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The difficulty of obtaining satisfactory records of the depth and 
rate of respiration in untrained human subjects is known to all who 
have attempted to make these measurements. Even training, though 
it results in regular, quiet breathing, undoubtedly alters the normal, 
unrecorded respiratory movements. These difficulties are much 
magnified when dealing with patients who are suffering from em- 
barrassed breathing, such as  occurs in pneumonia. The presence of 
a mask or mouthpiece may alter the depth and rate of breathing 
profoundly. More important may be the changes brought on by the 
subject’s consciousness of the fact that his respirations are k i n g  
studied . 

To circumvent these sources of error we have constructed a body 
plethysmograph, by means of which it is possible to record the re- 
spiratory movements of a patient sick with pneumonia without fur- 
ther embarrassment to his breathing, and, indeed, without his knowl- 
edge that his respirations are being observed. The apparatus con- 
sists of an air-tight box in which the subject’s body is enclosed, his 
head projecting out of it through a rubber dam, which makes a tight 
seal about the neck. 

The plethysmograph is not in principle different from ones used 
in animal experimentation. Since the adaptation of such an appara- 
tus to the human subject required certain changes to meet the needs 
of comfort and convenience, particularly of temperature regulation, 
we have thought it worth while to publish a more or less detailed 
description of it. 

The subject is transferred from his bed on to a hair mattress 152 
cm. long by 79 cni. wide ana  8 cm. thick. This mattress is couii- 
tersunk into a solid platform which forms the base of the 
plethysmograph. A pillow is placed under the subject’s knees. His 
neck lies in a semicircular yoke, and his head on an adjustable head 
rest. A rubber dam having at  its center a circular hole approxi- 
mately 6 cm. in diameter is pulled over the patient’s head in such a 
manner that the edges of the hole fit snugly to the skin of the neck. 
The rubber dam is fortified about its periphery by a frame of heavy 
rubber sheathing 28 cm. square to which is has previously been 
cemented. 
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When the patient is accustoniecl to his new position and is quite 
corniortable, the cover o i  the l)leth!-miograph is put into place. This 
consists of a tunnel-shaped aluminum structure supported and made 
rigid by iron arches and flanged by a n  iron frame 155 cm. by 87 cm. 
in dimensions. To 
fasten the aluminum tunnel securely to the oak platform, the flat 
stiriace of the iron frame is claiiipetI by a series of eccentric clamps 
on to  a gasket oi thick ivalletl 1)ressut-e tul,ina n.hich is countersunk 
into the oak p!atform. :\ semicircular openmg a t  the head end af 
the t 11 11 11 e 1 c o  i 11 c i tle s \v i t 11 t 11 e 1) re v i o u sl y men t i on etl semi c i r cu la r yoke 
to make a circular orifice through ivhich the patient's neck projects. 
Thf: cliameter o i  the orifice is 17 cm. This is cloFe:l hy the rulher 
dam. held in  place 1): a l i i i i~etl  metal hoop n-hicli presses the rulher 

The  radius of  the arc  of the tunnel is 47 cm. 
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NOTE: The :ipparntus shown i n  the figure was made by N r .  Joseph Becker, 437 
The authors  wish t o  th:iiik hini for his skill West 59th Street ,  S e w  York Cit?. 

and helpful ingeiiuity. 
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against the rim of the opening. The general plan of the plethysmo- 
graph is shown in Figure 1. 

Tewzqkwture Control. Without some provision for temperature 
control the air surrounding the subject will be gradually warmed by 
the heat given off from his body. This may cause a rise of temper- 
ature within the plethysmograph of 2" C. in 1 hr. (Table I ) ,  or 
more in the case of a febrile patient. A simple method of cooling 
was devised by playing a current of air from an electric fan on to 
the surface of the plethysmograph previously covered by a mois- 
tened cloth. The fan is automatically operated by a relay which in 
turn is activated by a toluol-mercury thermostat, the bulb of which 
lies within the plethysmograph. T o  keep the cloth moist, its longi- 
tudinal edges are allowed to dip into 2 water-containing troughs 
fixed to either side of the aluminum tunnel. With this arrangement 
the temperature within the plethysmograph can be kept fairly con- 
stant, the fluctuations usually not exceeding 0.5" C. 

TABLE I. 
Showing increase of temperature inside Plrthysmograph when no cooling device 

k used. 

Time I Room Temperature 1 Plethysmograph temperature 

27.0 
27.5 
28.0 
28.1 
28.6 
28.9 
29.0 

11:20 
11:30 
11:35 
11:40 
11 :50 
12 :03 
12 : 12 
12:23 
12:33 

TABLE 11. 
Showing relative coirstant temperature inside Pleth?ysmograph when thermostat- 

ically controlled fan i s  used. 

Time I Room Temperature 1 Plethysmogrsph temperature 

11 : 10 
11 : 18 
11 :30 
11 :45 
ll:55 
12 :05 

21.2 
21.3 
21.1 
!?1.2 
20.8 
20.7 

25.0 
25.2 
25.2 
25.1 
25.2 
25.0 

Recording Device. For purposes of registering graphically the 
respiratory movements, the plethysmoKraph is made to communicate 
by means of a wide bore rubber tubing with a sensitive, well coun- 
terpoised spirometer. The movenients of the spirometer bell are 
recorded in the usual manner on a kymograph. T o  obviate the 



610 SCIENTIFIC PROCEEDINGS 

necessity of separate measurements of each line in the tracing the 
spirometer bell is connected with a work adder which integrates the 
excursions of the volume recorder. Each complete revolution of the 
work adder wheel is graphically recorded by a signal lever elec- 
trically through a relay. One revolution is equivalent to an air flow 
of 12.34 liters. 

To make sure that the apparatus is leak-tight it is necessary only 
to place a 10 gm. weight on the top of the spirometer bell. If the 
level of the bell does not progressively fall there is no leak. 

The apparatus here described is at present 
being used for the quantitative study of the respiratory movements 
in patients suffering from pneumonia. An attempt is being made 
to correlate the condition of oxygen want, as measured by the per- 
centage saturation of the arterial blood, with the rate and depth of 
the respiratory movements. The effect of morphine and oxygen on 
the state of anoxemia and on the character of the breathing is being 
studied. 

Use of Apparatus. 

~ ~ I , , l l m m ~  

FIG. 2. 
Graphic tracing showing the effect of applying a respiratory mask lightly to 

the face. The arrow indicates the point at which the mask was put into position. 
Upper line traced by work adder signal lever. The distance between marks 

records an air flow of 12.34 liters. 
Lower line records time in 2 second intervals. 

To show the artificial conaitions imposed by the use of a mask, a 
graphic record is reproduced in Fig. 2. The first part of the record 
shows rate and depth of breathing when the patient in the plethys- 
mograph was breathing naturally. In the second part of the record 
a light metal face mask with pneumatic rubber gasket was fitted 
over the patient’s nose and mouth. There resulted an immecfiate 
change in the character of the breathing. 


