A CLINICAL INVESTIGATION OF THE CARBONIC ACID
IN THE ALVEOLAR AIR*
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The experiments of Mosso, Haldane and his collaborators, and of
Yandell Henderson have shown that the maintenance of a definite
percentage of carbon dioxid in the alveolar air of the lungs and in the
blood is of prime importance to the organism and is maintained by a
definite physiological regulation. They have also shown that over-
ventilation of the lungs by hyperpnea, which reduces the concentration
of the CO, in the alveolar air below normal, gives rise to a feeling of
weakness and giddiness exactly like that of mountain sickness, and when
pushed to extremes, also to periodic breathing of the C'heyne-Stokes type.

Yandell Hendersen has produced a good deal of evidence to indicate
that the clinical manifestations of surgical shock may be brought about
by a condition of acapnia; and Porges, Leimdérfer and Marcovici have
found acapnia present in cases of acidosis and in certain cases of cardiac
dyspnea.

As the subject scemed te warrant further investigation from the
clinical side, the following observations were made.

We take great pleasure in expressing our thanks to Drs. Barker, Thaver,
Halsted and Williams for the privilege of investigating cases in their respective
services in the Johmns Hopkins Hospital, ax well as to the members of the house
staff for their hearty cooperation.

In carrying on a serics of investigations, along with other routine
duties met with in the wards of a large general hospital, the first
essential was the possession of a portable form of apparatus. The
appartus to be described below, which possessed all the essentials of a
complete Haldane outfit, but which was not much larger than the case
of a microscope and could be easily and rapidly transported to different
parts of the hospital, was therefore constructed.

EXPERIMENTAL APPARATUS AND TECIINIC

The apparatus consisted essentially of the Haldane long rubber tube and
gas buret for collecting samples of air, connected with a Hempel absorption
bulb containing a solution of one part by weight of potassium hydroxid in two
parts of water.

* From the Physiologic Laboratory of the Medical Clinie, Johns Ilopkins
University, and the Medical Service of the Johns Hopkins Hospital.

* Read at the meeting of the American Physiological Society, (leveland, Ohio,
Dec. 31, 1912.

* Manuscript submitted for publication in Tue Arcuives Marech 8, 1913,
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The patient took between his lips a mouth-piece made of a slightly flattened
piece of glass tubing 1.5 cm. in diameter, which was connected by a thin-walled
tube of pure gum rubber with a brass tube 4 cm. long from the side of which
a T-tube 0.6 cm. in diameter passed through a hole in the box lid to conmnect
with the gas buret on the inside of the box. The further end of the wide brass
tube was connected with a rubber tube of corresponding width 210 em. long
which was coiled up like a trumpet and firmly wired in place on the outside
of the lid. A curved Ochsner clamp inserted through a screw-eye just above
the soft rubber tube enables the operator to clamp off the latter quickly at
the end of the subject’s expiration, in order that the air in the long tube may
be analyzed at leisure. The capacity of this tube was 370 c.c. and since the
mean volume of residual air is about 150 c.c. it can be assumed that at the
end of a forced expiration tlie proximal portion of this tube contained almost
pure alveolar air.

S
!

Fig. 1.—Portable apparatus for the determination of carbon dioxid in the
alveolar air. A. Inner aspect of the lid and box, showing the three-way cock,
the gas buret and water-jacket, the mercury vessel resting in the stirrup and
the handle for lifting the lid. Within the box is shown the Hempel absorption
bulb (KOH) and its connections. B. External aspect of lid, showing the Ochsner
clamp, the mouth-piece, the coiled rubber tube and the second handle for
lifting the lid.

The gas buret in which the expired air was collected was specially constructed
for the purpose and consisted of an unmarked bulb of about 75 c.c. {75.7 c.c.)
capacity above which there was fused a 3-way cock whose tubes connected on
the one hand with the T-branch of the collecting tube and on the other by
means of small bore (1 mm.) barometer tubing with the Hempel absorption
bulbs. On the lower end of the bulb tube there was fused a small tube of
10 to 15 c.c. capacity graduated in 0.1 c.e! The bulb and the buret are
inclosed in a water-jacket 6 cm. in diameter to keep the air within at exactly
room temperature. The lower end of the gas buret is connected by a lheavy
rubber tube with a glass vessel of about 100 c.c. eapacity, preferably the bulb of a

1. In the first experiments a bulb of 35.7 c.c. capacity was used without the
water-jacket, and the connections between the parts were made with rubber
tubing. The results obtained with this small instrument did not differ mate-
rially from those obtained with the larger water-cooled bulb.
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100 c.c. pipet which can be left to rest on a padded stirrup of metal placed on
the door of the box a little below the level of the buret and a few inches to the
left of the latter. The air is drawn into the buret by lowering this mercury
vessel, or more conveniently by having it rest in the stirrup when the 3-way cock
is opened. When the latter is closed the exact volume at atmospheric pressure
is ascertained by raising or lowering this vessel until the top of the mercury
menisci in both vessels are at exactly the same level. The leveling is somewhat
facilitated by fixing a small mirror on the door behind the buret and raising
and lowering the mercury vessel until the two menisci and their images are seen
at the same level (Fig. 1). In order that the air within the bulb should
remain saturated with moisture, 0.5 c.c. of water slightly acidulated with dilute
acetic acid is left floating above the mercury and the volume of the air is read
from the lower edge of this water meniscus rather than from the upper edge
of the mercury meniscus. A stock bottle of this acidulated water is kept on
hand and is colored pink by the addition of dimethylaminoazobenzol in order to
show always that no potassium hydroxid has been carried back into the bulb.
After the volume of expired air has been measured, the CO, content may be
determined by connecting the free arm of the 3-way tube with the Hempel
absorption bulbs, preferably by means of an intermediary arm of fine-bored glass
tubing (barometer tubing) with short rubber connections. The 3-way cock is
then turned to open into this arm and the air forced completely out of buret
and bulb and into the Hempel bulb by raising the mercury vessel. When all of
the air has been forced out of the bulb, the stop-cock is again turned off full
so that no air can return and the mercury vessel returned to the stirrup. The
expired air is left in the absorbirg bulb for one minute which is sufficient to
absorb the CO, and then the stopcock is turned back and the air drawn back
again into the bulb and buret until the KOH returns to its former level in the
arm of the Hempel tube. The stop-cock is once more turned off, the mercury
leveled again, and the buret read. The difference between the two readings
represents the CO, in the expired alveolar air. The percentage of CO, is calcu-
Iated according to the equation
First reading minus second reading

Per cent CO, =
Volume of bulb plus first reading.

No correction need be made for temperature and pressure since they are the
same for both readings, and therefore do not affect the percentage.

In collecting the expired air the subject is first made to breathe naturally,
then to put the mouth-piece in his mouth and at the end of a quiet expiration
expire as forecibly as possible, or give a violent cough, through the tube; and
at the end of this forced expiration the tube is quickly clamped off. Several
readings are taken; those which are most divergent are discarded and the
average of the more or less coincident ones recorded. A few preliminary deter-
minations must be made with each patient to accustom him to the use of the
apparatus.

In investigating the more or less heterogeneous series of cases pre-
senting themselves in the wards several points were kept uppermost in
mind: First, to determine if possible whether the feeling of asthenia in
convalescent patients and especially in patients who have gotten out of
hed for the first time, is associated with the presence of acapnia. Second,
whether the latter phenomenon is responsible for these symptoms in
patients with enteroptosis. Third, the extent to which acapnia develops
in cardiac dyspnea, and its relation to the mechanism of the latter.

It would have been particularly interesting for us to have deter-
mined the alveolar air in clinical cases of surgical shock, but those
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patients in whom the degree of shock was sufficiently high to be regarded
as crucial tests it did not seem safe to subject the patient to the ordeal
of this examination.

We therefore tried to determine whether there might be any relation
between acapnia and the production of symptoms of asthenia such as
are met with in convalescents from long illnesses, typhoid fever, surgical
operations and also in persons with enteroptosis. The results of deter-
minations on such patients as shown on the chart falls within normal
limits (4.0 to 5.5 per cent.) in most cases, though In a few convalescents
from typhoid fever they were a little lower. These results coincide well
with the figures obtained on normal individuals by Haldane and his
collaborators, especially Mabel Fitzgerald.

We also tried to determine whether the weakness, dizziness and
similar sensations experienced by convalescents on first getting out of
bed were associated with acapnia. This was studied in four patients. In
two of these — a man who had just gotten out of bed after an operation
for appendicitis and a patient with gastric ulcer and extreme ptosis of
the viscera — there was a slight fall of alveolar CO, (from 0.3 to 0.5
per cent.), a little more than the diurnal variation. In one convalescent
from an appendix operation there was a rise of 0.2 per cent. in spite of
the fact that he complained of weakness and some giddiness and light
headedness. One of the four patients, a convalescent from a double
herniotomy, who also had these symptoms, showed a marked fall in the
CO, from 5.3 per cent. down to 4.4 per cent. There was, however, no
marked change in rate of respiration.

These figures all represent percentages well above the level of acapnia,
although in only one of the cases was the fall sufficiently great to account
for the occurrence of any such symptoms.

We also investigated the alveolar CO, of a number of heart cases. It
was difficult to investigate these in the most severe grades of dyspnea,
because the mere act of making a very large forced expiration threw
them into violent coughing spells and made them feel so ill that it was
not possible always to repeat the observations often enough to secure
concordant results. A considerable number of these cases gave results
below the lowest level for normals and this was especially marked in
those who had rapid vespiratien rates at the time of making the
determination.

After this work was in progress we found a short article in the liter-
ature by Porges and Marcovici describing similar findings of low CO,
in certain but not in all cases of cardiac dyspnea. It would appear that
we have in cardiac discase two distinct mechanisms for the producticn

of dyspnea:
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1. Stasis and congestion in the pulmonary area, associated with
difficulty in aeration of the blood. This may act either by reflex stimu-
lIation of the vagus endings in the Iung or by increasing the CO, in the
blood bathing the respiratory center which will give rise to hyperpnea
until the CO, falls to its normal level.

2. Slow arterial circulation through the medulla, as in arterio-
sclerosis, aortic insutficiency and general failure of the circulation, which
gives rise to symptoms of lack of oxygen in the latter and the formation
of acids there quite independent of the CO,. This acid intoxication over-
stimulates the respiration and gives rise to over-ventilation of the lungs,
acapnia, and probably sometimes Cheyne-Stokes breathing, for Pembrey
and his collaborators have shown that the latter can be stopped by inha-
lations of CO,. It is probable that such cases can be benefited by
rebreathing, but we have not been able to answer this question as yet.

We had one patient with Adams-Stokes disease with complete heart-
block, who was not having any attacks or dyspnea at the time of deter-
minations, whose alveolar CO, was normal.

A number of observations were made on pregnant women near term
who had slight dyspnea, most of whom were a little below the lower
limits of normal, which might be easily accounted for on purely mechan-
ical grounds, though the possibility of a mild acidosis such as has been
assumed by Porges and his collaborators cannot be excluded.

Peter Brigham Hospital—2245 Linden Avenue.
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