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safely, and measure from outside the
chest what the lung is doing with it
(fig. 3). A subject having such a study
has behind him six scintillation count-
ers, positioned in particular places in
relation to the chest x-ray, three on
one side and three on the other. With
this method, you can get an idea of
what each bit of the lung is doing;
sometimes, as I will show you, with
very surprising results. Then you can
use it another way. You can dissolve
xenon in saline and put it in the arm
vein, and watch its clearance into lung
alveoli. Of what gets to an alveolus,
95% will be cleared into the gas phase.
I think it is quite obvious, without a
lot of mathematics, that in this way
you can quantify the ventilation which
each lung zone is getting, and its
blood distribution, as shown by this
study. A complete examination of the
kind I have very briefly described
gives you rather less than one-half the
radiation of a single chest film, so
there is no serious radiation hazard in
the use of this particular isotope.
Now I am going to show you what
happens if you do this very simple ex-
periment. It takes a few minutes of
the patient’s time and a lot of instru-
mentation, but you can learn a lot
from it. Figure 4 shows the three
counter positions on each side—six
rings where the counters were posi-
tioned on this patient. The patient is a
46-year-old woman who had been com-

Fic. 4—Location of xenon counters in
relation to chest film.

TABLE 1

Pulmonary function report of Mr. A. H. M., age 61, who had minimal sputum for
10 years (<10 cc per day) and dyspnea on exercise for 5 years.

Vital capacity. .................. oo
Functional residual capacity.....................
Mixing efficiency. ...............................
Forced expiratory volume........................
Maximum midexpiratory flow rate. . .............
Arterial

21L

54L

37%
19 L/min
0.24 L /sec

58 mm Hg
7.4
34.5 mM/L
5.3 ml CO/min X mm Hg

F16. 2—Chest x-ray (a) and bronchogram (b) of patient A. H. M.

F16. 3—Xenon scintillation counters in position.
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F16. 7—Chest film of a young asthmatic.
X-ray alone could lead to a mistaken di-
agnosis of emphysema.

curring within a specific zone. Al-
though we have gone only a little way
with this kind of differentiation, it is
worth mentioning. We are trying to
develop means of measuring effective
ventilation within zones or counter
fields, in the hope that differences may
reflect varying pathological types of
emphysema. We think this may be-
come very important because it seems
to us that the pattern of centrilobular
emphysema usually has this kind of
imbalance. This is the first clue we
have had in 10 years of work that
might get us closer to the differential
function of these different types of
emphysema.

The Third Challenge

Now, my third challenge in em-
physema is, of course, to the clinician.
It is to challenge him to be able to
differentiate in life between bronchi-
tis, asthma, and emphysema. It is
really a challenge to get close to the
morphology of the lung of the patient
he is treating. In other words, how
can he find out what the morphology
was like, not merely afterward when
we have the lung to look at, but during
life? Most physicians would agree that
this is very difficult. It is very difficult
in the lung because the x-rays are,
with some exceptions, of rather little
value. The physical examination is al-
most worthless and is as often mis-
leading in terms of differentiation as
it is helpful. By that I mean, that if
the chest is barrel-shaped, I still don’t
know what’s happening to the lung
underneath. Not only do I not know,
but I know that you don’t know, and
no amount of talking on the chest

contour in relation to lung morphol-
ogy will convince me that you can do
very well with a tape measure, or
standing and looking at the plain x-ray
film. The better pathologists you have,
the worse you will find you are doing.
One kind of x-ray is often diagnosed
in x-ray departments as indicating
emphysema. The one in figure 7 be-
longs to a radio weather forecaster,
so that if T listen to the weather fore-
cast in the morning at half-past seven,
I can hear whether he’s wheezing.
He’s a young man of 28. He has a
clear history of allergy in the family,
suffers from hay fever, and is an asth-
matic; never very severe but never
completely free of bronchospasm. The
plain film could easily deceive a ra-
diologist into thinking this might be
destroyed lung. On examination in the
pulmonary laboratory (table 4), he
had an impaired vital capacity. His
lung was somewhat over inflated, as
the residual volume is a 1,300 ml too
big. The ratio of residual volume to
total lung volume, which some people
like to think of as a measure of em-
physema, was elevated. The gas dis-
tribution was poor, the ventilation was
diminished, and the maximum mid-
expiratory flow rate was quite con-
siderably down. The resting diffusing
capacity, however, was above normal.
When you see this phenomenon of a
normal diffusing capacity by a steady-
state method, you can go out on a
limb and say you never have that kind
of diffusing capacity when your lung
parenchyma is destroyed. That is the
only way you can really use it. When
it’s like this, regardless of how bad
the ventilation is, regardless of how

TABLE 4

Pulmonary function report of Mr. F. E., age 28, who had spasmodic asthma.
Blood gas tensions were normal. Xenon studies: slight prolongation of washin
and washout in all zones; normal indices of perfusion and ventilation distribution;
no disparity between clearance of ‘‘ventilated’’ and ‘‘perfused” lung.

Predicted Observed

Vital capacity (L). ..ot 5.6 3.4
Functional residual capacity (L)....................... 4.2 3.8
Residual volume............ ... ... ... ... i 2.0 3.3
Residual volume/total lung capacity (%) . ............. 26 49.5
Mixing efficiency (%0) . .. ..voer it 65 34
Forced expiratory volumeg.rs X 40, (indirect maximum

breathing capacity) (L/min)......................... 140 83
Maximum midexpiratory flow rate (L/sec)............. 4.50 1.30
Resting CO diffusion (ml/min X mm Hg)............. 23.5 33.0
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