Oct. 31, 1950 A. FLEISCH 2,527,716
- SPIROMETER APPARATUS FOR DETERMINING
' THE CHARACTERISTIC OF METABOLISM

Filed Dec. 9, 1947




Patented Oct. 31, 1.'95'0.

UNITED STATES PATENT OFFICE

2,521,716

| | 2 527 (] 16
SPIROMETER APPARATUS FOR DETER-

MINING THE
| METABOLISM

CHARACTERISTIC OF

Alfred Flelseh Lausanne, Smtzerla,nd
Appllea,tmn December 9, 1947 Serlel No. 790 664

In Smtzerland December 10,

4 Claims.

1

My present invention relates to improvements

in - spirometers as used in apparatus for deter-
mining the characteristic of metabolism, and the
objects of my improvements are, first, to afford
facilities which permit of positively freeing the
air cycled through the apparatus of carbon
dioxide, and, second, to provide means which

permit of substantially reducing the veloelty and

thus the friction head of the said air.

For determining the characteristic of metab-
olism for humans and animals, usually the corn-
sumption of oxygen is ascertained, which per-
‘mits of determining the characteristic of metab-
olism in calories by a simple conversion. The

quantitative determination of the consumption

of oxygen, therefore, is very frequently practiced

for physiological examinations as well as for

clinical diagnostic purposes. The method used
genere]ly is as follows:

A rubber mask M is meunted e1rt1ghtlyr on the
face of the test person Vp (Fig. 1, which shows
a conventional form. of spirometer apparatus).

A current of air continuously passes through the

sald mask and flows, driven by means of the air =

pump P, through the absorption vessel Ab which
is supplied with a potassium hydroxide solution,
in order to be freed of the exhaled carbon di-
oxide. Such air, further, flows through the cor-

rugated hose Si into the mask M, and further .-
30

through the corrugated hose Sz into the splrom-
eter Sp and thence back into pump P.

The air breathed by the test person is super-
posed onto the airflow maintained by the pump.

During. inhaling, a portion or the entire. volume

of air flowing into the mask is absorbed by the
lungs so that a lesser volume or no air.at all flows
through hose Sz into spirometer Sp. Since, how-
ever, the aspiration of air from spirometer Sp

through pump P is constant, the spirometer bell .

G, the weight of which is compensated by the
counterweight Gg, sinks. ‘Upon exha,lmg, the
exhaled -air which flows through hose S2 into
spirometer Sp and raises the spirometer bell (G,
is added to the constant air current of the pump.

The oxygen originally present in spirometer Sp,
- gradually is consumed by the test person Vo, and
the consumption of oxygen is computed from the

gradual smkmg of the vertically remprocetmg. |

bell G. -
- The rate of air ﬂow produced by pump P has
to be at least as great as the maximum rate of

flow of the breathing air in order that all the
inhaled air may be taken from hose 81 at the

maximum rate of inhaling and that no previously

exhaled air has to be inhaled from spirometer
S» through hose S:2. Reinhaling of the same

exhaled air leads fto an accurmulation of carbon
dioxide in the lungs and in the blood a,nd thus

to difficulties of breathing,
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- When a person is working physically hard,
the maximum rates of fiow of the breathing air
attain values, which correspond to the inhaled
and exhaled volume of 4 lts/sec., for example or
5 more. The pump P, therefore, also has to supply
at least 4 1ts/sec.
- Such high volume of supply from the pump has
the following disadvantages:
- First, one does not succeed, with the aid of
10 the conventional absorption vesseis for carbon
dioxide (in form of wash-bottles filled with a
potassium hydroxide solution) to entirely free
the quickly passing air of carbon dioxide, so
that the mrculetrng elr still contains up to 1%
15 of COa. |
- Second, the re31stance eneountered by the flow-
1ng air is considerable. An undesirable factor,
above all, is the friction head of the air flow in
- hose Sz upon exhaling. The 4 1ts/sec. of exhaled.
o9 air are added to the 4 lts/sec discharge from
pump P so that 8 Its/sec. flow through hose Ssa.-
The pressure in mask M, therefore, is materially.
increased, hindering the exhalation and fre-
quently lifting the mask M from the face of the
test person Vp so that the entire determination.
of the eensumptlen of oxygen is falsified and .
rendered useless due to leakage. It has to be
borne in mind that the air flow through the en-
tire ‘system is turbulent so that, when the rate
of flow is doubled, the friction head is 1ncreased_
eppremmetely four times. |
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My present. invention eliminates these disad- =

- vantages. . . Ii. consists. in subdividing the meas-
. uring instrument or spirometer into two cham- -
95 bers, one of which is the inspiratory chamber,
- which is connected through the inhaling-air line
to the pump and the absorption vessel on one
hand, and to the mask on the other hand. The
other or explretory chamber through the ex-
haling-air line communicates with the air pump
on one hand and w1th the mask on the. other
hand. | | |
A preferred form ef the present invention,
together with three modifications thereof, and
a known form of spirometer apparatus are
-schematically illustrated in the eecompanymg
drawing, in which— - |
Fig. 1 shows dlagremmatlcally an - epparatus
znown in the art;
Figure 2 shows dlagrammat1eelly a preferred
form of the present invention;
Figure 3 shows diagrammadtically a first modl—
ﬁeatmn of such preferred form.
- Fig. 2 illustrates one form of this 1nvent10n
55 ‘The hollow body of the spirometer Sp, adapted .
as a bell G for example, has a partition Q which
divides its hollow space into two equal chambers
A and E. The éxpiratory chamber A recelves
the exhaled air, and the person inhales from the
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inspiratory chamber E. The conduit leading
into the inspiratory chamber E is tapped from
the inhaling-air line upstrea,m from its entrance
into mask M ‘which envelopes the -guter respira-
tory organs of the test person Vp. The exhaling-

air line which leads from the elastic mask M
(which, for example is made of rubber) is tapped L
upstream from its entrance into the. expiratory

chamber A and the branch line is by-passed ‘a;bout
chamber A to connect with the air pump P.

The mode of operation of the epparatus ac-
cording to my present invention, as shown in Fig.
2, is as follows:
| hIS or her breath, the air flows from pump P

through the absorption vessel Ab, thence, by-

~ passing the inspiratory .chamber E, through line
S: directly into mask M, thence, by-passing the
expiratory chamber A, back into the pump, Let
it be assumed first thai the rate .of flow produced
by the air pump P, is 2 its/sec.,,

tional method illustrated in Fig. 1. The maxi-
mum velocities of the gir of breathing, however,

also correspond to a rate of 4 lts/sec. as in the

case of Fig. 1. Such arrangement durmg breath-
ing operates as follows:

- Let it be further assumed that the test person
breathes at a rate of 4 lts/sec.. The inhaling air
is introduced through hose S: into mask M. Since
the pump supplies only 2 1ts/sec., the difference,
i, e., 2 1ts/sec.,
the bell G thus gradually drops and decreases
the content of chamber E by 2 1is/sec. During
such inhaling of 4 lis/sec., there is- no flow
through hose S», i. e, there is no re-inhaling
~therethrough. The pump, however, &
1ts/sec. from chamber A so that the content
thereof decreases at the same rete as that of

chamber E. | |

~ Upon exhaling, the air flows at a, rate of 4
l1ts/sec. through hose S2.- Since, however,
pump P draws off 2 1ts/sec., space A is increased
by only 4—2=2 lts/sec. At the same time, the
pump supplies 2 1ts/sec. ‘into the space E whmh
is increased, by the rise of bell G, by two 1ts/sec.,
since no air then flows through S: into mask M.
- A comparison of the normal or conventional
spirometer (Fig. 1) with the inventive “coupled
deuble-smmmeter” (Flg 2) furmshes the fol-
lewmg data -

Ep— ——— e —

Normal | Coupled
spirom- _double
eter, Sléltg‘;,m”
1tg/zec, Its/sec.
At a rate of How through pump P of___ 4 2
- the max. rate of inhaling of the test |
- person 15-'.__.._____-......_-_.._ _____ e 4 4
the rate of flow in hose Sqoee o ____ _ 4 4
and the rate of flow in hose So. .o ____ 0 0
At 8 max. rate of exhaling of the test
Cpersom of . e 4 4
the Tate of flow in hose Stis_ . ._______ 4 O
and the rate of flow in hose So. oo ._. B 8 4

e L | ——_——

The arrangement according to my present in-

vention has the following advantages over the ar- .

rangement comprising a conventional spirometer:
the pump has to deliver only half the volume.
Nevertheless, the requirement is fulfilled that no
exheled air be re-inhaled. The maximum rate

of flow in the exhaling hose is only half of that -

in e conventional spirometer in spite of a like
intensity of breathing, thus bringing about a
substantial reduction of the friction head in the

when the test person is holding

i. e. only half
of that assumed in connection with the conven-

is sucked from chamber E, and -

- sueks 2 ¢

the .
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apparatus and of the size of the pressure Auc-

tuations in the mask.

-Since the pressure in the inspiratory chamber

_E of the spirometer according to the present in-

5 vention is higher than in the expiratory chamber
CA; due to line leakage, the bell ¢, in case of a
kell spirometer, is set askew. Such inconvenience
. may be compensated by guiding the bell or by
one-sided loading or by means of two cylindrical
bells telescoped into each other or, finally, by
means of a tiltable spirometer such as is schemati-
cally shown in Fig. 3. In the latter, the spirom-
eter-bell G rocking about the axis a—a, is length-
wlise subdivided by the partition into two cham-
bers A and E, which are of equal volume. 1In
~such an arrangement bell GG is not tw1sted nor
set askew.

The hollow bedy G a,lso eould be subdlwded-
by its partition @ into two chambers of different
volumes, Again, two separate air-filled hollow
bodies also could be provided for, which are
sealed against the ambient air and mechanically
coupled to each other, one of which encloses the
inspiratory chamber and the other the expira-
tory chamber., The hollow body or bodies also

- could be sealed against the ambient air by means
of movable diaphragms. - :
~ What I claim as new, end desire te secure by
Letters Patent, is: |
‘1, An apparatus for: determlmng metabollsm
-comprlsmg a rubber mask adapted to be fit air-
tight onto the face of the test person, an inhal-
~ing line and an exhaling line running into angd
from the said mask respectively, the said lines
forming a closed air-filled circuit which includes
an alr pump for forcing the air therethrough
and-a COz2 absorption vessel, a second vessel partly
filled with a liguid, a bell submerged with its
open end into the said lquid and having a parti-
tion to form an inspiratory chamber and an ex-
piratory chamber, means for guiding the said
bell during its vertical oscillations and descent
so as to prevent a relative rotation and tilting
~ thereof, a measured amount of fresh air-trapped
49 in the sald bell, a riser tube extending from the
. said inhaling line into the said 1n3p1ratory cham-
ber and a riser tube extending from the said ex-
halmg line into the said expiratory chamber.
| 2. An apparatus according to claim 1,in which
50 the two chambers in the saad bell are of equal

- yolume. |

3. An a.pparatus set out in clalm 1,in wh:lch the
said bell is secured tiltable to the said second
vessel to rock about a horizontal axis. |

4, An apparatus set out in claim 1, in which the
weight of the said bell is belanced by means of
& counterwelght
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