive exercise
capacity based on accurately measured MVVs is fiaught with problems. Another laboratory and
ourselves have published data which demonstrated higher exercise ventilation wider water than
MVV at the same depth. Now that has to do with CO, levels and so on.

Dr. Moon: Not to make a big deal about this, because I think it's a very small point, you're
absolutely right, Claes, but the degree to which exercise ventilation can exceed MVV is by a
very small amount. As I remember it was around lO% and so for clinical purposes I go back
to my original suggestion, that ifpatients with lung disease are to dive, they must have normal
ventilatory mechanics.

Dr. Elliott: Fine. I have a problem as the chairman because I see the group getting away
into a very useful debate and I have been tempted to say, hang on, we haven't got that far yet.
However, all this will help to foreshorten this particular debate when we come to it further down
the agenda.

But I would like to get back to where we were as soon as we have had the next few questions.
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Dr.Torre: For the question of limited exercise capability: Ifyou really measure an FEV, or
a peak flow before, 6 to 9 minutes into, and again 10 minutes after, and obtain a normal result,
you’ve eliminated the whole problem. Ifthe FEV, after exercise is normal, they should be able
to respond as well as anybody else under the water.

The comment about sudden asthmatic deaths, for people who don't know they have a
problem—ifyou look at most of the autopsy data on those people, they generally have a large
number of inflammatory cells in their airway, indicating severe asthma histologically (that was
undiagnosed). The same type of person frequently enters the physician's oflice with no
symptoms, but for a long time has been acclimatirig to lower pulmonary functions by slowly
limiting activity—slowly enough that the difierence was either not perceived or more easily
denied. Again, this type ofpatient has an increased amoimt of inflammatory cells by bronchial-
alveolar lavage. The slower the pulmonary functions decrease over time (which can be picked
up ifyou’re doing any kind of screening). the less you realize your limitations. They may seem
to have a sudden asthma-related death, but the underlying inflammatory component of asthma
was progressive, not sudden. This particular attack may have been “sudden,” but the asthma has
been progressing slowly enough that these people were not aware of the problem.

Puhnonary function studies would have demonstrated this in ahriost all of these cases. The
exception is anaphylaxis (whether allergic or exercise induced) which included a pulmonary
component, but tliat’s a whole separate issues.

Dr. Harries: Yes, the problem for the asthmatic is not just that they may develop bronchial
constriction as a result ofexercise but that, if tliey‘re poorly controlled, their FEV, is well below
the predicted at the time they begin exercise.

Dr. Torre: Right, that’s what I’m saying. The comment before, that you can be “normal” and
have a sudden asthma attack and die, is generally not typical. You can think you’re normal, but
you’re not. Ifyou were doing pulmonary fiinction studies, those people wouldn’t be normal to
begin with. The FEV,, even alone, would most likely have picked it up.

Dr. Hanies: Except that no one is disagreeing with that and nor are we. I don't think anyone
has disagreed that if you treat asthma adequately and you're dealing with a relatively normal
patient with relatively normal ventilatory function, it should not necessarily restrict them from
diving.

Dr. Neuman: The issue may be an important one in that one of the studies that was done by
Peter Wagner, looking at the distribution ofventilation and perfusion of asthmatics, is quoted
often as why asthmatics shouldn't dive. The quote is “because even asymptomatic asthmatics
have marked abnormalities distribution ventilation and perfusion.” Yet ifyou look at that paper
and you look at the pulmonary function tests of those individuals, they had markedly abnormal
pulmonary fiinction tests. S0 the simple issue of symptoms of the asthmatic does not defme
normalcy by any means.

Dr. Kime: I’d like to congratulate everybody. I have been listening to the same question and
the same answer for the last 15 minutes. Your agenda is fairly large. I would like to suggest that
maybe we move on to some new issues and allow us to argue the small points at the cocktail
party this evening.

Dr. Saltzman: I'd like to suggest an obvious experiment; patients with asthma who are
Symptomatic or otherwise should be studied on scuba gear, immersed in water, to observe their
response to positive pressure breathing gases.

Dr. Elliott: Fine, but who will fund it? Taking a cue from Dr. Kirne, I suggest we go rapidly
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through one or two of the other overheads. Most of these are so simple that they'll be passed.
on the nod. The first of these says~-- ff‘: » " A

“Currentpolicies are eflective at reducing apparent asthma-related instonce, hut they also
exclude unnecessarily, many potential safe divers. ” tj"‘lT, -If V pf.-;‘? ~:
Does anybody disagree with that statement? " :7-‘Ti Y ”I

Dr. Torre: Current policies are not effective at reducing astlima-related incidents, they
increase them, because people are forced to lie about their asthma and they go into the water
untreated and have more problems. So current policies, I think, are the opposite... 1 . I

Dr: Elliott: “Asthma is an absolute correlative contraindication acco__rjding'to different,
guidelines. Determined individuals have evaded medical scrutiny and disqualification. These
few persons provide sujficient evidence that asthma is not a problem in diving.’§_,v ;;.

The panel has seen all these questions before, so I would like an immediaie answer please.
Dr. Moon: David, perhaps we could get some consensus on the panel as to what is an

acceptable risk. I would say that we don't have enough evidence to answer the question, but if
the DAN data are taken at face value and are representative of the general diving and asthmatic
populations, then one can say with 95% confidence that the risk is less than four times increased
in asthmatics. The question then becomes a philosophical one. Is a four times increase iniisk
acceptable or not? I A ;

Dr. Gorman: I'd agree with his comments, David. I think you could change that to read
“These few persons provide suflicient evidence that asthma is not uniformly lethalin diving.”
I think that would be a reasonable interpretation. _.T'.*1_ ' _ ‘

Dr. Elliott: Very good. wen put ma in. ‘ "
Dr. Bove: Richard, I thought you did not have significance to be able to“ make the statement

you just made. Aren't they all P non-significant? "gr l , I _ '
Dr. Moon: Yes, the issue is the confidence with which one can state different levels of risk.

Certainly the risk is less than four times increased. I would agree, but . . - , i» ,
Dr. Elliott: But it's very vague. At least we're defining what data we need tojicollect, in the

future. T11? . 1' ‘ii -
Dr. Francis: Another point is that these few persons are self-selected. We are not dealing

with a general population here. They're highly selected and they may provide soiiie evidence,-
Dr. Elliott: That overhead applies only in the recreational area. ,3. 1 ,
Dr. Bove:: David, I think you should just take the second sentence away. ',‘,_l,., . .
Dr. Elliott: Take the second sentence away. Okay. Noted Delete “These few persons provide

sufficient---” L _. _, ,1‘ I
Dr. Neuman: Everybody keeps saying that these folks are self-selected and that it's a very

unusual population. Well, that may or may not be true. I will grant you there is some self-
selection, but when you look at the incidence of asthmatics in the diving population, it very
closely mirrors the incidence of asthmatics in the whole population. I, _

It is difiicult then to say it's dramatically self-selected, that 90-95% ofthe asthmatics have
selected themselves out Ithink we're loolcing at most of the asthmatics arid," altliough there may
be some self-selection, the evidence would suggest that there is not a dramatic self-selections

Dr. Macris: I’m from Guam where I've been practicing diving and military medicine fora
long time. For those ofus who have relatively large diving populations, I tend to agree with Dr.
Neuman: we see a lot of reactive disease and no incidents. I feel that diving and asthma are only
relative contraindications. I can't say that it's absolute. I'd rather see panel have the
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responsibility now ofsaying it's relative because of the lack of information, or else the lawyers
will make decisions for us.

So number one, I believe we've crossed the line now. We camiot say absolute, and that would
take a lot ofpressure ofi' the physicians who practice.
In a small island community, if I say no, the diver will find someone else who will say yes. If

the panel says it’s relative: you can dive ifyou’re well controlled, then we accomplish goals on
both sides

Dr. Yoimgblood: I'd like to pose a question in a slightly more practical vein. Since we can't
decide the relative risk, how would the insurance carriers look upon this‘? In aviation, if you
have different experience or risk, you're assigned a difierent premium. Do we feel this is so
evenly matched in divers that asthmatics will pay the same DAN insurance premium as those
who don't have asthma? Perhaps insurance companies should fimd Dr. Saltzman's study.

Dr. Elliott: Insurance companies don't fund any research because they don't mind if the
premiums do go up.

Dr. Bove: The insurance companies do actuarial studies to look at risk and they don’t have
the data. Ifyou mention the word scuba diving, they think there's a risk. I think we've spent more
time beating that one down than—-but they clearly don't have data for asthma, so I'm not sure
that they would make any conclusion without good actuarial results.

Dr. Elliott: This next one we have discussed already.
“The history ofchildhoodasthma is not significant ifthere had been none since. And a gap

of5years without medication is sufficient. ”
As far as the second one is concerned, the numeral three was inserted this moming.
Dr. Bove: David, I guess I would advocate the here-and-now approach rather than the

historic approach You could argue that an individual who wheezes 3 months out of the year but
never goes to the physician because they don't want to get identified, would meet the criteria that
you have here and could still be an asthmatic who is abnormal on testing.

Dr. Elliott: Okay, but are you happy with the first statement? Panel? Childhood asthmatic
history is not significant if it stopped.

Dr. Mebane: One of the problems with that statement is that when one encounters an
individual 25 or 30 years old who says that he had childhood asthma, one does not really know
what he had. They may have had bronchiolitis; they may have had a viral infection. So
childhood asthma is a vague term and diflicult to evaluate in an adult.

Dr. Neuman: Well, maybe it's not a totally sufiicient statement, but I think all of us would
agree that ifsomebody came to us and said they had a history of childhood asthma, that they've
never wheezed since, that they've never been symptomatic since, and you have no reason to
believe that they've got ongoing symptoms-—-such a person I think would not be a concern to
anybody.

Dr. Elliott: The feeling I got was that these are merely starting points from which one has to
make a proper assessment. But we've said that they are insufiicient statements without further
qualifications.

We now come to another, which will take considerably longer to debate.
“Hyperactivigv is stimulated best by submaximal exercise, by cold air, by histamine and

methacholine. ” ~
This statement has already been debated and so we should get through it very quickly.
Dr. Harries: What you need to do is to provide evidence that someone is at risk by
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demonstrating that they bronchoconstrict as a result of one of these challengesf ‘iAll I'm saying
is that the exercise challenge seems to be the most pragmatic because that's what you're worned
about. The response ofventilation to exercise is easy to do and easy to plan. . " ~ "

Dr. Elliott: There seemed to be no argument with the elimination of histamine and
methacholine. Does anybody want to retain them? ' ' ' K ”

Dr. Harries: The methacholine and histamine challenges are research tools to measure
the degree ofhyper reactivities. They are complex tests to do and doesn't reallyiprovide any
more information. .i i’ L‘ "‘

Dr. Gorman: David, I think we shouldn't overlook one of the advantages ofhypertonic
saline. It has a huge advantage in explaining risk, because it’s immediately understood bythe
candidate. Telling the candidate that they responded to histamine and shouldntdive is often
difficult, but showing them how they responded to exercise gives“ 21; functional
demonstration of a diving-related stimulant. T? __ J ‘

Dr. Elliott: Does this come into diagnosis or management? ’ mf 3
Dr. Gorman: I think it comes into risk assessment. §’*~§=‘> , _ g‘ r
Dr. Bove: David, I'm a little concerned in the word "best" because bestiis a subjectiye term

and everybody's got a different way of looking at it. I wonder if instead,isomething like, “the
consequences of airway hyperactivity are best evaluated by ...” l for one would to see
exercise testing as the--- "9 " ‘v J , _.. I 1:

Dr. Elliott: And among comments during the coffee break there was feeling} please, that
they would like members ofthe panel to come out quite clearly and say, even though itsobvious
and it's been debated already, that the exercise test is probably best. Then hypertonic saliiie can
be used, but it's more really as part of a personal assessment. Q ,1. ' ti ..-no

Dr. Neuman: I would like to register my objection to hypertonic saline. I know hiowktoido
it properly. And I don't think it is a useful test because it is too sensitive. It ‘gives too ‘rnan‘yLfalse
positives and so is not meaningful in the context of diving. 1”“ " ‘ A"

Dr. Elliott: Can we dispose of this quickly: Would you consider the_hypert_onic'gsalir1e as
supplementary to the exercise, rather than a replacement? it it .

Dr. Gorman: That's my practice at the moment. 7‘T;
Dr. Harries: Ifyou put a bronchoscope down the airway of a serniconsciousi patient whose

airway hasn't been properly anesthetized, they'll develop bronchoconstriction. That doesn't tell
you they've got asthma _ T; F

Dr. Neuman: That's what I'm saying. It's too sensitive a test. Youjcan’mal<e’a_1stone
bronchospastic given enough stimulants. A ,., 15 =i

Dr. Gorman: You're exaggerating now? ‘ . H , A" ‘ii _ '1
Dr. Torre: Can the wording on that just be something like “the best way to determine clinical

relevance for hyperactivity for the scuba diver is exercise?” pl ; I t A V
Dr. Francis: David, before you throw that one away, can we just get at some sortfof agree-

ment ofwhat we mean by hyper-reactivity. . __; _. -, ; l- ‘A A
Dr. Elliott: What do we mean by hyper-reactivity? Who would like to start? _ I ii r
Dr. Francis: Well, we use a value of20% in our practice. , _ I ' '
Dr. Harries: That tells you PC-20 is the concentration ofhistamine or methacholine that will

result in a 20% fall in FEV, from start level. All that tells you is a concentration ofhistamine
required to give you that amount ofbronchoconstriction. It tells you what degree ofbronchial
hyper-reactivity you've got. All that exercise is telling you is that you've got a patient with
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bronchial hyper-reactivity. And you're not quantifying it.
Dr. Francis: What percentage change in FEV, constitutes hyper-reactivity? That's what I

was asking.
Dr. Harries: Bronchial hyper-reactivity is a concept. It is a description of increased

sensitivity ofthe airways to a multitude ofunrelated stimuli. And the two which are commonly
selected are methacholine and histamine. But you can equally well use cold air, or you can use
distilled water rnist-—or yes, you can irritate the airways with cigarette smoke. But the point
about methacholine and histamine is that they provide a quantitative measure of the degree of
hyper-reactivity.

That is not what really interests us. You want to know whether your patient is at risk from
developing bronchial constriction, and the challenge that they are required to undertake is an
exercise test—-when they're performing underwater.

Dr. Elliott: The next overhead is again not particularly well worded. It says.
“Ventilation capacity in obstructive airway disease is best assessed by exercise capacity.”
Dr. Bovei I would only ask the obvious question. Ifyou gave me a patient and said assess

his ventilatory capacity, why wouldn't I first do a pulmonary function test to find out his
ventilatory capacity?

Dr. Harries: Because if you have someone you're worried might have asthma, and they
present to you with normal puhnonary function, that only answers half the question. What you
want to know is what happens if you stress them? Do they then develop bronchial constriction
and is it significant? Because if it is, then you're going to need to provide treatment to ensure
they don't get into trouble when they exercise. That's the point.

To put it another way, you can have someone who can be a relatively severe asthmatic who
presents to you at a time when their respiratory function is normal, and ifyou then stress them
with'an exercise, you suddenly find that they're not normal at all.

Dr. Elliott: Any more debate on that?
Dr. Moon: I think it is quite straightforward. One of the criteria must be normal ventilatory

mechanics before and after exercise.
Francis: Exactly. The question is what amount ofvariability is acceptable?

Dr. Bove: I may be playing on words, but I thought I just heard that we shouldn't do
pulmonary function testing to assess ventilatory capacity, we should do an exercise test. What
you just said was, we do pulmonary function testing before and after exercise to assess
ventilatory capacity.

Dr. Moon: If they're abnormal before exercise, then you don't need to do the exercise.
Dr. Bove: Well, I'm still not sure because I'm hearing two diflerent things. One is you can

assess ventilatory capacity with exercise, and the other is no, you have to measure ventilatory
capacity with a pulmonary function test. We're getting two difierent statements about how to
answer the question.

Dr. Elliott: Okay, let's start again.
Dr. Harries: We're not making different statements at all. If your ventilatory capacity is

abnormal when you pitch up for your test, that's it. You've made the diagnosis, you have
someone who's not fit to dive until their ventilatory function is converted to normal with
treatment. But the fact that they tum up with normal ventilatory fiinction means you're only
halfway through the assessment. You've then got to find out if, as a result of an exercise test,
they stay normal. Ifthey do, fine. If they've got asthma, they may bronchoconstrict and then
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develop abnormal function as a result of an exercise test. So we're not disagreeing at all; 1
Dr. Bove: What do you mean by ventilatory capacity? " r .‘
Dr. Elliott: That was stated this moming as best done by the flow-volume loop. Is that

generally accepted by the $01.11)? 7 " I ~‘ I ’
Dr. Harries: It's a very useful test; it's a better indicator than a change in peak flow, and it's

a better indicator than change in FEV,, although both are acceptable. The point I was making
this moming is that you can have divers who currently have positive exercise tests as defined
by a 15% fall in lung function after the test. But you can have individuals who have less than
15% fall either in peak flow or in FEV,, but who have a greater than 15% fall in mid-expiratory
flow for the reasons I explained. As you develop air flow obstruction you get small airways
collapse—it's a rather more sensitive way ofpicking out those who are likely to be abnormal.
Better than just the peak flow alone. L '3 7 Y‘ -‘~WiT' ”

Dr. Moon: Mark, it's a little more diflicult for some to get ofiice space and machines for
rnid-expiratory flow. Would you accept FEV25_,, as equally sensitive? I 7' ' A _' A " T111 T A L.

Dr. Harries: Yes, perfectly reasonable. There's a lot ofvery cheap software now which will
give You those values. r r ii" Y '

Dr. Bove: I'm trying to figure out what to do when the next patient walks into my ofiice. It
sounds to me that we should do some kind ofpulmonary function test, and we should have the
patient exercise, and then we should repeat the pulmonary function test. ls that what you're
saying? i .

I understand, but the first answer to the question was that we don't have to do pulmonary;
function test. That was the first thing I heard, and I'm just trying to clarify: 'we should do“,
pulmonary fimction test, but we shouldn't do them as isolated resting test, weshould do =
before and after exercise. V ‘ . L;

“'1 .Dr. Neuman: Yes. if “ I ~
Dr. Bove: Okay. ' J f F W ‘,-
Dr. Francis: Fine. Back to my original question. What are we measuring howrnuch do

we accept as being within normal limits? We have agreed that FEV,, peak flowlrare all
acceptable. We have a figure of l5% variability with exercise, which may indicate/abnorinality.;

Dr. Elliott: I think the answer to that question is that in a naval or occupational context, one
may be interested in pass/fail criteria, but in the recreational context, these are merelyindicators
that all is not well, and the physician will then give appropriate advice. I don't thatas a
panel we're going to vote on pass/fail criteria. _ A A. 57 r r

Dr. Francis: Okay, that saves a fight anyway. ‘ 1i..i‘jI"
Dr. Elliott: Ifwe’re dealing with the recreational diver we are only giving adyice. There is

no hard borderline as there might be with a military or employed diver. Okay, let's take a string
of questions and please keep them brief. _. I A I

Dr. Davidson: The exercise we're talking about, is it the Bruce protocol,Vthe Masters two
step, or what? , -. ,;.

Dr. Harries: There isn't any agreed protocol for exercise testing for airways reactivity as far
as I lcnow. I may be quite wrong. I look around for people to frown at me. What you'retrying
to do is see ifyou can provoke bronchoconstriction. You're looking for the person who'slat risk
and so you want to pick the stimulus that's most likely to do it. Three ingredients in the exercise

acceptable and exercising on a bicycle doesn't do it as well because you're usually indoors. So
test are important One is running outdoors. I don’t know why, but running on a treadmill is not
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running outdoors, fiee running, and vigorous running—that means about 80% ofyour maximum
heart rate (which is 220 minus your age in years). You ram for between 3 and 5 minutes, come
back, wait 5-10 minutes and you measure. It’s not critical, but ifyou measure before 5 minutes
afier the test, you'll miss things. Ifyou don't get them exercising hard enough you'll miss people
with problems, and ifyou don't get them running out in the open air, you'll miss. That's all I'm
saying. It's a pretty crude test. You're just looking for the people who are at risk.

Dr. Neuman: I think the practical answer to that is that an oxygen consumption well above
the level expected to be needed in whatever situation you envision; 13 METS is one level of
exercise that has been suggested.

Dr. Potkin: I'm curious—are we advocating exercising everybody who wants to get a diving
clearance? Because you said, if PFTs were normal, they would need to be exercised. I don't
think that it's financially reasonable to exercise everybody who wants to get clearance.

Dr. Harries: No, only to asthmatic ones you're worried about or the ones who give a past
history of asthma, you want to know if they're still at risk. If someone has no past history of
respiratory diseases, there's no problem.

Dr. Lepawsky: Having normal resting and exercise pulmonary functions, do you ever want
to see a ventilation perfusion study done? Ifyou have normal resting pulmonary functions and
exercise pulmonary functions, do you want to see a ventilation perfusion study for any reason?

Dr. Elliott: The panel response was no.
Dr. Torre: Many ofus feel we don't even know what normal is, depending on the population.

Ifyou look at the standard deviations, some people feel it's really less than 65%, which many
people feel is really not appropriate anyway. But you're going to take a compromise. I would
really much rather see FEV,, rather than 25-75. It at least correlates better with reality.
Although the 50% mark may be ideal, with FEV,, I think it's a better test than 25-75 for clinical
relevance.
§1,yrThe other is, the FEV, can be measured for $120.00 by everybody, so it's just a screen
without doing the exercise pre and post. It's not a bad idea to have an FEV, just as part ofyour
screening physical anyway.

It also depends on where you're getting it done. Different places use difierent methods, and
while running outside may be the ideal, it's not always easily done. I can tell you in New Jersey,
there's no way I'm going to get an exercise test done outdoors in the middle ofwinter—or for
that matter, in the middle ofsummer. It is reasonable to get it done on a treadmill if you're using
15% instead of20, you're a little more sensitive. Ifyou're using the typical 80% ofmaximal and
doing your FEV, before, 5 minutes into it, and then 5-10 minutes afier you're done, you've got
the three parameters and between those three you should be able to pick up most of the
clinically significant stiitfwitliout trying to do it outdoors in the snow and the rain and the ozone.

Dr. Weaver: If it's a premise that airways obstruction is not a risk factor for diving, why is
there so much focus on FEV, and mid-flows, et cetera? Ifa person can perform 13, 15, or 16
METS of energy expenditure on a treadmill, why does it matter if that person has mild or
moderate airways dysfunction‘? If we accept the given data that implies fairly strongly that
“asthma,” whatever that is, is not a serious factor.

Dr. Bove: It seems to me that the way to do it would be to start with a very simple exercise
test; if the person reaches a certain goal, you wouldn't do anything else, and if he had
significantly limited exercise, then you'd do the FEV,. You wouldn't have to do it before because
you don't care before what it was. You care what it is after.

;.. . _
1
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Dr. Gorman: We have to be very carefiil. While we accept exercisetolerance may be the
major risk for the asthmatic, I've heard nothing today which dissuades me from being concemed
about air trapping and pulmonary barotrauma, nothing at all. Theoretically it makes a lot of I
sense, and I see enough pulmonary barotrauma in breath-hold divers to know that it's a
matter of heterogeneous compliance. You don't need lungs to behave like balloons to cause
pulmonary barotrauma. So I think there's still a need to pay attention to air trapping. I accept r
it hasn't been proven, but goodness me, there's some very good reasons why it is a persistent*
theoretical risk. _ '1 ~ = '

Dr. Neuman: From a practical point I think the point that Dick made earlier is indisputable, ‘
that just by getting in the water your MVV drops by 15%. You go down to~lO0 feet in dry,
circumstances, and you're MVV is down to 50% ofnormal. So far we haven't even talked about
the added resistance of the breathing apparatus. And so to generate an oxygen consumption
that's anywhere near reasonable, you essentially need nomial pulmonary function" at the surfacej
Once you start getting down to a significantly abnormal pulmonary functiontat theisurface,
you'rejust not going to have the ventilatory reserve to generate sufiicient oxygen consumption .,
at depth. ' ». ~

Dr. Weaver: And that's why I'm asking about function—exercise, treadmill _with'a certain-
amoimt of energy expenditure is probably the gold standard, and pulmonary fl.lI1CiiOI1.' _'__

Dr. Moonzz But if that's the case you have to exercise them at depth,'at that kind of gasj
density, immersed, and with some sort ofunderwater breathing apparatus. And ifyoudid that_,’”
I would agree then, that the FEV, no longer becomes necessary. Q’ -I . "I.r~-/!L ‘ _, ‘sf

Dr; Weaver: No, but we have other information. We all know there are older divers who
have smoked for many years, who have obstructive airways disease, and they're out there divuigifj
Your own data, the Divers Alert Network, and others would certainly imply what is killing:
people. There are more people dying from lightning injuries in a year the United States than _
from diving. So it seems that, if airways dysfunction is killing divers, it ought; to be well It
represented and should have been known about years ago. I'm not sure that case been made. -I

So therefore, we accept that a person who's 55, 60 years old, is obese, who c_an't even manage
8 or 9 METS of energy exposure, can dive because "they never had a history of astl1rna.’,_§:
Right? I mean, we're all agreeing to that? And all of a sudden now,_we take a 25-year-old
person who can do 14 METS of energy exposure, but happens to have rnoderateairways
dysfunction by pulmonary function studies or reductions in mid-flows. That“ makes no sense};

Ifyou look at data behind this, it seems that we should perhaps be ‘much more liberal in our
recommendations for recreational divers and let the diver take the element of responsibility. .

Dr. Gorman: I'd like to comment that I don't think asthma should be theonly indication for
exercise tolerance testing. I actually agree with you, but the other way around; IfI saw an obese,
middle-aged male, sure I'd put him through an exercise tolerance test. I could explain
sensibly to him what his risks were in diving. i ’ '- I " ' I’

Dr. M. Bennett: Ifyou are looking for someone like that, Des, you've found '~ . .
The question that has mystified me a little bit is that we have heard that these pulmonary

function tests are indicated for people who are symptomatic and yet, as we discussed
moming, these symptoms don't always come to the attention of the examiner. I don't really see
how those two positions can be sustained simultaneously. _ ' ‘ ‘ “ f! 1 K.

Dr. Francis::David, I wish to make a point which harks back to the meeting in\Edinburgh.'
What we're doing here is to walk back from what, historically, has beenan absolute banon
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diving for asthmatics. Ifwe're going to do that, it's quite sensible to do it in steps and we should
study carefully the population we are affecting. So ifwe come up with criteria now that are less
than a complete ban, but are still perhaps relatively conservative, and we study the population
and see what happens, we can later relax the criteria a little bit more, perhaps.

Dr. Elliott: Okay, important, but we must move on.
"Safety is not significantly diminished for those established and previously healthy

recreational divers who acquire adult onset asthma and can still meet the exercise
requirements. ”

Is that a reasonable statement? I hear Yes, yes, yes.
The next may cause a little debate, but we have covered it already,
“Chronic asthma, when quiescent is acceptable, even oninhaled steroids. ".
Dr. Harries: You have to add the rider, "provided their respiratory function is acceptable."
Dr. Elliott: I’m not sure if the next is an appropriate, but---
“Acute asthma as evidenced by cough, wheeze, ah/spnea, or impaired exercise capability is

an always immediate contraindication, but how soon afler it has resolved can recreational
diving be resumed? "

Dr. Neuman: As a starting point, how about “when peak expiratory flow is back to baseline?
A large number ofasthmatics now monitor their own function with peak expiratory flow meters.
They're cheap, they're reasonably reliable, they're fairly reproducible, and many asthmatics
adjust their medication based upon their peak expiratory flow long before symptoms develop.

Dr Potkin: I would say when pulmonary function is normal. I wouldn't limit it to flow.
Dr. Elliott: The reason it’s peak flow is because it’s so easy for individuals to do it them-

selves. “We can conclude that safety is notsignificantly diminishedfor the asthmatics wishing
to take up recreational diving who meet defined criteria."

Now we've talked about advice and risk assessment, we might want to rephrase the words,
but let’s stick with the words of the overhead

“Individuals with exercise-induced or cold-induced asthma in whom this condition is
completely controlled by medication and/or individuals with normal maximum expiratoryflow
rates and normal static lung volumes."

Dr. Neuman: I'd like to second what Dr. Harries has said about the systemic steroids. If
we're talking about function, it ought to be function and not how we achieve function But I
would like to add on the bottom of that overhead, "afler exercise."

Dr. Elliott: Okay. Any more on this overhead?
Dr. Bove: Yes, David I don't quite understand because I thought for the last halfhour we had

talked about the need to assess exercise capacity as far as safety is concerned, yet this does not
mention anything about exercise capacity. ls that coming in another statement or should it be
incorporated here?

Dr. Elliott: These overheads are part of the same package of questions which were
precirculated. They were not meant to be mutually exclusive or anything like that. So, as it adds
little to what we have already said, we could drop that one. That completes all the overheads.

Before we go any further, are there any other statements that anyone feels we should debate?
In view ofeverything we said today, are you happy with the reiteration of the overheads we have
modified? Are there any supplementary statements you might like to make?

Dr. Bove: You didn't bring up the physician qualification. Do we need that‘?
Dr. Elliott: I have on my list “trials” and “doctors,” but I don't have any overheads on those
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questions. Okay, so the collection of information and the training of the doctors---
Dr. Heimbach: I was confused by something Richard Moon said, when you added pulmonary

barotrauma, I guess I didn't understand what your point was. Would not normal expiratory flow
rates mitigate against the danger ofpulmonary barotrauma? ’

Dr. Moon: Dean, I don't think we have the data to make a statement on that. The measure-
ment of expiratory flow rate is a relatively crude test in terms of knowing what regional lung
flows are doing. As a first approximation, I think the data that we have suggest that “asthmatics”
can make ascents from a dive, as Des says, without it being uniformly fatal. Given the number
ofperson dives that have been reported among asthmatics of varying severity, the risk would
appear not to be tremendously elevated, without actually quantifying what that phrase means.

On the other hand, the data are not of sufliciently high quality or quantity to make a
pronouncement on the risk. I would leave that issue open. In 5 years time we may be able to
come back and say that we know that there is a twofold or so increased risk in people with
normal ventilatory mechanics, and then the individual physician can do with that what he wants.
At this point, we can't put a number on it. There is a suggestion ofan increased risk, but it's not
imcomfortably high. _~

Dr. Francis: I'd just like to hark back to the data that I showed this morning. These were
from those who were not asthmatics and were people with normal expiratory flows. The
evidence there was that expiratory flow does not appear to be a risk factor, it is slightly lower
than normal, whereas vital capacity may be more important as far as pulmonary barotrauma is
concemed. ~-* » 5 --“‘

Dr. Moon: ...and that is pulmonary barotrauma during fi"ee ascent training. 7
Dr. Lundgren: David, is that previous overhead ofl' limits now? ~=
Dr. Elliott: No, you can go back because, otherwise, it'll be another 5 years--- __ “ * J
Dr. Lundgren: In the interest of intellectual honesty, shouldn't we be a little moreprecise

in that statement where it says something to the efl'ect that risk is not significantly increased; Is
that meant to be taken literally, as statistically significant? I , . F‘

Dr. Elliott: No. As I said at the beginning, we're not dealing with probability, we're dealing
with qualitative assessment. ~"'

Dr. Lundgren: My concem here is that it might be taken as being a statistical statement. So
I would suggest that it berephrased so as to make clear that we don't have the material to make
a statement one way or the other. if l 5

Dr. Elliott: Right. Thank you. ?' " "ii 7
Dr. Goldmann: On that last overhead, I was wondering how static lung volumes fit into wliat

the panel feels is an important consideration, because that's the first time I have seen them as
a consideration? fl“ ,

Dr. Bove: I think it would be reasonable only because ifyou start to see significant alterations
in static lung volume, it would be a clear sign that they have anatomic damage to the lung. 73'

Dr. Harries: Lung volumes are a diflicult issue because one can only do them in anoffice or
a lab with very carefully controlled conditions. So, in view of the impracticality of
recommendation based on lung volumes, it should be taken out. _ g .

Dr. Youngblood: It bothers me that we say in the last slide that it is safety which is not
significantly diminished, whereas I would prefer the subtle warning that risk is not significantly
increased. Y. fl? i

Dr. Elliott: The important part of the debate for the last few minutes, please, is for usito
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address the problem of what data should we collect, internationally, so that when we are
reviewing this same topic in 5 years time, we have actually made some progress.

Dr. Bove: SPUMS is developing a database, DAN has a database. I would say that we ought
to recommend that these organizations get together and develop them together.

Dr. Elliott: The Institute of Naval Medicine also has a database. So that together covers
Europe, the Antipodes, and the Americas, and we have representatives of all three organizations
on the Panel. Perhaps members of the Panel could say what data on recreational divers they
would be collecting, given the opportunity. The point has already been made that one should
start with the individual before he or she begins diving because many of them will self-select
to drop out before they get on to diving regularly.

Dr. Gorman: I understand that this year, in the United States, there will be something like
700,000 people undergoing some fonn of diving tuition. In Australia, it's something in the
range of perhaps 20,000—30,000. An enormous number of people are coming to the
conventional recreational instructor to undertake basic diving tuition. I think there is a big loss
from diving of people with asthma, and so the capture point has to be pre-diving. Ifwe do
nothing else but get an accurate asthma history, even with only the most fiindamental spirometry
data imaginable, and then cross-sectionally survey the same populations just 6 months, let alone
a year later, and find out how many are still diving, you start developing very powerful data
about the self-selecting nature ofthe population. You'll have some idea ofwhere they are in the
spectrum. "

That would be a very good place to start and it has the huge attraction of being capable of
being implemented. It would require some cooperation or coercion of the recreational diving
industry. Ithink they would go for it. There are comrnensurable reasons why they'd want to see
the consumer base increased.

Dr. Bove: Ifone were going to do this, one would be doing a prospective study which would
be best modeled in something called logistic regression. It's the standard way to determine
outcomes and risk factors. My guess would be that you'd need to study confounding variables,
besides just asthma So you’d probably have to collect 150-200 pieces of information on each
individual, but to try to decide on that now would not be impossible.

Dr. Elliott: We certainly cannot decide on detail now, but I am concemed that these tapes
that we're recording will be stored away, and the report will be on the shelf. Then we'll meet
again in 5 years time and maybe nothing will have been achieved. Am I looking at 16 sloping
shoulders? Is anyone prepared to say, right, my organization will take this on.

Dr. Gorman: Well, David, SPUMS is already committed. No matter what occurs, this is
what we intend to do.

Dr. Elliott: Okay, so that's now only 14 sloping shoulders.
Dr. Moon: lwill offer the services of DAN to create a registry and be prepared to record any

data that physicians could send us.
Dr. Elliott: Thank you. Now, I do know that it is not reasonable to ask the Institute ofNaval

Medicine because their database is for a totally difierent purpose. In the European group,
Patrick, would either yourselves or Alessandro Marroni in DAN Europe be appropriate for
collaborating with the American and the SPUMS exercises to look at commonality ofprotocols
and so on? I

Dr. Fanell: We currently have the prospective study which has now been taken on board by
the UK's Sports Diving Medical Committee. They're setting that up as a database, possibly with
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DDRC in Plymouth. ‘7 5‘ ‘T _ - V
Dr. Elliott: Is there a forum, more permanent than the top of this table, though? is the

way I was hoping it would be going. Or do you see these as being three totally independent
studies with everyone doing it differently? " . 3; . .‘

Dr. Farrell: No, it is very straightforward, really. We need a common database and we have
all got computers. We need to know how we're going to collect the basic information the.
same form for databases. i *7 .

Dr. Elliott: So, from Europe, from the DAN, and from SPUMS we have the willingness to.
collect this data together? That is a good outcome, in which case the next time we'debate these‘;
questions we'll have something really to base them on. T 1 i I

Can we now consider whether it is appropriate to give a priority to the minimal knowledge;
that a doctor must have about diving before his signature on a "fit to dive" certificate reflects
reasonable competence? _ -f 55

Dr. Gorman: It is a central tenet of the South Pacific Undersea Medical Society that doctors“
should have an understanding of underwater physics and physiology before making an
assessment of diving fitness. Some argue that one could have a general s_creen' performed byii
untrained general practitioners, but our survey of the quality of those screensin Australia,
suggests that they are worth slightly more than nothing at all, on a generic basis. Even ifyou had
such a screen, someone with a past history ofasthma would simply have to be ‘referred to the
next level ofassessment ofrisk anyway. So SPUMS would argue very strongly that assessment
of risk for an asthmatic to enable that person to make a sensible decision about diving, really
requires physician insight 7'» L - -*3» iii"

Dr. Mebane: A physical exam is not required in the United States unless there is a problem.
lwould like to see something similar to that in the UK, where there are niedical referees. When ‘
a person with a medical problem that would seem to contraindicate diving is seen by their own
personal physician, the form would state, "call DAN for consultation". It'should"also point out
that it's free, of course So between the two physicians they should beable tocome to some
appropriate conclusion. 1 H I . if

The demand for this type ofservice is so small in the United States that it's unreasonable to
expect any given physician, primary care or not, to be an expert _in”diving; It is so smalla
category of ilhiess that the average physician will never have expertise diving:They will Ago
through a medical career without ever seeing a diving accident. A consultation, which can be
by telephone, can be perfectly adequate. is-<;_ _ . *1: ii i_

Dr. Elliott: Yancey, you said previously that nobody has a medical unless a problem has been
identified. Who's responsibility is it to identify that problem? Are they competent tovdo so?’

Dr. Mebane: No, they're not competent. The way it has been set upiisithati the instructor and
the prospective student sit down and look at a questionnaire. Ifthey bothiagree on the physical
fitness ofthis student, or the lack ofit, and there is no disagreement between thefn, the physician
is never involved. The physician is involved only to resolve a controversy. I Ii. I ,

Dr. Elliott: I think we all agree quite firmly that a degree of ¢<‘>mpa¢n6y.' is required in
making the diving fitness assessment Without saying how it's to be done, we put that into
the final statement. ff if

Dr. Heimbach: I have some problems with the referee system. I as; lot of assessment of
diving fitnm in San Antonio, in that we have our dive shops well trained to refer questionable
persons-——pa1ticularly those applying for diving training—for evaluation by ourselves. And one
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of the reasons is that I don't charge for this, so there's no hesitation for these people to come.
What we see many times is the diving instructor picking up a problem that was missed by the

potential student's generalist who gave him his original diving medical exam. The fact that a
referee enters into this when there's a controversy is not where I see the problem. The problem
is that we have too many people being cleared, and the referee would never be called. I don't
think the referee approach is the right answer because it solves the wrong problem.

Dr. Elliott: I think it's true to say that Australia, New Zealand, Malta, and France are the only
places that require a recreational diver to have a signed medical examination.

Dr. Gorman: It varies for Australia, David. In Queensland, for example, there is a
requirement that the doctor have appropriate experience. In New Zealand there's a requirement
that there be an examination, but no requirement the doctor be trained. They use a two-tier
system where, ifthe initial doctor finds anything he's not certain of, the diver has to be referred
to another one.

Unidentified Speaker: We're fortunate in our area in that, if any of the divers check asthma
or diabetes or any questionable problem, most instructors will not accept a medical release form
unless it is signed by Tom Neuman or myself. This doesn't occur in the majority ofother places
around the country, but as we come up with these guidelines, what we need to remember is our
responsibility as physicians to educate these divers. A general practitioner who doesn't dive or
who has no knowledge of diving physiology may be able to follow a written suggestion or
guideline, but may not be able to explain to that diver the pathophysiology ofwhat could be
going on in diving. For example, why it is, if they're having a little bit ofwheezing that morning,
they should probably not make a dive that day.

Dr. Lim: I am worried in the sense that, afler this consensus, what will happen to the
asthmatics who actually have approval to dive. Should they sign a release form, that “you are
hereby informed that these are the risks that you accept before you go diving?”

Dr. Elliott: The answer to that is yes. You at least need to make an entry to say that you have
discussed the risks of continuing to dive in this condition.

Dr. Gorman: This is what we are developing with the instructional agencies at the moment.
This process of discretionary assessment can apply only in the context of sports certification.

Dr. Elliott: So the answer is yes.
Dr. Lim: Ihave a comment regarding asthma in relation to barotrauma and DCI: we should

also say that there are no data, but that it is accepted that for asthmatics there is an increased risk
at this moment in time. Am I right?

Dr. Francis: The answer is that the data are inadequate at the moment to tell us whether this
is an increased risk or not. Theoretically there are reasons why it may be an increased risk.
Sadly, we’ve got no data to support that.

Dr. Lim: Second, is asthma now considered as a relative contraindication to diving. Ifyes,
the central test for approving asthmatics is spirometry after exercise?

Dr. Moon: Yes, that is correct.
Dr. Lim: Can I just conclude: We are in agreement that the exercise test is within 80% of

maximum, whether by road running or a treadmill on site, alter which we use FEV or MEF?
Dr. Moon: Well, several have suggested that the best one is reduction in mid-expiratory

FEF,,_,, flow (MEF) but FEF,5_,, is probably as good and is probably more widely measurable.
Also FEV, has some utility.

Dr. Lim: So, if the lung fimction test after exercise is normal they can dive, whether the
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divers themselves have previously shown asthma on many occasions? . 1“ '
Dr. Moon: Yes. -I s ‘
Dr. Elliott: Thank you, Dr. Lim, for summarizing it so well. -L _ _: ‘T ii“ T ‘ I I
Unidentified Speaker: What pre-treatment is appropriate? Could it be the same that given

to those playing football or basketball? cl” 5*" K ‘F '
Dr. Moon: I think that is an individual medical decision. I L 5 1‘ 7 “ 1 “
Dr: Harries: We discussed this moming the differences in philosophy the feeling the

European Thoracic Society that the way to manage bronchial hyper-reactivity is to getyour
subject established on twice daily inhaled steroids. Short-term release, lastingonly 3' or hours,
is what you get with a bronchodilator and is not an adequate long-term solution.“

The question about chromalin or sodium chromoglycate as we callit, is moreiidiflicult.
Sodium chromoglycate is very good at inhibiting exercise-induced asthrria in children.‘ It’s
relatively ineffective in adults. “"1 i '4 . A‘ i i,

Dr. Elliott: Thank you. Well, I think we've come to the end of tlie debate. I would likevitoi give
the panel the opportunity for any final comments they'd like to ,_ g_ i ' '

Dr. Moon: It is incumbent on any of us who are going to certify fitness for asthmatic divers
to discuss with them fully the issues, including safe diving practices, particularly with regard to
ascent rates. "I,-;-"1, if‘; J’ 7’

Dr. Mebane: Diving is very important to us individuals in room but, in the overall
picture ofmedical care, it's a tiny fraction of the whole problem. So we need] to speak/with our
colleagues who are not diving physicians and offer our services.-"A busy "practitioner seeirig
30-60 patients a day for major medical problems is not really interested in doing‘; physical
examination for someone to start diving. It's up to us to seek out our wllehgires who may be in
primary care or other areas where they will see these divers and be sure our:“‘services,ai'e
available. I A _:,‘ . - l "_f _

Dr. Neuman: I'd like to say two things. One is to stress what Dick just said. Most accidents
come from not adhering to basic safe diving practices. We should stress that withevery diver
we ever speak to and whenever we speak to groups of divers; whether it's about
diabetes, epilepsy, or hangnails, we must stress that safe diving practices are the igéy to diving
Safeu ~ ¢f'j.‘ .i" .

The other thing is that we are embarking upon an area where the riskis still not as clearly
defined as we would like it to be. It is incumbent upon every physician who deals with
asthmatics who may dive to document in their charts that he/she has ercplained to the patient that
there may be additional risk associated with diving with asthma; and thatithe patient is ‘willing
to underwrite that risk. I ‘:3 I ,,._ _;¢_, ._' t I 1 V,

Dr. Gorman: In addition to that, you need to make sure that the certification you send to the
other stakeholders in this process demonstrates that acceptance risk as well. I refer here to_ the
potential dive instructor who has to be involved in this risk acceptance process. 1 ' I ' ~ .

And the final thing I'd add is if as a physician you are going to have patients ‘whoare asthmatic
who are going to dive, you mustn't see this as a once in a lifetime assessment of their fitness for
diving. SPUMS felt very strongly that ifyou're going to have astliinatics dive, they need to
be reassessed at some regular period, perhaps annually, and have tlieir risk reassessed and
reexplained. ‘ A_,

Dr. Bove: There are a couple steps that we still have to complete. _§_We've been trying to
change the standard ofpractice in the United States and elsewhere." The steps we”go__tl1roug1jrare
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to identify the problem, conduct surveys, publish in the peer-reviewed literature—al1 things that
you need to change consensus. The third step is that the interested professional societies need
to ma.ke consensus statements. I ‘ I

This workshop may betxxme a consensus statement of the Undersea and Hyperbaric Medical
Society. Herb Saltzman also mentioned that we ought to ask the American Thoracic Society to
review these guidelines and make a statement, and we ought to ask the Allergy Society to see
these guidelines and make a statement These three societies encompass many, many physicians,
and they address problems ofasthma. If all three buy in and make the consensus statement that
we recommend, we will have made a major impact on the standard of practice in the United
States at least.

The next step is that change in practice has to be clearly stated to all parties involved, and in
particular I think, to the training agencies for sport diving, all the various medical societies are
the other, and probably the lawyers at some point are third Once the standard ofpractice is
established by the professional societies, then the lawyers don't have a way to go back and argue
against that.

Dr. Elliott: Good Thank you for that. The only slight addition to that I'd like to make is the
consensus itself should be time limited and should not exceed 5 years and that it should be
reviewed, possibly, in 3 years. That needs to be clearly stated on whatever document we all
agree as a result of this meeting. James, you want a final word?

Dr. Francis: Yes, just a quick one, and that really is to thank you very much indeed for
initiating this debate. It is, I think, unique among UI-IMS workshops that I've attended in that
there appears to be a clear way ahead lfthe consensus agreement turns out to be policy, it must
be coupled with adequate surveillance of the divers involved. If that cohort study gets ofi‘ the
ground, then I would suggest that the time to reconvene is once there are some results from the
cohort study so we can review the policy, and maybe, if there's no problem, relax it a little bit
more.

Dr. Elliott: I hope that next year, when we meet in Anchorage on diabetes, we might be able
to get a btmch ofspeakers who are as good as those we had today. I'm particularly delighted that
we've looked at the extent of the topic within the limitations of the available information.

I want to thank all the speakers, the panelists, and those who spoke from the floor for their
contributions. I particularly want to thank our guest speaker, Mark Harries, for having crossed
the Atlantic specially for this meeting.

Together we have, in one day, made a start in tackling a problem which, with continued eflbrt,
is capable ofbeing clarified for the benefit ofmany.

‘, ‘4.
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The following statements were preparedpforireview . by the Panel during the meeting irom a
pre-circulated list. These were reproduced for the audience as overheads and most were
amended during the discussion. A few were not ion overheads_but have been taken directly from
the text. Since then, as part of the editorial processfieach statement hasbeen sent to each
member of the Panel for final review} However, not ’all the Panelists replied, and so the
following cannot be regarded as consensus evenitlioughgit isthe probable viewof the majority.
Nevertheless, it can be regarded as a basisifora‘ formal fcovnsenstis yest to be agreed. pi

*.t;;»

1. The following may be problems for an “iistlunatic’§ recreational diver. I 3
1.1. Although still a theoretical risk with rio hard evidence, it agreed that there may be

greater risk in asthmatics with normal mechanics thanlin the general
population of gas retention leading to the pathological conditions of pulmonary
barotrauma or air embolism. vlf present, this riskiis likely to be low relative to other
causes of decompression sickiiessili~,§f",',’i ii “jg ~ Y Q,

1.2. It is agreed that evidence that there may be greaterrisk than in the normal diving
population ofdissolved gas decompression sickness needs to be reexamined critically.

1.3. Limited exercise capability ‘underwater.’ . A, .3 ' , I
1.4. The drugs used for the treatrneriti of asthrnaémay reduce the effectiveness of the

pulmonary bubble filter. i . ‘ Ii.
2. Current policies may seem to be efiective at reducing apphrentasthma-related incidents but

not only may they exclude ‘unnecessarily many potentially safe divers, but also
paradoxically they may increase the hazard for thoseiastlimatics who do dive because these
policies discourage appropriate assessment for asthinatics who do dive. ZI "Q ,5

3 Asthma is an absolute or relative A§OttlI3.llI1dlC3.'tldil'f_8.COOT(llI‘lg to "many, guidelines but
determined individuals have evaded “medical scrutiny. and disqualification. ‘I

4. A history ofchildhood asthma alone isnnot significant if there has been rione sinceff
5. Hyper-reactivity can be stimulated,,be"st,inYan e_§/ialuationfgby sub-maximal exercise. If

quantitative assessment is required, it niay be trialso by histaminejor metlracholine.
6. Ventilatory capacity is best assessed exercise capacity. i L
7. The diving candidate who has fsome A “asthinatic’}_ history, is best’? assessed, by first

demonstrating a normal pulmonary atiresit VC,mid-expiratory flow, l7EV,,
FEF,,_7,) and then again afier exercisef ii ' 3”‘

8. Safety is not significantly diminished for those, established and previously; healthy
recreational and/or professional diversiwho acquire adult-onset butwho can still
meet the requirement of having normal pulmonary mechanics before afierhexercise
(para _ . ,' ~ _}"~"1'>"iii'ii‘;ig5rii' V {ii 9;.

9. Chronic asthma, when quiescent and_with_ adequate lung fimctionflis acceptablei even if
cortico-steroids are required. . '3'; A ‘ =/ii A" ‘if

10. Acute asthma, as evidences by,coughif_wheeze, dyispireia; impaired exercise capability,
is an obvious immediate contraindication, but recreational diving be resumed when
pulmonary function (FVC, expiratory flow, FEV,, FEF{;Q,) has returned to baseline.

I I . There are insufficient data to exclude a slightly increased risk for asthmatic individuals who
wish to participate in recreational . compressed air diving. The degree of risk is not
disqualilying, however, manifestations are completely controlled and pulmonary
function is normal (para \7)'.“ F“ i - '

12. It is concluded that the degree of competency in making' agrnwedical assessment offitness to
dive is enhanced ifkloictor has relevant l<'iir4owledge"‘ti§ii5 experience of the
underwater associated hazards. 39,, .A ,.- ~ t ~ . * /.= ' , 81


