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his paper on the pulmonary function s tudies in men exposed
for ten or more years to the inhalation of asbestos fibers,

BY DOCTOR GREGOIRE?

(Doctor Gregolre read & prepared peper which was
to have been filed with the Saranac Lgboratory. Transcript
of his remarks is available in the event a formal paper
was not riled).

BY DOCTOR MeCANN:

There may be considerable discussion of those tv:'.’
papers, but I suggest that we take about a four or five
minute recess for a stretch before we discuss them.

(Recess from 12230 to 12:40 Pe Me)e
BY DOCTOR VOR¥ALD:

May we all take our seats?

BY DOCTOR MoCANN?

¥Will the meeting please coms to order? ¥Will you
please come to order? Will all those who have not got ten
their banguet tickotﬁ pleess do so before twelve otolock,
before twelve. The two papers which I have just heard
by Doctor Wright and by Doctor Gregolire are now opsn for
discusetion.

BY DOCTOR HUGE-JOKNES:

I would like to meke two comments really. The

first is about Doctor Wright's paper with which I was ox~

tremely interested, and he put forward a suggested definiti?n,
]
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shall we say, of & way of measuring a man'e capsacity for
overall work. There was ons question I would like to ask
him about that, and that is thies, that many people, I!
think I'm wight in saying, Taylor and Briggs originally did
that which they callsd the crest load, the maximum work that
pecole can do in & steady state, Other people have done
the maximum ability to work a&s measured by the oxygen con-
sump tion which Doctor Wright has used,

¥ow, thers is alwsays one thing that worries me
slightly sbout that, and that is this, that although you
and I, for instance, might have very different powers to
do our maxrimum, does that necessarlly limit us at the
ordinary work wetre going to do in every day performands.
In fact, the question is this, that does Doctor Wright have
evidence to show that the performance at sub -maximal loads
58 necessarily worse in people who show a falling off of
their maximum ability? It dossn't always seem to me to
necessarily followe '

Por example, I might have a reduced maxipum ven=
tilation or maximm ventilatory power of my lungs and, there
fore, not t:. able to run, shall we 2ay, & half a mile as

fast as I could befors. On the other hand, I might be able

to walk at a =low rats for & long time perfectly well if my .
i

own thinking on that sub ject, and I would like his comments:
|
on thate i
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The other thing I want, and I hope people will
excuse me because I'm not a statistician, I'm &« male physiol
ogist, and I have & certain amount of fears, and worries
about statisticss I think you know about the same kind of
lnown estimations that are given that if all the dlood
oapillaries were put end to end, tnsy would stretch around
the worlde Somebody once said if all ths statisticlans
wers put end to end, that would be a good thinge

¥ith those remarks, if I may make two technical
criticisms on the statisties, and I hops yout!ll forgive me.
The first is on the use of this correlation co-efficlent.
Doctor Wright was surprissd at the extremsly high co-efflicis
he got betwoen the maximum breathing cepacity combined with
the ventilation equivalent for oxygon, and the maximm
power to work, I belisve that 1s an example of what
4s technically cslled a spurious correlation. Hes has got
the same thing coming into the top and bottom of ths frac—
tion, namely, the ventilation in maximum breathing capacity
in one case and in ventilation equivalent on the other, and
I believe in his examples of comparing correlations, he
should have been using partial correlations throughout,

that 1f you s&re comparing the overall correlation, what

you're observing is the amount one test relates to some i

other test, and the degres of that 1s a set thing if you're:

4ust comparing onse set of testse If you're comparing
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snother tast to the first thing, in this case oxygen capaoc~
ity for work, the reason why that correlates s0 highly may
be due because it?s partially correlated with your orige
inal test and I don't think you can put out or compare
things on that basis unless you take a count of the pare
tial correlations and particularly of the spurious corre-
lations which may arise from fractions.

That 4s one technicael point. There ars two others.
One 1s that it does seem to me that if people, and I would
1ike to ask Dootor Gregoire this question, when be says tha®
these tests ere significantly different, what he precisely
moanse If he uses twice the standard error of the diffsre
ence which I think he did, that assumes & normal distridbu-
$ion curve and in & lot of these things which hs was com=-
paring, he is using a fraction which I know and can demon®
strate is not normally distributeds

I would like to ask him what he takes as a level
of statistical significance when the thing is on askewed
distribution, and then lastly, which I think 1is an 1nzportm$'
point, and I put it up in all humility because IIm not sure
the real answer to it, and that 1s this, that is a great
fasrion in physiology to which many people have been addict+
ed, and tnat is to express thinzs in a percentage of the

predicted normal,

Xow, it does seem tO me that what Doctor Wright !
i
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and Doctor Gregoire did in two of their slides was a much
more valuable way of doing things, and that is they showed
the regression line with these tests scattering about 1it,
and I think inszead of saying that somebody at that point
1s a hundred percent of a predicted normsl, you should sa&y
be lies within plus or minus a certain scatter of what
would be expected at that age. In fact, you should sube
tract the average fall with age and not express it as a
porcentage. To express 4t as a percentage azsunes, for

ons thing, & linear regression, 1t assumes the thing goes
about the mean which it doesn't in any case, and lastly, in
the extremes, it is entirely incorrect and 1t's & thing In
physiology, I think we ought to fight very seriously, that
§f we are going to use statistics, I think we ought to cone
sult expert statisticians on those things, and I do make
those comments in all humility becauss I do think & lot of
the physiological conciusions caxn be erroneous,

I was extremely intsrested in Doctor Gregolrets
conclusions, his last ones, about the differences betwesn
asbestosis and silicosis, and I have no doubt in my own
mind that 811 he said was oxtremely correct statistically
from that point of view, and I think it was a fascinating
and a very valuable and able study though I would like to

ask him whe ther he didvtako cognizance of the various othar

individual tests as far as thelir significance level was
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concernede

BY DOCTOR McCANN?S

’ We're going to finish by your scheduled time, 1t
will be necessary to limit this discussion and I'1ll ask
Doctor Wright 1f he cares to answer Doctor Hugh-Jones.
BY DOCTOR WRIGHT:

Doctor Jones, I'm afraid you read more into my
paper than I wanted to be in ite You have gone beyond now
and are applying the peak oxygen uptake to a man's ability
to shovel coal, and I have refrained from doing that delib=
srately, because this i1s what we measured, and thatts all
I want to talk sbout, what enters into a man's abllity to
perform every day his most complaxjimotivation alone, how
many children he must foed at home 1is extremely important,
why people became fatigusd on their job is & most camplex
question, Why does the housswife who really, in many
instances, has little physical labor to do, with our wash-
ing machines and so0 on, become dead tired at the end of the
day? I wouldn't for a moment say, and I refrain deliber=
ateiy from saying that peak oxygen uptake will tell you
whe ther or not the man is able to carry out a full day's
worlke

I can ahow you, I'm sure you have many exctmples,

of men that stay on ths payrolle They break just as much

tonnage underground as the next man who may have double his

L e g

—

e



— ORI Sy e W T memw = -

- o3

peak oxygen uptake,

¥het I do bellieve the peak oxygen uptake gives you
some information on i3 what his human engine is able to do
in this precise plece of work,

Now, there are two extremss that this asoft of
fa2lls in the middle of, There is the suddsn burst of ensre=
gy vwhich s man may be called upon to do in running from &
burning building, which a severe cariiac might be able to
doe That's accomplished anaphobiae Then there is the
other kind that you are referring to, the sub-maximal work
that 18 carried ocut over a long period of time and that may
not bear & relationship to the peak oxygen uptake.

As a matter of fact, it was the fallure of its
bearing relationship that led us to do this study origin-
ally, because we had observed just in & practical way, that
men were - with a low maximum breathing capacity who had
arterial saturation, who had a high residual of alir, wvere
nevertheless able to ¢2> a full day underground, doing & Job
thet was cortainly a sub-maximal jJob, so I agree with you
fully. I'm glad you brought the point up that one can not
trancsfer trhis sort of data in any exact manner to the ques-
tion of whather or not an individual 1is gble to do a day's
work at sub-maximsal labore

1 do believs, however, that 1t 1s a tool that let*

the clinicisan find out how well he is able to estimats the
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depsarture from normale

Fow, our statistical problem would take & consid=-
erable smount of time. I recognize the things you are
talking about and would like to have mors opportunity to
converse with you in that regards We were worried about
whether or not we had the ssme background, two aides of the
correlation, & thing that I believes was a serious oriti-
cism of Doctor Motley®s data.

Itts true that oxygen, oxygen uptake, is a faoe
tor that eppears, and ventiletion appesars, but they are don
under different circumstances and I do not bellieve they cr]
ths sams,

It would be something like saying that & men who
has one dollar i1s a milliocnaire because he possesses &
dollar, Oxygen upteke, during work, when it?'s related to
ventilation equivalent, 1s simply the amount of oxygen being
used in relation to the amount of air being breathed at the
time. It': totally different from maeximum breathing capace
ity and 1tt's totally different from peak oxygen uptake
and I think wetre on fairly safe grounds from that point
of views

You ralse the qQuestion of sskswsd distribution,
Tt's true that one of these correlations definitely is &
curvo-linear distribution and that's the maximum breathing

capacity against maximum oxygen uptake, The curve is in the
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process of being ritted at the present time in an effort to
see whother it would give us & better correlation than the
formula we did use, which was & straight line formulae

I would like to say one thing that Doctor Greg=
oire perhaps won't be able to touch on, and that is when we
say & thing is a certain percent of the predicted, we are
takins into consideration the two standard deviations from
normal. These are most of the time corrected curves for 8gé
or some other faoctor and the standard deviation of the nor-
mal predicted value has been caloulated as, for example,
with maximum bresthing capacity in which we 38y there is
such & fi;ire as one hundred percent or & normal figure,
the scatter around that regression line gives you a s tandard
deviation 1f you wish to calculate ite

The scatter, for example, around the maximum
breetting capacity, is such that ties the standard devia-
tion of the predicted value requires you to consider all
people over sixty-six percent as being within the normal
rangees Now, the matter of partial correlation is much too

involved for us to discuss here, We can do that afterwardsy

EY DOCTOR MCCANN:

Do you wish to make further comment, Doc tor

Gregoire?
BY DOCTOR GREGOIRE:

I tkhink he Las covered 1t.

. 53l
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BY DOCTOR McCANN3

If not, I will proceed then to discuss the sub ject
which was assigned to me, which concerned the cardlo-circu=~
latory aspects of Pneumoconiosls,

I might say at the outset in answor to a remark
of Doctor Whight's, that I do not think the clinicisn should
omit functional and paysiological studiess The function of
the clinicisn is to put the whole mess of trings together,
He's an integrator. He must take all aspects of the man

concerned, into sccount, if 1t's going to maks any sense,

(Doc tor McCann's paper, from this point, was preparsd, and
a ocopYy har been filed with the Ssareanac Laboratorye
BY DOCTOR McCAKN:

In the printed record of thsse procesdings, I
should l1ike the namss of Doctor Lovejoy, Hillfrank and othsrs
as co-authors of the paper which I have read. I'm afraid
I haven't besn too clesar., I certainly have used up 80 much
time, I'1l certainly leave vory little for discussiones .

Doector Waring will open the discussion.

BY DOCTOR WARING:

Doctor McCann and Members of the Symposium, Doctor
MeCann has, as always, presented factual matter as well as

philosophical comments with such a happy fac: ity that I

| envy hime I'm reminded of the story which I hope our Brit-
i ish friends here will not findf}fxrliqxf_rvect, about Sir Josepki_'i

'

i |



LaurerTe McMecuaNn, Ass't. Eprros, Exrcumive Seorerany
318 Hotrr Wastiaxe, Rocky Rives, CrLeverano 16, Omio

m‘,,,m

Dr, Janes J, Waring
Gdvorei ty of Calorade

Departaent of Exdicine

4200 East 9th Bt,,

Deaver 7, Colo.

Doar Dr, Werings-

We are happy to give you permiesion to wee t: twon 1llnstrations
from Dre, Pritehesd and Drsper's pepsr, rsasly mmbere 1 and 4,
with dus scknowledgemont to source of ths origimal publicatien.

MW th kindest pesoonal regards, I am, :
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EY_DOCTOR WERIFG:

Doctor MoCarn and Members of the Symposiumm, Doctor McCunm has,
as slmays, esentad factvel retter as well as philosophical
oooments with such 8 bappy facility that I euvy hia, I'a remindsd
of ths story which I hops our British friends here will not find
incorrect, adout 8ir Joseph
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Lister, who was invited to attend a graduating exercise of
one of the great universities in the British Iies, and he
gave a magnificent address and at the end of his address,
there wes some demand from the audisnce that the resicent
professor of medicine should got up and make a few remarks,
Being & modest gentlsman, he was reluctan: to do it, but
the demand increased and finally he stood up and he said,
#Iadies and gentlemen, when the BEnglish nightingale sings,
all other birds should be sti1l1®. Now when this Rochester
nightingale,who 18 both physician and physiologist,sings,
I think the Rocky Mountain magpie, perhsps, ought to shut
e

¥ow, he has emphsasized many important things, and
T can only touch on them in just & few moments. KHe indicts
heavily smphysenms and the physiological changss that accom=
pany emphysema and I agree with all thate He sings in
preise of carbon dioxide and I think very wisely, and also
very cautiously soe. He emphasizes that in past timss, we
have emphasized too much heart failure and too iittle lung
failure, and one surely will have to agres with him on thatq

Now, at the University of Colorado, we have had

compstent physiologists and bronchologists and since Doctor

b

MeCann was kind enough to send me & copy of his address to

try and digest at the higher and more rarified altitude of

the Rocky Mountsinreglons, this denser atmospheres within

|
i
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and without, why I am grateful to him for letting me heve
that and I wanted to tell you perhaps something about the
formal pharmicel dynamics of carbondioxide as it has been
studied by Doctor Whitehead and Doctor Draper, Doctor Gold-
enson and other men in tnes Departments of Physiology and
Pharmacology at the University of Colorado 8chool of Medi-‘
oine.

80, may I have that first slide, please? Kow,
in 1508, Volhard talked ebout what he called 'oxygen pumpers!
and the experiments which I will tell you about here will
demons trate something of thise

Eow, if you will look at the sllide, you will see
that we have the ambient atmosphere outsids; we have an
airvay depicted and we have the raspiratory alveolas, and '
moving from left to right, we have the pulmonary circulation
in the capillary bed.

Now, if, as was done by my colleagues, if an an-
jmal is first de-nitrogenated, that is if he 18 permitted
to breathe one hundred per.ent oxygen ror forty-rive min-
utes urtil ths nitrogen is pretty thoroughly weshed out of B

i his system, especially his repiratory sirways and if then
he iz given pentothal of sodium intravenously until hia
respiration ceases entirely and if he 1s now continued in

! & one hundred percent atmosphere or as ths circulation

. proceeds through his capillary bed, oxygen is plcked mvo out?

i
O _1_.__.
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e e e ————




e e

938

of the alveolar spaces and carrled away and carbon #3%oxide
comes into the alveolae, KEis respiration has ceased en-
tirely under the influence of pentothal of sodium, but be-
| cause the uptake of oxygen volume exceeds ‘t.ho indigenous
| (:O2 in the alveolar space, why a valent of pressure 1s cre-
ated from the space to the alveolae and the oxygen which is
alone in this animal's smbient atmostphere, the atmosphere
then flows from his glottis down through his trachesa and
into his alveolas, is picked up and carried away, and the
dog, without any artificial breathing whatsoever, and Doctoz
Whitehead calls this the fusion restoration rather than
oxygen pumper as Vorhard de:cribod it, thes animal will live
] without any form of artificial respiration just by virtus
of this hemoglobin oxygen pumpe

The oxygen is taken away with suffiocient rapidity
in the alveolae to set up a current, to set up & radlum of
pressure from the atmosphere down into ths lungs, and the
animal will contiriie to survive for forty-five minutes.

Kow, hs will die after thet time if the experiment
b 18 continued for the reason that the carhon dioxide elimine
‘ ation gradually blankets the alveolar capillary membrane so

that ths oxygen is no longer able to move 1nto the - into the

arterial and capillary into the bloode

Now, the &animal would die if he was immediately

3 |
: i
g“ taken out from this and put in air, because then there would
! L !
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be a great inflow of nitrogen and the nitrogen would serve
in the same blarxeting way and he would die very quicklye

Yow, if, after say, 2&y after twenty minutes the
carbon dioxide has begun, has been steadily increasing, oo
longer is pentothal of sodium needed after twenty - between
twenty and thirty minutes, because the carbon dioxide ac-
cumulation, as Doctor McCann referred to, 1is sufficient at
this time and has an oxidizing influence upon respiratiom
and for the last, say fifteen minutes or longer of the ex-
periment, the animal 18 not brenﬁhmg, but he does not re-
quire any longer pentothal of sodium to keep him in this
state,

Next slide, please, Now, this slide shows you
here up above the blood pressure and the picket fence here
48 the spirometer reading and the movements on the left e
show the respirations up and down and then the pentothal
sodium i1s given in surfficlent quantity to stop his breath-
ing entirely and that's where you see, over on the left, ﬂaT
point whers the up and down respiratory movements quite

Rach one of the large moving down of the lines
simply indicates the point at which the apiromster bell 1is
filled againe The moving down simply means the point where
tis spirometer bell is filled in with oxygenj;over here ars

the respiratory movements, and these figures hsre do mot

refer to minutes. These are the minutes down here, but

|
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these refer to certain events in what'!s happening here.

Now, you can see, although respiration has quit
hers, oxygen is continued to be taken up by this oxygen
hemog.obin from the bell. The bell is filled agaln, oxygen
eontinuss to be taken up, the bell is rilled again, oxygen
continues to be taken up, &nd 80 One

At this point up in here, you will notice that he
bhad a 1little fall in blood pressure and then a little rise
and then here, this is & run of X-r&y cystolic contractions
which Doctor Whitshead showed very nicely with - were due
not to £ell in blood pressure and not to fall in cardbon
dioxide, dut to too much pentothal, and then you notice
that they dissppear and the blood prossure falls slowly
over here and after some sixty minutes over hsres, why with
ecomplets lack of circulation, there is complete stoppage
of uptaks of oxygen from the belle

Next slide. Xow, he showed very nicely in thls
s1lde here, tims ‘n minutes in here and oxygen seturacion
of the hamoglobin is here and here is the arterial ssatura=
tion and the velinous saturﬁtion, the control period. This
15 during the periocd of abnema, of - during diffusion and
this is after the period of abnema, You notice the period

of arterial saturation maintains remarkably well for

thirty minutes here as hypoxia developse You notice .ne !

veinous saturation does the same thing and then very rapidlj

- -7
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at the terminstion of the experiment which 1s simply ter-
minated by giving artificial respiration with oxygene

Next slide. Now, this slide shows time in min-
utes down here, control period here, the abnes appeared °
here, the after abnes aperiod here, and the CO, in control
percent here. You will notice that the arterial PH during
the accumulation of carbon dloxide, and arterial PH falls,
the veinous PE falls and the arterlal and veinous ¢.302 both
rise quite remarksbly. The PH falls down in the neighbor-
hood, in the average around to 6.69.

The next slide, please, Now, here an interssting
thing was donee This is similar to the other slide I showed
youe Thers was & little rise in blood pressure hsre at the
beginning of the experiment and a little fall, This 1is the
respiratory movements heres. This is where the abnea a;;poo.r1
or that period begins, but the oxygen uptake continues,
The spirometer bell was filled again and the oxygen uptaks
geins againe

Now, at this point right here, the bell was hLeld
so that the bell could not fuil and monomsters were placed
so as to record the negative pressure that would be created!
under these conditions, and you can seoe that this pressu™e
fell quite remarkably here and smounted to about fourtesen

centimeters of waters In other words, the oxygen uptake

by the alveolar capillary system, under these conditions,




S42e

snd you can see that this pressure fell quite remarkably
here and smounted to about fourteen centimeters of watere
In other words, ths oxygen uptake by the alveolar capillary
system, under these conditions, was sufficient to create a
negative pressure in the - or in the airway asmounting to
umpteen centimeters of watere

Fext slide. Now, they subjected same animels to
carbon dloxide inhalstion, and Doctor MeCann referred to
this work of Doctor 8tott, and there i{s one in our e¢liniec
out there, that work of Dooctor Stott, and that was he em-
pbasized the importance that should be attributed or the
significance attributed to the fact that the erphysematous
patient has a remarkable tolerance to CO,, He lives in
an atmosphers of low oxygen and & high atmosphsre of COze

Wow, if you give this emphysematous patient car~
bon dioxide to breathe, he establishes 1t remarkably well
wtil a point where he comes to & eritical level. Porhaps
Doctor Stott reported that when the cc)2 given to breathe wag
seround about 9.28 percent, the emphysematous patient was
remarkably comfortable, but when he was given ocarbon dlox=
jde to breathe as high as 11,28 percent, he was very oXx-

tremely uncomfor table,

Now, one other thing in relation to that, and thak

was this, both in these animals and in the human beings who

ware subjected to ventilation with high percentages of carbm

Bt o 2 ke
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dloxide, Doctor Whitehead found that a small doze ofpento-

thal, while the CO, was being breathed at high concentratlon,

could show amazingly the discaomfort of this high Co2 vyentie=
lation, A perfectly normal person breathes & high CO2 con=
centration, why he becomes very quickly very uncomfortsable
and this discomfort is very easily controlled by the very
small dose of pentothal sodiume

Doctor whitehead found, in addition, that during
the high concentration of CO,, there was more barbiturate
apparently taken up in_ the central nervous system than when
there was low CO, and that suggests the cliniceal danger per-
haps of a patient who has been given, for surgical purposesy
a barbiturate and then that patient comes back to the ward
and becomes anoxic because of an obstructed alrway, and
now, very quickly, he has a cambination of high co, and
esthatic effect, snd a high barbiturate can drive or can be
driven into his centrsl nervous system to add to his diffi=
culties,

Kow, one othar thing in relstion to this, «nd that
is this, that when a patient breathses oxygen, a higher per-
centage of oxygen, I should have mentionsd this earlier in
one of the slides, when this patient breathes a high per-
centeg. of oxygen and he gets an obstruction of the airway,

why there is no nitrogen, there 1s only a very small amount

of COp there early, and he can get very quickly a ccumplets

J— e —— —_—
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collapsible lung or a collapse of a lobe or a segmsnt of
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his lung, simply because the residual oxygen is only there

e

and that 1s very quickly absorbed under thess conditions.

Now, hers you see the effect on a human being of

ETw T wT

breathing nearly ten percent COp, twenty percent, thirty
and forty percent CO, anc the remarkab::z effect on the PH
breathing theas different percentages of COZ.

Next slide. Now, experimental slide of treating
paychotic patlents with 002 and with this type of experiments
In other words, it was thought that maybe that inhalation of
higher CO, and the dropping down in PH might have an impor-
tant influence upon the underlying sbnormmlities witluin the
eentral nervous systam that made a patient schirophrenie
or at least so sbnormal that he couldn't get along with the
rest of us, and so they tried this on a number of patients
and found that within a small number, that they were appar-
ently helped by breating this high percentage of COp with
. a change in their PH.

: Now, they found also one other thing that was very
!

intereating and that was that practically immediately the

; abnea ensues, the kidneys stop serating urine and when the

L :

;E experiment was terminated and the respiration starts again, |
|

the kidneys immediately start secreting urine again, and they

: determined that this was a reflex by denervating one kidney.



]

5.

e B

lesving the other kidney without any anesthetic around it,
and they found there that the normal kidney not denervated
by local aneathetic continued or stopped secreting immed-
jately that the abnea was starteds The other kidney that
wes denervated, why, continued to secrete urine, but at &
lower rats than normal, and after the experiment was termind
ated, and a periocd of abnea was over hsre, why, the dersr=
vated kidney rapidly returned to a higher rate of secretion
of urins and the one that was not denervated, why, resumed
also its normal rate of secretion.

¥ow, I have reported this bedause I thought that
these might have mono-dynamic influsnce or effects of ocare
bon dioxide might bsar an important relation to vhat
Doctor MoCann has been telling you.

{Applause),

BY DOCTOR VOOWALD:

May I beg your patience just for a few momentse
It is twelve o!clock and there is only one announcement, if
youv remember, the photograph which was taken yesterdaye
There will be & young lady in the foyer of the bullding
for most of you who wish to have one, I am surs she will

satisfy your needs, and so with that, let us be off to lunck.

(Session adjourned at 12:00 noon)
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