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PREFACE

R

For many years, physicians, divers, and drvmg orgamzatlons have struggled with the issue of
safety for the asthmatic individual who wishes to participate in ‘diving 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 of physicians and compliance with patients have followed diverse, inconsistent pathways
that seem determined, in part, to self-interest rather than safety. ‘

Predictably, governmental-military orgamzat]ons, ywishing- to minimize- :operational and
liability risks, issue conservative regulations, generally excluding asthmatic individuals from
compressed air diving. Diverse non-governmental , organizations generally offer more liberal
but discrepant guidelines that reflect the divergent beliefs held by members of various diving
commumnities. Physicians, faced with a paucity of scxentrﬁc data and concerns about their liability
for not opposing an activity that is inherently risky for even the healthy person, may recommend
against diving when the additional risk is minimal. The professronal diver, anxious to preserve
his occupational status, more likely than not will conceal from his physician diverse symptoms
including manifestations of asthma. Also. the individual seeking to dive for recreational
purposes has a vested interest in avoiding externally imposed constraints, and is hkely to deny
respiratory illness. The extreme example, observed’ during a recreational tnp, is of physwxa.n
parents allowing their asthmatic child to scuba dive.

Inevitably, this chaotic tableau of decision making and behavior has tnggered a much-needed
convening of experts in diving medicine and physiology. They have crmcally revrewed both the
pathophysiological bases for concern and available data regardmg the: asthmatrc md1v1dua1
participating in compressed gas diving. Drstmgurshed experts have presented thoughtful cases,
supported by available data, in defense of and in opposition to more permissive guidelines.
Areas of agreement and disagreement have been delmeated The presenters and audxence have
shared a dialogue that has helped define important questrons that require additional research for
resolution. Finally, the panel has considered these proceedmgs into 12 consensus statements,
providing more coherent and generally more pemnssrve gutdehnes for assessmg the ﬁtness of
asthmatic individuals to dive.

This observer was greatly encouraged by the free and thoughtful exchange of 1deas that
characterized this symposium. In addition to the contents of this document, serving as a useful
reference for the diving community, future research, stimulated by thls undertakmg, should yield
new information and more definitive guidelines in the years ahead

HERBERTA SALTZMAN M. D
'Professor of. Medzcme '
Duke Umversxty Medical Center
Durham, North Carolina, USA
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INTRODUCTION

Welcome to the "Sunshine State,” but I regret Flonda 1s trymg to glve anew meamng to the v
words "Underwater Symposium.” .- .
Today should be a turning point in tlus series of "F1t-to-D1ve" meetmgs These have been
running for some years as courses, ongmally for the benefit of those who certify professional
divers for fitness to dive, but it was obvrous at the first meeting in Hawaii that the majority of
people attendmg were more mterested in the recreatronal diver. Since then we've been looking
at both aspects in parallel. ‘
But what emerged last year, and is summed up in the objectives of thls meetmg today; is the
reahzatron that doctors are gorng to have trouble wrth the Amencans Wlth Drsabrlmes ‘Act (and

.....

person unﬁt

OBJECTIV E

The theme of the 1994 FIT TO DIVE meetlng in Denver was a revrew of the Americans with
Disabilities Act and its medical implications on fitness to d1ve Several prominent attorneys ‘told
us that, in makmg a person unfit to dive, medical Judgement isno longer sufficient. The law now
expects evidence that any specrﬁc deficit in an md1v1dual s health which disqualifies them
medically from diving would, in fact, compromise h15 or her ‘safety. It was conceded that this
would be “difficult and it seems improbable that the courts would demand controlled trials

between, for “example, those who have and those who have il
But, as yet; no precedent has been set. 5
The outcome, after much discussion, is that there 1 isa need to develop appropnate consensus
guldehnes for medical assessment and; where p0551b1e some pass/fa11 standards: * 1 W

It is the objectrve of this meeting to make progress ‘toward a consensus on guldelmes for '
divers and their doctors on asthma and fitness to dive.” :

spontaneous pneumothorax
o e o

L E

5

fod

In essence, the purpose of thrs meetmg is not only to educate but also to try and achleve .

O Mﬁ Lo b

not be aclnevable but that too will be very u'nportant )
The structure is to begin with invited speakers, and then t}us a.ﬁemoon to pursue one or two
consensus statements which everybody will be able to debate. .. e :

Undersea and Hyperbaric Medical Soéiét)»;lF’t';re;ss toDzve Asthma - o ER T



THE COINCIDENCE OF ASTHMA AND MORBIDITY OR MOR-

TALITY IN RECREATIONAL SCUBA DIVERS INVOLVING

UNITED STATES CITIZENSAND REPORTED TO DIVERS ALERT
NETWORK (DAN) |

' 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 collect dive injuxy and fatality data.

First, when we ask individuals whether they have asthma, we have in mind the disease coded
by the International 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. .-

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 prov1ded with this form. Eventually it arrives
at DAN headquaxters and is entered into the database. -

When these forms are received, the individuals are contacted, if possible 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.
Some 1,500 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. Of this 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
126 as 20 persons had both gas embolism and decompression sickness. ] think the last line is
' also of ‘some interest. Fifty-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 some form of asthma according to their interpretation.

One cannot look at any of these numbers and come up with an 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

R~
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4 UNDERSEA AND HYPERBARIC MEDICAL SOCIETY

asthma. Of that 1,000, approximately 700 responded, and 50 of them had or did have asthma
at the time. These individuals had done almost 6,000 dives and they did not have any problem,,
which indicates that there are some 600 “asthmatic”divers out there who have been diving and
who have not had a problem, but it doesn't tell you anything about the incidence of dlvmg w1th
asthma. ‘

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 kmd of a study. So
I don't think that helps us very much.

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.

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 found dead on the surface”
after about 10 minutes of dive 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
not have 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. :

A similar situation was a female who was a beginning diver and was diving offshore in the
open ocean on the West Coast, not a significantly deep dive, but probably under some
environmental stress. After a dive at 17 feet for 20 minutes, she returned to the surface and
indicated to her companion she wasn't feeling well. They started swimming toward shore. She
felt further difficulties 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 E
reason developed a sudden death. The obesity didn't help; she also had nonalcoholic liver
disease. So again, an individual with a history of asthma who died while diving. And whether
we can say more than that, I'm not sure.

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 found unresponsive by the -
instructor, 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 dlve
bag. :

The autopsy showed left ventricular hypertrophy, which is consxdered an absolute
contraindication to diving, and coronary artery disease. Defining the proxxmate cause is not
possible, and perhaps it was related to all three.
~ This next study was interesting. This is from a university where the team physwlans 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
almost 300  group of athletes 50 responded positively to the methacholine challenge test and of
that 50,35 had a greater than 20% decrease in FEV,. What does that mean to us as far as
- examining divers and predrctmg whether they wrll develop either asthma or exerclse-mduced
‘ asthma‘h e N TN

Dr. E“l()tt’ In mtroducmg the next speaker let me say that the whole pomt of i mvrtmg Dr

. Mark Hames to talk to us is because many of us have  very definite opinions on the relatronshrp

:between asthma and fitness to dive. So it 1s important for us to have somebody to review the

- subject who has no preconceived ideas about dlvmg, and yet is familiar with water sports Mark

1s ermunent rn the World Surf Lifesavers Assocratron editor of the Oxford Textbook of Sports

'Medzcme in 'which he wrote the chapter on asthma; clinical director of medicine in a large
E postgraduate hospital, and medical director of the British Olympic Medical Center,



WHY ASTHMATICS SHOULD BE ALLOWED T(_) DIVE

Mark Harries

Introduction”f .
It has been agreed that gas can readxly escape from the bronchial tree despite the increased
" intra- luminal secretlons or airways narrowing encountered in the asthmatic diver, and so gas
! trapping should not prove a problem (1. But bronchxal constriction induced by inhaling cold,
. dry gas or by eXercise can be severe enough to pose a significant risk due to a reduction in
" exercise tolerance. Effective treatment means a return to normal lung function and a return to
;. diving. It is the responsrblhty of the dlvmg physrcran to recogmze asthma, assess its severity,
< and to provide effective treatment S g o) oy

"':ls.‘. . pes A © £ 0

Physrologlc consrderatlons G g 14,9

- The normal Jung may be’ regarded as-a membrane one cell thrck (the alveolar capillary
; mernbrane) thh blood on one side and alveolar air on the other. The membrane covers a surface
‘ area roughly the 31ze of a tennis court and offers no barrier to gas diffusion. CO and oxygen
- pass across freely down a concentration gradient. At rest, alveolar ventilation (Va) is perfectly
matched wrth perfusron Q, ensurmg ‘that air and blood are always on opposite sides of the
membraneé at the same time. Oxygen is only spanngly soluble 1in plasma but oxygen transport
is transformed by the presence of hemoglobm each gram of which takes up to'1.36 ml of
oxygen. The reactlon takes a fraction of a second and erythrocytes become fully saturated first
pass through the lungs and this remains true (though not quite) almost to the limits of physical
capability.. Any fall in hemoglobin percentage saturation therefore mdxcates a rmsmatch of
perfusxon wrth ventllatlon (Va/Q defect, or a shunt).,

2

Importance of high minute ventilation for working divers - [

Energy for physical activity derives from a cycle of chermcal reactlons in whlch glucose and
free fatty acids are burned, liberating carbon dioxide. There are oxygen-dependent reactions.
Higher demands can be met, but only over very short penods by metabolizing ‘glucose
anaerobically w1th sodium lactate the product. Unlike CO2 , lactate is non-diffusible and begins
to accumulate in plasma at levels beyond 4 mmol - liter™! mhlbltmg further physxcal activity.

The rate at whrch oxygen is consumed therefore provrdes an indication of work rate. The
level at which work can be sustained is bounded by the point at which lactate begms 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 hlgher the oxygen consumption, the hlgher
also must be the minute ventilation (Fig. 1).

Do the lungs limit aerobic power? *

Minute volume is the product of breath volume and the respiratory rate and is limited
absolutely to the resistance to air flow imparted by the convulsions of the resprratory tract.
These flow limits are demarcated by the maximal effort flow volume curve. Air flow rate at the
mouth falis form peak expiratory flow (PEF) at total lung capacity (TLC) at the beginning of .

Undersea and Hyperbaric Medical Society—Fitness to Dive: Asthrrtq R 7
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Maximum ventilation vs maximum oxygen .

consumptlon
250 WL R (
TR 00 ) Rowmg+ |
S S Track +
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“ w. Track ..{4
g . ‘1010- Equestnan +
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-
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+ Fig-.1—~High’ mmute ventilation is necded to achieve high oxygen consumption. Minute ventilation is

" measured during susmxngd maxxma] exercise testmg ina sample of Olympic competltors ranging from

. equestrians to rowers

Uty N )

3 explratxon to reach zero at residual volume (RV), at the end of expiration.. The mean is best
defined as the flow rate reached at mid-expiration, in other words, at 50% of v1ta1 capacity
(MEF50% liter - min™") during a forced expxratory maneuver (2). ’

Average breath frequency measured in elite male athletes exercising close to their maximum :

;. sustainable ventxlatory capacity (MSCV) is in the range of 60 and 80 breaths a minute with the

- mean around 70, or roughly one breach per second (Fig. 2). This falls well short of the max-

.. imum that is achievable (maximum minute ventilation, MV V) 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 explred in 1 second (FEV,) and about 40% of vital capacity (Fig-: 3). d
. 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
ﬁlrther by brealhmg amix in 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 pf the chest wall (3). These considerations have led to the assumption that factors other *
than pulmonary ‘mechanics limit tissue' oxygen delivery, and these include hemoglobin
concentration and cardiac output. If normal, the lungs should offer no limitation at all to aerobic’
capacity. But there are 2 number of condmons in which structure and function of the lung are:
far from normal and Wthh undoubtedly do limit aeroblc capaclty and asthma is one such.

How airways obstructlon (asthma) limits ventilation (aerobic power)

'During inspiration, the bronchioles lengthen and widen, returning 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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Scattcr l’lot of Breath Fr cqucncy AtVO2 Max

T

£

’ Womcn )

T g
:Mean =55.5
SD=38.0

Mean = 59‘:8 ‘ '
SD=9.0 7

Fig. 2—Breath frequency is shown on a scatter plot recorded during sustained maxxmal exercise tests
performed on a large number of elite sportsmen and women. Mean breath rate, for ‘male ,Olympic
competitors exercising at thclr sustainable maximum is around one breath per second

‘4.'

of the respiratory cycle and becomes a more active process Any obstruction of the airways not
only prolongs the explratory phase but also demands a greater expiratory eﬁ'ort ‘With the result
that intrathoracic pressure rises. Respxratory bronchioles that are unsupponed by camlage then
tend to collapse, causing a fall in mid-expiratory flow (MEFs,) 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 of which
the diver is especially lxkely to encounter. Indeed, a single exercise test may be enough to
precipitate incapacitating airways obstruction (Fig. 4). By definition, asthma is a condition in
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which obstruction to the airways is variable, and so simple splrometnc measurements alone may
reveal no abnormality. For this réason a bronchial provocation test is desirable if the sub_;ect at
risk is to be identified. Both histamine and methacholine inhalation have been used, but an
exercise test is the more pragmatic and, what is more, can be conducted with comp]ete sa.fety’
without the necessary laboratory support required for mhalatxon tests. : : "

%

Relationship between FEV1 and Breath Yolume at Maximal Aerobic Exercise .

i o Ratio of Breath
FEV](_I) 2 g8 Br.eatfl Volume (Y Volume to FEV1
Elite Male Rowers (n=8) ..~ s a
Mean S SR ¥ > AR 29 . 7 519
Confidence Level (95%)" 0.45 017 4.55
Elite Male Middle Di;tance }iuqne;a (ﬁéib) . ; ’ 0
Conﬁdenée Level (95%): - 0.43*-7- 0.14 684 -

. St e

FIG 3—Average breath’ volume measurcd in world-class male athletes exercising at thclr sustainable
maximurmn shows that only around 50% of FEV1 is' accessed each breath. If mean breath rate is 60 (Fig. 2)
minute veltilation (MV) can bc cstlmatcd MV 1/2FEV, x 60 :

Exermse - lnduced asthma s .

Pre-exerCISe FEV 4, 03L
"Post‘exerCIse FEV 0. 76L

Flgwf(‘L/sec)' h o

s e

FIG. 4—An example of very severe éxercise-induced asthma. Pre-exercise FEV, measured over 4 liter
falling to less than 1 liter S 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 PEF - 8%
% Fall MEF - 44%

g
--——— Pre exercise -

<, ¢ == Post exercise,,

Flow (L/S)

MEF

MEF ™~ -
Volume (L) ' Top
Fall in mld explralory ﬂow is always greater than fall in peak flow

Fig.' 5—Fall in mid-expiratory flow is a more sensitive indicator of exercise asthma (and therefore of
undedymg asthma) than fall in peak flow of FEV,: In the example shown, post-exercise fall in peak flow
is not greater enough for a diagnosis of exercise asthma to be reached (fall in peak flow must be'more than
20%), but mid-expiratory flow (MEF) falls by 44%, clearly an abnormal test indicating exercise-induced
asthma

xIdentlfymg the asthmatlc dlver w1th an exercise test

+ All asthmatics whe orr exercise and an exercise test does no more “than reveal an
,underlymg bronchial hyper-responsrveness ON Whrle there is no standard test protocol certain
1ngred1ents are unportant Running in the open air is a more potent stxmulus to bronchxal
‘constnctron than exercising on a treadmill or bicycle ergometer. The reasons for thlS are
complex and are related in part to climatic conditions. Cold, dry air causes more bronchial
constnctxon than warm, moist air. The exercise must be v1gorous sufficient to raise the heart

: rate to around 80% of the maximum that can be achieved (220 minus age in years) The durat1on
of the test is also unportant It should last at least 3 minutes, but need not take more than 5
minutes to complete.

. Most test protocols compare either peak flow (PEF) or FEV, before and about 5 minutes aﬁer
exercrse Afall in e1ther value of more than 20% is said to be diagnostic. But a much more
‘sensmve measure is a companson of the fall in mid-expiratory flow (MEF50%)). In the example
shown (Fig. 5), fall i in peak flow reached 8%, a negative test, and fall in mid-expiratory flow -
was 44%, so clearly thrs was an asthmatic subject.

Treatment of exerclse-mduced asthma
Bad exercise-induced symptoms imply poor asthma control. Treatment is the same as that :
given to any asthmatic, using inhaled corticosteroid as the mainstay. The modern dry powder
,breath-actuated delivery systems (Fluticasone Accuhaler, Beclomethasone Diskhaler, and
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Budesonide Turbohaler) are superior to metered dose mhalers with the added advantage that
protection is provided with twice-daily medication, once in the morning and once in the evening,
If doses in excess of 2,000 pg daily fail to suppress symptoms, systemic medication‘ should be
considered. B-agonists, Cromolyn and theophylins provide only short-term symptom relief and
are best used as adjuncts to inhaled steroid therapy (6). 5 2.3 LA

Conclusions e R Ve

« Asthmatics who dive are at risk from exercise lumtatron not penpheral gas trappmg

= Wellcontrolled asthmatics face no problems, but an exercise test 1s requrred to gauge
asthma severity. :

* Fall in mid-expiratory flow (MEF50%) post-exercise is a more sensmve mdrcator of
asthma than fall in either PEF or FEV, f i (-

* Subjects with a post-exercise fall in MEF of more than 50% are at rrsk

- Exercise asthma is best controlled with inhaled corticosteroid taken twrce dally
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DISCUSSION

Dr. Faesecke: Having shown the role of temperature, could you say somethmg about the role‘
of humidity, because the diver, for obvious reasons, breathes a totally dry air? - 2

Dr. Harries: Many publications by Regis McFadden and others show the influence of drymg_
the air on bronchial hyperactivity, interpreted as change in hlstarmne sens1t1v1ty but we don't -
have the data here. oo

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 decrde whether an individual has
any problems with airway reactivity?

Dr. Harries: The answer to that is no. There's no way of guessmg 1t “You must do an-
exercise test in my view, and flow loop spirometry is so sxmple that at a cost of a few hundred
dollars it should be in every physician's office. B

Unidentified Speaker: Is there any value in, for example hstemng during a forced 5
expiration? .

Dr. Harries: Yes, if you listen over the trachea during forced explratlon whether air flow
obstruction is due to asthma or to chronic bronchitis and emphysema, they will have a prolonged
expiratory phase and will make a noise in expiration. It is a beautrful chmcal 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 with'a few. points that I think
. are germane. First, patients with unpaxred pulmonary functlon often can perform surpnsmgly
_'well and I'm not convinced that one can use parameters such as mid-flow reliably 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. CO2 w1th ensuing hypercapnia and,
ulhmately, anesthetic depression of respiration. I thmk perhaps one needs to focus on that point
. in considering limitations for diving. L R

Dr. Harries: Well, taking your second pomt air ﬂow obstructlon has to be very severe
indeed to witness any change in the Pco,. As you know, dunng the ea.rly stages of an asthma

-attack, Pco, falls, then rises to normal. It's only when there i is a1rway “plugging and alveolar
- hypoventilation that the Pco, begins to rise. So it's a 51gri of a patlent who is in extremis and,
. In many cases, an indication for mechanical ventllatlon e P G

Concernmg your point about the collapse of alrways in explratory ﬂow it is very important

- for the primary physician to witness the perfonnance of forced air expxratron test, because it
- may tell you straight away that the patient is cookmg the result It's very easy to see someone

who is ot doing it properly. It is vital that you do not rely on your techmcran to do this. If you

-want to make an accurate diagnosis, you do it yourself. ... -/ : :
. Inmy experience, those who are trying to say that they've got a condltlon whxch they haven't
+are not able to produce airways collapse in expiration. It is somethmg that cannot be faked, and

it's highly reproducible and in my experience, highly reliable. . 'co- _'

. Dr.Kelleher: We screen a number of divers and submariners w1th pulmonaxy function tests
“(PFT) and a number have low ratios. Please comment on the pattem of alarge lung volume and

‘.i what you  might then see in a flow volume loop:: ;
“: Do you see a peaking i n scaphord expiratory---  *- '

. Dr. Harries: No, we see the very best athletes 1 in the world with the- very blggest lungs and -
-if they're normal, they have a normal expiratory loop So you don't see that in normal lungs,
.‘however big they are. .. . : T
%' Dr. Torre: I have a commei ac questlon Fxrst a qulck mtroductlon Im on the National

F aculty of the National Asthma Education Program coordmated by the Natlonal Institutes of

Health. The National Faculty consists of asthma experts who give asthma management lectures.

around the United States to primary physicians. .

.. You can't always tell if someone is having an asthma epxsode chmcally by hstenmg because
the peak flow rate or FEV, usually has to be below 70-80% of expected value to hear wheezing

and, as you said, many severe asthmatics present with coughing not wheezmg The history

‘actually offers the best clues for picking up asthma. Symptoms hke coughmg, wheezing, or

. shortness of breath with exposure to allergens, irritants, cold air, exercise, or for more than 10°

days following an upper respiratory infection all increase the likelihood of asthma. Past

“diagnosis like asthmatic bronchitis, reactive airway dlsease and recurrent bronchitis (except

perhaps in a smoker) are all likely to reflect asthma. If one were to pursue these types of clues

in the history, many more people may be diagnosed as havmg asthma thh the appropriate
pulmonary function testing. An important point is that people thh asthma may present without

a history of wheezing, but still need to be diagnosed to receive proper treatment, and of course

this may be even more important for the diver, to lower the risk of p0551ble consequences.

Dr. Harries: Can I first of all concur with everything you said and say that it accords exactly
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with what an earlier questloner said, and that is that the s severe asthmatic may not necessanly
have a wheeze. The young man who had the most severe exercise asthma ‘that I've seen in years,
presented with no story that nught have suggested he was bad save the fact that he was waking
in the middle of the night unable to sleep = Iy -

Dr. Torre: But one of the sxgns sof § severe asthma accordmg to the NIH Guldelmes is frequent
nocturnal symptoms. Just a quick example of another person wnh 51gmﬁcant symptoms but no
wheezing: I've done a number of asthma seminars with an Olymplc Gold Medal "asthma”
swimmer in whom the dxagnosrs ‘of asthma was rmssed until an on-deck physrctan suspected the
diagnosis while hearing her cough just’ after her attempt to wm her fourth gold medal. Despite
the fact that she had been seen by numerous physrcxans as part of the Olymplcs that her father
was a physician and gave allergy shots to her brother with asthma (and many other patients as
well); that she occasionally became so short of breath after exercise, she 11tera11y passed out; that
she routinely had severe coughing wnh exerclse———the dlagnosrs of asthma had never been made
because wheezing was not part of her symptom complex. Agam coughmg was the primary
symptom, and while physxclans may not have been aware of it in the 19805 it is very important
to recognize cough variant. asthma now, in the 1990s. I see a 51gruﬁcant number of divers
coughing after dives with a: typlcal asthma cough who insist they don't have asthma. The
problem is that untreated they still have all the theoretical risks of those dlagnosed as having
asthma, without the advantage f appropnate medlcatlon to nonnahze thexr pulmonary
functions. . .

THE question—the one BIG questxon From your data I gather that you re saymg that if you
can normalize an asthmatic's pulmonaxy functlon tests mcludmg post-exercrse your feeling 1s
that he should really be relatively safe‘7 \ :

Dr. Harries: Completely. R

Dr. Torre: Okay, I concur with that. - . : i

Unidentified Speaker. Are you suggestmg to me, as a person who screens a lot of d1vers
1mt1a11y and continues to screen them throughout their career, that I can have a person who is *
going to suddenly develop asthma? Or are you saying that if I screen them at one point and
they're okay, I can forget asthma in the future?

Dr. Harries: I'm sure there are many who have had the experlence of a perfectly normal
subject who, out of the blue, gets an upper respiratory viral respiratory : infection, followed by
the most severe asthma which never clears. You can test them when they're perfectly normal and .
you see nothing, and 6 months later they get a viral infection which renders them asthmatic and ",
converts them into persistent bronchial hyperactrvxty All you can do isto certlfy that at the time
that you tested your patient, they did not have air flow obstruction which was severe enough to -
preclude them from diving. It doesn't tell you that they're never, going to get asthma. ~:

Unidentified Speaker: So, if I have a person who understands that he i is probably going to
lose his livelihood if he admits to these symptoms, essentxally I would have to do the provocatrve ;
testing every year in order to say that at this point in time this person does not---

Dr. Harries: No, I don't thmk so “You need to do'it once and you certlfy that at the time you'.:I
did that test it was normal.- o g

Dr. Elliott: Thank you. In fact, you've anticipated the comment that I'was going to make, and
that is the difference between the average hospital patient, who wants the best possible
diagnosis, and on occasxon a professronal dlver who wants to avoid losmg his Job

.4‘
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appeanng to be dlscourteous to our subjects It's essential that the physician monitors and
observes the test. It takes a lot of expenence and you shouldn‘t leave it to the practice nurse or
to, the technician. R . - w 5

Dr. Torre: A "plug for havmg a consensus: One of the problems we face in New Jersey
(where there are many asthmatics, many divers; and many asthmatics who dive) is that many
d1vers or potentxal divers lie about having asthma in order to be "allowed" to dive. When this
occurs it 1s unlikely that the person will receive appropriate treatment; the dive shop or
mstructor will not make a phy51c1an referral and the usual treating physmlan is not likely to have
given instructions related to asthma and diving. If in fact we develop a consensus, the diver will
be able to admit to havmg asthma and therefore get the appropriate physician referral. With
pubhshed guidelines (both the fitness to dive consensus we are trying to develop today, as well
as the NIH asthma dragnosxs and management guldehnes already available), the physician will
be better able to, evaluate the patxent s ability to drve and develop a management plan to

......

appropnate management are nil and the nsks aré; in fact, much greater e =

Dr. Harries: You have kmdly summanzed exactly what I've tried to say m the last 45 ;
mmutes That is: there is no reason why asthmatxcs should not dive. nE

Dr Sanchez: What percentage of FEV, would you accept for asthmatrcs to be able to dxve‘?
vaou bnng them back to normal, what percentage?

Dr. Harries: That w111 be dxscussed this aftemoon. The literature says t.hat exercise-induced
asthma is diagnosed when FEV falls by: 20% Some people say 15%, cothers _say other
percentages I suggest that you draw the hne atafalli m mld-explratory flow at greater than 20% -



A REVIEW OF SPIROMETRY AND UK SUBMARINE ESCAPE
| TRAINING TANK INCIDENTS (1987-1993) USING OBJECTIVE
DIAGNOSTIC CRITERIA

P.J. Benton,J D Woodfine, and T J R. Francrs

The training facility o g ‘ "
" The Submarine Escape Trammg Tank (SETT) at HMS Dolphin was opened in 1954 as the
;"'center for Royal Navy submarine escape training Dunng its 39 years of operatxon (it was closed
for an extensive refit in 1974) all Royal Navy submanners have undergone escape trammg at
Cthis facility.

. The SE'IT is a cylindrical tank, 30 meters deep and 5.4 meters in drameter filled with warm,
_fresh water. Entry into the water may be made from the surface, at various depths through a
ﬂ»system of locks or from a diving | bell. The air locks at 9, 18, and 30 meters are designed to
_simulate submanne compartments while the air lock at 28 meters is a one—man escape tower
“similar to that found in most classes of Royal Navy submannes

The trammg schedules
The Submanne Escape Training Review Comrmttee (SETRC) was estabhshed following the
_death of t.hree tramees undergoing submanne escape 1ra1mng over the penod i 970-1974. It was
tasked v w1th rev1ewmg submarine escape training in the Royal Navy. In its report (1), 2 number
of recommendatlons were made among which was that there be a requ1rernent for accurate
statxsucal data to be recorded on all ascents and incidents. Before 1974, detailed data were not
“recorded, mdwd between 1954 and 1965 no distinction was made between buoyant ascents and
_those made as part of other “in-water” training. The 1974 SETRC report : ‘also concluded that
the 100- foot (30 m) buoyant ascent was no longer essential and that, since it accounted for no
 less than’ 40% of all the incidents in the tank, it should be removed from the tralmng schedule.
.From 1975 to 1994, the training schedule has been as follows:

'«Imtlal trainees: *

(a) Two buoyant ascents ﬁom the 9-meter lock.
(b) One buoyant ascent from the 18-meter lock.
. (c) One unpressunzed “dry” run in the 30-meter lock.
. (d) One 28-meter hooded’ ascent from the SET.

:RequahﬁerS' s

(a) One - buoyant ascent from the 9-meter lock.
(b) One unpressunzed “dry” run in the 30-meter lock.
(c) Onem 28-meter hooded ascent from the SET.

":Undersed ;md !}merbric Medibg[ Soctrety-—szess toDwe Asthma 17
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All submariners are required to undergo initial submarine escape training, requ Lfy 3 years
later, and thereafter every 4'; years. After the age of 35, submarmers may choose to requalify
“dry” (unpressurized), as may tramed submarmers who are assessed as medlcally unfit for “wet”

pressurized SET training. - * el L

A

Lung function testing

Another recommendation of the SETRC Report was that all trainees should have routine
spirometry performed before undertaking SETT. The objective of this was to identify and
exclude trainees with any evidence of obstructive airways disease, as th]s was thought to be
potentially a predlsposmg factor for PBT
Classification of SETT mcldents Fp At e

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. Extreme:illustrations of this are the lack of incident reports following the
therapeutic recompression of two trainees in the 1950s and the occasional recompressron of
trainees for no apparent reason. In general,- incident reports are raised on all cases where
recompression therapy was initiated as well as cases where there was ev1dence of diving-related
diseases which did not require recompression:, " yg s,

In previous reviews of SETT accidents (1-5), incidents that resulted n dragnoses of AGE or
PBT, according to the Pearson Criteria (2), have been labeled as “accidents.” However, the
validity of the Pearson Criteria, in light of current thinking, is open to question. While the
presence of radiographic or clinical evidence of extra-alveolar gas are specific to PBT, the
presence of frothy, blood-stamed sputum, although a sign of PBT, can also occur in cases of
near-drowning, acute congestive cardiac failure, and a number of other less common medical’
conditions. Furthermore, it is readily confused with the blood-stained saliva or sputum wlnch :
commonly occurs following sinus barotrauma 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 pnman]y on the presence of blood in the
man’s mouth, which was subsequently found to have arisen from an epistaxis. %

The criteria for the dxagnosxs of AGE may also be criticized for lacking specificity, as it 1s
now recognized that it may be’ undlstlngmshable chmcally, from decompression sickness. The
rapid onset of neurological symptoms and/or signs is not exclusive to AGE and may occur in *:
cases where dissolved inert gas is an equally likely pathogenetic mechanism (6). Thus, use of
an arbltrary latent interval does not necessanly promote accurate diagnosis.

In previous reviews of SETT acmdents dissolved inert gas as a significant factor in the =
development of disease has not been consrdered as it has been assumed that the pressure/time
exposures in the SETT are such that the inert gas burden, and hence risk of decompression
sickness, is so small as to be ms1gmﬁcant As part of this study, this assumption has been &
reviewed. An estimate of the gas burden of a txssue (Q) can be made by use of the equation (7): ¢

Q P{t Sl

where P is the absolute pressure and tis ‘the time spent at pressure :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 trainees ahead of him, but is unlikely to be

[ o
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greater than 10 mmutes The 28-meter SETT ascent takes approxxmately 1'minute from the start
of compression to reaching the surface. There may be occasions when, due to’ dtﬁiculty in
equalizing middle ear pressure during descent, trainees will spend longer periods but, even in
these cases, Table 1 reveals that their gas burden will be considerably less than that of the diver
who carries out a2 maximum no-stop drve penmtted for that depth by cunent Royal Navy
decompression tables (8). "

Given the negligible gas burden 1mposd by the SETT ascent, the past practice of ascnbmg
overt, short-latency, neurological manifestations to PBT and arterial gas embolism is considered
reasonable. However, the inert gas burden followmg the 18- and 30-meter ascents although
small, 1s not neghglble and the same assumption cannot be made w1th confidence.

The difficulty 'in attempting to ascnbe an origin for the dlsease-provokmg gas can be
illustrated by an incident which involved an instructor who had been assisting a group of
trainees make 30-meter buoyant ascents. On completion, he made a slow, free ascent to the
surface. Within 1 minute of reaching the surface, he reported a progresswe  weakness of his left
arm which rapidly resolved on recompression. In all previous revxews of SETT incidents (1-5)
this incident has been categorized as having been caused by AGE on the basxs of the rapid onset
of symptoms; despite there having been no clinical signs or mvestrgatxons compatible with a
diagnosis of PBT. Evaluation of the dive profilé reveals 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 = 18.2) and the possibility that his signs and symptoms were the result of dissolved
gas cannot be ignored. Consequently; in this study a descnptxve approach to the diagnosis of .
past SETT accidents was adopted. . ‘

However, this approach was comphcated by the treatment policy wh1ch was in force over the
period; namely, “if in doubt, treat.” Although the rapld recompressmn of an mdmdual with
confirmed DCI is the treatment of choice, recompression is not w1thout risk to the patient and
attendant. In many of the 1ncxdents the dec1s1on to,‘pot’ the trainee was made on the evidence
of minimal symptoms and without any neurologlcal examination bemg per‘formed In the very
brief time available for assessment, neurological DCI could be confused with, for example, the
headache of sinus barotrauma, middle or inner ear barotrauma, altemobanc verti g0, of syncope
of any origin The hrmted mformatxon wh1ch is therefore avallable' made accurate retrospective
diagnosis difficult” = : W

Table 1: Values of Q for SETT ‘Ascents and for Maxnnum No-stop -
" Dives (RN Table 11) to Equlvalent Depthst T

* TimeinLock, © = Value of Q No-stop Time, = ' Value of Qfor

Depth, m e o 22 min 2 for Sett min’ "VE'M No-stoprve
9 10 6.00 £ HEAETS wR
18 10 8.85 60 e 21.69

30 . 10 12.65 1789,
28 SETT 1 380 F20 -1 1699 -

28 SETT. . 4 760 . . 20 1699




20 UNDERSEA AND HYPERBARIC MEDICAL SOCIETY

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 of obstructive airways disease. However, the diagnosis of
PBT in the study was made by application of the 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 basts 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 of pulmonary barotrauma.

Group 2: Cases were there was an insignificant inert gas burden and positive diagnosis
of neurological 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 of neurological 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 pulmonary 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:

Observed -Predicted
1 Standard Deviation of Predicted

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

Results

The number of each type of ascent 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 0.18/1,000
ascents for requalifiers. The incident rate for initial trainees and requalifiers combined being
0.48/1,000 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) of FEV,, FVC,
and FEV,:FVC ratio.

Cumulative distribution of SR of FVC for the groups defined above is plotted in Fig. 1.

This reveals that the SR of FVC for each of the five cases allocated to group 1 and the three
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cases allocated to group 2 has a negative value. Since the FVC of submariners is normally
distributed (9), then the probability that a random sample of five (group 1) should all have
negative values is less than 3% (P <0.03).'If groups 1 and 2 are combined (as it is difficult to
conceive a mechanism of causation other than arterial gas embolism foHowmg subclinical PBT
in the cases allocated to group 2), the probability that a random sample of elght trainees should
all have negative values of standardized residual of FVCis less than O. 4% (P <0.004) and as
such must be considered to be statistically significant. Examination of the standardized residuals
of FEV, and FEV,:FVC revealed no correlatlon between thelr values and the incidence of PBT.

Table 2: Number of Ascents made by Tramees o '
from 19751993 ° ’ ER A oo

Depth o Tlrna%g:]es_ Requahﬁersd " Totali ﬂ
9m S 36388 16364 52752
18m 17877 A 17877
SETT 7642 33868
Total 571907 '

[ ,"u E

Table 3: Standardlzed Resndual of FEV FVC and FEV FVC
Ratio by Diagnostic Group for SETT Tramee Incldents l9b5—~1993

Group 1 7
W oo mfﬁ%¢
134 SETT 10.29"
142 8 T_0.09%
145 18 138
167 9
187 18
Group 2

;
Nomber  Depth By, G FEVAVC
136 SETT 0.24 043 102

185 SETT -0.77 051

188 SETT 033 .—0.50
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LA

Group 3

Incidcnf BE

oy ‘;.. - SR
Number . "Depth "~ FEV,FVC

128 % ¢ Y0 SETT 2SI 0.57

0.11

g oZ e 7:-,?; ‘-I’S‘ETT~ )

R SAT

-0.93
1.14
-0.71
-0.23
-0.01
0.91
0.60
-138
-1.31
-0.22
1.15
1.57
1.07
0.49
1.72
1.74
0.13
-1.73
0.49
231
-0.71
220
-0.18

166 18 078 —0a1 - 1.18



FITNESS TO DIVE: ASTHMA

Group 3, continued "

e e RV, RC FEVEVC
168 SETT "' 104 - . : 065
169 SETT 027 157 “0%67
170 1§ i ‘.'-0337‘*?".‘ -037 vo.mowhf
171 SETT.” . w066 N NJo4r 033
s s o7 Qﬁos9 0370
183 9 ' "10.30- e 209 262
191 18 v -145 ?—285 191
l"Ng values available from date of incident (%985) valucs gwen from
Group 4 .
%\?ﬁ:g%g Depth :F%l\z/', FSVRC ' FEVS,I}’VC
130 18 e —3 82 e .68 _5*74 :
163 s 032 . 004
190 18 T3 <128 088
Group S .
Nomber  Depth RV,  RC  FEVVC
129 9 - - 2
146 18 ~1.06 -163 0.78
155 SETT 047 -028 1.06
175 9 0.57 0.11 068
178 SETT 225 1.55 089
186° SETT 1.32 -0.21 1.76

#No record of height available, therefore not possible to calculatc va!-

ues of SR.-

“No values available from date of incident (1991), values gwen from

1987

e e

23
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Standsrdised Residusl (FVC) .

—e—jen  —— lvsv."lé

FIG. 1—Cumulative distribution of standardized residual of FVC b)"’wgrotxp.

Discussion
Routine spirometry has been carried out on all trainees since 1975 in an attempt to 1dent1fy

those 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 the at-risk group and
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 of penmttm g such candidates 2

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 was not 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.

e

Consequently, it is possible that the value of FVC for the 50 trainees involved i in incidents in this

study was not normally distributed

This study confirms an association between low values of FVC and PBT with all md1v1dualsu;..3
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 FVC greater than ~2. Thus
determining an exclusion criterion based on the measurement of FVC may be difficult because  «
a“low” FVC appears to be insufficiently specific for the purpose of identifying those individuals
at risk of developing PBT. It is however of note that 20% of all reported SETT incidents since

1975 have involved individuals with standardized residuals of FVC greater than —2. Thisis 8

times the predicted figure. Thus, using an exclusion criterion of FVC of more than 2 standard
deviations below the predicted value may not prevent all cases of PBT; it might be predicted to
prevent 20% of SETT incidents. It is of interest that there appears to be no association between
low values of spirometric indices of obstructive airways disease (FEV or FEV,.FVC ratio) and
SETT incidents.
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- DISCUSSION

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

Dr. Harries: No debate. Genuine statistical question. You assume the distribution of the

- standardized residual was normal 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

' standardlzed residuals. However, anything that might affect somebody's vital capacity, forced
Tor -‘otherwise, would more tend to make it small rather than large. What would happen if you

reexammed your data statistically, not making the assumption that there's a Gaussian normal
dxstnbutmn, but in fact half of a normal Gaussian distribution, i.e., instead of it being two-tailed,

havmg one tail?

Dr. Francis: We could certainly do that, but the way we did it: 0.4% as a probability is highly
s1gmﬁcant Ifit goes to half of that because it's really a one-tailed affair rather than a two-tailed

-. affair, that doesn't necessarily change statistical significance.

Dr. Sanchez: Just a question, maybe I missed it, but I thought you were screening out the

'_ _sixiﬁhariners having very low FEV,:FVC ratio?

~Dr. Francis: No. We have decided not to do that anymore and there were two reasons for
tlus 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, effectively. So we couldn't justify the values. What we
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did was to say, right, we will 1 1gnore the absolute value of FEV,:FVC ratro wrth respect to
making people fit or unfit to dive, and check out the rest of their lung functlons 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 exammed at the lab at INM: So we don't screen them
out, we examine them closely.. . e E RN R nE N

Unidentified Speaker: The volume 1s'an’ mterestmg observatlon and I think it's gotten
everybody sort of scratching the1r heads about what it means. You m 'troned that you thought
that this was small lung volume for the body 51ze o

Dr. Francis: Yes.

Unidentified Speaker: s that mdeed the ¢ case, oris it )ust small people wrth small lung
volume with essentially normal volume to body size? VT ae

Dr. Francis: The people come in all shapes and sizes and it's just that the1r FVC is below
predtcted given a normal subject.

Dr. 0mhagen~ When you measure the forced expiration in the laboratory, the flow
restriction is mostly caused by dynarmc closure of the small axrways Dunng the ascent you
have expansion of the gas in the alveoli and there should therefore be no such effect. Do you
have any explananon except for the fact that you also have i unmers1on dunng the ascent?

Dr. Francis: Sir, I dont qulte understand | your question.

Dr. Omhagen The difference between the laboratory and bemg in water is the immersion
pooling a large amount of blood in the pulmonary circulation. Could that be an explanation,
because I don't think that the dynamic restnctron ‘of flow really exists in the ascent situation.

Dr. Francis: T'don't know how to explam this.- What I'm puttmg forward to you is an
observation based on a very large number of ascents made by a great number of people, and it
came as a surpnse to us because we had all thought that obstruction rmght be associated with
pulmonary barotrauma and that was clearly not the case. The onlv tlung that did have a
statistical association was an mdex of restnctxon § = . '

Dr. Ornhagen: So there is no hypothesr 2.

Dr. Francis: | have no hypothe51s

Dr. Ornhagen: Thank you. e Fo

Dr. Elliott: Followmg a discussion with Dr Torre during the break 1 would now like to ask
him to summarize for us a classification of asthmatics which has just come 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 of Health on the diagnosis and
treatment of asthma These lectures typically last an hour or more and address six areas that are’
crucial to proper care mcludmg (1) education of patients to develop a partnersth in care; (2)
objective measurements as peak flow and spirometry, (3) environmental control measures and
avoidance of tnggers e)) establishing plans for both exacerbations, as well as (5) long-tenn';
management, ‘and ﬁnally ©6) the need for providing regular follow-up care In my allotted time,
T will discuss those aspects that I feel are most important for our ﬁtness-to—drve seminar today.

Before thé 1990s, asthma was considered to be a reversible airway disease primarily
characterized by bronchospasm and therefore treated with bronchodilators. In 1991, with a
better understandmg of the pathophysiology of asthma, a new. definition included not only
reversible airway obstructlon but stressed chronic arrway mﬂammatron and the resultant hyper-
reactivity. This increased reactivity or responsrveness causes constnctxon of the arrway to
stimuli that would normally have little or no effect and is related o the degree of airway




inflammation. For divers this means that the more mﬂamed your airways are (from allergen
exposure, resprratory infection, etc. ), the more likely exercise or cold, dry air associatéd with
scuba will precipitate an asthma eprsode and the more severe the episode will be. Questions
about past hrstory of chrldhood asthma which is outgrown may really be moot. Chronic
inflammation can persrst a lifetime with "temporary remissions" seemingly suggesting that the
patient no longer has asthma. Oﬁen if a careful history is taken;, recent symptoms may be
uncovered like nocturnal coughing, exermse—mduced coughing or shortness of breath, colds that

"g0 to the chest" or take more than 10 days to clear up, all of which point to the patient's having
a current dlagnosrs of asthma accordrng to the Global guidelines, and wrthout proper treatment
place the drver atan mcreased nsk ' “ _,;t:

relationship to proper therapy. Three sets of gurdehnes have now beeri published. The NHLBI
(National Heart, Lung and Blood Institute, division of the NIH) where the first set of guidelines;
published in 1991, and these were mailed to every physician in the: “United States.: The
Intematlonal Consensus Report followed in Juné of 1992. In January 1995 the NHLBI and the
World Health ‘Organization combined to formthe Global Initiative:for Asthma (GINA)
workshop repoxt 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 to obtain the best ‘outcome for our patients.

Asthma is currently classified into four categories based on the severlty and frequency of
symptoms (the original guidelines had three) o » %

The first category is Mild mtermtttent asthma. Chmcal features (before treatment) include
intermittent symptoms, less than once a week, assoc1ated with a less than 20% fall in peak flow
or FEV; brief exacerbations lasting a few hours toa few days; nocturnal symptoms occurring:
less than twice a month; between exacerbatrons patlents should be asymptomatrc with normal-
or near (within 80%)-normal pulmonary functrons This drstlnctlon 1S really very important:
because this is the only classification that does not require mamtenance anti-inflammatory’
medicine. Many people think they have mrld asthma with symptoms ‘much more often than
allowed for in this classification. 'I'hls is xmportant for our "land-based" patrents but may be
even more crumal in our diving populatxon Ifuntreated ‘the underlying mﬂammatron that occurs
in all the other steps would increase airway responsiveness as mentroned earlier, and make
diving more likely to cause some arrway obstruction with resultant consequences L

A few words about the terms we use in assessing airway obstructron The peak exprratory.
flow rate (PEFR) or peak flow for short measures flow rate in the largest of the airways and
occurs during the first 150 rmlhseconds of forced expiration; this measurement correlates best
with bronchospasm Peak flow meters can be used by the patient and physrcran alike, with most
costing $20.00~$30.00. The FEF, , (forced expiratory flow measuring the flow rate exclusive -
of the first and last quarters of the vital capacity) corresponds to the “‘smaller airways and .
correlates best with the amount of inflammation. This value can only be measured with a
spirometer and is therefore done only in the physrcran s office or a hospltal ‘The FEV, (forced
expiratory volume expired in the first second) is considered by many to be the most useful .
measurement because it includes all of the peak flow as well as the earller portion of the -
FEF,;, ;. This i is also generally done with a spirometer, but recently a small portable device
called SPIRO-1 was developed costing about $120.00 which measures ‘both peak flow and
! one can even suspect a lowered FEF,5.55 value if the patient has anormal peak-
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flow but a reduced FEV,. According to the guidelines, everyone with the diagnosis of asthma
should have a spirometry performed as well as those patients needing pulmonary function
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 of mild 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, if the 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 is Mild persistent 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 affect sleep, with nighttime symptoms
greater than twice a month. The symptoms and changes in pulmonary function are still mild but
oceur on & 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 after the anti-inflammatory
measures take effect. Long-acting bronchodilators may be used at night to prevent nocturnal
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% of predicted
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——if your doctor says you
don't have asthma, you can dive. Well, any asthma expert and by now all those in this room
know that if you 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
asthma certainly fulfills our present criteria for fitness to dive, but unfortunately it's not in the
patient's best interest. Denial of the discase 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, if untreated 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 affected), 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. If this patientis a scuba d1ver it is even more important to pursue the correct diagnosis
and severity classification. Not only can the base-line airway function place the diver at more
risk, but with the increased airway responsweness the d1ver is more likely to have an acute
exacerbation during the dive or the surface swim.

Treatment of moderate per515tent asthma requires daily "controller” medications, generally
nhaled steroids. Environmental comrol and avoidance of triggers is even more important in this
category. Bronchodilators are used as needed, but our goal is to reduce the need for "rescue”
medication to several times a day, and ideally to only several times a week. Remember, the more
inflammation, the more variable the pulmonary functxons wﬂlbe and the more ﬁ'equent and
severe the symptoms will be. The basic strategy thcn is to us enongh anti-inflammatory
therapy so the moderate persistent patient on medlcatlon will ¢ essentially | be similar to the mild
episodic patient off medication. If one cannot meet this goal the’ mamtenance management must
be reevaluated. Allergy immunotherapy may ‘also be'useful in both the mild persistent and
moderate persistent patlent as another anti-inflammatory modality. :

The fourth category is Severe persistent asthma. These are the patients with continuous
symptoms and peak flows or FEV, of 60% of normal or less. Because of the severe inflamma-
tory process, the smaller airways are more significantly involved. The FEFZS_75 is the best
measure for this and is generally low. As a simple screen, the base-line FEV, as mentioned
before, will more accurately reflect the degree of obstructlon than the peak flow rate which only
correlates with the larger airways. Exacerbations with'a 30% or more fall in peak flow or FEV,
occur frequently. Physical activity is limited by asthma symptoms and nocturnal symptoms, as
seen-in the first case presented today, occur frequently as well. Remember that any one feature
is sufficient to place a patient into the more severe category because in that first patient only the
nocturnal symptoms revealed him to be in the severe category; his changes in flow rates seemed
to suggest a milder process. Treatment of severe, persistent asthma ¢ consists of multiple daily
controller (anti-inflammatory) medications including “high dose” inhaled steroids. Long-acting
bronchodilators like theophylline and/or long-acting B- agomsts are ‘also appropriate. Oral
corticosteroids may be used for a 7-14 day acute course to decrease mﬂammatwn and increase

‘responsiveness to the B-agonists as well. Many tunes daxly or altemate-day oral ster01ds may
also be necessary for maintenance. S

An important point to remember: No matter what the severlty the goal 1s to use enough anti-

inflammatory modalities, including medication as well as environmental controls and possibly

“allergy shots, to achieve "control of asthma.” Control consists of minimal (ideally no) chronic

symptoms including nocturnal, normal exercise tolerance, infrequent episodes; no emergency

. visits, and minimal (less than two or three times a week) need for PRN B agomst bronchodllator
E therapy S

“In my talk today I have shown only the medlcatlon summa:y shdes One mterested in the
entire presentation for the future 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 off the press—funher discussion will occur
later

- The South Pacific Undersea Medical Society has just had its annual workshop on thls same
'fk_toplc and so it is with particular pleasure I ask Des Gorman, who is presxdent of that soc1ety
to share with us what they concluded.




THE BASIS FOR THE PASS/FAIL CRITERIA USEIN-
AUSTRALIA AND NEW ZEALAND 7 °

D.F. Gorman'

What I'd like to do is review the local general practlce with respect to the assessment of
fitness for diving in Australia and New Zealand in the context of asthmatlcs and then to quickly
outline the SPUMS policy which arose from the workshop we held rccently i Fiji.7 .-

The fundamental questions are those that are common to any form of health survelllance and
are reasonably simply answered in the context of asthma and dlvmg S :

* Is the condition or the treatment of the condmon mponant?
* Is the condition prevalent? SR N

* Are there sensitive and specific screens” S
« Is the condition consequently worthy of screemng‘7 e

"'f'

First, I will consider the prevalence of the condition in our subject 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. 7o

It is possible to determine the importance of asthma in diving by con51der1ng three questlons
First, will diving make the divers' asthma or ‘its treatment worse?, Certamly, diving may
precipitate an asthma attack, by a combination of exercise and breathmg a dry, cold gas or
alternatively by breathing a salt-water aerosol, and by consequent axixiety stress, and panic.

Second, will asthma or the treatment of asthma compromise the divers’ 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 unposmble for them to swim 400 meters
against a knot and a half of current.

Third, will asthma or the treatment of asthma predlspose the dlver to a dlvmg-related illness?
There is at least a theoretical increased risk of pulmonary barotrauma in asthmatics, and some
bronchodilators will impair the ability of the lungs to filter venous bubbles. -

Consequently, most Australian doctors will discourage people from diving if they have a
history of current, 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 (Med J Aust 1993; 158:275-279), and chose a 5-year period of disease and medication
absence. The choice of 5 years was a compromise;, the people who led this debate were actually
argumg 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 is no requirement for any
further survey and that such individuals should not be discouraged from diving.
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Most attention in Australasia in this context then is focused on how best to determme the nsk
in diving for people with a past history of asthma. Many practitioners rely on splrometry ‘alone;
but you've heard from James Francis today about the lack of predictive power for FEV, data and :
FEV,:FVC ratios and the weak prediction of risk that can be deduced from FVC data r

A point needs to be made here in the context of the use of spirometry and FVC data in ‘diver
fitness. We have a crazy situation in the two navies that I'm involved with—the Australlan and
the New Zealand navies—of doing annual spirometry on divers to help detérmine their fitness
for diving. Given that our own data show that the on]y predlctwe meastre, FVC, does not
" decrease mgmﬁcantly with either age or diving, there isno requlrement in the absence of lung ,
. disease or injury; to measure a diver's FVC more than once.” o

Some Australian practltloners use exercise in thetr eonsultmg rooms to test for active asthma
" Far more often however, a practitioner will request elther a hypertonic saline or methacho- ’
line/histamine challenge: Hypertonic saline was chosen’as a method of detecting exercise-' i
induced asthma, on the basis of exercise inducing asthma by changes in bronchlal tomclty The:!
result of this test in Australia varies enormously. i A
In Sandra Anderson's laboratory at the University of Sydney, hypertomc saline testing has a’.
high sensitivity. Elsewhere, a very htgh false negative rate is often reported. The latter is
particularly true in asthmatics who are treated with regular inhaled steroids. Histamine and
methachohne tests are gomg out of favor in Austraha and New Zealand because of false postuve B
rates of about 20%. .. Pl .
Fmally, it is worth notmg that dlvmg medlcal assessments m our pan of the world are shifting ;5
ﬁom a prescnbed format to one of discretion; based on a detemnnatton and explanation of risk
and an ongoing monitoring of health. The latter process is compattble w1th some (former or .,
inactive) asthmatics diving. . 2 i
What I'd like to do now, on behalf of the South Pacrﬁc Underwater Med1ca1 Society, is to-
review the Soclety s policy on asthma and diving. ThlS pohcy was developed during the ;
workshop held at our meeting in Fiji last month. 1
* This is the policy as it will appear in our Journal. First, the Somety makes a statement about
the prevalence of asthma in Australasia. - o
“A history of asthma is common in diving candzdates 'Ihls isa relatlve understatement.;
" “The assessment of risk for a diving candidate with a hzstory of asthma should be conducted ™
by a medical practitioner who has had 1 training in diving medicine.” - This is an argument that’
* the members of SPUMS believe in very strongly. -~ =~ =

Second, -the, Society has a policy on the importance of asthma in diving. “Asthma is a
| potential cause of mortality and morbidity in divers. The level of risk in this context needs to
“be measured. - Diving may precipitate an asthma attack, and asthmatics are at risk of
_ “shortness of breath, panic, and drowning on the water surface.” - It is possible that we've
" worried for too long about pulmonary barotrauma in asthmatics and overlooked the far more |
hkely scenario of an asthmatic drowning on the surface. Certainly, local analyses of diving
deaths show that asthmatxcs who die while dlvmg, usually do so by drowning on the water
surface

* The Socrety also has a pohcy statement on the nature of emstmg groups of diving asthmatics.
“Asthmatics who dive may be a self-selected population, and the experience of this group may
not be representative of the risks of dzvmg for the general asthmattc population.” Of rele-

. vance here is the infamous BSAC epidemiological survey; which I believe is a role model of

-,
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“how not to do such studles )
Third, SPUMS has a pollcy on relatlve risks for asthmatlcs who dive. “Current information
suggests that the relat:ve risk for asthmatics who dive compared with non-asthmatics for
decompression zllnes is about two.”.These data are soft and need to be considered in context.
It would appear that even‘ for nov1ces domg emergency ascent training, the risk of some injury
‘with an emergency ascent is about one in 20,000 to one in 60, 000 Consequently, even if the
relatlve risk is about two 'the actual risk is still low.
-+ Fourth, SPUMS has a policy on the assessment of nsk for a dlvmg candidate with a history
of asthma. “The society believes that the determmatton of rzsk for diving for someone with a
‘history of asthma requires a gradation of the severity and currency of their asthma.
“Risk stratification for someone with a history of asthma who wishes to dive would require
a thorough history and examination, and often lung ﬁmctzon testing, including provocation
fests.” It is again noteworthy that in many laboratories, medlcated asthmatics are not showing
" any abnormalities on their provocatxon tests-—the basxs of a reasonable argument for their fitness
to dive. ok S B
Finally, SPUMS recognizes the lack of ob]ectlve data in t.hxs context “As the risk for diving
in someone with a history of asthma is uncertain, permanent records should be retained as
part of a SPUMS-sponsored study 7 iy :
Thank you very much e e

- Dr. Elliott: Thank you Des We w1ll take questxons and dlSCUSS thlS if we may, afier the next
speaker, who is here to represent the British SubAqua Club;



ASSESSMENT OF ASTHMATIC DIVERS IN THE UK

Patrick Farrell

The BSAC Medical Committee no longer exists and we now have a UK. Sports Diving
Medical Committee pooled from an amalgamatlon 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 the contrary. We couldn't stop them and the BSAC Committee at that
time prepared a set of empirical standards to try and protect those considered to be most at risk.

These were basically: you could dive if you had asthma in childhood: you had not wheezed
in the previous 48 hours or used a B, agonist; you were allowed inhaled steroids. But diving was
banned if you had cold-induced, exercise-induced, or emotion-induced asthma. Interestingly,
nobody defined 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. ‘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.

This has changed dramatlcally since the formatxon of the 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
104 surviving asthmatic-divers' with +12,000..dives and no episodes of air embolism or
pneumothorax. We had a group of severe asthmatics 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. S

Peter and I at this point set out on a prospectlve 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 unpublished 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 of branches, e.g., 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 about 70,000 divers in the U.K. and we found that about 4% of the diving population is
probably ‘asthmatic. I then asked all the chambers, the Hyperbaric Association, and the Institute
of Naval Medicine how many people they have treated in the period 1991-1993. We found 393
non-asthmatics and 9 asthmatics. There was no statistical difference between the normal
population and the asthmatics.

This year the new Medlcal Committee has redrawn the original asthma standard, and this is

' how it w111 look o

wF Sy J \._‘.

U K.'Spdrts Diving Medical Committee Asthma Standard

“The theoretical risks should be fully explained to the asthmatic diver. There is little, if any,

: Vevzdence that the moderdite, controlled asthmatic who follows the guidelines below is more at
" risk than the normal populatzon Asthmatics may dive if they have allergic asthma, but not
-if: they have’ cold-mduced exercise-induced, or emotion-induced asthma. All asthmatics

should be managed in accordance with the British Thoracic Society guidelines. Only well-

: controlled asthmatzcs may dive. Asthmatics should not dive if they have needed a bronchodila-

“tor zn the last 48 ‘hotirs or have any other chest symptoms.”

The dlvmg asthmatlc should not need more than occasional bronchodilators, i.e., daily use
would dlsquahfy but xnhaled steroids are allowable. During the diving season he or she should

" measire peak’ ﬂow twice dmly A deviation of 10% from best should exclude diving until within
. 10% of best values for at least 48 hours.

- The diver should perform an exercise test, such as the 18-inch step test, running but not on

! bxcycle ergometer for 3 minutes, and a decrease in peak flow of 15% for 3 minutes should be
. taken as evxdence of exermse-mduced bronchial constriction, and hence disallow. The reason

T we chose astep test on a peak flow is it can be done in any doctor's surgery. Most doctors in the

-U. K ‘do not have access to spirometry or lung flow volume loops. If you consider 4% of 70,000

divers; thatis a lot of folk to get through.

We also said on adv1cc that a B, agonist may be taken pre-diving as a preventative, but not

“to relieve bronchlal spasm at the time. Despite the p0551b111ty of shuntmg, we feel it would

contribute a lot to psychological well-being to take it “just in case.”
That s the new standard It will be available to each asthmatic diver with, when it's written,

; an e explanatory booklet on symptoms and how diving may affect the condition.

We believe that prohibition fails in those countries where asthmatics are banned. We believe

in selectxon and education, which has to be the way forward with this group. Of course we are
not mterested n’ lettmg people dive who go to the ITU twice a week. They shouldn't be
'anywhere near the boat, let alone in the water.
' Socan asthmatlcs dive? In the amateur world, yes, I believe they can. They always have a
choice as to whether they get into the water. In the commercial or military world, a diver cannot
say to a superwsor "1 don t feel like going into the water. I'm a bit wheezy today.” That is not
reahstm . L

3t fa B o

' DISCUSSION

Lo

Dr. Elliott: We can now dlSCUSS the last two papers.
Dr. Saltzman: A question for the last speaker. One of the concerns in compiling statistics
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for divers is that the worst outcome occurs;, the diver does not retum to shore and does not fill
out a questionnaire. Is your survey reliable in terms of including people who may not have been
fortunate enough to return to shore?

Dr. Farrell: We know what the dropout rate is in the prospectlve study, and foﬂunately n
the UK. all the accident deaths are reported, so we can check asthmatlc deaths oﬁ against our
database, and so if they don't return, we would know about it. - '

Dr. Torre: Are these people allowed to be on matntenance medtcatlon like Thumalin or
Tilade or inhaled steroids before they do the exercise- induced’ test, or'is that without any
medication?

Dr. Farrell: The exercise test is done on their normal medtcatton ‘We beheve 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 methachohne challenge has too high a
false positive rate to be useful, and I wonder if that could be broken down mto posmve and
negative predictive values and what is the cutoff used to make that statement‘7 o

Dr. Gorman: There was a survey done by the Australian-New Zealand Thoracw Socxety and
1n an unselected population of people with no history ever of asthma and no clinical fmdmgs of
asthma they found an abnormal response to histamine. ”

Dr. Kelleher: I'd like to comment on the statistics from the INM database Ftrst we don't
keep track of deaths at all unless they died in a chamber. We receive reports from the chambers
throughout the United Kingdom, but if they died on the surface and were never recompressed
we wouldn't receive a report.

Second, I think it's important to look at the statistics as you have done. I'would just like to
mention that in the 9 out of the 393 that were reported as asthmatics there was at least one that
was clearly an asthma attack that was provoked at depth. The individual surfaced unconscious
and then had a recurrence of the asthma attack in the hyperbaric ¢ chamber So although there s
no difference, I think it's worth mentioning the individual case JUS'[ to reflect that there may be
a true risk, although it appears to be small.

Dr. Bove: ] have a question for Des and [ think I asked this questton a couple of weeks ago
in Fiji. When you do predictive testing, you need to define an end point. I thought I heard: you
say exercise testing was an end point, but my question is that when the predlctlve testing is
done, is there a clear-cut end point? Because I got a sense that the end pomt in some cases was

the result of the test, rather than some other outcome.
Dr. Gorman: What answer did I give you a couple of weeks ago, Fred?
Dr. Bove: I don't think you gave me a clear answer. :‘3.’»-\* i

e

point is often the test itself. For some of the tests there are: reasonable nomograms for
hypertonic saline it's 15%, for example. At the SPUMS workshop, the argument is for a 20%
shift, but you're quite right, the end points are the tests themselves.  “x 7"

Dr. Francis: Patrick, as you are well aware, the investigation of dxvmg deaths m the uU. K is

far from systematic. So although we may not be aware of asthmatics who died dtvmg, that
doesn't mean they don't exist. It's just that they haven't been looked for properly T

Dr. Farrell: I'm not entirely sure that's true because certainly the BSAC incident reports have
been looking into the deaths for the last 3 years for anybody who has been asthmanc They come
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straight to my desk as a matter of 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 of which is
to be Tom Neuman who w1ll propose the case for allowing asthmatics to dive.




THE CASE FOR ALLOWING ASTHMATICS TO DIVE
Tom S. Neuman o »

Let me begin by taking a slide from the cover of an early SPUMS Jou.mal that was shown last
year and try to answer the question of whether “anyone can do it.”

There are some striking theoretical reasons why asthmatics should not d1ve and: those
theoretical considerations are: : ; 3

1. obstruction can lead to arterial gas embolism;
2. overpressurization can lead to arterial gas embolism; and . S
3. decreased compliance has also been associated with arterial gas ernbohsm P

Since all those things are associated with asthma, and since there was an exlraordmanly well-
done study by Wagner that showed that marked abnormalities in ventilation perfusion 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 time—that asthmatics simply should not dive. It was open and shut.- e

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 cough a little bit longer after a-
cold than folks without asthma. It makes little difference whether you look at FEV; or FEF25_75,
you see the same kind of variation in asthma. 3

So do we really have to treat every asthmatic in exactly the same way? I thmk the answer to:
that intuitively ought tobeno. T e

Now, how did I get involved with this whole asthma business, and how d1d I really change;
my mind? I was trained, like many of the people in this room, by the Navy—and that was: Ifyou :
had an asthma attack after the age of 12 you didn't dive. Period. S FE *

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 come up  with the statement
that “everybody can dive” and that straw man would then be attacked. , =

And so I did. And I discovered something rather interesting. At the tnne it was a few years
ago, the risk of being shot to death while diving was greater than the combined risk of asthma;
epilepsy, or diabetes while diving. I presented that at the symposium and of course 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.” ,

And I said wait a minute. I give this “asthmatics shouldn't dive” talk twice a month, and there
are always six guys at the back of the room who raise their hand and say, “You mea.n I shouldn‘t )
have been diving for the last 10 years?” o

As aresult 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 asthma,”
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diabetes, and epilepsy in a population of newly certified divers whom we got from PADI.
Approximately 1,700 questionnaires were mailed out and, as usual, 1,300 didn't respond.
We had 405 negative responses, six were returned in the mail for incorrect addresses, but we
did have 45 affirmative replies, which represented about 2.6% of the entire population. Even
if you assumne that the only people who were likely to respond to such a study were the ones who
had the disease or condition, still 2/4% of folks gave positive responses. If you assumed that the
distribution of responses was the same across the whole population, then we're talking slightly
.more than 10%.- R
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. I am going to present some data here that
you've seen before, but in a magazme with a circulation of 38,000, there were 104 positive
respondents; 22 wheezed daily, 9 drved within 1 hour of wheezmg Those who wheezed within
1 hour of diving logged 1,241 aecrdent-free dives, and in the remaining asthmatics, 12, 864 safe
dives were logged. «+ .7 - =
Again, in another study whrch was pubhshed in SPUMS Journal recently, there were 813
divers and 31:asthmatics (thus there were about 4% asthmatics). Also just published in this
:month's SPUMS Journal,-12% of present Auckland open water trainees are asthmatic or have
a history of asthma.” Thus n the Umted States, Britain, and the South Pacific the numbers are
sumlar 2 @ 4 el oy
-In the Annals of Emergency Medzcme mn 1983, another study of 1,000 divers, 36 of 674
"v respondents stated they had asthma. That came from the DAN data. Then Dr. Bove and I did
: another Skznd:verMagazme reader questronnarre and here were the questions:

. Are you a certlﬁed diver?

* Have you ever had asthma?..

« Do you cu.rrently have asthma?

. Do you currently dxve wrth asthma"

There were 10,400 responses We desrgned this questionnaire in a slightly different way so
we didn't get a selection bias as far as asthmatics are concerned, by using a survey card included
for readers who ask for mformatron about advertised products. Thus the questionnaire was

. mcrdental and here were the results from the certified divers.

"7 Have you ever -had asthma" 8. 3%
.= Doyou currently have asthma?:3. 3%
e Do you dlve ‘with asthma? 2.6%:

Dr: Farrell showed in his study that asthmatrcs have no statistically srgmﬁcant increase n
also mentioned 30 OOO acc1dent-ﬁee dxves with greater than 20 unscheduled free ascents
wrthout an incident in hrs ongoing study of 200 asthmatic divers.

< In looking over the 13 years of collectmg mortality statistics at the University of Rhode Island,
only one death in 1,300 could be attributed to asthma.

" In talking to researchers at the Catalina Marine Science Center (where they never got around
to publishing their data, so this is word of mouth), but in looking at the etiology of systemic gas
embolism, they found that the cause was among their emergency ascents—buoyancy control
problems, panic, non-panic breath hold and pulmonary blebs. They didn't have asthmatics in
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their group. In a study at the Los Angeles county coroners oﬁ'lce of 18 consecutlve scuba
fatalities, none was linked to asthma. asce &

Now, looking at the DAN database, Fred Bove and I and our collaborators pubhshed 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 arisk of what's probably around one in 200,000. Of 38 cases  with adequate data, there were
four asthmatic victims. This would suggest that there's an increased risk of arterial gas embolism
in asthmatics by a factor of two to three, but on the other hand three of the four asthmatics had
rapid and/or uncontrolled ascents.

In 1991, the DAN database was presented at the UHMS meetmg in San Diego, and again
they had 1,200 cases of decompression-related illness; 196 cases of arterial gas embolism; 16
with a history of asthma; 755 cases of type 2 decompressxon s1ckness 54 with a history of
asthma; and 25 currently asthmatic. ¢ z

Looking at the odds ratio, this and the confidence mterval a:ound 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 this—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 air more carefully and they don't do
foolish things. Since the vast majority of diving accidents are due to divers doing foolish things,
the asthmatic, because he knows he's at additional risk; actually is more careful in the water and
has a lower risk. The argument is not unreasonable, therefore; 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 to the rest of the
population. And given the population statistics and the number of asthmatics that we found in
the population of divers, which ranges from 3 to 7%—you can see that these numbers are not
appreciably different and these numbers do not achieve any statistical s1gmﬁcance as far as
increased risk is concerned (Table 1).

These are from Project Stickybeak, 100 scuba diving fatalmes in Australla and New Zealand
from 1980 to 1990, with 125 causes of death, and there were 9 deaths in subjects with a history
of asthma. This has been quoted over and over again as an mdlcatlon that asthmatics are over-
represented in the diving deaths in Australia and New Zealand. I'm not sure why, if 12 or 20%
of the population of Australia and New Zealand are asthmatic, but nonetheless Dr. Walker who
was one of the authors of Stickybeak stated categoncally that “th]s appears to be untrue in
relation to Australia and New Zealand.”

So this led to the conclusion that there is a group of asthmatics who can dive. I won'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 can ralse thelr hand and give
us a specific incident of an asthmatic getting into trouble. That's not the pomt The issue is
whether asthmatics are over-represented, whether they get into trouble so way out of proportion
to everybody else getting into trouble that the risk is unacceptable. But there is always a risk.
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Table 1: Non-fatal Diving Accidents 1988-1991

History of Asthma Past

All Cases Current # (%) # (%)
. :Code 1,
’usually DCS I 192 4(2.1) 7(3.6)
"%’ Code 2-5, 1214 18(1.5) 45(3.7)
. usually DCS II
Code 6,
usually AGE 148 2(1.4) 7(4.7)
1,554 24(1.5) 59(3.8)

+ - “DCI I—type 1 decompression sickness; DCS II—type I decompres-
sion sickness; AGE—arterial gas embolism.

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

- Parameter Percent of Predicted

~ vC Below 75

5:“ FRC Below 70 or above 130
RV Below 65 or above 135
TLC Below 80 or above 120
‘ FEV, Below 80

: FEV,FVC % Below 85

FEF,, 5 Below 65

" From Clausen J. Pulmonary function testing. In: Bordow RA, Moser
‘KM, eds. Manual of clinical problems in pulmonary medicine, 2d ed.
Boston: Littie, 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 defined
factors with normal PFTs between attacks. The individuals that we believed could not dive were
. those 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 barotraurna doesn't seem to be there. So now, basically we use pulmonary

-~ function testing and we want it to be normal, indicative of both exercise tolerance and a certain

2+ rlack of variability. The asthmatics who we like to clear are those who have well-defined triggers

.+ and who are unlikely to get significantly worse underwater. And that well-defined trigger can
- be defined in any way that you want, as long as you know what the trigger is.
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The person who has tremendous variability and may get bad very quickly for no apparent
reason is the kind of person we want to screen out. The asthmatics we generally don't let dive
are those without normal pulmonary function testing and those with poorly defined 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 rnean That's what abnormal is.
It strikes me that if you have a test where 20% of the populatlon is abnormal, the test is wrong.
It's not the 20% of the population is abnormal. So these are two standard dev1at10ns away from
the mean for typical pulmonary function tests (Table 2), et -

The methacholine challenge test is not indicated in assessmg whether asthmancs can dlve

DISCUSSION

Dr. Davidson: One of the slides on pulmonary function tests earher sald ‘not on mamtenance
medications™—is the pulmonary function test to be normal with or without medication? *
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 thinking. The 1ssue is funcnon not whether your

medication achieves that function.
So to answer the question, the tests are done on medication, pa.mcularly inhaled ster01ds 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 are. maintained on inhaled

steroids will have normal methacholine challenge tests. If you put them on mhaled stermds they 2

don't have asthma in a sort of philosophical sense.




THE CASE THAT ASTHMATICS SHOULD NOT DIVE

Richard E. Moon_ ‘

Medical exclusion for recreational activities ) v

Why should there be medical exclusions for divers while there are none for many other more
dangerous activities? Ibelieve the reason is that while it is self-evident; when one is consxdermg
hang gliding or mountain climbing for example, to foresee the potent1a1 risks that would be
incurred by muscle weakness, poor balance, or impaired visual acuity; most divers do not have
the same intuitive feel for the pathophysiology of dlvmg-related illness. In tréating sericus
decompression illness (DCI) one hears, not infrequently, statement such as, “if only I had known
it could be like this I would never have done it.” One of our duties as dlvmg physicians is, when
appropriate, to “save people from themselves” by pomtmg out potent1a1 physmloglcal nsks of
which they may not be aware. :

Second, diving doctors and their diver patients have a duty to the dwers buddles rescuers
and also those who must bear the costs of transportation and treatment of dwers who, may
become injured because of a susceptibility to diving illness for which the diver should receive
counseling or medical exclusion.

Risks for asthmatics
There are two possible risks for asthmatics. The first is the possibility of unpalred exerc1se
capacxty due to a reductlon in maximum ventxlatxon mcun'ed by mcreased a1rwgys re51stance
ventilation are well described in the literature (l -8)to mcrease axrways résistance, the breathmg
resistance of the gas supply apparatus and immersion itself. Exermse ventllatlon during a dive
may approach maximum voluntary ventilation, even in normals. Increased auways resxstance
due to asthma will reduce a diver’s maximum ventilation further poss1bly causmg resplratory
limitation at only moderate levels of exertion. g 2! G
The other issue is the risk of pulmonary barotrauma and decompressxon 1llness The
hypothesis is that airway obstruction, airway closure and gas trapping caused by asthma and
other pulmonary diseases can precipitate pulmonary barotrauma (PBT) durmg ascent.
Overexpansion of gas spaces in the lung could cause rupture, and Telease of gas into_the
pulmonary interstitium, pleural space, or pulmonary venous blood. Large amounts of intra-
arterial air result in the classic clinical picture of arterial gas embolism (AGE). The release of
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 (“type 3 DCS”) (9). Upon immersion
in water, there is an influx of blood into the central circulation. Using high resolution computed
tomography in experimental animals, Mitzner et al (10) have demonstrated that administration
of intravenous fluid or blood results in an increase in airway wall thickness and a reduction in "
luminal diameter (10). This raises the possibility that immersion may compound the increased
airways resistance in asthmatics. o v : o

Undersea and Hyperbaric Medical Society—Fimess to Dive: Asthma . f .
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There are reports in the literature containing illustrative cases. For example, in a paper by
Mellem (11), a young woman on her first dive complained of chest pain during ascent and then
developed neurological abnormalities. On radiographic imaging of her chest a large bulla was
clearly evident, which was presumed to have been the source of gas embolism. While it is not
difficult 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
minimal or no symptoms (12,13). It is at least theoretically possible for constricted airways to
retard the decompression of gas spaces in the lung during ascent, and this could be augmented
by the tendency . for i immersion to cause airway closure (6,8,14-16). Weiss and Van Meter
reported two cases of AGE occurring in asthmatics during scuba training in a swimming pool
(7. A few years ago we treated a diver who appeared to be similarly predisposed at Duke
Medical Center He was a 30-year-old male asthmatic who stated that he only used albuterol
inhaler once or. twwe a month. During ascent from his fourth dive he was observed to
experience a generahzed convulsnon He received recompression treatment, had another
-convulsion, and ultlmately was transferred to our hospital, where he was noted to be lethargic,
paraparetic, had a T, sensory level, and expiratory wheezes. After additional hyperbaric
treatment his neurological status gradually improved. Despite bronchodilator therapy his vital
capacxty was 79% of predicted, and his FEV, was significantly reduced below normal, at 61%
of his. predlcted value: His brain MRI scan showed areas of infarction. Five years later, he
decided to try diving again, dived to 30 feet and reported no problems. After S more years, he
made another dive (only his sixth dive overall), to 60 feet for 10 minutes, a fairly low risk profile
, for traditional decompression sickness. Nevertheless, during ascent, at a depth of 20 feet, he
described a “‘strange feeling” in his arms and legs. When he exited the water, he felt arm pain
and had dlfﬁculty walkmg, after which he was treated for DCI. This is a man who, during the
course of six dives, had two episodes of neurological DCI, with documented cerebral infarction.
Chmcal ev1dence therefore supports the concept that there are asthmatics who are at high risk
of DCI and should be precluded from diving.

Medacal declslons can be based initially upon theoretical principles, but a firmer groundmg
1s obtamed bya progresswn to anecdotal clinical information (such as currently exists), and then
epxdemlologlcal mfonnatlon based on studies of populations.

. Ideal data would be obtained by obtaining otherwise comparable populations of randomly
chosen asthmatics and non-asthmatics, who are then followed prospectively while they follow
the same dive profiles, and record the number of DCI incidents in each group. It is unlikely that

' such“, an experiment will ever be done. Dr. Farrell should be commended for doing a
. prospective study (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

populatlon and ones who choose to dive to have different characteristics.

. A more realistic study, though less perfect, is to compare the prevalence of asthma in a
populatlon of divers who have suffered DCI and with a control diving population without such
a history, or, second best, non-divers. Edmonds et al. stated in 1992 (18) that although only 1%
of divers are asthmatic, 9% or more of the deaths in his series were in asthmatics, and in another
8% asthma was a contrxbutmg 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 hlgher than 1% (see below), so 1t is
possible that these data somewhat overstate the contribution of asthma to diving deaths. .
Another approach is to look for divers among an asthmatlc population. This was done by Dr
James Wells in conjunction with DAN, in a large group ‘practice, containing 16,000 patients
with allergy, all of whom were receiving immunotherapy and approx1mately 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 decompressron illness. :The results were as
follows (19). In this population, 32 divers answered the questlonnalre of whom 17 were
asthmatics and 15 non-asthmatics. The median pumber of dives for each person was 100 in the
non-asthmatics, 28 in the asthmatics. The total number of man-dlves was roughly comparable;
however there were no episodes of pulmonary barotrauma in either group. Because of the low
numbers, this approach turned out not to be fruitful. . o b ¥ RS
Another way of attacking the issue 1s to look for ast.hmatlcs among d1vers Dr. Tom Neuman
has already quoted his own results of such a search n tlus ‘Workshop. The Drvers Alert Network
(DAN) in 1989 sent out 1,000 questionnaires to randomly selected DAN members of whlch
696 were returned. In those divers 5.3% reported that they were asthmatxc of whlch 13
reported that they were currently asthmatic, which was deﬁned as an attack within one year or
taking bronchodilators on a regular basis. There were about 6, 000 man-dives logged, with no

reported episodes of decompression illness. This provxdes an estunate of the upper bound for »

the risk (i.e., risk < 1/6,000 dives).
The study of Farrell and Glanvill (20) has been pubhshed mn the open llterature A sumlar type

of study was performed by DAN in 1991. Using the DAN newsletter, Alert Diver; an - )
advertisement and an accompanying questionnaire were pubhshed to solicit information from-
diving asthmatics. A total of 304 questionnaires were received for analysxs There were'a total .

of approximately 60,000 dives reported by 292 divers, who had experienced a total of 13 cases
of decompression illness: 10 DCS and 3 arterial gas embohsm in 7 individuals, from which one
can calculate an approximate risk of one episode per 4,600 dives. The risk of DCI in
recreational divers is not known, nor can it be estimated for these divers because no mfonnatlon
is available on the dive profiles. However, this risk exceeds the probabrhty of DCI estimated
for recreational divers by Wilmshurst (1/15 ,000~1/20,000 dives) (21,22); Gilliam (1/ 11,097)
(23), and Hahn (1/52,600) (24). ¥,

A recent update of DAN data, including all cases collected from 1987 to 1994, is shown in
Table 1. The random DAN members listed in the Table 1 represent the 696 questlonnalres that
were returned a few years ago, in whom 5.3% had asthma and 1.87% had current asthma
(defined as wheezing within the past year or currently taking bronchodllators) o

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-I  AGE AGE
Condition  Members (%) (%) (%) (95%)
Asthma 532 392 6.65 1.25

(0'8\.‘2,11 )

3G

Current 1 65
asthma 1.87 1.67 3.09 (0.8-3.6)
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Although the estimated probability of experiencing AGE is 1.25 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 therefore ‘the estimate of the risk does not reach
statistical significance. . R i

What is the interpretation of these data? It 1S correct to say that there is no evidence for an
increased risk of DCI in asthmatics who dive. However, it is not correct to conclude that there
is no risk. To do so it would first be necessary to establish the confidence with which one can
exclude such a relatlonshlp If the same proportions are maintained in future years, in order to
exclude asthma as a risk factor relationship -with: 95% confidence, about 4 times as many
asthmatics would be needed as currently exist in the database. At the current rate of accident
data collection this means that a statlstxcally significant answer might not be available for
another 25 years. Absence of proof does not imply proof of absence. Furthermore, there is no
assurance that the’ asthmatrcs who are dlvmg represent a random selection of the asthmatic
population. The divers are very likely to be self-selected as low risk: those who experience
complications probably stop dxvmg Thus any calculatron of risk using this approach reflects not
the risk of dlvmg with asthma but the risk of diving for those asthmatics who are already
diving. This type of ana1y51s is therefore not hkely to be conclusive, since it will underestimate
the risk for a randomly selected asthmatic ﬁom the general population. The small increase in
risk suggested by the’ estlmates n Table 1 may be misleading, and belie a considerably higher
risk for some other asthmatlcs who are not currently diving.

. Given that some asthmatxcs have apparently been able to scuba dive without complications,
the relevant questlon is therefore not, Can asthmat1cs dive? but rather, Which asthmatics can
dive? Based upon the ev1dence accumulated thus' far, Neuman et al. have suggested some
liberalized guidelines (25). They suggest that asthmatlcs who have abnormal airways resistance
or lung volumes should not dive, although there are no published data on the physiological
responses of the lung in asymptomatlc asthmatlcs with normal lung function to the diving
environment, pamcularly water immersion. Neuman has further recommended that diving be
prol'nblted after an acute asthmatic attack, until : airway mechanics are normal by formal testing.
This recommendation may sound acceptable in theory, but it is one which is difficult to follow
in practxce Furthermore, there is too little expenence with these recommendations to know
whether they are safe or not... In view of the conservatism of most diving doctors regardmg
asthma,’ the degree to which physwrans or: dxvers are liberalizing their own practices is
uncertain’ This may also apply to practices in the Umted Kingdom, where the British SubAqua
Club has had less stringent guidelines for several years.

Since ‘the epidemiological data are not’ helpful it is therefore necessary to return to
phys1olog1cal principles. Here, unfortunately, the 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 exchange in asymptomatic or mild asthma (12,13) demonstrating the existence
of bimodal dlstnbutxons of perfusion (suggesting a population of gas exchange units prone to
gas trapping), there are few data pertinent to the effects of diving on airway mechanics in this
disease. We know a great deal about how dlvmg affects the lungs, but we know almost nothing
quanntauve about how drvmg affects the asthmatlc lung

T

Conclusion R
There are theoret1ca1 reasons why gas t:rappmg could occur in asthmatics and cause
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pulmonary barotrauma and gas embohsm durmg ‘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 of DCI in asthmatics. However, the numbers
are not sufficiently large for statistical significance, for either confirmation or exclusion of
asthma as a risk factor for DCL: Moreover, epidemiological data collected thus far are
findamentally flawed, in that there is reason to believe that they represent a biased population.
Even to answer the question of which asthmatics can dive, the epidemiological data contain no
clinical information with which to charactenze the reported asthmatxcs and therefore derive an
appropriate recommendation.

Physiological data are also lacking. Several physxolog;cal/pathophysxo]oglcal questions
remain, for which answers are needed before hberahzed recommendanons can be validated:

- What s the effect of immersion and increased a1rways resrstance on the asthmatic lung with
differing degrees of bronchoconstnctlon? - -

* Can it be correctly assumed that the severity of a1rways “obstruction measured using
conventional spirometry is predictive of the risk of pulmonaxy barotrauma in asthmatics?

« For asthmatics, during ascent from 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? '

+ If asthmatics can dive, what recommendatrons should they be given with respect to the
management of their asthma and thelr dive patterns particularly ascent rates?

Despite the impetus to disseminate more liberal recommendatrons there is no strong evidence
with which to challenge the traditional recommendation that asthmatics should not scuba dive.
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DISCUSSION

Dr. Elhott' Thank you Rlchard The case is to be put for discussion, and what [ 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. Neuman asked me to mention that some pulmonary
function testing is no more than peak expiratory flow rate measurements and a point for debate
is whether that measure is adequate. S I don't want to continue with that now. In my own
practice many of the divers who come for initial evaluation don't mind paying for the pulmonary
function test, because 1 think they feel, and we feel, it defines some aspect of safety.

Th1$ is not what I wanted to address. As we go through this debate this afternoon, there will
be some consrderatlon of what the information from the testing means. And I want to point out,
since I am a cardiologist, and try to provide care for my own patients based on information from
the cardiology literature, several important observations whlch have been made in the area of
cardrology as models for how one makes proper dec1sxons in patrent care.
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we randomized people to thrombolytxc agents and no thrombolytic agents. 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 thrombolytrcs was 13% it was around 6 or 7% in the patients treated
with thrombolysis. i & -

There were measures. There was testmg of leﬁ ventncular functlon testing of enzymes, and
everybody felt that these interim tests would give us the answer. Thé fact is the tests were not
adequate end points. The mortality was the unportant end point. . <l

Heart fatlure and use of angiotensin converting enzymes (ACE) inhibitor raised similar issues.
Through 2 number of randomized studies, we found that the 2-year mortality for class 4 heart
failure went from 60 to 35%.These conclusions represented solid, good clinical data which we
Now use as a mainstay of therapy Others such as atrial fibrillation and use of anticoagulation:
5% down to 4% risk for stroke and mortalrty Again, a randomxzed trial w1th controls to define
the end point in statistically srgmﬁcant and unportant data. < e

The other study 1 was going to mentron was .the ‘use’ of Beta blockers post-myocardial
infarctions. Again, a large study, 10% reductron m 1 year mortalrty These studies established
standards of practice.

All standards of practice that we use have come ﬁ'om carefully done randomized clinical
trials. And I will tell you the other extreme. "About a month ago 4 statistician presented data from
an insurance database, suggestmg that the use of calcium channel blockers in hypertension
caused acute myocardial mfarctrons This was an abstract presented at a non-peer-reviewed
meeting. It wasn't published except in abstract form but was seen by the lay press, and within
about a day of that hitting the newspapers I started getting calls from my patients who had
stopped taking calcium channel blockers for blood pressure. My commient 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 asthina debate. The reason for that is that
itis very difficult to get a good clinical trial underway The mterest in cardrac diseases is much
greater and we can get ﬁmdmg to do these clinical trials. -

I would caution everybody to look carefully at the data that we have. ’The result of a test is not
an appropriate outcome. One must look at mortahty or morbldlty and make some conclusions
based on good, clinical and statistical observations. o

Dr. Moon mentioned that we don't have data that define an mcrease in risk. The lack of data
raises concerns that we are maklng atype 2 error, that is, we are makrng a negative conclusion
because of lack of data. We don't have data that show there isa significant increase in mortality
or morbidity from asthma and d1v1ng at thrs pornt For my medreal practrce I would like that kind
of information.

So to a point we are guessmg, and would ask everyone to ]ook carefully at the outcome data
that we have so that we can reach some reasonable conclusrons _

Dr. Harries: Thank you, David. I would just like to tee up this afternoon’s discussion by
being thoroughly provocative in the most friendly 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.
I was interested about using hxstarnme . provocations as mdrcator of exercise debility. This strikes
me as rather like testing an apple by taste to be sure 1t 1sn't an orange. “Failure to prove an
association beyond doubt is not proof of its converse.” Of course the failure to disprove
association beyond doubt i 1s not dlsproof of 1ts converse. It's a comphcated argument but it
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doesn't get us any further, [ felt. ,

I was also worried to dlscover that there are still people prepared to use B-agonists in the
treatment of asthma, thhout usmg mhaled steroids. This is rather like papering over the cracks
on the wall and then trying to persuade your surveyor that there is no crack there at all.

This afternoon'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 aﬂemoon

It strikes me that the question borls down to whether the ability to exercise and work is
impaired by asthma developing in the water. And if it does, whether adequate treatment of
asthma removes that problem e o

Dr. Elllott. All the panehsts are now on the dais and each will be asked: What do you
perceive as bemg the greatest obstacle toward achieving consensus today?

Dr. Neuman: I'm not sure if it's the greatest obstacle, but I certainly see a portion of this
debate being phﬂosophlcal insofar as ‘whether it's up to the individual to be given an assessment

_ of risk as best we have it and letting that individual make the decision whether he or she chooses

to.underwrite that risk. We ought to be worried about the risks to the people who have to
perform the rescue and as far as buddles are concerned, each individual must let his buddy
know as well:; T B

Soto a certam extent, I see this as'a phllosophrcal 1ssue as to who underwrites the risk of

ﬂ anybody with any kind of limitation dlvmg‘7

[

-Dr. Elliott: Des Gorman. ¥
Dr. Gorman Thank you, David. It was interesting that for most of the SPUMS workshop

.on asthma the debate was concentrated on whether divin g medical assessment assistance should
. be a prescribed process or a dlscretlonary process That is a question—whether doctors should

be risk advisors or policemen.

-.. The group of asthmatlcs that we' re startmg to struggle with conceptually in our part of the

:;;world are the people with active asthma but who, on medication, are exercise-tolerant. From a

traditional military, commercial, and recreatronal diving viewpoint, we have discouraged these

. people from diving. Is this a valid prohibition for someone who is demonstrably “non-

asthmatic” in the context of regular mhaled steroids?

The other area where some debate may be needed to reach consensus is in the nature of the
data we need to collect to determine the risks of diving for asthmatics. In my opinion these have
to be collected on people entering dxvmg, not after their diving course, because I suspect even
thxs 1s a survivor population. '

_Dr. Moon: I think the way to approach it would be to divide the problem mnto two. There are
two problems. 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 the risk of pulmonary barotrauma.

The second issue is that the actual level of risk needs to be addressed, and then finally the

, phllosophlcal issue as to what level of risk is tolerable, and that leads back to Des' comment
- about advice rather than being a policeman.

: We are perhaps uniquely positioned in this country in that we can grve all the advice that we

: \\;L'want, but eventually one has to come to the point of whether one is going to sign the form and

. approve 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 of us have been trained that asthmahcs should not dive and it's a practice that we have all
tended to follow during our diving 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 of evidence to support those thoughts partlcularly w1th respect
to pulmonary barotrauma. o W

So we've actually caused the problem to some extent and now we're trymg to get out of it. It's
going to be difficult because in large parts of the diving world, pamcularly military and
commercial diving, asthmatics have not been allowed to dive; and so we have no good data on
how they perform. And, if we carry on with the rdea that asthmat:cs are not allowed to dive, we
will never get the data.

So I think we're going to have to get diving asthmatlcs 1f you hke out of the closet and
study them very carefully. And the question is, how do we get them out into the water? We also
need to separate sports divers from those who are employed to dlve because the entena which
apply are different. Those are the major problems S 75 FCa

Dr. Harries: We spent some time this mommg discussing how acute obstructron to airflow
limits aerobic performance and how, if it were treated correctly, it dxdn‘t We also talked about
methods of making a diagnosis and methods of treatment. v

Mild asthmatics should be allowed to drve because there s no evidence to suggest that they
would be in any difficulties if they did. Obviously, those with severe asthma will have problems.
If one is going to approve diving for asthmatlcs at what level is one gomg to say to a more
severe asthmatic, no, you mustn't. That is going to be difficult. ey

Dr. Mebane: The science of epidemiology began in London about 200 years ago when an
astute physician began to notice a correlatlon between mdlvxduals with cholera in his practice
and the supply of water from a certain water pump. This ¢ame about through case studies. So
case study was a valid tool in epidemiology for Imany years.  The accumulation of databases 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 selective bias. In studymg rare diseases it is
not possible to accumnulate a large database, so we will probably never have a'database large
enough to make any conclusions. I make a plea for the mtensrve study of md1v1dual cases and
perhaps there is gold to be mined in that resource. 2 o

Dr. Farrell: | have little to reiterate that recreational d1vers are a different populatxon from
professional divers. To reach some form of consensus, we need to Spllt them mto two groups,
the amateurs and the professionals.

Dr. Bove: I mentioned my interest in clinical trials this moming. . If we look back in the
tramning of physicians, we've been told many things about how to practice: mediciné 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 of basic physrology without
clinical outcome observations to correlate with the test data. This is not the only example of
having made perceptions of treatment patterns for disease in the presence of inadequate data.

We are learning in this last two decades or so to take careful 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. )

One of the major obstacles we have is that we still are not used to going 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 thmgs we do in medrcme
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1 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
of using inadequate data to draw conclusions that don't have support. So if we 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 diagnosts and assessment? And what data do we need to collect in the future?

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
1s, in conducting an assessment for fitness, it's not just the asthmatic, it is also the doctor. Ata
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 afternoon 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 from 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 environment?

So now we can start the debate from the floor.

Dr. Saltzman: The international 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 amajor 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.
- 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 of whether 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 if he can make
areasonable accommodation for this person, and if he 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. Youngblood: 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 )umped in with his snorkel in, and
apparently inhaled water and went on to drown from there by all’ 51gns acute bronch1a1 spasm
from salt water aspiration.

Now, he died, and his wife sued the boat company and won. Sued the two owners of the boat
company, despite the corporate veil; sued the urologist. who was hrs dive buddy and failed to
resuscitate him; and won all of them. It cost the tlurd partxes about three and a half rmlhon
dollars. So don't kid yourself. i

This particular case brings me to something that Des mentxoned and was actually misquoted
on, I'm afraid. He didn't mention the methacholine challenge as being, as I interpret it, a useful
one, but the hypertonic saline challenge seems to be a very pract1ca1 thing that we need to
evaluate further, because the data that I saw ﬁom Australasra were the deaths from drowmng
on the surface in asthmatics. il o =

I'would wager that a great many of the cases assumed to be cardiac arxyth:mas or drowmngs
may have occurred in asthmatics who aspirated salt water ie. domg their own provocative
hypertonic saline challenge test. If you're actually swunmmg in the medra of the challenge test,
it might be wise to test that medium before you swim in it., o

Dr. Bove: Just a comment: had this individual, who asplrated water and drowned not had
asthma, the same result of that lawsuit would have occurred. It had notlung to do with.
bronchospasms. I'm not sure that you can use it as an example because my guess is that it could
never be established if bronchospasm was the reason he died. I think if you look at the deaths
from diving, you'll find a lot of people who have drowned like that w1th no history of asthma at
all, and they still win the lawsuits because somebody let them Jump over the s1de or the snorkel
was twisted wrong or who knows what. . L - 3 o =

Dr. Youngblood: My point is that if some farl thexr salt water asplratlon test in a chmcal
setting, then they would probably fail in open water. |~ :

Dr. Bove: I'm not sure that's a foregone conclusion. I mean asplratmg water is dlfferent from
a fine mist of saline in the airways. Aspirating water is a predrowning event ‘which w1ll cause
significant problems with the airways, whether or not you have asthma. [~

Dr. Torre: If that 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 elther ‘So
our present standards, which “encourage” withholding important medical information, actually
make it more dangerous to dive.

A couple of other points. Dr. Mebane was talking about case studies for why these asthmaucs '
may die. We may not have the case studies with asthma in scuba divers, but we certainly have
plenty in non—drvmg 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 sufficient 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 often you have symptoms or falls
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S

ss the measure of asthma

b onde
in your peak flow or how often you have asthma at night) to
control. ’

It doesn’t matter which challenge test or clinical measure above one uses, if you're in control,
1.e., you're taking the right amount of anti-inflammatory medication, etc., you’re at risk of having
a problem on the surface (bronchospasm secondary to exerciser aspiration of hypertonic 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-inflammatory 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 of bronchodilator 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 of fitness 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 of Fitness Certification, in which there
is an acknowledgment that the specific risks for that individual have been fully discussed and
understood. In 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. Neuman:: 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: [ 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 of bronchial 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 after. Does this person develop
problems when exercising (not if inhaling saline)?

Dr. Lissauer: In the United States we define a junior diver as one between 12 and 15 years
of age, 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? Thark 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. [ think it's a totally wrong
approach to the question, and 1t 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 carefully, 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 prospecnve diver to decide whether he wants to take that risk or not. What is one guy's thrill
is another guy's deadly threat.

Dr. P. Bennett: Somewhat along the Tines 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. If you
go to the 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 if you 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 informed diver says, wait a minute, I don't think there's any problem with asthmatics

" diving, I dont see why you won't let me dive. We get a lot of calls from people in this kind of
situation.

So: when you write your cntena 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
1s noﬁﬁally 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
those circumstances. o

Dr. Elliott: That is a good point, Peter..

Dr. 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.

Dr. Moon David, could I just make a suggestion. I think we've all got our own degrees of
risk aversmn which are unhkely to change this afternoon. Perhaps if you change the title to
“Consensus guldehnes for management of asthma” to “Statement on asthma,” and simply spend
the txme reviewing the literature that we have seen thls morning and make positive or negative
statements evaluating the evidence.

Dr. Elliott: That is another good suggestion. Like the statement just made by Peter, it is
partlcularly applicable for the recreational diver, but we must not forget that there are thousands

~ of working divers as well.

" Dr. Francis: What we're dea]mg withisa spectrum of disease and so, if we are going to have

" a pass/faﬂ criterion, we're going to have to put a boundary line somewhere on that spectrum.
This will be extremely dlﬁcult to do and ﬁ—om what has been said, the best idea is not to put
a line anywhere

Dr. Elliott: When we were debatmg this in Edmburgh it was obvious that there were some
people who believed that 76% was okay for the FEV,:FVC ratio whereas 74% was failure. In

“cominercial dlvmg in Europe this had become a magic number. This view has at least been

odlﬁed and it is now said that this ratio is only part of an assessment.

Dr.. Harvey. We may have to treat these divers as patients. Some are going to get
decompresswn illness and so what are the effects 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. EHiott: 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
Committee, which is a 15-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 instructors of recreational
divers. Recreational divers and, for that matter the “technical diver,” are rnot 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
UK. there will be approved codes of practice for six categories of working 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 own 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
international code of practice. Police divers will also have their own code of practice in the
UK., 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 of fitness 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 concerns about whether asthmatics will receive proper care for
their asthma to make them qualified for diving. 1 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
of a 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 mterpreted outsrde the rnedrcal
community. That must be a multi-specialty decision. o > &

Dr. Farrell: I agree totally with the comment about the qualrty of asthma care In the U K.
most asthma is managed by general practitioners or family physrcrans We have British ‘Thoracic
Society guidelines which effectively lay down how to manage asthma drvers but they are not
universally followed. = B8

Dr. Goldmann: In the 50 miles surrounding my service aréa, there are approx1mately 45 dive
shops. Seventy-five percent of my referrals for dlvmg evaluatrons came from three of those
not. I would ask the panel to consider that, while we may not be d1ve police, there are certifying
agencies in this country who will be looking at whatever we come up wrth So whatever evolves
over these issues has to be usable by those organizations. , ey # N

Dr. Peterson: I would ask the panel to address the most recent upgrade in cla551ﬁcatlon of
asthma from the NIH, and specifically to address the gradations therein, such that those who are
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 mommg o

Dr. Elliott: Yes, certainly those grades are to be pubhshed as part of the proceedmgs of thls
meeting. £

Dr. Torre: All three sets of guidelines I mentioned earher "the NHLBI pubhshed in l99l
(NIH publication no. 91-3042), the International Census Report in 1992 (NIH publication ) no.
92-3091), and the 1995 GINA (Global Initiative for Asthma) workshop report (NH pubhcatron
no. 95-3659), which I discussed earlier, can be obtained for reference by calhng NIH at
301/251-1222 and requesting the appropriate publication number. %,

As far as the step approach to asthma treatment based on the gu1delmes 1s concerned (wether
they are helpful in determining fitness to dive) the expected outcome for all but the most severe
asthmatics who follow the plan is: symptoms less than one weelc nonnal exercise tolerance,
normal or near normal pulmonary function tests and therefore, accordmg to the data presented
as Jow a risk as possible for diving. &, A ‘

Dr. Bove: I take your point. But I suspect the eategones wé saw today are sunply a way of
allocating care, not too many risk factors in this context. ", -+ P

Dr. Torre: | basically agree with that. I don’t think we have anythmg specxﬁc to grade 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 chmcal criteria, including
pulmonary function tests, to make some reasonable guesses about risk, and then declde how to
advise individuals based on that assessment. @ 3 ot

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

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 recogmze the separate aspects of underwater .
safety for recreational and working divers. i

We will be looking at the questions that have been precirculated to achieve these statements.”
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 of what we want to do today. Then we need to see what we can do in the"

f
i

!
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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 B-agonists, the steroids, probably some
antihistamines of one sort or another, and anti-cholinergics. I'll have to ask for some advice, but
[ 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 of hyperbaric oxygen treatment,
a possible but not a likely scenario.

The antihistamines on occasion will interact with nitrogen and augment the sedative effects
of nitrogen 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 B-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 effect 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 B, agents.

A theoretical concern 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 of gas,
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 concern with steroids for people who are managed with steroids, but certainly it is at least a
theoretical 1ssue with B, agonists.

So B, 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 of fitness
to dive is based on theoretical arguments. The navies of the world started off by 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 of people who
have mild asthma who never see a physician. They go to their local chain store, buy an inhaler
of epinephrine, and take care of it themselves. So what is the physician to do who is faced with
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one of these individuals who has admitted to some asthma, who does not have ongoing 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' does that affect
certification and how does that affect the ongoing care of a chromc 1llness'7 That needs to be
covered. T e

Dr. Elliott: Fine, thank you. Are we all happy with that? Good o '

It is now time to move to the possible consensus statements. Pléase bear in mmd that these
were prepared between us before today so some may already have been overtaken by’ our
discussion. The first is:

Which of the following is the major problem for an asthmatzc who dzves7 :

(a) gas retention on rapid ascent perhaps due to a mucus plug + collapse of a lobe or

on rapid ascent due to airway constriction leading to pulmonary barotrauma and/or
gas embolism. 5& P&

(b) a greater risk of dissolved gas DCI (DCS). I

(¢j limited excercise capability under water and on the swface © = B

(d) the drugs used for the treatment of asthma may reduce the ejj’ecttveness of the

puimonary bubble filter. = &

Are there any disagreements that those are potentially major problems and Iam sure that the“
first will be that there is no real evidence about (a). abe === 2

Dr. Bove: The only thing that one can support is (a) and (c), a hrmted exercise capabrlrty

Dr. Elliott: Would anybody disagree with that? First of all let’s take it from the panel and
from the floor. Fred has put forward the fact that only a limited exermse capabrhty is the major
. problem for “asthmatic” divers. =

Dr. Mebane: I don’t disagree, the point is that all three cases I descrxbed dled on the surfaee g

Dr. Farrell: If people are dying on the surface it surely means that their’ drvmg education and
diving technique are faulty; it should be extremely easy for them to be buoyant on the surface

Dr. Francis: If I can just say that, apart from (c), we don’t have any good data at the moment’
to support these. However, what is also clear is that we don’t have adequate data to dlscard any
of the others. As part of our study on asthmatics, once we let them dive, these are the thmgs we
should monitor.

Dr. Elliott: Limited exercise capability is known whereas the other three are theorettcal

Dr. Moon: 1 think we can deal with (c) very quickly. One way we_ can look: at this is to
examine the relatronshrp between maximum voluntary ventilation (MVV); which i 1S the amount'
of gas one can move in and out of the lungs in a 15-second period, normalized to 1 mmute and
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 i rs approxxmately 50%"
of your MV'V. Now, measuring MVV for 15 seconds is not the same as determining your long-
term ventilatory capacity. If you ask someone to hyperventilate for 1 minuted or 5 minutes there
is a reduction below the 15-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, eolunm your airway
resistance goes up approximately according to one over the root square of density.. When we
take all these factors into account at the same time, your sustained MVV to a depth of, let’s say, -
130 ft is approximately half of your 15-second MV'V at the surface. Now there 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 impairment.So that
would suggest that you would need, to be able to exercise maximally at a depth of around 130
&, absolutely normal surface MVV.

Dr. Gorman: [ accept (c) as within our SPUMS policy. In the assessment of fitness 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 (2) 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. ] 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
perfusion before they increase ventilation but, theoretically, if you’re wheezing before you dive
you probably shouldn’t be diving anyway. Using the B-agonists to alleviate wheezing may
increase perfusion before ventilation. If you’re using it with a normal lung to start with and as
a prophylactic, the ventilation perfusion differences 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! If they can do 13 METS then “of course they’re fit to
dive.”

Mr. Beyerstein: ] want to make a couple of clarifying statements, so please bear with me.
I’'m speaking from the commercial diving point of view. 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 of the 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 horns of a dilemma and,
as far as the ADA regarding diving is concerned, we have not been challenged in the past
because there is a large body of medical literature out there that supports these decisions for
denying a person’s fitness for commercial diving. So I’'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 functional
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? If you don’t give us something clear, or don’t give us an alternative
as a way of defining whether this person can meet the physical criteria or not, then you’re going
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to bring on law suits from both sides of the fence, both after and before employment. If we hire
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 respon51b1ht1es gent]emen We
look to you for answers. C:

Dr. Bove: You're opening premise is incorrect. There is no body of hterature 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:- = -

Mr. Beyerstein: Let me just state that there is a lot of literature a plaintiff or defense lawyer
can use. He can say that “in Bove’s book asthmatics should not dlve 1t’s Ver§ simple That’s
what I mean by a body of literature. 2, A B

Dr.Gorman: I think it should be good to keep clear of decxslons by the exammmg doctor
The risk assessment should be done by the diver and his employer B Plage

Dr. Lundgren: Hear, hear! T T

Dr. Elliott: Yes, that I agree with in principle but I don’t know how practxcal that is,
particularly if you are considering somebody for a fitness to return 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 different type of diving and there is indeed the need for the
doctor to make that medical assessment and advise the employer. He hasn t got the know-how
to make that judgment himself. R e o

Dr. Francis: T agree that it is up to us to determine the level of risk” and it'is up to the

v

employer of the diver to determine whether that level of risk is acceptable. " .7« Je
Dr. Daugherty: With regard to Tom Neuman’s polarizing comment, if you question (a) and -
(b) as being relevant, why do we assume that severe asthmatlcs are at greater nsk than mxld _

asthmatics? e T
Dr. Faesecke: 1 would like to remark on the terminology “Fxt to Dlve  This requlres the
doctor to take a prognostic approach which says that somebody will perform ‘underwater 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 céfrtain
circumnstances.” But he does not declare someone fit to dive, and that is why we don t have any
legal cases agamst doctors ____
of fitness to dlve” and the fitness refers to not working eﬂ'ectlveness but to in-water safety in
this context. So it is a very circumscribed area and is what we are really concemed with here.
Dr. Heimbach: I would take extreme issue with that and would state that it is the task of the

occupational medicine physician specialist to do exactly what you’re ob_]ectmg to, that he Judges :
the medical capability of the medical state of the individual in relat1on to the particular.

environment. You deny the total specialty when you say that the physxclan is not in a position
to judge risks and make statements as to whether somebody with a pamcular medical condmon
is to work in a particular occupation. =

1 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 of potential 11t1gat10n As most of
you know, I have just stepped down as President of the Aerospace Medxcal Association, and
part of what I wrestled with last year was the ADA’s other actions, which was to try to reverse
a fitness standard about insulin-dependent diabetics. Here we are talkmg about issues that are
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well-documented in the FAA regulations and still they are going to be challenged. I’m 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
physician’s responsibility lies. We need to differentiate 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 1 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 if he is not actually wheezing.

Dr. Watt: ] 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 information 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 Jot 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 from 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 if you
g0 15 years into the fisture 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 difficult.

Dr. Elliott: At the Edinburgh meeting where you had a paper it said that the exercise
underwater doesn’t get up to that level of self-induced 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-threatening situation and for how long it needs to be sustained.

Dr. Watt: [ think that’s a slightly different problem, but there are all sorts of other 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 if you assess somebody and decide that their ability to exercise on the surface 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 of firefighters who have developed asthma.
A particular problem in getting these people back to work when their asthma is well controlied
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,
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even in the face of lung 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 of ventilation which is
only about half of our 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 from (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% of MVV. Trained athletes get
maximum sustainable ventilatory capacity very close to MV'V, 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, I was saying something a little different, and that is that on the surface 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 MV Vs is fraught with problems. Another laboratory and
ourselves have published data which demonstrated higher exercise ventilation under water than
MVYV 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 10% and so for clinical purposes I go back
to my original suggestion, that if patients 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: If you 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. If the 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—if you 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 office with no
symptoms, but for a long time has been acclimating to lower putmonary functions by slowly
limiting activity—slowly enough that the difference was either not perceived or more easily
denied. Again, this type of patient has an increased amount of inflammatory cells by bronchial-
alveolar lavage. The slower the pulmonary functions decrease over time (which can be picked
up if you’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.

Pulmonary function studies would have demonstrated this in almost all of these cases. The
exception is anaphylaxis (whether allergic or exercise induced) which included a pulmonary
component, but that’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 of exercise but that, if they'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. If you were doing pulmonary function studies, those people wouldn’t be normal to
begin with. The FEV,, even alone, would most likely have picked it up.

Dr. Harries: 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 of ventilation 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 if you look at that paper
and you look at the pulmonary function tests of those individuals, they had markedly abnormal
pulmonary function tests. So the simple issue of symptoms of the asthmatic does not define
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. Kime, 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--- E -

“Current policies are effective at reducing apparent asthma-related mstance but they also
exclude unnecessarily, many potential safe divers.” G O S S
Does anybody disagree with that statement? .

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

Dr: Elliott: “Asthma is an absolute correlative contraindication accordmg to d jferent
guidelines. Determined individuals have evaded medical scrutiny and disqualifi catzon These
few persons provide sufficient evidence that asthma is not a problem in diving.” 4

The panel has seen all these questions before, so I would like an immediate 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 tlmes increased
in asthmatics. The question then becomes a philosophical one. Is a four tunes mcrease in nsk 2
acceptable or not? ;

Dr. Gorman: I'd agree with his comments, David. 1 think you could change that to read
“These few persons provide sufficient evidence that asthma is not umformly lethal in dlvmg -
I think that would be a reasonable interpretation. A

Dr. Elliott: Very good. We'll put that in. s =

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? I =

Dr.Moon: Yes, the issue is the confidence with which one can state dlfferent levels of nsk ~
Certainly the risk is less than four times increased. I would agree, but . oo

Dr. Eliott: But it's very vague. At least we're defining what data we need to collect in the .
future. et :

Dr. Francis: Another point is that these few persons are self-selected, We are not dea]mg
with a general population here. They're highly selected and they may prov1de some ev1dence P

Dr. Elliott: That overhead applies only in the recreational area. RN

Dr. Bove:: David, I think you should just take the second sentence away N

Dr. Elliott: Take the second sentence away. Okay. Noted. Delete “These few persons prowde'
sufficient---"

Dr. Neuman: Everybody keeps saying that these folks are self-selected and that 1t 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 popu_lation; it very
closely mirrors the incidence of asthmatics in the whole population.

It is difficult then to say it's dramatically self-selected, that 90-95% of the asthmatlcs have
selected themselves out. I think we're looking at most of the asthmatics and, although there may,
be some self-selection, the evidence would suggest that there is not a dramatic self- selectlon y

Dr. Macris: I’'m from Guam where I've been practicing diving and military medicine for a
long time. For those of us 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 this panel have the"
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responsibility now of saying 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 cannot say absolute, and that would
take a lot of pressure off 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 if you’re well controlled, then we accomplish goals on
both sides

Dr. Youngblood: 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 different 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 fund 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 1ook at risk and they don’t have
the data. If you 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 of childhood asthma is not significant if there had been none since. And a gap
of 5 years without medication is sufficient.”

As far as the second one is concerned, the numeral three was inserted this morning,

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 astbmatic
history is not significant if it stopped.

Dr. Mebane: One of the problems with that statement is that when one encounters an
tndividual 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 difficult to evaluate in an adult.

Dr. Neuman: Well, maybe it's not a totally sufficient statement, but I think all of us would
agree that if somebody 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 insufficient statements without further
qualifications.

We now come to another, which will take considerably longer to debate.

“Hyperactivity 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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demonstraung that they bronchoconstrict as a result of one of these challenges. All I'm saying
is that the exercise challenge seems to be the most pragmatic because that's what you’ re womed
about. The response of ventilation to exercise is easy to do and easy to plan. ‘
Dr. Elliott: There seemed to be no argument with the elxmmatlon of hlstamme and
methacholine. Does anybody want to retain them? v e
Dr. Harries: The methacholine and histamine challenges are research tools used to measure
the degree of hyper reactivities. They are complex tests to do and doesn't really provxde any
more information. 5
Dr. Gorman: David, I think we shouldn't overlook one of the advantages of hypertomc
saline. It has a huge advantage in explaining risk, because it’s immediately undeérstood by.the
candidate. Telling the candidate that they responded to histamine and shouldn‘t dive is often
difficult, but showing them how they responded to exercise glves 2 very functwnal
demonstration of a diving-related stimulant. b
Dr. Elliott: Does this come into diagnosis or management? T
Dr. Gorman: I think it comes into risk assessment. He A R
Dr. Bove: David, I'm a little concerned in the word "best” because best isa subjectlve tenn
and everybody's got a different way of looking at it. I wonder if instead, ‘something like, “the
consequences of airway hyperactivity are best evaluated by ...” I for one would like to see
exercise testing as the--- S 2 Pg s
Dr. Elliott: And among comments during the coffee break there was the feelmg, please that
they would like members of the panel to come out quite clearly and say, even though it's obvious
and it's been debated already, that the exercise test is probably best. Then hypertomc salme can
be used, but it's more really as part of a personal assessment. 3
Dr. Neuman: I would like to register my objection to hypertonic salme I know how to do
it properly. AndIdon't think it is a useful test because it is too sensitive. It ¢ glves foo rnany false
positives and so is not meaningful in the context of diving. "
Dr. Elliott: Can we dispose of this quickly: Would you consider the hypertomc salme as
supplementary to the exercise, rather than a replacement? &, "
Dr. Gorman: That's my practice at the moment.
Dr. Harries: If you put a bronchoscope down the airway of a sermconsclous patlent whose
airway hasn't been properly anesthetized, they'll develop bronchoconstriction. That doesnt tell
you they've got asthma, :
Dr. Neuman: That's what I'm saying. It's too sensitive a test. You can’ make a stone
bronchospastic given enough stimulants. ; o g 8 S
Dr. Gorman: You're exaggerating now? A S
Dr. Torre: Can the wording on that just be something like “the best way to determme cluucal
relevance for hyperactivity for the scuba diver is exercise?”
Dr. Francis: David, before you throw that one away, can we just get at some sort of agree-
ment of what we mean by hyper-reactivity. oot
Dr. Elliott: What do we mean by hyper-reactivity? Who would hke to start?
Dr. Francis: Well, we use a value of 20% in our practice. E
Dr. Harries: That telis you PC-20 is the concentration of histamine or methacholine that will -
result in a 20% fall in FEV, from start level. All that tells you is a concentration of histamine .
required to give you that amount of bronchoconstriction. It tells you what degree of bronchial -
hyper-reactivity you've got. All that exercise is telling you is that you've got a patient with

L bR
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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
was asking.

Dr. Harries: Bronchial hyper-reactivity is a concept. It is a description of increased
sensitivity of the airways to a multitude of unrelated stimuli. And the two which are commonly
selected are methacholine and histarnine. But you can equally well use cold air, or you can use
distilled water mist—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.

“Ventila}‘ion capacity in obstructive airway disease is best assessed by exercise capacity.”

Dr. Bove: I would only ask the obvious question. If you 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 pulmonary 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 if you 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.

Dr. Francis: Exactly. The question is what amount of variability 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 different 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 different 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 turn up with normal ventilatory function 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. If they do, fine. If they've got asthma, they may bronchoconstrict and then




FITNESS TO DIVE: ASTHMA 71

develop abnormal function as a result of an exercise test. So we're not dxsagreemg at all

Dr. Bove: What do you mean by ventilatory capacity?

Dr. Elliott: That was stated this morning as best done by the ﬂow-volume loop Is that
generally accepted by the group?

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 morning 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 of picking out those who are likely to be abnormal
Better than just the peak flow alone. BT A

Dr. Moon: Mark, it's a little more difficult for some to get office space and machmes for
mid-expiratory flow. Would you accept FEV, ;¢ as equally sensitive? K i

Dr. Harries: Yes, perfectly reasonable. There's a lot of very cheap soﬁware now whlch w1ll
give you those values.

Dr. Bove: I'm trying to figure out what to do when the next patient walks mto my ofﬁce It
sounds to me that we should do some kind of pulmonary function test, and we should have the
patient exercise, and then we should repeat the pulmonary function test. Is that what you Te
saying? N .
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 function test, but we shouldn't do them as isolated resting test, we should do them
before and after exercise. » ;

Dr. Neuman: Yes. - CoTare

Dr. Bove: Okay. ' S i

Dr. Francis: Fine. Back to my original question. What are we measuring and how much do .
we accept as being within normal limits? We have agreed that FEV,, peak flow; are all -
acceptable. We have a figure of 15% variability with exercise, which may indicate’ abnormallty

Dr. Elliott: I think the answer to that question is that in a naval or occupatxonal context, one |
may be interested in pass/fail criteria, but in the recreational context, these are merely indicators .
that all is not well, and the physician wili then give appropriate advice. I don't thmk that asa,;
panel we're going to vote on pass/fail criteria. Fo J

Dr. Francis: Okay, that saves a fight anyway.

Dr. Elliott: If we’re dealing with the recreational diver we are only giving advnce There 1s
no hard borderline as there might be with a military or employed diver. Okay, let's take a strmg
of questions and please keep them brief. .

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

Dr. Harries: There isn't any agreed protocol for exercise testing for airways reactmty as far :
as I know. I may be quite wrong. I look around for people to frown at me. What you're trying
to do is see if you can provoke bronchoconstriction. You're looking for the person who's at risk
and so you want to pick the stimulus that's most likely to do it. Three mgredxents in the exercise
test are important. One is running outdoors. I don't know why, but running on a treadmill is not
acceptable and exercising on a bicycle doesn't do it as well because you're usually indoors. So

oy, et
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running outdoors, free running, and vigorous running—that means about 80% of your maximum
heart rate (which is 220 minus your age in years). You run for between 3 and 5 minutes, come
back, wait 5-10 minutes and you measure. It’s not critical, but if you measure before 5 minutes
after the test, you'll miss things. If you don't get them exercising hard enough you'll miss people
with problems, and if you 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: [ 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? If you 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 of us fecl we don't even know what normal is, depending on the population.
If you 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
relevancé '

* The other thing is, the FEV, can be measured for $120.00 by everybody, so it's just a screen
W1thout doing the exercise pre and post. It's not a bad idea to have an FEV, just as part of your
screening physical anyway.

1t also depends on where you're getting it done. Different places use different methods, and
while running outside may be the ideal, it's not always easily done. 1 can tell you in New Jersey,

“there's no way I'm going to get an exercise test done outdoors in the middle of winter—or for
that matter, in the middle of summer. It is reasonable to get it done on a treadmill if you're using
15% instead of 20, you're a little more sensitive. If you're using the typical 80% of maximal and
doing your FEV, before, 5 minutes into it, and then 510 minutes after 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 stuff without 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? If a 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 1t 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.
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Dr. Gorman: We have to be very careful. While we accept exercise tolerance may be the
major risk for the asthmatic, I've heard nothing today which dissuades me from being concerned
about air trapping and pulmonary barotrauma, nothing at all. Theoretically it makes a lot of
sense, and | see enough pulmonary barotrauma in breath-hold divers to know that it's just a
matter of heterogeneous compliance. You don't need iungs to behave like balloons to cause
pulmonary barotrauma. So I think there's still a need to pay attention to air trapping. I accept-
it hasn't been proven, but goodness me, there's some very good reasons why lt isa persxstent
theoretical risk. PR

Dr. Neuman: From a practical point 1 think the point that Dick made earher is mdlsputable
that just by getting in the water your MVV drops by 15%. You go down to 100 feet in dry.
circumstances, and you're MVV is down to 50% of normal. So far we haven't even talked about
the added resistance of the breathing apparatus. And so to generate an oxygen consumptlon
that's anywhere near reasonable, you essentially need normal pulmonary function at the surface.
Once you start getting down to a significantly abnormal pulmonary function at the surface,.
you're just not going to have the ventilatory reserve to generate sufficient oxygen consumptlon
at depth.

Dr. Weaver: And that's why I'm asking about function—exercise, treadmxll thh a certam :
amount of energy expenditure is probably the gold standard, and pulmonary function.: 5

Dr. Moon:: But if that's the case you have to exercise them at depth, at that kind of gafs"j
density, immersed, and with some sort of underwater breathing apparatus. ‘And 1f you did that,
I would agree then, that the FEV, no longer becomes necessary. P W

Dr. Weaver: No, but we have other information. We all know there are older dlvers who
have smoked for many years, who have obstructive airways disease, and they're out there diving.*
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 in the United States than :
from diving. So it seems that, if airways dysfunction is killing divers, it ought to be well’
represented and should have been known about years ago. I'm not sure that case has been made.-

So therefore, we accept that a person who's 55, 60 years old, is obese, who can't even manage
8 or 9 METS of energy exposure, can dive because "they never had a history of asthma.”:

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 moderate’ axrways
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 the.only indication for
exercise tolerance testing. I actually agree with you, but the other way around: If I saw an obese,
middle-aged male, sure I'd put him through an exercise tolerance test 1 could then explam
sensibly to him what his risks were in diving. :

Dr. M. Bennett: If you are looking for someone like that, Des, you've found him.~

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 thxs§
morning, these symptoms don't always come to the attention of the exammer I dont really see.
how those two positions can be sustained simultaneously. _ .

Dr. Francis::David, I wish to make a point which harks back to the meetmg in Edmburgh
What we're doing here is to walk back from what, historically, has been an absolute ban on
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diving for asthmatics. If we'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 if we 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 if on inhaled 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, dyspnea, or impaired exercise capability is
an always immediate contraindication, but how soon after 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 of asthmatics 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 not significantly diminished for 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 expiratory flow
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, "after exercise."

Dr. Elliott:: Okay. Any more on this overhead?

Dr. Bove: Yes, David. I don't quite understand because I thought for the last half hour 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. Is 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 of everything 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 [ 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 expxratory flow
rates mitigate against the danger of pulmonary 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
of person 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 sufficiently 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 of an increased risk, but it's not
uncomfortably 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 1S
concerned. Pa b

Dr. Moon: ...and that is pulmonary barotrauma during free ascent training. '

Dr. Lundgren: David, is that previous overhead off limits now? Foemtoo

Dr. Elliott: No, you can go back because, otherwise, it'll be another 5 years--~ -~ >

Dr. Lundgren: In the interest of intellectual honesty, shouldn't we be a little more precise -
in that statement where it says something to the effect that risk is not significantly mcreased Is.
that meant to be taken literally, as statistically significant? 2

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

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

Dr. Elliott: Right. Thank you.

Dr. Goldmann: On that last overhead, I was wondering how static lung volumes fit into what
the panel feels is an important consideration, because that's the first time I have seen them as
a consideration? -

Dr. Bove: I think it would be reasonable only because if you start to see 51gmﬁcant alteratlons
in static lung volume, it would be a clear sign that they have anatomic damage to the lung. -~

Dr. Harries: Lung volumes are a difficult issue because one can only do them in an office or
a lab with very carefully controlled conditions. So, in view of the nnpractlcahty of any b
recommendation based on lung volumes, it should be taken out. i

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 warmning that risk is not sxgmﬁcantly
increased.

Dr. Elliott: The important part of the debate for the last few minutes, please, is for us to
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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 form 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. If we do
nothing else but get an accurate asthma history, even with only the most fundamental 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 of the population. You'll have some idea of where 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. I think they would go for it. There are commensurable reasons why they'd want to see
the consumer base increased.

Dr. Bove: If one 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: I will offer the services of DAN to create a registry and be prepared to record any
data that physicians could send us.

Dr. Elbiott: Thank you. Now, I do know that it is not reasonable to ask the Institute of Naval
Medicine because their database is for a totally different 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 of protocols
and so on? '

Dr. Farrell: 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. :

Dr. Elliott: Is there a forum, more permanent than the top of this table, though‘7 This is the
way I was hoping it would be going. Or do you see these as being three totally mdependent
studies with everyone doing it differently?

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 basxc mformatlon in the.
same form for databases. = B

Dr. Elliott: So, from Europe, from the DAN, and from SPUMS we have the wdlmgness 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. oo g

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" certlﬁcate reﬂects
reasonable competence?

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 makmg an
assessment of diving fitness. Some argue that one could have a general screen performed by !
untrained general practitioners, but our survey of the quality of those screens in Australia -
suggests that they are worth slightly more than nothing at all, on a generic basis. Even if you had
such a screen, someone with a past history of asthma would simply have to be referred to the
next level of assessment of risk anyway. So SPUMS would argue very strongly that assessment
of risk for an asthmatic to enable that person to make a sensible declsmn about dlvmg, really
requires physician insight. Bl el

Dr. Mebane: A physical exam is not required in the United States unless there is a problem.
I would like to see something similar to that in the UK, where there are medlcal 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 be able to come to some -
appropriate conclusion. i

The demand for this type of service 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 small a
category of illness that the average physician will never have expertisé in diving. They will go
through a medical career without ever seeing a diving accident. A consultatlon which can be
by telephone, can be perfectly adequate. W e

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 to do s0?

Dr. Mebane: No, they're not competent. The way it has been set up is that the mstructor and
the prospective student sit down and look at a questionnaire. If they both agree on the physical
fitness of this student, or the lack of it, and there is no disagreement between them the physmlan
1s never involved. The physician is involved only to resolve a controversy. .

Dr. Elliott: I think we all agree quite firmly that a degree of competency is requtred n
making the diving fitness assessment. Without saying how it's to be done we rmght put that i mto
the final statement.

Dr. Heimbach: I have some problems with the referee system. 1 do alot of assessment of
diving fitness in San Antonio, in that we have our dive shops well trained to refer questlonable
persons—particularly 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, if the 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 of other 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 of what could be
going on in diving. For example, why it is, if they're having a little bit of wheezing that morning,
they should probably not make a dive that day.

Dr. Lim: I am worried in the sense that, after 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: [ have 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
1s 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. If yes,
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 nunning or a treadmill on site, after which we use FEV or MEF?

Dr. Moon: Well, several have suggested that the best one is reduction in mid-expiratory
FEF,; ;5 flow (MEF) but FEF,; ., is probably as good and is probably more widely measurable.
Also FEV| has some utility.

Dr. Lim: So, if the lung function test after exercise is normal they can dive, whether the
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divers themselves have previously shown asthma on many occaSiohs? R

Dr. Moon: Yes. R T A

Dr. Elliott: Thank you, Dr. Lim, for summarizing it so well.

Unidentified Speaker: What pre-treatment is appropriate? Could 1t be the same as that gwen
to those playing football or basketball? 2o w0 ey S No

Dr. Moon: I think that is an individual medical decision. L2 e, e e

Dr: Harries: We discussed this morning the differences in phxlosophy and the feelmg in the
European Thoracic Society that the way to manage bronchial hyper-reactmty Is to get your -
subject established on twice daily inhaled steroids. Short-term release, lastmg only 3 or 4 hours
is what you get with a bronchodilator and is not an adequate long-term solution.’ e

The question about chromalin or sodium chromoglycate as we call'it, is more “difficult.
Sodium chromoglycate is very good at inhibiting exercise- mduced asthma in chlldren It’s
relatively ineffective in aduits.

Dr. Elliott: Thank you. Well, I think we've come to the end of the debate I would hke to g1ve
the panel the opportunity for any final comments they'd like to make .

Dr. Moon: It is incumbent on any of us who are going to cemfy fitness for asthmatlc divers
to discuss with them fully the issues, including safe diving practlces partlcularly wnth regard to
ascent rates. -

Dr. Mebane: Diving is very important to us individuals i in thxs room but in the overall :
picture of medical care, it's a tiny fraction of the whole problem. So we need to speak withour -
colleagues who are not diving physicians and offer our services:' A busy practmoner seemg :
30-60 patients a day for major medical problems is not really mterested m domg a physxcal ;
examination for someone to start diving. It's up to us to seek out our colleagues who may be i in
primary care or other areas where they will see these dwers and be sure our’ semces are
available. B

Dr. Neuman: I'd like to say two things. One is to stress what chk _]llSt saxd Most accrdents :
come from not adhering to basic safe diving practices. We should stress that with'e every diver
we ever speak to and whenever we speak to groups of divers; whether it's about asthma,
diabetes, epilepsy, or hangnails, we must stress that safe dlvmg practlces are the key to dlvmg
safety.

The other thing is that we are embarking upon an area where the nsk is stxll 1ot 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 explamed to the patlent that
there may be additional risk associated with diving with asthma and that the patlent is wxlhng
to underwrite that risk. - oy

Dr. Gorman: In addition to that, you need to make sure that the certtﬁcatlon 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 nsk acceptance process. - - :

And the final thing I'd add is if as a physician you are going to have patients ‘who are asthmatlc
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 if you're going to have asthmatics who dive, they needto
be reassessed at some regular period, perhaps annually, and have thexr nsk reassessed and :
reexplained. P

Dr. Bove: There are a couple steps that we still have to complete ‘We've been trymg to"
change the standard of practice in the United States and elsewhere The steps we g0 through are -

T a
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to identify the problem, conduct surveys, pubhsh in the peer-rewewed 1terature—a11 things that

you need to change consensus. The third step is that the interested professwnal societies need

to make consensus statements.

This workshop may become a consensus statement of the Undersea and Hyperbanc 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 of asthma. 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 of practice 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 UHMS workshops that I've attended in that
there appears to be a clear way ahead. If the consensus agreement turns out to be policy, it must
be coupled with adequate surveillance of the divers involved. If that cohort study gets off 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 bunch of speakers 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 effort,
is capable of being clarified for the benefit of many.




CONCLUDING STATEMENT

The following statements were prepa.red for revrew by the Panel durmg the meeting from a
pre-circulated list. These were reproduced for the ‘audience as overheads and most were
amended during the discussion. A few were not on overheads but have been taken directly from
the text. Since then, as part of the editorial process, each statement has been 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 even ‘though itis the probable view of the majority.
Nevertheless, it can be regarded as a basis for a formal consensus yest to be agreed

1. The following may be problems for an “asthmatrc” recreatronal diver.

1.1. Although still a theoretical risk with 10 hard evxdence it was agreed that there may be
greater risk in asthmatics with normal pulrnonary mechanics than in the general
population of gas retention leading to the pathologxcal conditions of pulmonary
barotrauma or air embolism. If present tlus nsk is l1kely to be low relatrve to other
causes of decompression sickness. 2 ‘

1.2. It is agreed that evidence that there may be a greater nsk than in the normal drvmg
population of dissolved gas decompressron sxckness needs to be reexammed critically.

1.3. Limited exercise capability underwater : :

1.4. The drugs used for the treatment of asthma 1
pulmonary bubble filter.

2. Current policies may seem to be effective at reducing apparent asthma-related mcrdents but
not only may they exclude unnecessarily many - potentially safe divers, but also
paradoxically they may increase the hazard for those asthmatics who do drve because these
policies discourage appropriate assessment for asthmatics who do dive. . :

3 Asthma is an absolute or relative, contramdxcatlon aceordmg to’ many gu1delmes but
determined individuals have evaded medical scrutiny and dlsquahﬁcatlon ' ‘

4. A history of childhood asthma alone is not significant if there has been none since.’

5. Hyper-reactivity can be stimulated, best n‘an evaluatxon by sub-maxxmal exercise. If
quantitative assessment is required, it may be tri ggered also by histamine or methachohne

6. Ventilatory capacity is best assessed by exercise capacxty _ i *-.

7. The diving candidate who has: some “asthmatrc” hlstory is bestv assessed by first
demonstrating a normal pulmonary functlon at’ rest FVC, mrd-explratory ﬂow FEV,,
FEF,; ;) and then again after exercise. -8 f y

8. Safety is not significantly diminished for those. establlshed and prevrously healthy
recreational and/or professional d1vers - who acquire adult-onset asthma but who can still
meet the requirement of having normal pulmonary mecha.mcs before and after exercise
(para 7). 2 :

9. Chronic asthma, when qulescent and
cortico-steroids are required. - 3 ‘ ] B

10. Acute asthma, as evidences by co wheeze dyspnea, or unpaxred exerclse capabrhty
is an obvious immediate eontramdlcatron but recreatxonal diving can be resumed when
pulmonary function ( FVC, expiratory flow, FEV,, FEF, 5) has returned to baseline.

11. 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
disqualifying, however, provxdmg mamfestatrons are completely controlled and pulmonary
function is normal (para 7) o=

12. It is concluded that the degree of competency in makmg a medxcal assessment of ﬁtness to
dive is enhanced if the’ exarmmng "doctor has relevant knowledge or expenence of the

underwater envxronment “and 1ts assocxated hazards 9
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