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A SIMPLE ARTIFICIAL RESPIRATOR. 

By CAPTAIN P. W. NATHAN, M.B., ~I.R.C.P., 

Royal Army Medical Corps. 

CASES which need treatment in a Drinker or a Both-Nuffield respirator sometimes die 
before they arrive at the hospital where this type of permanent respirator is installed. 
These are probably cases of anterior poliomyelitis, acute ascending polyneuritis or paraplegia 
due to trauma. For such cases I have worked out a simple form of respirator which can 
be put together by a field ambulance from materials at hand. It would also be of use for 
resuscitation of the drowned and thuse poisoned by carbon monoxide or for any cases needing 
artificial respiration. These cases should be put on the respirator before natural respiration 
fails; that is, as soon as there is any respiratory embarrassment or as soon as it is seen 
that the ascending paralysis has reached the lower intercostal.s. This is a temporary 
apparatus only and is intended for use before the patient can be brought to a negative
pressure respirator; it can be used in an ambulance or any vehicle. 

The principle of the respirator is to rock the patient up and down as though he were 
lying on a seesaw. This manner of artificial respiration has been used for hundreds of years 
by the Chinese but it was first thought of in Europe by Eve (1932). The respiration is 
performed by the diaphragm acting as a piston in the cylinder of the thorax; when the' 
head is tipped down, the diaphragm comes up towards the head and pushes air out of the 
thorax; when the feet -are tipped down, the diaphragm descends and air is sucked into the 
thorax. 

The apparatus is made from an ordinary Army stretcher, Mark Il, the universal stretcher 
sheet, wood and screws.. The stretcher is used as the plank of the seesaw and it is rocked 
un a pivot made of wooden struts screwed together. The universal stretcher sheet is used 
to wrap the patient in before he is placed on the stretcher; this is necessary, as there is 
bound to be some slip of the patient on the stretcher as he is rocked up and down. Were 
the patient to slip, taking the friction on his skin, he would soon develop bed-sores, particularly 
as he is likely to be paraplegic. It will be noted, then, that this stretcher sheet, which was 
originally designed as a cover, will be used as a sheet on which the patient lies. It is 
prepared by removing the metal clamps, which are used to attach it to the stretcher, with 
the straps fixed on to them. This is done by undoing the press-button at each end and 
drawing out the longitudinal metal rod; the clamps then slip off; the rods are put back. 
Then the patient is placed on the sheet. He is strapped into the sheet as firmly as possible, 
the straps passing over his body, bringing the two sides of the sheet towards each other by 
being attached to the metal rods on one side and passing through the canvas loops on the 
other. He is placed on the stretcher and fixed to it by means of the two longitudinal straps, 
fixed on to the stretcher sheet, known as the" loop-straps" ; these straps are passed through 
the buckles of the stretcher, the buckles which are normally used for the straps which keep 
the stretcher rolled up. It will be found that a new hole will have to be made in these 
straps nearer their origin. J n this way it will be found that, as the patient is rocked, there 
may be one centimetre or so of slip but the friction occurs between the universal stretcher 
sheet and the ordinary stretcher. 

Any system of. pivoting could be used. The illustration shows a simple fulcrum made 
of blocks of wood screwed together. 

Two small blocks of wood are screwed on to the undersurface of the centre of each pole 
of the stretcher so that they form a rectangular notch into which the fulcrum fits; this 
prevents the stretcher sliding up and down. The stand must be well braced as it has to 
take the weight of the stretcher and the patient. The actual fulcrum on which the stretcher 
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rocks consists of a block of wood with the top rounded off antero-posteriorly; this is firmly 
screwed into the lateral side of the stand so that it is one and a quarter inches below the 
top of the upright piece; thus the upright piece fits inside the poles of the stretcher, preventing 
the stretcher slipping sideways. The Anny stretcher being 7 feet 9 inches long, the height 
of the fulcrum should be 1 foot 7t inches in order to allow the stretcher to make an angle 
of 25° with the ground. A, height of 18 inches gives an angle of 24°, which will do as well. 

The apparatus should be rocked at a speed of about ten up and down rockings a minute; 
a conscious patient can tell roughly if he is being under- or over-ventilated. The motion 
is not one of an even, smooth rocking up and down. Each movement should be sharp, 
with a pause at the end of the down movement; the longest pause in the feet-down position, 
for that is when inspiration has occurred. It should be remembered that the tendency is 
to be too energetic in working the apparatus and the patient is more likely to suffer from 
over-ventilation than from suffocation. . 

1---)"6"---( 

Artificial respirator. 

A further advantage of the rocking method of artificial respiration, besides its simplicity, 
is that it aids cardiac return by alternately draining the head and the trunk and the 
lower limbs into the thorax. It is surprising how relatively little disturbing this rocking 
is to the patient; some of the students on whom it was tried found it conducive to sleep. 

• The jar experienced when the legs of the stretcher hit the ground can be softened by spreading 
a blanket on the ground. 

Killick, Cowell and Crowden (1939) state: .. The first criterion of an efficient method 
of artificial respiration is that it should produce a volume of ventilation per breath of at 
least 400 to 500 c.c." That is the normal tidal air. 

This apparatus was tested on fi'1:e male medical students. It is regrettable that no oppor
tunity presented itself of testing the apparatus on a subject with respiratory paralysis. The 
excuse for presenting an apparatus which has not been adequately tested' out in the conditions 
for which it is designed is that no previous worker on this subject has llsed patients with respi-
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A Simple Artificial Respirator 

TABLE l. (NA"IHAN). 

Type of Resp. Ls. air expired 
respiration rale per minute 

Normal 14 15'·7 
Rocking at 25° 11 10·5 
Rocking at 25° 12 11·6 

Normal 24 5 
Rocking at 25" 15 13 
Normal 20 9 
Schaefer 16 16·5 

Normal 17 11 
Normal 12 8·7 
Normal 9 6·25 
Rocking at 25° 13·5 17·75 
Rocking at 25° 13 20·5 
Normal 10 8·85 
Normal 8 6·5 
Rocking at 25° 13 11·5 
Rocking at 21 0 13 15 
Rocking at 180 13 14·325 
Schaefer 11 17 

Normal 11·5 5·1 
Rocking at 25° 14 4·75 
Normal 15 6 
Rocking at 25° 13 9·5 
Rocking at 21 ° 13 7·5 
Rocking at 21 0 13 7,5 
Normal 11 5 
Normal 13 5·375 
Rocking at 25° 13 5·875 
Rocking at 32° 14 8·75 
Rocking at 15° 14 4·375 
Normal 12 6 
Schaefer 13 6·625 

Normal 15 4·2 
Normal 16 6·42 
Rocking at 25" 15 9·125 
Rocking at 32° 14 7,:125 
Rocking at 15° 15 5,625 
Schaefer 14 9'75 

Normal 20 9 
Both-Nuffield 20 10,5 

TABLE n. (KrLLICK, COWELL AND CROWDEN), 

Type of Resp. Ls. ail' expired 
respiration f'ate per minute 
Silvester 12 11 
Schaefer 12 7·3 

Silvester 15 1 t·3 
Schaefer 15 It·8 

TABLE Ill. (SCHAEFER), 

Type of 
respiration 

Normal 
Normal 
Silvester 
Howard 
Marshall Hall. 
Schaefer 

Resp. 
rale 
13 
12·5 
12·5 
13·5 
12·5 
13 

c.c. of air 
per breath 
(tidal air) 

490 
420 
180 
300 
250 
520 

e.c. airexpit'ld 
per breath 
(tidal air) 

1,000 
900 
900 

210 
900 
450 

1,000 

650 
700 
700 

1,100 
1,500 

885 
800 
900 

1,150 
1,100 
1,600 

470 
325 
400 
700 
600 
600 
450 
400 
450 
60U, 
:~OO 
SOU 
500 

SOO 
340 
600 
500 
370 
700 

450 
525 

e.c. air expired 
per breath 
(tidal nif') 

917 
610 

750 
790 
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ratory paralysis; these workers (Killick, Cowe)) and Crowden, 1939, and Schaefer, 1905) also 
worked with medical students; therefore these results are comparable to theirs and, as the 
methods of artificial respiration they investigated have proved excellent in actual practice, 
it follows that, if these results are comparable, this method will be found serviceable in 
practice. 

The point does not seem to have been realized before that, when the subject is conscious 
and in possession of normal respiration, it provides no test of the efficiency of an apparatus 
or a method of artificial respiration to obtain a normal tidal air. For, in such a case, how: is 
one to know that the method or machine is working at all and that the normal figures are 
not due to conscious or unconscious co-operation on the part of the subject of the experiment? 
In testing a method or apparatus on conscious subjects breathing normally, it is necessary 
to show that the normal tidal air can be exceeded or even doubled; then it is more likely 
that the excessiv~ respiration of the subject at rest is due to the method or machine. . 

The expired air was collected through· a Douglas bag and measured by being passed 
through a spirometer. A period of unmeasured breathing was permitted first in order to 
accustom the subject to breathing through valves; the subject's normal resting expired 
air was collected, two or three times in each case, so as to form a control. The air was 
always collected for two or three minut~s. In some cases the effect of altering the· angle 
of tilt that the stretcher makes with the ground has been investigated and a comparison 
with the Schaefer method of artificial respiration and with the Both-Nuffield respirator has 
been made. . 

Table I shows my results; Table 11 are those of Killick, Cowe)) and Crowden; Table III 
are those of Schaefer. -

It will be seen from Table I that the normal tidal air can be increased by means of this 
respirator; in one case the tidal air on the respirator was four times the subject's normal. 
It will also be seen that as small an angle as 25° is perfectly adequate; as far as I can find 
out, this angle has not previously been investigated, it being assumed that an angle of 500 

to 60° was necessary. The fact that the tidal air varied in proportion to the angle the subject 
was rocked through would tend to show that the respiration was due to the apparatus and 
not to co-operation on the part of the subjects; for, supposing that this" alteration had 
been due to conscious alteration of the depth of respiration, it would have to be supposed 
that the subjects had a most fine conscious control over the amount they expired in three 
minutes. Also noteworthy is the efficiency of Schaefer's method of artificial .respiration ; 
it is remarkable that the originator did not himself produce a tidal air comparable to that 
obtained by Kiilick, Cowell and Crowden or myself. The abnormally large amount of tidal 
air easily obtained by this method, or even by this simple form of rocking artificial respirator, 
shows that the danger of artificial respiration is over-ventilation; so much CO2 ir.3.y be 
washed out of the blood-stream that the normal stimulus to respiration is absent; thus 
in a case of asphyxia this would effectively· prevent spontaneous activity of the respiratory 
centre. One cannot help wondering if as many people have been killed by this very efficient 
method of artificial respiration as have been saved. 

SUMMARY. 

A simple apparatus for performing artificial respiration is described. 
The results of testing the apparatus on students are given and they are compared with 

those of other workers. 
I would like to take this opportunity of thanking Private E. R. Alexander, who did the 

, drawings so well, Brigadier Riddoch for his help and advice, Professor Samson Wright for 
his advice and for the use of his laboratory and students, Dr. D. Slome for help during the 
experiments and Colonel Wall ace Benson, C.B.E., D.S.a., for his help and for permission 
to forward this paper. 
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