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The R•pi d Progress True Science now makes, 

occas Ions my regre'ti ng some times that I was 

born so soon. l t Is Impossible to imagine 

the Height to which may be carried, In a 

Thousand Year,, the Power of Man over 

Matter •••• O that Moral Science were in a 

fat r way of improvement, that Men· wou Id 

c ea .s·e to be Wo I. v e & to one an o the r � a n d th a t 

Human Beings would at leAgth learn what 

th«y now improperly cal I Humani tyl 

Benjamin franklln., 1780 



Tab I e of Con ten ts 

In troduc tlon 

ll Historical Survey 

Ill The mechanics of respiration and the effe cts 
of respiration on the blood pressure 

IV The physiology of respiration 

V The stages of asphyxia and a cllnl cal discussion 
of anoxla 

VI Methods of administering oxygen and carbon dioxide 

VII Mechanical and manual artificial respiration 

VI 11 Conclusion 

IX Bibliography 



INTROOUCTIQIJ 



-1-

In the field of medicine there is a critical need 

for a comprehensive know I edge of the methods of 

artificial respiration. To be able to perform a 

successful revival of an asphyxiated patient it 

ls necessary to know not only the method, correct 

procedure, etc., but to know also why they are 

used. Therefore, the aim of th Is ar ti cl e ts to 

attempt to clarify the st tuation of resuscitation 

of the individual and to weigh the advantages and 

disadvantages of the different procedures. 

This problem is somewhat neglected by some physicians. 

Many emergencies occur before his arrival and the 

laity or partially trained persone l handle the 

untor tuna te person. Yet, an asphyx I a I death, due 

to one of Its iarious causes, occu r ing in the operating 

room is a deplorable situation it ignorance of 

tr e a tm en t b e i t s c a u s e • 

To em p ha s i z e the n e e d f o r pro f i c i ency i n the tr ea tm en t 

of axphyxia the following classification of common 

st tuattons In which artificial respiration ts 

indicated, as reported by the Commt ttee on Asphyxia 

of the American Medical Associatio n (.£2) demonstrates 

th e b r o a d s cope o t th i s p rob I em. 
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Si tuatlons in which artificial rese t ration is indicated 

I. Asphyxia neonatorum. 

2. Asphyxia from gases, used industrially. 

(al Carbon monoxide from I I lumination gas and from 
engine exhaust. 

lb) Refrigerants such as ammonia, carbon dioxide and 
dry ice. 

( c l Fu m e s i n th e ma n u f a c tu r e o f c h em i c a I s • 
(dl Gases associated wl th the oil industry. 
le) Gases In the mining industry. 
(fl fumigation for disease; the destruction 'of rodents 

on board ship and elsewhere. 

3. Asphyxia from gases in warfare. 

4. Asphyxia from drugs, hypnotics, narcotics and sedatives, 

including acute alcbholism. 

5. Asphyxia from disease, such as acute pulmonary condi

tions, asthma and cardiac decompensatlon. 

6. Asphyxia from developmental and mechanical abnormal

I ties, such as neonatal atelectasls and col lapse of 

the I ung. 

7. Asphyxia from anaes ,thesia due to overdosage, idl9-

s v n c r a s y o r a f a I I u r e to me e t me c ha n i ca I obs tr u c t I o n, 

occurring In relaxation. 

8. Asphyxia from drowning (submersion). 

9. Asphyxia from . flying at high altitudes. 

10. Asphyxia from fire fighting (smoke, chemical 

poisoning). 

I I. Asphyxia from obstruction oy foreign bodies. 

(al Material caught in th~ esophagus or Inhaled. 
(bl Tumors or Infections with i n or without the airway. 
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12. Asphyxia from electrocution. 

13. Asphyxia from strangulation. 

14. Asphyxia from allergy. 

IS. Asphyxia from terminal pollomyelt tis. 



HIS lOR I CAL SURVEY 
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It is quite probable that from time immemorial men 

tried to rev Ive .the apparen ti y dead, and that for 

accomplishing this end employed al I sorts of 

procedures. The Bible records in II Kings, Chapter 

4, Ver s e 3 4, th a t E I i s ha, i n h i s a tt em p ts to b r i n g 

to Ii fe • the dead son of the Shunami te woman, I ay 

himself upon the ch 11 d and put his mouth upon the 

ch i I d 1 s mo u th and b r ea the d the r e i n an d the ch i I d 

was revived. 

A second recording is in I Kings, Chapter 17, Verse 

21, that Elijah revived the widow's son by stretching 

himself upon the chi Id three times and asking God's 

aid in restoring the child to life. 

In tne early ages extremely barbarian methods of 

resusitatlon were used by those aiding in reviving 

an unconscious patient. Great noises were made and 

attempts to inflict tor ,ture were used., such as 

burning the bare skin wl th a red hot iron. Melted 

wax., pitch and oi I were poured on the skin. Scar-

i fi ca tlon or cutting the skin with sharp Instruments 

was common. Drawing of one or more teeth seemed a 

tavor i te method. Screaming and s hou ting t n to the 

ears of the patient in attempt to call him back 

from the dead were freely practiced. Instilling Into 
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the eyes burning or volatile spirits was another 

method. Boiling water was spr _inkled on hands., feet 

a n d o v e r t h e he a r t • "Mox a " w a s a I so bu r n e d o n th e 

stomach of the pa ti en t. 

The veri ti able history ot resuscitation is only about 

150 years old. 

In 1909 Keith 139) reviewed the transactions ot the 

Royal Humane Society in a series of Hunterian lectures. 

This comprehensive review has contributed much to the 

· f o I I ow i n g h i s to r i ca I s u r v e y • 

In 17tl3 Dr. T. Cogan translated a booklet from a society 

in Amsterdam which del t with the resuscitation of the 

apparently dead. 
.... 

This booklet fired Dr. WI I Ila~ Hawes 

with thedesire to form a society in londoh which -'would - ,.. 

adapt a method by which they could revive these unfortun-
"" 

ate people and establish the latest and most approved 

methods. He gathered about him the finest medical 

minds of Englend to establish ancf continue this society. 

This zealous man lectured through out his country 

teaching the laity and medical men his methods. · The 

methods employed by the Dutch society at this time 

were; (ll Warmth. l2l Artificial respiration carried 

out in the following manner ••• the opera tor closed the 

patient's nostrils and applied hts mouth to the patientts 

and by blowing the lungs were inflated and the bel Iv and 

chest were expanded. By compressing these par ts with 
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hts free hand the operator brought about an expiratory 

movement. (3) Fumigation counted equally as important 

as the first two measures. By this means the great 

bowel was tilled wt th tobacco smoke; sometimes all 

the passengers on a Dutch canal boat might be 

summoned to assist the operator in admtnis -tering this 

treatment if the special instrument, the fumigator, was 

not at hand. (4) Rubbing the body -- friction. (5) Stim-

ulan ·ts applied to the nose or skin. (6) Bleeding from 

a vein particularly necessary as lite returns. And, 

(7) vomiting, sneezing, and Internal stimulants were 

recommended as accessory and useful means. With the 

next 50 years these methods were a l I to be discarded 

by the Royal Humane Society. 

The laity of England were also busy at resusttatton 

during the 18th century. At sometime in the past by 

trt al and error methods, it was found that by I ayi ng the 

patient fa~e down on a barrel or any convient object of 

such construction and rolling the victim to wring the 

water from htm, he often survived the trement and ltvCl!d• 

Such methods were forbidden at this time by the Royal 

Humane Society but upon examination are similiar to the 

Sh a t er ( 5 3 ) me tho d J a ie r a cc e p tab I e to the Soc I e· t y. 

A I so the I a i ty wo u I d hang the v 1 c t i m up by hi s he e I s 

to let the water run out of him or else they - would hang 
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the poor unfortunate over a table, strip him and rub 

him vigorously with salt. Al I of these attempts 

were successful at various M:mes and s ti 11 are used 

on occasion. The mouth to mouth method which was 

pop u I a r on th e co n t i n en t had I i t t I e s u cc es s i n 

England. 

In 1776 Dr. Hawes appea I ed to Dr. John Hunter to 

d~vise the best methods of artificial respiration. 

Dr. Hunter turned to some experiments done whi I e 

working for his brother. He found that wh i I e 

working in the thorax of a dog, keeping the lungs 

active by means of a double acting bellows, one jor 

inspiration and one for expiration, that when the 

be I I ow s s topped the h ear t be a t o t the an i ma I grad u a I I y 

slowed then stopped. He surmised from his experiment 

that restoration must therefore depend immediately on 

the application of air to the lungs. He further 

inferred that it was not the restoration of arterial 

blood to the nervous system but rather a reflex effect 

be tween the I ungs and heart. He recommen-ded; · ( I l that 

a i r be i n trod u c e d i n to the I u n gs by proper I y co n s tr u c t e..d 

bellows and that the use of oxygen discovered in 1774 

b y P r i e s t I y wo u I d b e o f g r ea t b en e t i t. ( 2 l Th e g r a du a I 

application of warmth. (3) The application of stimulan.ts 
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• to the nose, sic in, I ungs and to the stomach through 

the esophageal tube and lastly to the bowels by steam 

and enema ta administered per rectum. He did much by 

condemning blood letting. 

In 1772 A. de Haen, professor of Medicine at Vienna, 

found that water did enter the lungs In the process 

ot drowning. This Is contrary to the belief of the 

time and Indeed contrary to the bel I et that pers Is ted, 

tor a century after hts discovery. 

By 1782 the Royal Humane society recommended Inflation 

by bellows In preference to the mouth-to-mouth method. 

Ingenious belJows were devised wl th va Ives so ar·ranged 

that they could be used to exhaust as well as inflate 

the lungs. Usually the operator emplo yed an assistant 

who appl I ed pressure to the epl gas trlum when the chest 

was seen to heave after each inflation. The assistant 

also held the cricotd cartilage bad: to prevent the 

air pass Ing down in to the esophagus. That the tongue 

might tall bac~ and occlude the opening into the larynx 

was discovered by E. Goodwyn This tat ling was overco~ 

by Mo n r o e by pa s s i n g a ca the t er . 1 n to th e I a r y n x b y w a y 

of the mouth. 

For the next forty years bellows were used throughout t-he 
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wo r Id as the bes t method o t a r t I t I c I a I resp i r a ti on 

but 1n 1829 Leroy 1n France relegated the bellows 

to th e i r p r op er p I a c e b y th e t I r e s t de • He f o u n d . 

ll) that tt was possible to k.111 an animaJ by 

suddenly inflating I ts lungs; and (2) that t t 

was possible to prqduce emphysema of the lungs 

and pneumothorax in dead animals. This report 

alarmed the Society and In 1837 the bellows were 

no longer advisable. Sir Benjamin Brodi~, In 

1821, made an Important contribution when he 

stated that artificial respiration should be started 

w i th i n two to th re e mi nu t es a f t er resp i r a ti o n had 

ceased because the heart would be s topped shortly 

th e r ea t t e r a n d a r t t t t c i a I r e s p i r a t i o n wo u I d be 

valuless. Following this statement more experiments 

were conducted and Ericson advised the use of warm 

air and using the bellows but It had Ii ttle support 

and the bellows were speedily forgotten. 

H tstorical manual methods 

The report of' the Royal Humane Society in 1812 

recommended that it lf>el lows are not present the 

surgeon should practise alternate compression and 

relaxation of the abdomen rather than to resort to 

mouth-to-mouth inflation. Since Leroy rec9gnized 

the dam~ge done to the lungs by the bellows method, 
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he recommended laying the patient face upwards and 

compressing the anterior walls of t h e abdomen and 

thorax, thus producing expiration; inspiration 

resulting fr?m the elastic rebound of the chest wall. 

Dalrymple on reviewing Leroy's method suggested a 

side to side compression el ther by the direct 

application of the hands or 1 better, by a wide (18 

inch) many-titled bandage placed around the patient's 

body. The patient being laid on his back and the 

bandage passed beneath h1m1 its ends being crossed 

in front of the chest. An operator on each side of 

the body ~compressed the thorax by pul I Ing on the 

crossed ends, then relaxing their hold ellowed the 

chest to recoil and inspiration occured. This method 

was used until Marshall Hall (27) introduced his 

method. 

ln 1856 Marshall Hall 12?l Introduced the first generally 

acceptable manual method of artificial respiration. 

While experimenting to perfect his new method of 

resusci tat.ion he found that the tongue and I arynx were 

a p t to fa I I back and o cc I u de the a i r pas sage thus 

confirming Goodwyn's statements of seventy years before. 

As a result hes tarted his methocl by having the patient 

in the prone position and then app l yed pressure to the 

back -- over the thorax and abdomen. The chest began 
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to recot I as pressure was withdrawn and 1 nspi ration 

was started. The completion of his method was for 

th e ope r a to r to p I a c e o n e h a n d u n d e r th e s ho u I d e r o t 

the pa ti en t and the other under the hip and thus 

turn the patient and complete the inspiratory 

phase. When the shoulder is thus lifted every muscle 

passing to the sternal and lateral aspect of the 

chest becomes faun t and tends to expand the thorax. 

Upon examing Marshall Hall's (27) method the possibility 

of carrying on artificial respiration by a process of 

compression depends on the res I I ency of th-e thoracic 

walls -- on their tendency to resume their natural 

position when pressure is withdrawn. This property 

depends on: ll) the tension on the ligaments which 

bind the ribs to the vertebral column and limit the 

extent of the costal movement-- when the ribs are 

depressed beyond their functional extent a strain is 

thrown on these ligaments; r21 the bending of the ribs 

and especially their cartilages; (3) the stretching 

of all the muscles that are attached to the ribs; and 

(4) the compression of the liver., the heart1 the spleen., 

and the . intestines which ln the asphyxiated may be 

regarded as sacs ti lied with semi fluid contents. 
I 

Following Marshall Hall (27)., in 1861 1 Silvester (57) 

published a method ot artiflcial respiration worked out 
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on quite a new principle. His aim was to imitate 

the natural respiratory movements. He selected supine 

posture., producing i nspi ration by expanding the chest 

wa 11 and expi ration by compressing i t. The opera tor 

stands at the patient's head and seizing the arms 

above the elbows lifts them outward and then back 

towards the pa ti en t' s head. The tauntness is much 

increased on the pectoral muscles according to 

Champney (39) in 1187 it the arms be ever ted or rota hd 

outward as they are lifted. The humerus and shoulders 

are thus used as levers and the anterior wall of the 

chest ts raised upwards and forward, expanding the 

part of the lung which lies under the sternal chondral 

wall. Expiration is produced by pressing the patient's 

arms firmly against the anterior wall of the chest. 

Unfortunately., it is a laborious and exhausting method 

and one which is effective only when applted expertly. 

The efforts of Benjamin Ward Richa .rdson ( 39) contributed 

no new method of artificial respiration but they did 

much to aid the understanding of and what should be 

considered in artificial respiration. From his 

experiments two Inferences may be drawn: ( I l Resusci t-

a ti on is possible by artificial respiration so long as 

there is a pulmonary circulation; and l2l it is also 
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possible after circulation has ceased and before 

coagulation has begun if the blood can be drawn 

or forced through the lungs with sufficient 

pressure to enter the arteries of the heart. 

In 1867 Pacini (39) introduced a new method in which the 

supine posture is used. In this manipulation the 

shoulders are seized with the thumbin front of• and 

the fingers behind, the ha.ad of the humerus; as the 

operator pulls and lifts the shoulders toward the 

patient's ears the pectoral , muscles, passing to the 

f r o n t o f th e c h e s t a n d th e I a ti s s t m u'S do r s i p a s s i n g 

to I ts side, becomes stretched and I nspi ra tory 

movement of the ribs -- chiefly the upper, is effected. 

Expiration ts caused by the recoi I which fol lows 

relaxation of the shoulders. 

In 1868 Dr. w. P. Bain ( 21 modified Pacint's (39) method 

t n such a manner that when grasp Ing the s hou I ders the 

movements of the clavical might be made more effective. 

Also, he introduced an efficient but laborious method 

in which the opera tor stood at the head of the pass t ve 

subject and then pu 11 ed and Ii f ted the body by the 

hands toward him. The feet of the subject being held 

or fixed. 

l n 1871 Dr. Benjamin Howard ( 37) of New York taught the 
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New York p-0lice a simplified method of artificial 

respiration. The principles underlying his method 

are the same as were utt It zed by Leroy, Dalrymple, 

and Marshal I Hal I (27) - vizl, expiration by compression 

and i nspi ration by the r:ecoi I of the chest wa 11. As 

a preliminary measure the body of the patient Is 

turned face down and Is compressed to expel ~he 

water, then turned face upward and artifical respir-

ation is applied. The operator face-sand kneels 

astride the patient placing a hand over each prominent 

subcostal margin so that thi?. fingers occupy the furrows 

between the ribs above the margins an d the palm below 

them. Pressure ts then applied by theopera tor placing 

his weight over his hands, producing expiration by 

a tr i p I e mo v em e n t; ( I ) the I owe r s i x th, o r d i a p h r a gm a t t c 

ribs are depressed; 12) the abdominal contents, 

especially the liver and spleen, engorged and distended 

with blood, are compressed so as to force upwards the 

diaphragm and empty the lungs; and 131 the extension 

o f the s p i n e i s pa r t I y u n done. The over ex ten ti o n t s 

produced by placing the subject, on the onset of 

artificial respiration, on any convenient support so as 

to make the subcos ta I margl n promi iurn ,t. Howard's (37) 

method differs from Silvester's (571 in its effect on 

the circulation because the pressure applied t n this 
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method wi II force the blood through the pulmanary 

circulation. 

In 1879 Max Schuller l 39) reversed the movements used 

by Howard ( 371. He stood or knelt at the pa ti en t' s 

head and bent over it to grasp the subcos ta I margins 

which are made prominent by placing a support under 

th e pa t I en t' s back ; the ope r a to r i n s er ts h i s f l n g er s 

under the subcos ta I margl ns and then draws the rt bs 

upwards and outwards in the direction of the patient's 

shoulders, thus producing inspiration. Expiration 

ls produced by pressing the lower ribs downwards and 

inwards to force the abdominal viscera and diaphragm 

upwards. 



lHE MECHANICS OF RESPIRA TICN 

AN) 

TI--lE EFFECTS Of RESPIRATIO'J Q\J lHE BLOCO PRESSURE 
.. 
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Before btrth the __ alveolt co.ntatn a small quantity of 

tlutd; the thorax ts unexpanded and completely tilled 

bv the airless lung. At thts time only a smal I part 

of the blood from the rlght heart passes through the 

lungs. The remainder pisses by the ductus artertosus 

in to the aorta and vi a the for amen ova I e In Inter-

turt cu I ar septum to the left heart. Respiratory 

movements are made by the fetus In utero as was 

demonstrated by S11yder and Rosenfeld ( 59 >. These 

movements are readily tnhtbi ted, especially by 

anoxemta and the narcotics. They are depressed by 

a carbon dioxide d~ffett. 

At the moment of btrth the respiratory movements become 

more forceful, and diaphragm descends and the external 

tntercos tat muscles contr1ct with the result that the 

diameters of the thoracic cavt ty are very considerably 

increased. A large proportion of the venous blood is 

now conveyed through the lungs. 

The general enlargement of the capacity of the thorax 

-- a closed cavt ty -- tends to reduce the pressure on 

the outer surfaces of the lungs. The greater the 

degree of en I a r gem en t o t the ch es t , the gr ea t er w 1 I I 

be the reduction in tbe pressure upon the outer pleural 

s u r tac es on the I u n gs • The t n t er t or o f the I u n g sJ9 
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however, is in direct communication, through the air 

pa s s a g es , w i th th e a tmo s p h er e. The v i s c e r a I a n d 

parietal pleurae being Inseparable, under normal 

conditions, the lungs follow the thoracic wall as it 

en I arges, and therefore must expand. The raref action 

of the pulmonary air, because of the expansion, 

results In a flow of atmospheric air into the lungs. 

full expansion of the lungs ts not attained until 

some few days after birth. The lung throughout the 

i n d i v i du a I' s I I f e r em a i n s t n th e ex pa n de d po s 1 t t o n - -

pressed,as it were,against the thoracic framework as 

a result of the greater pressure exerted upon the 

alveolar than upon the pleural aspects of the pul

monary tissue. 

~leural cavities 

The lungs are invested by the visceral layer of the 

pleural membrane. The membrane is reflected from 

the root of each I ung on to the inner aspect of the 

w a I I s o f the c he s t a n d up p e r s u r f • c e o f the d i a p h r a gm 

th i s i s the par i e ta I I ayer o f the p I e u r a. The two 

layers thus form a closed membranous sac, the pleural 

cavity, which surrounds the lungs. In heal th no 

ac tua I space ex 1 s ts; the two membranes are in ippos t tton 

except for a thin film of lymph which acts as a 
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I u b r t ca n t to a I I ow the s u r t aces to g I i de over one 

another during the respiratory movements. 

lntrapleural pressures 

It has already been mentioned that the pressure on 

the pleural surfaces of the lungs ts less than that 

upon their alveolar surfaces, t.e., the tntrapleural 

pressure 1 s s uba tmospher i c. How is this "negative 11 

pressure produced? As stated above when the chest 

cavity ts first expanded, the lungs are carried 

outwards bt . the inflow ot air to ti 11 the enlarged 

space. The expansion of the thorax, however, and the 

consequent Inflation of the lung puts the pulmonary 

tissue upon the stretch. In other words, the closed 

thoracic box, as a result of the l t rst breath, becomes 

too large for the lungs to fill by a slmple unfolding 

of the waifs of the air spaces. The elastic tissue · 

of the bronchial tree, blood vessels, and of the air 

sacs themselves ts put under stress and ts constantly 

p u I I i 1\9. a g a i n s t the s tr e t c h t n g to r c e. Th i s p u I I o t 

the e I as ti c I u n g amo u n ts , t n the ad u I t when th e ch es t 

is about midway between inspiration and expiration, 

to a pres sure o t f r om - 4 to - 5 mm. of mercury. I n · 

the new born the lungs ft 11 the cavity wt th comparativ~fy 

little stretching. In later years the distenstbiltty of 
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the I ungs increases, s i nee the thoracic cage grows 

more rapidly than the lungs; the elastle pur1 : in 

coniequence a I so increases and with t t the t n tra.

pl eura I negative pressure. 

This "negative" pressure is increased during inspiration 

-- since the distension of the ~1.astic lungs ts 

greater -- and reduced dufing ~xpiration. During the 

former ph1se of respl ration t t amounts to about -6mm. 

of mercury, during an ordinary expiration it ts 

reduced to about -2.5 Olfll• of mercury. In midposi tton 

as s ta hd above t t is about -4.5 mm. of Hg. 1 n forced 

inspiration the pressure wt th a closed glottis m•y 

amount to -40 mm. of Hg. and in forced expiration 

under the same circumstances it ts abolished and 

a pos i ti Vf!. prf!.S sure of 50 mm. of Hg. is subs ti tu te·a. 

~ The rese_t_r_a tory movements. 

The foregoing paragraphs make it clear that the flow 

of air into and from the lungs depends entirely upon 

changes in the capacity of the thoracic cavity. The 

lungs play a purely passive role. During inspiration 

the thoracic cavity is enlarged in all diameters, 

vertical, anteroposterior and transverse. The enlarge-

ment ts not equal in all directions. The upper part 
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of the thorax increases much less in capacity than 

does the lower; and since the post tion of the spinal 

column remains relatively fixed the increase tn antero

posterior diameter of the thorax ts due mainly to •n 

exp a n s i on tQ r wards • The t n c re as e t n the v er ti ca l 

d i am e t e r 1 s du e I no t to th e up w a r d ex pan s t o n o f th e 

chest cavity but to the downward elongation resulting 

f r om d es c e n t o f the d I a p h r a gm. 

Unequal enlargement of the thoracic cage entails unequal 

ex p a n s i o n o f th e I u n gs • Ke l th ( 39 l d i s t i n g u i s hes 

three zones In the expanding lung. 

l 11 A non-expans i I e root zone con tat ni ng the bronchus, 

pulmonary vessels and lymphatics and their main divisions. 

(21 An intermediate zone in which the vascular and 

bronch I a I branches radiate outwards toward the I ung 

surface. Between these rays is situated expanstle 

pulmonary tissue. This zone therefore consists of 

tissue of varying degrees of expansibili ty, that 

lying near the periphery of the rays b«i ng more ex-

pans i I e than that s·i tu~_ted more cen tra 11 Y• 

(3) An outer or subpleural zoiie from I to I-¼ inches 

de;p of maximal distensibillty. 

Those regions of the lungs lying tn relation to the 

relatively immobile regions of the thoracic walls, 
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n1mf!IY (I) thf! dors1I siurtacf! of thf! lung apf!x, 

(2) th~ posterior surfacf!s of th~ lungs in contact wl th 

thf! spinal column and attachf!d segm~nts of th~ ribs, 

and ( 3) th f! m ~di • s t t n a I surf I cf! I y i n g 1 n r ~ I a tt on to 

thf! pf!ricirdium and othf!r structures of th~ mf!di1stinum, 

irf! ~xpand~d indirectly. The parts of th~ lung which 

are dlrf!ctlv f!Xpand~d during inspiration arf! thosf! 

lying in contact with thf! frf!~ly movabl~ boundari~s 

of thf! thor1x, namtly I I l the s tf!rnum and ribs and 

(2) th~ diaphragm. 

It Is tvident that thosf! portions of lung in contact 

wl th practically station1ry rf!gions of the thor•clc 

walls can only be expand~d indirf!ctlv, th1t ts, wh~n 

o th~ r pa r ts o f th~ I u n g mo v f! o u t o f th f! way. I f the 

root of th~ lung were ftxf!d this could not occur. 

Mack 11 n ( l showf!d by x-ray s tudi ~s on thf! human 

that thf! I ung root moVf!S· sownwards, forwards and 

I a tf!ral Iv during I nspl ration. Al so he demons tra t~d 

that the bronchial tr~f! bf!comf!s elongat~d during th~ 

inspiratory phasf! • . .Thf! tr.achea bf!com~s strf!tch~d and 

the apu of the lung actually df!scends as it expands. 

During expiration the highly elastic bronchial tree 

rf!col Is to I ts prf!\iious lf!ngth and th~ lung root 1sc~nds. 

If the root of thf! lung werf! fixf!d, ltttlf! f!Xpanslon of 
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• region such as the apex or other regions could 

result. At the same ttme only very moderate 

ex pans I on of other reg Ions (e.g. cos tos tern a I and 

d I a p h r a 9m a t I c l o cc u r t t t h e b r o n c b i a I tr e e co u I d no t 

lengthen. 

The e n I a r gem en t of the tho r a c t c c a v I t y du r I n g i n s p I r • t I o n 

According to Keith ( 39) there are tour dis ti nc t 

mechanisms. 

(I) The thoracic lid 

(2) The upper costal series (second to the sixth rib 

enclusive.l 

(31 The lower costal series 17th to the tenth rib enc·Jusive.l 

and the dl •phragm. 

(4) The tlo•ting rib series and the muscles of the 

abdominal wall. 

The thoracic ltd or operculum 

This unit ts formed by the first pair of ribs and the 

manubrium st~rnl. It Is jointed behind to the spinal 

column and In front to the sternum by t he manubrlo-

sternal joint. During the elevation of the thorax In 

i n s p t r a ti on the tho r a c t c I i d moves a s a s i n g I e pi e c e 

upon. the body of the sternum~ •ssumi ng a more horizontal 

po s i t i o n ( by f r om one degree to · s i x teen degrees ) • Th a t 

Is~ the manubdum is pushed upward and forward. Thus 

the upper part of the thorax ts increased in its 
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anteroposterior diameter. The anterior portion of 

the lung apex is directly expanded to some extent by 

this mechanism. 

The upper costal series 

The seco·nd through the sixth ribs slope obliquely from 

behind downwards and forwards. Each rib is longer, 

i ts d i r e c ti on mo r e ob I i q u e and i t ma k es a f u I I e r sweep 

outwards than its neighbor immediate l y above. During 

inspiration these ribs (with the exception of the 

second) assume a more horizontal position, 

anterior portion moving upward and forward. 

their 

That 

each rib rotates around an oblique horizontal axis 

parallel to its necl:. The sternum Is thrust 

forward and upward, executing a movement at the 

manubrio-sternal joint. These movements increase 

the anteroposterior diameter of the thorax. The 

elevation of the ribs is effected by the external 

i s, 

intercostal muscles. The fibers pass obliquely down-

wards and forwards from the lower border of one rib to 

the upper border of the rib below. When th e muscle 

contracts it exerts a pull upon these attachments 

which tends to depress the upper rib of the pair and 

to raise the lower. The first rib, however, acts 

through the contraction of the scalen e muscles, as a 
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tixed point above, so that contraction ot the external 

intercostals can only result In an e l evation of the 

r i b s • Ow i n g a I so to the ob I t q u i ty o f the f i be rs w hi ch 

a r e a t ta c h e d b e I ow to th e a n t e r i o r e n d o t th e I o n g 

arm of a _lever and above to the posterior end of the 

long arm, a distinct mechanical advantage is given 

to the upward movement. The interna l intercostal 

muscles are, in the cat at any rate, as shown by Bronk 

and Ferguson (I ll , exp i r a tor y i n tun c t i on. The i n tern a I 

and external inh:rcostals receive impulses alternately 

along the in tercos tal nerves. 

The strongly bowed mid-portion of th e body of each rib 

trom the second to the sixth also becomes elevated, in 

relation to its two ends, rotating around an oblique 

anteroposterior axis. This movement which is compared 

to the raising ot a bucket-handle to a more horizontal 

position increases the transverse thoracic diame ,ter. 

Th e I owe r co s ta I s e r i e s a n d th e d t a p h r a gm 

The ribs from the seventh to the tenth also swing outwards 

and upwards (bucbd-handle movement) during inspiratic,n, 

rotating around an oblique anteroposterior axis which 

passes through the midline in front and the rib 

necks behind. The subcos ta I angle i s wl dened by Hi is 

movement and the transverse diameter of the low·er part 
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of the thorax increased; the anteroposterior diameter 

is slightly reduced. 

The diaphragm is the chief muscle of respiration, its 

movements being responslble in deep breathing tor 

60% of the total amount of air breathed. It consists 

of a musculo-tendlneus sheet arched toward the thoracic 
I 

cav i ty. The tendinous portion is centrally placed and 

attached to the pericardium. The muscular tissue is 

placed circumferentially. Th e d i a p h r a gm co n s i s ts o f 

two parts which differ from one another in their actions. 

(I) The costosternal part arises from the bad:. of the 

ziphold and the cartilages and adjacent portions 

of the six lower pairs of ribs. It is attached to 

the anterior edge of the central tendon. 

(2) The lumbar or crural part arises from the i1brous 

arches over the quadratus lumborum and psoas 

muscles and by two fleshy bundles ( the crura of 

the diaphragm) from the bodies of the upper lumbar 

ver .tebrae. The fibers so originating are inserted 

into the posterior margin of the central hrndon. 

Action of the diaphra_gm 

The diaphragm descends during inspiration and ascends 

during expiration. In full expiration its upper limit 
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Ii es • t a I eve I situated be tween the cos tal car tt I ages 

of the fourth and tit th ribs. In quiet breathing 

the range of its movement is about 1.2 cm. and in 

forced breathing about 3.0 cm. The to ta I di aphragmi tt c 

surface is about 270 sq. cm. A descent of 1.0 cm. 

therefore (1ssuming that all regions descend practically 

to the same extent) wi 11 increase the thoracl c capacity 

by 270 cu. cm. and cause a c~rresponding volume of 

a i r to en t er t -he I u n gs • 

As the diaphragm descends its domed shape alters very 

Ii ttle; it may be seen by the flouroscope to move up 

and down I i lee a pi s ton. A t the end of exp i r • ti on a 

considerable proportion of the diaphragmatic surface 

is in contact wl th the chest wall as high is the sixth 

or seventh rib, but during inspiration it ts "peeled 

off" the thoracic boundary, and the base of the lung 

expands . coincidently to fill the space (pleural sinus). 

The costosternal portion of the diaphragm, using thit 

lower ribs/ .ihlch through the action of the external 

intercos tals serve as fixed points, moves downward ind 

forward pushing the abdominal viscera btdore It. Thus, 

the capacity of the lower part of the thorax is in-

creased. The abdominal wall distends but when, as a 

result of the resistance offered by the abdominal 



-'27-

muse I es, the downward movement of the viscera becomes 

arrested these act as a fixed point for the continuing 

co n tr a c t i o n o f th I s pa r t o f th e d i a p h r a gm. I ts f o r c e 

Is now spent in raising the lower ribs to which it is 

attached; through this action the sternum Is thrust 

forward and upward. The spinal or crural part in 

its descent acts solely in increasing the verttcal 

diameter of the thorax. 

Th e ex cu r s i o n s o t th e d i a p h r a gm a n d con s e q u en t I y i ts 

mid-posi tton are influenced by ( 11 the upward pul I of 

the s u b • tm0 s p her i c i n tr a tho r a c i c p r e s s u r e, ( 2 ) th e 

abdomi na I viscera. In the s tan.ding pos I tion the wet gh t 

of the latter exerts a downward pull and so aids the 

de s c en t o f t h e d i a p hr a gm bu t h i n de r s t ts a s c en t; th e 

mean or mi d-pos i ti on of the diaphragm is therefore 

h1ken up at a lower I eve I than In recumbency when the 

viscera exert an upward pressure. ( 3) The abdominal 

muscles; these, when lax and the body In the standing 

po s i t I o n , a I J ow th e v i s c er a to s u b s i de to a I owe r I e v e I 

and so increase the downward pull upon the diaphragm. 

In persons wt th extremely weak abdominal muscles, such 

as subjects with vlsceroptosis, the ~ownward pull upon 

the diaphragm greatly interferes wt th I ts movements. 

The breathing ·is largely cos ta I. 
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The fleattng ribs (11th and 12th) and the abdominal 

muscles. 

Functtonally the flo'ating ribs must be considered with 

the abdominal muscles which are the antagonists of the 

diaphragm. The rectt and oblique muscles relax as the 

d i a p h r a gm d e s c e n d s ; th e y c o n t r • c t w i t h i ts a s c e n t. 

Exe,i ration 

Expiration is to a large extent a passive movement; In 

quiet breathing it is probably entirely so. That ls, 

the contraction of the tnspiratory muscles ceases; the 

thorac I c framework tends through 1 ts own wel gh t to 

resume 1 ts former position, the e I as tic I ungs recoi I 

and the relaxed diaphragm ls draw.n upwards toward the: 

thoracic cavity by the: 11negative 11 tntrathoracic pressure 

which ts greatest at the end ot inspi r ation. There is 1 

however, also a deflni-tely active element in expiration 

w h e n th i s i s f o r c e d • As men ti o n e d ab o v e, th e ab d om i n i I 

muscles contract and by pressing upon the viscera aid 

th e a s c e n t o f th e d i a p h r •gm, l • e • , th e I a tt e r i s p u s h e d 

up by the increased -intrabdominal pressure resulting 

from the contraction of the abdominal mu sci es, as wel I 

as "sucked" up by the subatmospheric pressure within 

the thorax. 

During forced expiration the internal lntercostals whos,~ 
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fibers I He those of the external intercostals course 

obliquely but in the oppostte direction (downwards and 

backwards) contract and so aid in the depression of the 

ribs. The res tor a tton of the thorax to its previous 

diameters Is, of course, accompanied by a corresponding 

reduction in the capacity of the lungs and the expulsion 

o t a i r f r om i ts a i r spaces • 

The act of coughing 

There are three mechanisms tor the expulsion of foreign 

material. first, the action of the ciliil; second, the 

perts tal tic metton in the bronchtoles; and third, the 

cough reflex. 

The clltated cells are found in the nasal part of the 

pharynx, in the lower part of the vestibule of the 

I arynx and In the trachea. The ci I 1 a beat wl th a 

motion which propels material toward the mouth. They 

become even more ibundant when the large bronchioles 

are reached, but are largely replaced by cuboldal or 

f I a t ten e d c e I I s I n the resp i r a tor y bronc h i o I es • The s e 

cells are highly efficient when performing under normal 

condt tions. However, a multitude of things effect thetrr 

mo tt Ii ty. They are not influenced by nerve impluses, 

but are very susceptible to chemical changes in the 
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blood and to substances applied loc1I ly. Certain 

general anesthetics depress their activity and many 

sedatives exert the same effect. Cillary action is 

depressed by cold and increased when the temperature ts 

slightly above normal. Th~ir ~tfectiveness may also 

be varied by changing the properties of the material 

is well as by increase or decrease in the rate or 

force of beating. 

The e, er i s ta I ti c mo ti on o f the bronc h i o I es 

From the studies of Ellis and Nicholson t23}, the 

rhythmical bronchtal movements appear to be purely passive 

in nature and not Integrated through reflex mechanisms 

wt th inflation and deflatton of the lungs. The 

bronchioles also exhibit a peristaltic movement which 

can be detected by X-ray photographs of the bronchioles 

after the injection of r1dio opaque materials. It ts 

not thought that the per is ta I tic movement p I ays any 

part in the movement of air, but it appears to •ssist 

in the movement of foreign material towards the large 

air tubes. 

The coush ref I ex 

The cough reflex is most commonly lni ttated by the 

stimulation of afferent nerve endings in the region of 

the tr ache a I b i fur ca ti on, the mos t s ens i ti v e a r ea, on 
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tht laryngeal mucosa. It may also be int ttated from 

the exct tation of vagal afferents in the lungs, or 

from nerve endings tn the pleura. Ear disease, through 

the stimulation of terminals of the auricular branch 

of the vagus (Arnolds nerve), . may also cause coughing. 

The act itself consists of a short inspiration followed 

Immediately by the closure of the glottis and a forctb-1~ 

expiratory effort. A considerable degree of pressure ts 

there by developed within the lung. The glottis then 

opens sutldenly and offending material is moved a 

variable distance along the alr passage. If ft reaches 

an insensitive area the coughing ceases. During the 

subsequent inspiration the irritating particle, if not 

large enough to seriously obstruct the air passage, 

remain s t!adts new position, from which it ts carried 

forward again during succeeding expulsive efforts until 

it is swept away from sensi five areas. 
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lnfluf!nCf! of rf!spiration on blood prf!ssurf! in man 

Thf! f!fff!ct ef rf!spiratlon on fhf! blood prf!ssurf! is 

important in the body f!conomy. 

Accor din g to Battro f!t al (4), tbf! nf!gatlve prf!ssurf! 

wi thi n , the pleura is greater during i nspi ration than 

during f! Xplratlon. During ordinary I nspiration, a 

largf!r quantity of venous blood gof!s to the heart, 

bf!causf! of thf! grf!atf!r nf!gatlve pressurf! within the 

thorax. At the same timf!, with the df!scent of the 

diaphragm, thf! abdominal pressure ls incrf!asf!d. Both 

factors contribute to augment the inflow of blood to 

th f! hear t a t the end of i n s p I r a ti on. The res u I t i s 

•n incrf!dSf! In thf! cardiac Gutput in this phasf!. 

During f!Xpiration, the phf!nomena are r eversed, and 

there is a consequent dimi nu tton in t he blood pressure. 

Co n s i d f! r I n g o th e r t a c to r s , th e i n t e r v e n ti o n o f w h I c h c a n 

alter thf! results stated above, the anatomicophysioleglc 

condition of the pulmonary bed, the v ariations In 

the diameter of the pulmonary bleod Vf!ssels and the 

r e s I s t a n c f! w h i c h t h e s f! v e s s e I s o tf f! r to t h f! b I e o d m u s t 

bf! mentioned. 

signi ti cant. 

Thf! intrapf!ricardlal pressurf! is also 

According to the fl ndi ngs Q>f Hf!i nbe_cker and Trimby and 
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Nicholson (60) the pulmonary bed adm i ts a greater quantity 

of blood through expansion of the lung during tnspira-

tt on I es p e c i a I I y a t the beg i n n t n g. Cons e q u en t I y, the 

res i s tan c e to the lb I o o d i n i ts p u I mo nary co u r s e and 

the inflow of blood to the left ventricle are h~ssened 

a n d the b I o o d pr es s u r e tends to de c re as e. 

In expiration, in spite of greater resistance of the 

pulmonary vessels,tte blood flows more easily into 

the left auricle. The consequence of this is an 

i n c r e a s e i n t he s y s t em i c b I o o d p r es s u r e. I n a d d i ti o n, 

lewis ( 'fo l states that during inspiration there ts 

a decrease in the lntrapertcardial pressure with 

an i n c re as e I n the d I as to I i c i n f Io w and the card t a c 

OU tpu t. 

The relationship between all these factors may 
' 

explain the fluctuations of bl.cod . pressure in the 

course of normal brec,thing. In the fol lowing 

table are considered the different factors which 

a c t on th e b I o o d pr es s u r e. 

.-
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Fac~rs Which Contribute to Variations of Blood 

Pressure During Inspiration 

Increase of blood pressure 
t 

Increase of cardiac output 

Increase of venous 
re turn to the heart 

Increase of Diastolic 
filltng 

Elevation of 
abdominal 
pressure 

Increase of neg
ative ll'ltrathoracic 
pressure 

Easier 
Dt as to I e 

I NS PI RA Tl Cl\l 

D t I a ti on o t p u I mo n a r y v e t n s 

1 
Fa I I of i n. tr a
pert card i a 1 
pressure 

Greater quan tt ty of blood 
in lungs 

Decrease of resistance In 
pulmonary circulation 

De I a y o f f Io w of b I o o d l n to th e I e f t v en tr l c le 
t·• / 

Decrease of blood pressure 

(adapted from Battro et al) 
( 41 



-35-

In ordinary breathing there ts generally an inspiratory 

fall and an expiratory elevation of the blood pressure. 

The vascular capacity of the lung probably predominates 

over the thoracicabdominal factor in these cases. 

During deep, slow thoracic breathing, the variations 

of the blood pressure are cl ear er than during ordinary 

breathing. As has been previously stated, there ts 

generally an Increase in pulse rate and a fall in 

blood pressure during inspiration and a rise during 

expiration and the respiratory pause. The behavior of 

the blood pressure ts neither constant nor uniform as 

cases have been found in which it has risen during 

inspiration. These variations are independent of the 

heart rate. Expiratory slowing has been occasionally 

found which commenced sometimes at the beginning and 

sometimes at the end of expiration and persisted 

du r i n g th e r e s p i r a to r y pa u s e. 

A decrease in blood pressure during inspiration is 

p rob a b I y d u e to p r e d om i n a n c e o f th e t a c to r o f n e g a t i v e 

intra thoracic and post ttve abdominal pressure. This 

predominance favors the venous re turn to the heart and 

hence the systolic discharge of the ventricle. An 

increase in blood pressure during expiration leads one 

to suppose the predominance of the pulmonary factor, with 
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a consequent increase in the venous return to the heart. 

During deep, fast thoracic breathing an t ncrease of 

the blood pressure during expiration has been 

obser.ved, and with deep, slow abdominal breathing 

there was shown a rise of blood pressure' during 

inspiration • 

Bbod pressure during inspiratory apnea 

The record- of the arterial pressure curv~ during apnea 

f o I I ow i n g a deep i n s p i r a ti o n s h ow s t ha t bo t h th e s y s to I i c 

and the diastolic pressure fall grad u ally in the first 

three to five seconds, and the dt cro t t sm becomes more 

evident. The cardiac rate increases 6 or 7 beats per 

minute. The inilial fall is followe d by a gradual 

rise of the arterial curve and the cardiac rate until 

the end of t he apnea. As soon as breathing is recom-

menced, the arterial curve regains its original state 

and the blood pressure returns to its original level, 

though during a few seconds it may be higher. These 

yariations may even be recorded in arteries far from 
. 

the thorax, e.g., In the posterior tibial artery • 

The changes in the first seconds of t h e period of apnea 

may be explained on th e basis of mechanical interference., 

chiefly blocking of the venc:;>us return to the heart, 
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which tends to reduce- the amount of blood flowing 

to th e h ea r t a n d p r o d u c es d i m I n u ti o n o f th e ca r d i a c 

discharge. 

The changes of the second phase may be explained by 

the intervention of reflex phenomena due to stimu-

1 a tion of vasorno tor centers by the hypercapneml a or 

hypoxemia associated with any more or less 

~r~longed respiratory pause. 

Arterial pressure during expiratory apnea 

In the course of the interval of apnea following an 

ordinary expiration, it is observed that after a slight 

decrease in blood pressure during the ti rs t seconds the-re 

is a progessive increase in the maximal, the medial and 

the minimal pressure until the end of the test, which 

r generally lasts from fourteen to twenty seconds. The 

p u I s e p res s u r e a I so i n c re a s es tow a rd t he end. Ho I d I n g 

the breath tor a longer period causes a series of mus-

e u I a r a n d d i a p h r a gm a t I c co n t r a c t I o n s w I th a t e rm i n a I 

elevation of the arterial pressure and a slowing ot the 

pu Is e. 

The ini ttal descent could be interpreted as the result 

of stopping the respiratory movements. The consequent 

@If-mi nation of the thoraci cdi aphragma tic tac tor reduces 

th e v e no u s f I ow to th e he a r t a n d d t m i n I s h e s th e c a r d i a c 



y 

-38-

OU tpu t. The subsequent r rtse could be explained by 

the exci ta tio-n of the vas omotor centers caused by 

oxygen hyposaturatlon of the arterial blood 

lhypoxemia) or by accumulation ~t carbon dioxide 

lhypercapnemial. The cardiac rate increases slightly 

a s a r e s u I t o f th e s ym pa t h e ti c s ti mu I a ti o n. I f th e 

test is prolonged muscular contraction produces abrupt 

changes in intrathoraci·c pressure. 

Effect of cough on arterial pressure 

The intra-arterial presst.1re was studied d~,ring the 

exer tton of coughing and it was found that it rose 

sometimes to very high levels. \Y/hen the cough 

coincides with the top of the pulse curve, the systolic 

pressure may duplicate its normal values. 

The influence which this phenomenon has on the cerebral 

arteries has been studied by Hami I ton, Woodbury and 

Harper l28l. The simultaneous regis t ration of intra-

arterlal, intrathoracic and intraspinal pressure has 

shown that an abrupt rise of in tra-ar terl al pressure 

caused by coughing is accompanied by an increase in 

intraspinal pressure. Therefore, a rise in the intra-

arterial pressure in the brain is accompanied by a 

correlative increase In the pressure of the cerebrospi na I 
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tlutd~ and pcssible rupture of an artery is avoided. 

They have proved that identical protecting mechanisms 

against abrupt rises in blood pressure exist in the 

thorax and in the abdomen. 
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Resetratory Center 

The respiratory cenhr is located in the reticular 

formation and extends from slightly below the pons 

to the I eve I of the ca I arou s · scrip tor I us• Transection 

o f t he b r a i n s t e·m b e I ow th e I a t t er I e v e I s tops 

respiration. Acco~dlng to Pt tts et al, 1939, 1940 ; (49)(50) 

Be a to n a n d Ma go u n, 19 41 l 5 ) , w h en th e i n t er i o r o f th e 

medulla is explored in cats or monkeys w1 th a needle 

electrode, through which stimulation is applied to 

one point after another in the reticular formation., 

either i nspi ration or expiration can be produced 

depend i n g on the I o ca t1 on o f th e po i n t s ti mu I a t e d • 

The points in the reticular formation which cause 

expiration lie dorsal to those that cause inspiration. 

By this method it has been possible to determine the 

extent and ou ti i ne of the res pi ra tory center and to 

s how th a t i t i n c I u des a do rs a I exp i r a tor y di v I s Ion, 

corresponding to the dorsal par 't of the reticular 

f o rm a ti on, a n d a v en tr a I i n s p i r a tor y di v i s i on, 

corresponding to the ventral part of the reticular 

formation. 

It was formerly supposed that the respiratory center 

possf!ssed an inherent rhythmicity of i ts own; but 

whether or not this is true, Its activity is controlled 
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by the condition of the blood in I ts capillaries and 

by Impulses reaching it from various sources especially 

f r om th e I u n gs b y way o f t b e v a g t • 

Pitts et al (49) discovered that electrical stimulation 

within the expiratory center causes expiration; if 

stimulated during inspiration or during apneusis 

these movements are inhibited. Regular respirations 

inspiration alternating with expiration -- are induced 

by r h y t hm i ca I s ti mu I a ti on o f th e i II s p i r a to r y c en t er ; 

ex p i r a ti o n th en o cc u r s pa s s i v e I y. R h y t hm i c a I s ti mu I a ti o n 

of the expiratory center also produces regular resplr

•tion., spontaneous inspirations then al ternattng with 

the expl ra tory movements. In ttma te con nee ti ons exist 

apparen ti y wt thin the cen hrs and be tween the two. 

Reciprocal inhtbi tion of one center upon stimulation · 

of th e o th e r c a n b e d em o n s tr a t ed. Th e s i m i I a r i t y i n 

the effects of stimulation of the expiratory center and 

of the central end of the vagus., namely., inhibl tton of 

inspiration and of apneusls., has led Pttts tnd his 

colleagues (SO) to the conclusion that the vagal 

effects are mediated through the expiratory center. 

Th e c h em i c a I co n tr o I o f r es p i r a ti o n u n de r o r d I n a r y 

physiologi"cal conditions is carried out t lir.:tm:"a'h frt@' 

1ctton of carbon dioxide on the resp i ratory center. 
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H•leane and Priestley l26) found that In man a rise 

ln the carbon dioxide of the alveolar air of only 

0.2 per cent (equivalent to an increase of 1.5 mm. 

Hg. pressure) was sufficient to double the pulmonary 

ven ti I a ti on. Changes In the oxygen tension and hy

drogen ion concentration are less effective. 

The res p i r a to r y c en t er i s conn e c t e d w i th the a e u r on es 

of the phrenic and intercostals nerves In the cervical 

le. 31 4 and 5) and upper thoracic segments of the 

co r d ( T. 2-6 ) by de s c end i n g tr a c ts w h i c h r u n i n the 

anterior columns and in the ventral part of the lateral 

columns of the spinal cord. 

Voluntary control - Emottonal Influences t-7~ 

That the respirations are under voluntary control for 

short periods of time Is common knowledge. This ·· c:ontrol., 

though we are scarce I y cons c i o us o t i t I n mos t I n s tan c es., 

ls being exerted ln numerous ways in the ordinary 

affairs of daily life, such . as in speaking., swallowing., 

laughing., ISlowlng., coughing., sucking, etc. But the 

power of the will to inhibl t respiration is stric. tly 

I imi ted. The breath can be held tor only a brief time 

(about 45 seconds) before automatic or involuntary 

control asserts 1 tselt; the inhib1 torv Influence Is 

overridden and the muscJes of respiration contract 
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•~spite al I one's efforts to "hold the breath". Th~ 

n er v e ~ I em e n ts g i v 1 n g e r l g i n to th e v o I u n ta r y 1 mp u I s es 

ar~ probably 1 n the mo tor area of the cerebr•I cortex. 

S ti mu I a ti o n o f a r ea 6 • i n mo n k e y s a cc e I ~ r a t es the 

res pt rations; . area 6b is i nhi bi tory. 

The respirations may be affected profoundly by impulses 

•rising in higher c~rebral centers as a result of various 

emo ti on a I or o the r men ta I s ta t es , e. g. , f ear, gr i e f, 

surprise, interest, amusement, etc. 

Ref I exes from other e.!r ts of _the body 

According to B~st and Taylor (7), stimulation of almost 

•nv •fferent nerve may bring about a reflex change in 

respiration. Stimulation of pain fibers is especi _ally 

potent tn thts regard and the respiratory effects of 

the exci ta ti on of the cutaneous nerves by extremes of 

he•t or cold are wel I known. The great increas~ in 

pulmonary ventilation occurring in muscular exerctse 

is to a large extent dependent upon reflexes origin-

ating in the active skeletal muscles. Proprioceptive 

imp u I s es f r om the d I a p hr a gm and o the r resp i r a tor y 

muscles during one respiratory phase exert an 

important influence upon the succeeding movement. 

Sttmula tion of the abdomin•l vi-scera, either during 

surgical operati-ons or as a result of disease, may 
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cause: profound changes tn breathing. The: glossopharyngeal 

nerve: contains afferent fibers which lnhibi t respiration 

during the second stage of the act of swallowing. 

Ab r up t i n h I b i t i o n of r es p i r a ti o n i s a I s o c au s e: d by th e: 

inhalation of an irritant gas through stimulation of 

nas•I branches of the: 5th nerve. In other instances 

irrihtton of these endings may cause sneezing -- a 

modi ft ed res pi ra tory act. Cough, though it Cin be 

brought about by a voluntary effort, is most commonly 

reflex in character, initiated by the stimulation of 

affe:ren t nerve endings in the trachea and larynx. 

Carotid and aortic bodte:s 

Heymans and Heymans ( 36) made: the surprising discovery 

In 1927 that respiratery reflexes could be e:ltcl ted 

from the: aortic area. This discovery and the researches 

of Heymans and his associates on the corresponding 

role played by the structures in the: region of the: 

carotid bifurcation opened a new field in the: phystology 

of res pt ration. These men di scove:red that the: caro tt.t 

and aortic areas each contain two types of receptors; one 

type:, pre:ssoreceptors., responds to mechanical, the other, 

che:morece:ptors, respond to chemical stimulation. The 

pr~ssore:ce:ptors situated among the colla9enGus fibers 

In the wall of the carotid sinus and in the wall of 

the aortic arch, are stimulated by a stretching force:, 
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as by a rise in arterial bloo~I_ pressure. The 

chemo.receptors are contained in small glandular 

s tr u c tu res ., th e ca r o t t d a n d a or ti c bod l es • The 

res pi ra tory ref I exes I nl ti a ted from these two types 

of receptors are contrary in their effects. Stimula

tion on the pressoreceptors inhlbl ts respiration., and 

abrupt rise in blood pressure such as fol lows the 

injection of adrenaline causing respiratory arrest 

(apneal. Excitation of the chemoreceptors increases 

the rate and depth of breathing. Impulses reach the 

respiratory center from the carotid body and c caroti~ 

sinus by way of the glossopharyngeal nerve and those 

from the aortic body and aortic arch by way of the 

vagus nerve. 

Though of the utmost tmpor tance 1 n the control of cl r-

cul a tton, the pressorcceptors do not appear., in mammals 

• t I ea s t., to s er v e a n y resp i r a to r y fun c ti on under 

phystologlcal conditions according to Best and Taylor 

(7). They state further that there is no circumstance 

of a phys t o I o g i ca I n a tu re under w h I ch the l n h l bi ti on 

of respiration Is caused by a rise in blood pressure 

or by the stimulation of these receptors in any other 

way. Nor is_ l t apparent that such a reaction would 

serve any, useful purpose. That they gt ve a res pi ra tery 
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response when very strongly stimulated appears to be 

accidental and wt thout physlologicaf significance. 

According to Barach et a.I (3), who made observations on 

a group of subjects, there must be a ratber severe 

lowering of ar terl •I oxygen saturation of the blood to 

produce a marke:d change in respi ration. In those of 

th~ group who retained good functtonal activity the 

oxygen saturation was 79.3 per cent and the expiratory 

exchange increased from 9. 7 to 10.98 Ii ters per 

ml nu te. In those who we:re contuse:d the oxygen sa tura-

tion was 77.8 per cent and the respiratory exchange 

on I y 8 • 09 to 9 • 36. I n c re as e: s o t I 3 an d 16 per c en t o f 

the control value indicate that the hyperpneic response · 

w a s c er ta i n I y no t ma r k e d • -D a ta s u c h a s th i s i n d i c a t e 

that, in stable, normal subjects, the hyperpnea of 

anoxemlals not marked at all unti I the oxygen satur•tion 

is around 77 per cent. If the saturation becomes lower 

the chemorecepfors respond to stimulation of the 

resp Ira torv center. 

The chemoreceptors are less sensitive s ti 11 to carbon 

d i ox t de• Sc hm i d t, D um k e a n d Dr I pp s ( 5 4 ) t I I us tr a t e 
, 

this by Isolating the carotid body~ in the dog from 

the general blood stream but its nerve supply Is 

retained, and then perfused with a solution containing 
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carbon dioxide. The smallest change in carbon dioxide 

tension which causes an appreciable change In respiration 

ts around 10.- mm. of Hg. When, on the other hand, the 

reflex is aboJlshed by denervation of the carotid 

area, a change in carbon dioxide tension of only 3 mm. 

of Hg. in the blood supplying the respiratory center is 

sufficient to induce hyperpnea. 

These experiments indicate clearly that the chemorecep

to rs are re I i t t v e I y i n sens i t .i v e to a red u c ft on i n 

ox y gen o r to a r I s e i n ca r b on d I ox i de tens i on a n d 

therefore play a very minor role, if any, in the 

control of respiration under ordinary physiological 

conditions. However, in more exacting emergencies 

the reflex response of the chemoreceptors, especially 
/ 

to anoxia, is of highest .importance. 

The findings of Davenport et a l ~.ia·1 sho w that anoxia, 

in its direct effects on the respiratory center, is 

both stimulant and depressant, the implication being 

that the stimulation is slower on onset and reversal 

than ls the depression. The chemoreflex mechanism, 

on the other hand according to Comroe and Schmidt (15) 1 

is _highly resistant to anoxia, retaining I ts viablli ty 

and continuing to exert its influence upon the center 
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which other wise would be unresponsive In the body's 

emergency. These observers look upon the chemoreceptor 

mechanism as a more primi tlve type of t:esplratory 

control which serves as a last line: of defense against 

respiratory failure -- the ul timum morlens of the 

r es p i r a to r y co n tr o I s y s t em. 

Hering-Breuer reflexes 

The Importance of afferent impulses from the lungs in 

the control of respiration was first pointed out in 

1868 by Hering and Breuer (35 ), who showed that 

l n f I a t t on o f th e I u n gs a r r es t e d i n s p I r a ti on, exp I r a ti on 

then ensuing, while deflation inh .ibi ted expiration and 

brought on inspiration. These reflex effects are mediated 

through the afferent fibers of the pulmonary vagt, 

for they are abo 11 shed at ter the.se nerves . have been 

divided. The receptors are sensitive to a stretching 

force and are thought to be situated In the walls of 

the alveolar ducts., the most distens i ble part of the 

lungs. 

ln ordinary breathing the inflation reflex alone comes 

into play., thus checking., at the end of inspiration of 

th,z usual duration further distension of the lungs. 

According to Adrian and Partridg~ (I), the corresponding 

deflation reflex does not,apparently, play a part 

under ordinary circumstances. In order to elicit it., 
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ex tr em e de f I a ti on of the I u n gs t s re q u i r e d, as ca n 

be produced In the laboratory by forcible compression 

of the chest, by col apse of the I ungs through the 

production of a pneumothorax, or by sucking air from 

the trachea. 

Factors governing reseiration 

It ls obvious that respiration cannot be accomplished 

in a normal way unless all the factors entering into 

its production remain normal. 

follows: 

Th e s e f a c to r s a r e a s 

( I l Norma I functioning of the res pi ra tory center. 

( 2) Integrity of therespiratory muscles. 

( 3) Integrity of the motor nerves of these muscles, 

including the vagosymphlhetic afferent and efferent 

fibers. 

( 4 l Patency of the respiratory airway. 

(5) Maintenance of intra-pleural negative pressure. 

(61 lntegri ty of the carotid sinus reflex. (in the 

arterial wall lie receptors which are stimulated by 

distention of the artery). 

(7) lntegri ty of the Hering-Bruer (.35) reflex (in which 

expansion cf the alveoli cause arrest of inspiration 

and starts expiration, ·and colapse of the alveoli . 
causes arrest of expiration and star ts i nspi ration.) 
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( 8 l I n t e gr i t y o t th e ca r o ti d a n d a o r t i c bod i es ( c h ~mo

c e p tors recording oxyg~n and carbon dioxide). 
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The asphyxiated patient., regardless of the cause 

of asphyxia, wi 11 exhibit a variety of symptoms. 

There are many investiga~rs who have grouped 

these symptoms Into classifications. It is the 

opinion of the writer that· the metho d used by 

Flagg (29 in arranging the physical signs and 

symptoms of asphyxia into three stages is inclusive 

and · readi I y understood. 

Stage of ' depress ion 

The patient is in a stuporus or semiconscious state. 

He may be aroused by severe stimulation, slapping, 

etc. but usually relapses. Reflexes ~ctive, 

respirations shallow and quiet., pulse regular, mav 

be depressed or stimulated. Patient may retch or 

vomit and move ex tremi ti es. 

Stage of spas tfcl ty 

Patient ls completely unconscious and cannot be 

aroused. He Is cyanosed or pal lid, depending upon 

the con di ti on of the c i r cu I a ti on. Brea th i n g i s 

obs tr u c t e d, and the r e i s a tendency to ma s s e t e r i e 

spasm. Vomiting and bleeding from th e mouth or 

nose ar e common. Eyes are injected; skin is cold; 

extermi ties relaxed; circulation slug g ish or with a 

bounding pulse of anoxemia; pharyngea ·I reflexes active. 

. .,,... 
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Stage of f I a~c~i~cli ty 

The pa ti en t is completely relaxed. Jaws separate 

w i thou t res i s tan c e. Ph a r y n g ea I ref I ex es i n abeyance. 

Skin cold and clammy. Eyeballs fixed., rtoflexes gon~. 

L a r y n g e a I r e f I ex e s s I u g g i s h o r a b s e n t. R e s p i r a ti o n 

shallow and obstruct~d, or not demonstrable. Heart 

sounds a re i naudi b I e. Pa ti en t cyanos ed or pa I Ii d. 

A clinical discussion of anoxla 

Th e e f f e c ti v en es s o t a r ti f i c i a I resp i r a ti on I s 

governed by many di fteren t factors as wel I as the 

a c tu a I man u v er p e r f o rm ed. It these condi ttons produce 

anox I c anox i a, his to toxic anox 1 a, anemic anox i a or 

stagnant anox i a and are not recognized and ~or rec ted 

at once, any attempt to revive the patient is 

futile. These factors and method of corrective treat-

ment are considered in the fol lowing discussion. 

Anoxic anoxia 

Ob s tr u c ti o n b Y, f o r e i g n ma t t e r 

Solid or fluid matter in the mouth, pharynx or any 

part of the respiratory tree due . ro any of the 

obvious causes should be aspirated as soon as possible 

or the solid material be regurttated or removed, 

surgically if necessary. 
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Obstruction by~glottic spasm 

The glottlc reflex Is a profound reflex controlled 

by relatively powerful muscles and is excited by 

contact with fluid or solid material therefore, 

no rm a I I y, food a n d d r i n k w i I I no t pa s s i n to the tr a c he a. 

If material should pass, coughing and severe spasm 

results. If the glottic reflex ts Impaired because 

of general anesthesia, barbiturates, local anesthesia, 

central paralysis, etc., the physician should protect 

the patient from aspiration of any foreign material 

by s u c ti on• I t t s much be t hr, o f co u rs e, to pro t e c t 

the mechanism so tt will function if po ssible. 

Obstruction due to loss of muscle tone 

The patency of the a I rways depends upon the tone o t the 

mu s c I es o f th e to n g u e, f a u c i a J p i I I a r s a n d mu s c I e s o f 

the soft palate. f .f this muscle tone is lost by 

c e r e b r a I h emo r r ha g e_, o r i n j u r y, c e r ta i n d i s e a s e s , d r u gs ., 

anesthesia ( local or general) or by asphyxia from t h i 

many causes patency of the al rways ts lost. In such 

cases the Indicated treatment is to correct the posi tlon 

of all unconscious patients, regardless of the cause of 

unconsciousness, whether surgical or medical, and to 

provide free ventilation. 
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,Obstruction by paralysis of muscles of respiration 
• 

Certain diseases or lnfuries of central ' origin cause 

a n ea s i I y rec o g n t· zed pa r a I y s I s • The ~pl In ting of the 

muscles of respiration, especially the diaphragm, 

from upper abdominal pain due to surgical operations . 
or from injury is not always recognized. Pain of this 

ch a r a c t er as we I I a s p I e u r a I en v o I v em en t, w h i c h I I mt ts 

the normal respiratory excursions, not infrequently 

results in obstructive complications fr~m ,the :.1,accumu

lation of alveolar and bronchial exudate with resulting 

lobar pneumonia or collapse of the lung. Here the 

indications are to supplant the action of the 

respiratory muscles by the use of a respirator and 

to co n tr o I pa i n by s e d a ti o n to th e deg r e e r e q u i r e d f o r 

the release of free respiratory movement, avoiding 

the depression which fol lows excessive use of medication. 

Obstruction by__int_e_r__f_e_r_e_nce with the Hering-_B_r_t.1_er _reflex; 

intrapleural and intrapulmonary pressure. 

The physical, rhythmic exp-anslon and contraction of the 

I u n gs has such a di rec t bear i n g upon the c i r cu I a ti on, 

par t I cu I a r I y of th e r i g h t he a r t, th a t i t can no t be 

ignored. The collapse of the large veins of the n~ck at 

every i nspl ra tlon may be readi I y observed in any neck 

operation. This regular intermitten t relief of the right 

heart pressure, when suddenly eliminated by as toppage 
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of the respiration, throws a heavy burden upon the 

right heart. So called controlled respiration in 

anesthesia, shallow respiration or excessive carbon 

dioxide absorbtion, involves the hazard of circulatory 

disturbance and interferes with the Hering-Bruer 

reflex. The Increased rate and depth of the 

respiration is physiologically compensated as in 

ordinary exercise. 

Depression and cessation of the respiration is not 

physiological and is not compensated by the simple 

addi tlon of oxyhemoglobin. Furthermore, a lung 

at rest with a fixed oxygen-carbon dioxide tension 

will gradually become atelectatic. If the nitrogen is 

displaced by an anesthetic gas, this atelectasis is 

very rµpid and may proceed to comple t e collapse 

within a few minutes. The i n di ca ti on here i s ' to 

ma i n ta I n r h y t hm i c ex pan s i o n of the I u n gs a t a I I ti mes, 

thereby supporting the heart, _maintalning the patency 

of the alveolar spaces and preserving the integrity of 

the Hering-Bruer reflex. 

Anoxic anoxia by gas dilution 

Thi s i s common I y seen i n hi g h a I ti tu de f I y I n g or on 

mountain tops. The {!Ir in high altitudes is still in 

the correct proportion but is reduced in amount per unit 
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volume. Also at or below sea level gas dilution may 

occur because the atmospheric oxygen is replaced by 

another gas., e.g., smoke from fires or from gases in 

a ml ne. In such situations recognize the oxygen 

deficiency. 

His to toxic, Anemt c; and Stagnant Anox i a 

A short discussion of tissue fluids t s necessary at 

this time to clarify the next portion of anoxta . 

Tissue cells and the fluids with whic h they are bathed 

constitute the internal envlroment. The norma I 

condition of this envi romen t depends upon the main

tenance of an adequah volume of fluid through which 

gases and nutrient balance may operate. A reduction 

in the normal volume of tissue fluids ls called 

dehydration. Viewed physiologically., the purpose of 

dehydration of the tissues is to maintain plasma volume. 

When urine volume drops to one pint in 24 hours., uremia, 

delirium., coma, blood vi sci di ty., low blood pressure and 

anoxia result. Tissue fluid balance is maintained 

when the urine output is between two and three pints 

a day. 

Dehydration is characterized by sunken facies., thirst., 

weakness, dry s k i n., and I ow u r i n e v o I um e. I t occurs 

i n a I I de I a y ed ca r .e of a cc I den ts where there I s ti s sue 
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d~structlon, such as burns and crushing inurles. 

I n the s e· ca s es the r e I s I I t t I e b I o o d I o s t bu t p I as ma 

and serum escape. Dehydration induces stagnant 

a no x i a w h i c h s e ts I n a v t c i o us c i r c I e, I • e • , h emo 

con c entration, oxygen, carbon diox i de, tissue tension 

imba•lance, capillary stagnation, flight-heart embarassment, 

myocardial weakness and anoxia. 

b~ avoid~d at all costs. 

Th i s s i tu a t i o n i s to 

The first and best method of administering water to 
i 

these pa ti en ts is by the mouth. Otten by allowing 

the pa ti en t to s i p th e w a t er f r om a g I as s th r o u 9 h a 

tube is better th'an to allow him to drink it naturally. 

The next method of choice by some Is per rectum, using 

halt strength normal saline. lastly, the intravenous 

method may be the one of choice using 500 cc. of 

normal slaine alternating with 500 cc. of *Ive per 

cent glucose not exceeding one pint every two hours. 

I t g i v en too r a pi d I y the res u I ti n g h emo d I I u ti on 

wi 11 cause pulmonary edema. Along with the adml n-

i s tra tion of water, oxygen is indicated wi~h re-

breathing of the expired alr. The el lmi na tlon of 

anoxia will raise the blood pressure and help reestab1l$h 

oxygen-carbon dioxide tissue balance. 

When there Is no tissue dehydra tton and moder at~ hemorrhage 

is complicated by psychic shock and pain, the condition 
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is referEed to as primary shock. This condl tion is 

characterized by a small., rapid-running pulse., low 

blood pressure., cold perspiration and loss of muscle 

tone. When the primary shock las ts for longer than 

a n ho u r w i th a b I o o d pr es s u r e o f I 00 o r I es s ., the 

con di ti o ~ i s referred to as s econ d a r y s hock. The 

passage from primary to secondary shock ts usu'al ly 

c r e d i t e d to h emo r r hag e. I t may b ~~ p r e c I p I. ta t e d 

however., by progressive ano~ia. Where such primary 

shock Is further compllcatedby histotoxtc anoxia from 

gassing, from anemic anoxia, or from red eel I loss, 

the Indication for oxygen therapy is urgent. 

In secondary shock from severe hemorrhage, anemic and 

stagnant anoxia are characteristic. If complicated by 

unconsciousness., loss of reflexes and malposi tion, 

anoxic anoxia may be further superimposed. Oxygen 

therapy is mandatory in severe secondary shock. During 

the admi ni s tra tion of oxygen therapy, the etfec ts of 

hemorrhage must be met by the transfusion of wh·ole 

blood, tor the loss is more than mere volume; it 

involves the oxygen-carry! ng capacity of the blood• It 

c a n b e a d d e d th a t by i n c r ea s i n g th e ox y g e n ., h emo g I ob i n 

and plasma oxygen tension., oxygen therapy ,· mey tide over 

a temporary I arge loss of red blood eel Is. This is 

only temporary. The oxygen-carry i n g cap a c i ty o f the 
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blood must be returned to normal as soon as possible. 

I n summary I before beg i n n i n g th e di s cu s s i on o f the 

methods of administering effectively oxygen and 

c a r b o n d i ox t de, th e i n d I c a t e d fr ea tm en ts f o r a no x i c, 

his totixic, anemic and stagnant anoxia are mentioned 

as follows: 

l I) Remove foreign matter from airway. 

(2) Eliminate or overcome the effects of glottic spasm. 

(3) Meet the complications caused by l oss of muscle 

tone. 

(4) Replace the function of respirato r y muscles which 

are paralyzed. 

(5) Protect the Hering-Bruer reflex. 

16) Maintain intra-pleural and intra-pulmonary pressures. 

(7) Recognize and treat oxygen dilution t-n respired 

mixtures. 

(8) Anticipate and treat dehydration. 

(9) Maintain blood pressure. 

l 10) Man tal n oxygen-carrying capacity of blood. 
,. 

(Ill Administer oxygen according to · indications. 

(12) Respect the action of the carotid and aortic 

chemoceptor reflexes. 

113) Administer heat to the body. 



ME lHODS OF ADMINt S 1ERING OXYGEN AND 

CARBON DIOXIDE 
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Oxygen Ther~y 

During the 18th century oxygen' began to be used for 

every k i n d o f d i s ea s e k now n to man, r es u I ti n g i n 

its being discredl ted as a therapeutic agent. 

Ox y gen r em a I n e d a q u es ti on ab I e the r ape u ti c age n t u n ti I 

World War I when Haldane, Barc-rof t, Hunt, Dutton (26) 

and others used it successfully in the treatment of 

soldiers suffering from exposure to poisonous gases. 

Stnce then much scientific investigation has been put 

forth and t t has gained conslderably in its use as a 

valuable therapeutic agent. 

Whenever the oxygen pressure fal Is below normal It is 

important that oxygen be admlr1.lster~d immediately. 

I ts early employment will often lessen the length of 

time necessary tor it to be administered., especially 

in cases where the throat or any part of it may have 

been damaged. At the same time, it is essential that 

the percentage of oxygen administered should be very 

high or even pure -- depending on the case. 

Cohen (14) states., "Oxygen to be efficacious must be 

used freely, frequently., fearlessly, and almost 

cons tan ti y., nor must its use be postponed un HI the 

pa ti en t is moribund tor it wi 11 not revive the dead. 11 
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Since many unsatisfactory results have been due to 

errors in administration, many are becoming Interested 

in Improving the efficiency and techniqie of oxygen 

therapy. 

It would be incongruous to the purpose of this paper 

to d I s cu s s, I n de ta i I , the phys i o I o g l ca l and ch em i ca I. 

aspects of carbon dioxide .and oxygen. It ts only 

the aim of the writer to dwel I on the methods and 

e ff e c ti "21'1 es s o t tli e 1 r pr a c t t ca I a dm i n t s tr a ti on. 

Cameron ll2l administered oxygen by mouth in the form 

of a scuffle, made by bubbling oxygen through water 

to which toam extract has been added. It has al so 

been u i e d i n tr ave no u s I y .• However, th e gene r a I me tho d 

o f a dm i n i s tr a ti on has been by , i n ha I a t l on. One o f the 

f i rs t me tho d s be i n g th a t o f an i n v er t e d fun n e I to 

which was attached a tube and a bubble bottle containing 

wa te r. This method was not successful because l twas 

too wasteful of oxygen, unpleasant to wear, and It 

increased the concen tra ti on of oxygen l n the i nspl red 

a Ir by about two per cent. 

The method of using an intranasal catheter was utilized 

du ri n g the f l r s t Wo r I d Wa r • I ts ch I e f adv a n tag e was 

that several patients could be treated at once from 
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one tank of oxygen. Since ~t hen, the catheter method 

has been widely employed. 

The nasal catheter contains multiple perforations at 

the tip, and may be lubri ,cated with a Ii ttle vasellne 

or by the patient's saliva·. - It should be passed along 

the floor of one nostril to a depth equal to an Inch 

less than the distance between the alae of the nose 

and the tragus o f !t he ear. The l t,p of the catheter 

w i I I then t erm i n a t e j us t be I ow th e so f t pa I a t e. The 

tube should be inserted with the gas flowing through 

it, for it itis inserted before the gas is t urned on, 

the sudden t low of gas may cause gagging. A flow of 

2-3 Ii ters per minute should be used to begin the 

administration; this may then be stepped up to 4-5 

liters per minute. If no more than t our to six 

Ii hzrs of gas are gi.ven per minute, it is Impossible 

to ·build up pressure In the nose or t hroat. Bubbling 

caused by gas from the nasal orifices or from the 

mouth ts to be expected. 

The chief objection to the adm1-nistratlon of oxygen by 
· I 

this method has be e n t he occurrence- of drying of the 

mucous membrane of the nasoph~ryn>:( as a r e sult ·of 
""'-- .. 

insufficient moisture tn the o xygen. This causes the 

pa ti en t d i s com f o r t and r es u I /- s i n i n f e c ti o i1 o f the n a so-
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and oro-pharynx. In order to meet this objection, a 

type of apparatus bas been used, in which conventional 

types of reducing valves and gauges to indicate tank 

pressure and oxygen flow are u ti Ii zed. Attached to 

t his set of valves, by means of a metal tube, is a 

closed cylinder, the wall of which Is an alloy, which, 

due to its porous texture, is p rmeab l e to gases. 

Th i s c y I i n de r I s i mm e r s e d I n w a t er co n ta i n e d i n an 

ordinary jar of ~uart size. The tightly fitting lid 

contains an ou tie t through which oxygen is delivered 

to the patient. The essential feature b eing the 

porous wall through which wa. ter must pass. Thus, 

the oxygen is fin e ly devide d expos i ng more surface 

to the water for absorbtion as the bubbles rls,e · to 

the surface. As a result oxygen, carrying enough 

water, is delivered to the patient. , . 

It is felt t hat this apparatus has many advantages. 

l tis simple in construction and ope r ation. There is 

adequate humidification of the oxygen. The parts of 

the apparatus that may be broken are e asily and quickly 

replaced. 

I nha I a ti on from oro-.e,har_ynx py or a I tube 

According to Flagg 12Sl, Carl Connell of Roosevelt 

Hospital introduced the Connell tub e . This tube, 
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moulded to the conto·ur of the average oro-pharynx, 

provides relief to the obstruction so commonly caused 

by th e to n g u e f a I I i n g b a ck i n to th e p h a r y n x • Th e 

relief so obtained completely eliminates the 

emergency use of mouth props and tongue forceps. 

these tubes are mqde of hard rubber and are quite 

Today, 

efficient if properly used. Care must be exercised 

by the user I est he damage the mucus membrane In the 

throat. / 

This pharyngeal tube cannot be employed unless the 

patient is sufficiently relaxed to permit separation 

of the teeth by the operator's fingers, and unless the 

pharyngeal reflex q sufficiently in abeyance to .. 

permit retention of thetube. lf di£ficulty ts met, 

the nasal catheter should be used. 

Transpharyngeal · 1nsufflatton 

To quote Dr. Joseph O1 Dwer (47l: 11 1n forcing air through 

the nose of an insensible patient, the tongue unless 

secured, is almost certain to cause obstruction, or 

the vocal cords may be forced together by the rushing 

a t r a n d a c t a s a v a I v e • As i n pa r a I y s I s of th e ab du c to r 

muscles, because there is no expansion of the glottis 

~i !~ normal inspiration. Should the larynx become 
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obstructed from any cause, the stomach will be inflated 

Instead of the lungs." 

When Meltzer (421 of the Rockefeller Institute devised 

his resuscitation apparatus, he recognized the prt ncipl es 

pointed out by O'Dwyer (47). · His apparatus, the 

pro gen l tor of pres en t-d a y trans p ha r y n g ea I i n s u f f I a ti on 

apparatus made provisions to overcome the objectionable 

features of the method, i.e., a board withs traps to be 

applied over the abdomen and a . stomach tube to deflate 

the dis tended s tomach. Fur th "'r mo re the I ar ge pha ryngea I 

tube, when pl aced, did much to pack the glottis and to 

prevent reg1,1rgltated gastric contents from entering the 

trachea. 

Modern apparatus tor transpharyngeal lnsutflation is 

handsome, durable and ,.mechanically accurate. The engineer 

has done his work well. The detail men responsible 

for distribution, find Ii ttle ·difficulty in popular-

I z i n g a t e c h n i q u e I t m I t e d to '! a pp I y t h e t a c e p i e c e 

tightly, adjust the valves and let the machine do the 

rest. 11 

If the principles pointed out by O1 Dwyer (47 l and 

accepted by Meltzer (421 are considered unworthy of 

a tt en tt o n o r too d i ft i cu I t o t a pp I I c a t i o n , tr a n s p h a r y n ~ a I 
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i n s u f f I a t I o n I eaves no th i n g to be des i r ed. I f., on the 

o the r ha n d., th es e pr i n ci p I es II s tan d 11
1 trans p ha r y n g ea I 

insufflatton admi tfedly goes but par t way. The 

d y i n g I f I a cc i d pa ti en t I so t r ea t e d do es no t r e c e i v e 

the ful I measure of moder.n medical service. 

In Flagg's ('25) opinion, the hchnique of.blind., 

transpharyngeal insgfflation,applied by a face mask, 

with pressures va,ryi ng from I 5 to 25 mm. Hg., is po th 

hazardous and unsci en ti fi c. It Is hazardous in I ay 

hands. It is not efficient in the hands of the 

physician. 

I t i s to b e po i n t e d o u t., how eve r I th a t th e obj e c ti o n s 

noted are professional rather than mechanical., a failure 

to correc ti y diagnose present pa thotogy and fo acquire 

the in•dtcated technique of treatment rather than a 

failure on ttte part of the equipment to do the work 

for which · l tis designed. When the physician and the 

technician have become fami Ii ar with t he appearance 

of the upper airway and eliminate the death zone of 

the re Sp i r a tor Y tr a C t d S a ffi a t fer Of Ord i n a r Y r OU ti n e 1 

it wi II be found that res us I ta tlon apparatus whose 

u s e f u I n es s i s now I i m I t e d to i n ha I a ti on a n d tr a n s .-

p ha r y n g ea I ins1Hflatlon may readily be adapted to endo

tracheal i nsuffla tion. 
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Endo tracheal insuttla tion 

The general acceptance of endotracheal i nsutfla tion as 

the method of choice for the resuscitation of the flaccid 

pa t i e n t i s i n e v i t a b I e a c co r d I n g to m e d i c a I I i t e r a tu r ~ • 

The outstanding objection to ihe method of endotracheal 

insufflatlon is the lack-of technical skill. The 

same objection might be raised wt th equal logic- to 

the u s e of the n a s a I , au r aJ ., g_a s tr i c., u r o I o g i ca I , v a g i n a I 

or rec ta I endoscopy. The common employment of endo tra-

cheal insufflation however., is more than the general 

acceptance. It turns ·u.-pon the recogni ltion of the 

s tag es o f a s p h y x i a a n d the I i m i ta ti on o f i ts em p I o v

m en t to those cases for which it is suited. 

The t~chni que must defi ni tel v fol low the i ndi cations 

presented by pathologic physiology. To a t temp t to 

laryngoscope and intubate a depressed or a spas tic 

patient is to commit a triple error: . 
(I) Such a patient does not require intubation. 

(2) Intubation under these conditions is likely t0 be 

traumatic. 

( 3) The technique of endotracheal intubation I s thrown 

into disrepute because i t has been mismanaged. 

On the other hand., failure to intuba t e a breathless., 

flaccid patient is not only an admission of Incompetence 
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but a failure to extend to the dying patient the 

additional margin of safety which may sav~ his life. 

There is no sub,sti tute for t<?chnical practice; in 

both cadaver and anesthetized patien _t both are., or 

can be madtt., avai I able. It would seem onl•y reasonable 

that those who assume the respons ,ibil i tv for bringing 

about unconsciousness should be equally profici:• ent ' in 

bringln-g about recovery, even thou g h this may involve 

resuscitation.; an1 vet how many of those who administer 

anaes the ti cs have become prof i ci en t in resuscitation 

routines? 

If terminal asphyxia were but a phase of some condi tton 

from which the patient might be expected to recover as 

a ma t t e r of co u r s e., o n e mi g h t we I I s p e cu I a t e a s to the 

hazard of ins trumentatlon. Butwhen one considers that 

t h e f I a c c i d., a s p h y x i a t e d p a t i en t i s ex tr em e I y I i k e i y 

to die., how can the physician hesitate to act immediate

I y w i th pr e c i s_ i o n a n d w i th a I I the s k I I I th a t he can 

bring to bear upon this amazingly cri ttcaJ task? The 

theoretical approach is sound; it violates ·no 

principles., and involves no contradictions. 

Two methods of tn ·tubation are in common use: the method 

of blind intubation by palpation, · in accord~nce with 
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the technique original Iv employed by O'Dwyer 1471 

for intubation in diphtheria; and intubation under 

direct vision by the use of the laryngoscope., in 

accordance wl th the technique popularized by 

Chevalier Jackson (38). 

Mou th to mo u th i n s u ff I a ti on 

According to Coryllos (17) this form of resuscitation 

Is very efficient and rapidly effect i ve. Physiolog-

ically this is a sound procedure because -if al lows the 

immediate administration of the correct mixture of 

oxygen and carbon dioxide., under the correct conditions 

of temperature., moisture., pressure., at proper intervals 

and lastly., it is always with the administrator. Moreover., 

it takes advantage of the powerful Hering-Breuer ' 

reflex. The mos t s er i o us drawback, common to a I I 

re .suscitation procedures., being that the airways are not 

a I ways pa ten t. The a dm i n i s tr a tor or the pa ti en t may 

become infected wl th a contagious di seas~, ·such as., 

tuberculosis, Influenza, etc. 

The ox y_sen tent 

An oxygen tent of standard make., operated under proper 

supervision furnishes an excellent ancd economical means 

o f a dm i n i s t e r i n g ox y g en • Howe v e r , th er e a r e c e r ta t n 

fundamental principles which should be recognized. 
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The motor should be mechanically efficient and readi Iv 

controllable. There should be sufficient space so that 

the patient will not feel _ restricted. Means shou.td be 

provided tor variation of the rate of circulation and 

height of temperature in the tent. Adequate means 

for controlling humidity and for controlling the 

concentration of carbon dioxide should be provided. 

In those tents providing tee for coo l ing, and soda 

I ime for absorption of carbon dioxide should be in-

sulated containers for these agents. Soda ltme does nof 

absorb efficiently unless it is warm. lastly, and most 

Important, the tent must be thoroughly checked during 

use to make sure that adequate concentrations of 

oxygen are being administered. 

opera te oxygen ten ts • 

Carbor,i Dtoxide · Therapy 

Trained personel should 

The administration of carbon dioxide has been used 

favorably in some cases but has fallen into disrepute 

t n o the rs • A f t er the i n for.ma ti on has been s t f t e d, b o th 

experimental and clinical, there is every indication 

that carbon dioxide has a definite place in the 

resuscifftion of the Individual in certan cases. 

In considering the exper_imentat work, Shaw, Hehnke and 
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Messer (Sol have shown that in the anesthetized dog 

w h i c h r e b r ea the s i n a c I o s e d s y s t em w i thou t prov i s i o n 

for the absorption of carbon dioxide but wl th 

provision for the maintenance of normal oxygen 

pressure, the following facts may be set forth: 

(I) -That percentages of carbon di ox I de as high as 

twenty may stimulate temporaril ~ the intact res p ir-. 
ato ry center in the dog, (2) that percentages of carbon 

d i ox i de above 30 a r e a s soc i a t e d w i th gr ad u a I de p r es s i on 

and end i n g i n resp i r a tor y fa i I u re, a nd ( 3 l the i n i t I -

ation of respiration following failure, provided that 

the carbon dioxide pressure is allowed to fal I rapidly, 

occurs only with Ii ttle ref le'.', stimulation associated 

with two or three man,ual compressions of · the thorax. 

Later tests show that a concentration of carbon dioxide 

in 'the alveolar air,matntained at 10 p ercent, stimulated 

respiration for a period of one and one halt to 3 hours 

without depressing the blood pressure. 

Mur p hy and Drinker (44 l have pointed out the beneficial 

effects of 10 per cent carbon dioxide in contrast with 

5 p e r c en t c a r b o n ' d i ox i d e i n th e t r e a tm e n t o t car b o n 

monoxide poisoning. Behnke (6) demonstrates that 

carbon dioxide is an effective physiological agent in 

b r i n g i n g ab o u t no t on I y i n c re a s e d p u I mo n a r y v en ti I a ti on 
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but also augmentation of ~erebral blood flow. However~ 
. 

Eastman, Dunn and Kreiselman (22) demonstrated that 

resusclation utilizing ta,nk oxygen promoted a better 

recovery of b Lood pressure and res pt ra t ion than the 

employment of a mixture of 90 per cent oxygen and 

10 per cent carbon dioxide. Thi s I s due to the i n I t I a I, 

stimulation of respiration brought abo~t by the oxygen 

lack prod~cing, essentially, an ~cid effect on the 

chemoreceptor s of the carotid body according to Von 

Euler (62). 

In conclusion, carbon dioxide ts an e f fective physiological 

agent in bringing ab~utnnot only increased pulmonary 

v e n ti I a t i o n bu t a I so_ au gm en ta ti o n o f c e i- e b r a I b 1 o o d 

t 1 ow. 
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Me c h a n t c a I me t ho d s o t a r t t f I c t a I r e s p t r a t I o n 

In 1924 Professor Thunberg (21) invent e d a mechanical 

appl ,iance for artificial respiration k nown as the 

bar o s pi r a tor. I n th e des c r i p ti on by Dr i n k er ( 21 ) the 

barospirator functions as a , cylinder completely to . . 
en-close the patient. Ventilation Is accomplished by 

pressure changes of 55 mi 11 imeters of mercury at the 

rate of 25 strokes per minute. These pressure pul-

sations 'S~rve to mov-e air r in and out of the lungs 

wi thou t the neceq I ty · for VO I ume changes in the 

pulmonary air sp~ces. 

If the barospi ra tor is now modi .fled so as to env,elope 

th e pa ti en t ' s body w i th the head p r o tr u d I n g th r o u g h a 

rubber collar to the atmosphere, then the principle 

underlying the operation of the Drinker and the 

Emerson respirators can be i 11 us tra ted. For the 

maintenance of artificial respiration cyclic negative 

pres s u re o t I 9 to I 5 mi I I l me t er s o f mercury around 

the chest permits normal atmospheric pressure to ex

pand the lungs without muscular effort. Expiration 

occurs passively when during the cycle the pressure 

is allowed to return to normal in the cylinder. 

The E and J_ d.e£aratus ( 17) tor mechan·lcal· resuscitation 

This apparatus consists ot two parts, one of which 



-74-

a c ts a s a s i mp I e i n ha I a tor an d th e o the r a s a r e-

s us c i ta tor. The latter is a mechanical devise composed 

of a number of valves which are activated by the pressure 

of the usual oxygen or carbon dioxide in oxygen mix-

ture delivered In tanks under a pressure of two 

thousand pounds. When a positive pressure of 14 

mi 11 ime ters of mercury is bui It up in the mask of 

this apparatus the valves are automatically reversed 

and a suction ot j-9 mi I limeters of mercury is produced 

which is again fol lowed by a positive pressure and so 

it continues. The principle objectionsbeing: U l The 

intrapulmonary and lntrapleural pressures produced by 

this apparatus during inspiration and expiration 

are positive during Inspiration and negative during 

expriation. That is opposite to those of normal 

respiration. (21 According to Wilson (67) negative 

pressure when applied to I ungs, which are es sen ti ally 

capl I lary beds fi I led with blood, may lead to congestion 

and to an increased tendency to edelila and hemorrhage in to 

the a I voe Ii. Barach l 3..l has shown that there is a 
\ 

definite advantage to the positive pressure in the 

prevention and treatment of pulmonary edema. Actual 

proof of these problems remains for f urther experimenters 

to determine. 
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Drinker method 

l n 1929 Ori nker and Shaw ( 21 l developed a n~w appar-a

tu s for a r ti ti c i a I resp i r a ti on i n w hi ch th· e pa ti en t 

ls completely enclosed in a cylindri~al., sheet-metal 

tank sealed at one end. At the other end is a flat 

It d " to which is attached a rubber co 11 ar. The pa ti en t's 

head and part of his neck protrude through the collar., 

the head lying upon an adj us table support outside 

the tank. Since the patient is thus enclosed in an 

air-tight chamber., the pres·sure around the body may 

be alternately raised and lowere'd while the head 

a I w a y s r em a i n s a t a tm o s p h e r i c p r es s u r e • W h en th e 

pressure In the tank ls lowered., the chest _expands 

and air rushes into the lungs. When the pressure is 

raised., the chest is compressed and air Is forced out 

of the lungs. By this method movement of the chest 

is induced in such a manner as to simulate . the natural 

respiratory movements. To determine the correct 

pressure for op ttmum comfort and to induce bre'q, thing 

and the I i k e i n the pa ti en t., there i s a s e t o f read i I V 

ad J us tab I e v a I v es w h i ch can ad j u s t the p r es s u r ~ to 

the required level. There is no certain way of 

adjusting the level to suit any patient except by 

trial and error. 

A thermostat for controlling the temper a ture and humidity 
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of the air in the tank is present. This is because 

the body heat of the p3 ti en t, especi a 11 y when the 

pumps are not running, raises the tem~rature within 

to an uncomfor tab I e degree. This is overcome by 

r u n n i n g th e a i r t h r o u g h a c a n o f i c e w h i c h s e·r v e s 

as a dehumidifier and as a cooling agent. Exhaust 

air Is blown into the room and fresh air enters the 

ta n k a I I o t th e ti me • 

The jacket model of Sahl In and the Bragg-Paul pulsator 

Two other types of apparatus should be mentioned; (ll 

the jacket model of Sahl in 171 which operates like 

the Drinker machine but is applied only to the chest, 

and ( 2 l the Br a g,g- Pa u I ( 2 5 l p u I s a to r w hi ch cons I s ts o t 

a ho I low el as tic bandage pl aced around the chest. The 

bandage, when inflated by an electrically dlven bellows, 

compresses the chest, which returns to the mid-position 

by virtue of its own elasticity during the intervals 

between the ~ompressions. · 

Man u a I me tho d s o f a r ti t i c i a I r es p i r a ti o n 

In comparativ~ly recent years, manual artificial respir

ation has made new advances. These improvements tend 

toward greater efficiency with more consideration tor 

the pa ti en t. It Is to be noted, however., that the 

progression of new ideas came about only as rapidly 

as the concepts of physiology became established. 
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Prone eressure Schafer method 

The Schafer (531 method is the most widely used in 

English speaking countri~s today. A decription of 

this standard technique is as follows: 

lll Lay the patient on his belly, one arm extended 

directly overhead, the other arm bent at the 

elbow and with the face turned outward and 

r es t'i n g o n th e ho n d a n d f o r e a rm, so th a t t h e 

nose and mouth are free for breathing. 

( 2 l Knee I , s tr add I i n g the pa ti en t I s t h i g h s , w i th your 

knees placed at such a distance from the hip bones 

as will allow you to assume a position which is 

comfortable and al lows freedom of movement. 

Place the palms of the hands on the small of the 

back with the fingers resting on the ribs, the 

little finge 'r just touching th e lowest r,b, with 
I 

the thumb and fingers in a natural position and 

the tips of the fingers just out of sight. 

l 3 l W i t h th e a rm s h e I d s tr a i g h t , s w i n g f o r w a r d s I o w ·I y, 

so that the weight of your , body is gradua 11 y brought 

to bear upon the patient. The shoulder should be 

directly oY-.er the heel of the hand at the end of 

th e f ,o r w a r d s ·w I n g. E I b o w s a r e to b e 'k e p t s t r a i g h t. 

This operation should take about two seconds. 

(41 Now immediately swing bac~ward so as to remove the 

pressure completely. 
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(5) Att~r two seconds swing forward again. Repeat 

unhurriedly twelve to fifteen times a minute 

the double movement of compression and release., 

a complete respiration in four or five seconds. 

In this method all efforts are directed towards pro-

ducing expiration. Inspiration., the life saving phase., 

o cc u r s a u tom a" t i c a II y o r no t a t a II • The r e f o r e., b e f o r e 

b e g i n n i n g t h e a pp I i c a ti o n o f t h e t r e a tm e n t., t h e p a t i e n t 

is put in the best insplratory posl Hon., with both 

arms extended so that there is increased tension on 

the chest mus cl es. The tempo sh()uld b~ slow enough., 

that is, the intervals between compression should be 

long enough to al low for an expansive recoi I of the 

chest. 

Supine pos i ti on ( Vi swan a than procedure) 

Whi I e expe _rimen ting on warm cadavers and on pa ti en ts under 

deep an es the sJ_ a, Vi s w a n a than ( 6 I ) f o u n d th a t by p u I I i n g 

on the lower dos tal margins in an upward and outward 

d .i r e c t i o n w i th ho o k e d f i n g e r s o f b o th h a n d s u n de r th e 

cos tal margins of the ribs., the chest can be made to 

assume the raised post tion of i nspi ration. Rel ease of 

the pul I, coupled with gentle pressu-re on the lower 

ribs with the palms of the hands, is quite suffi ci en t 

to b r i n g a bo u t -exp i r a ti on. 



-79-

If the patient is on a bed or on an operating table 

I y i n g on h i s back, th e opera tor s tan d s a t the head 

of the table and places the palms of th~ hands on 

t h e I o we r p a r t o f th e c h e s t, th e m i d d I e f i n g e r s b e i n g 

0 n th e a· n. fer i O r a X i I I d r Y I i n e S • . , ' The fingers a.re 

hooked round the lower costal margins on both sides. 

Th e p u I I i s ma d e i n a n up w a _r d a n d o u t w a r. d d i r ~ c t i o n , 

thereby raising the anterior portions of the ribs as 

wet I as widening the lower cos tal arches. After a 
I 

steady put I for three seconds the tension is released 

and the chest is gen tty pressed downward and inward, 

•. w h i I e th e ex ten de d f i n g e r s ex e r c i s e th e s am e p r e s s u r e . 
on the abdomen. Doi.ng this about twelve or fifteen 

times a minute brings about a respiratory exchange of 

o v e r 11 7 000 11 c. cm. o f a i r • I n add i ti o n, th e exp a n s i o n 

of the chest and outward s tre tchi ng of the diaphragm, 

ow i n g t o t h e w i den i n g o f the I owe r cos t a,I a r c hes , 

helps_ the venous return of the blood. If the patient 

is in the face down position, the operator stands as 
• 

before, but his hands are brought up underneath the 

chest and the lower cos tat arches are pu,l led upwards 

and ou t wards. 

Th e Ni e I s e n e r O C e d u r e ( 46 ) 

This procedure has withstood much criticism and is 

considered to be of great value in Belgium where it 
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is used extensively. The pa t ient is placed in the 

prone position with his head res t ing on his folded 

arms. The opera tor kneels at the pa ti en t 1 s head and 

pushes firmly down and towards .:: the patiint's feet. 

He gradually increases the weight applied on his 

outspread hands by slowly applying his body weight 

to h i s s ti f f I y ex tended arms • Ne x t, the opera to r 

relieves the pressure, hooks his hands under the 

patient's folded arm near the axilla and lifts outward 

and upward, thus, stretching the pectorals and in

creasing t he expansion of the chest. 

This method de p ends .f. or its efflicacy, first on the 

force exerted by the operator tn forcing air out of 

the lungs, and second on the elastic recoil of the 

body in drawing in air. Expiration is t hus a posi-

tive event, but i nspi ration depends on the degree of 

e I a s t i c i t y po s s e s s e d by th e pa t 1 en t. F i e I d ex p e r i e n c e . 
s h o w s t ha t i · t ·i s q u i t e e f f i c i e n t b u t i t c a n no t b e 

denied that it is not too efficacious In the worst 

degrees of asphyxia • 

Dr i n I:: e r and S haw ( 2 I l s u g g es t a c ha n g e to the me tho d 

which could easily be adopted. This consists merely 

ot · the opera tor using Schafer's ( 53) prone pressure 

technique and then when an other person arrives on 
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the scene to advise him to use the arm Ii ft in addi-

tion. There need be no change in rhythm and no 

disturbance of the regular rules for giving prone 

pressure artificial respiration. This promotes 

the f I ow o f a i r i n to the I u n gs and so i n c re as es 

ventilation. Inhalation can be instituted as 

ea s i I y a s w i t,h t.h e p r o i'l e me tho d a I o n e • 

Eve's method 

Upon examining the different methods of artificial 

res pi ra flon and no ti cl ng the various chariges that 

have taken pl ace up to the latest approved methods• 

it is notable that artificial respir 9 tion advances 

o n I y a s _ r a p i d I v a s th e p h y s i ·c i a n u n de r s ta n d s; ( I I 

the basic physiology of respiration, (21 · the needs 

of the attendant for apparatus, (3) protecting the 

pa ti en t tr om o v er z ea I o us a dm i n i s tr a ti on o f a r ti f i -

c i a I resp i r a ti on and a q u i ck, e f t i c i en t me tho d. Dr • 

Frank Eve ( 24) o ·t Hu. I I, Engl and recognized the \ 

necessity of reviving the suffocated and water-logged 

patient without causing injury and discomfort to the 

patient. He devised the rocking chair method which 

is standard tor the Br i tis h Navy. 

Surgeon Commander Gibbons (241 of the _Navy realized 

that the Schafer (53) technique was inadequate even 
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tn skilled han d s. The reason being, no doubt, that 

t~e chest had lost I ft s customary tone, therefore 

being flaccid, and this, in turn, leading to further 

as p hyxia • • Because of t he loss of elasticity no 

ad d itional ar e ation o f the lungs occurs resui"ting 

i n the nerve c e I I s s u f fer i n g f u r th e r emb a r r as s men t. 

The loss of tone caused the diaphragm to rise in to 

comple t e expi,:- a-ti o n being p ulle d up b y t he elastic 

lungs. Schafer's method would then b e completely 

use I ess because i t de p ends upon muscle el as ti city 

and tone. If Silvestor 1 s (57) method is used, greater 

areation is ob tained but fluids or soli d s will still 

obstruct the pa t hway in the face-upward posl ti o n and 

harm may be done. Aspiration of the materials could 

lead to lung abcess, pneumonia, etc. Therefore, both 

metho d s hav e great diiadvan t ages. Br eathing machine~ 

have many disadvantages which make t h em undesirable 

for th e a dm i n i s tr a ti on o f a r t i f i c i a I resp i r a t l on. 

First and foremost disadvantage is t hat the machine 

is not p resent at the time of the in j ury an d another 

method must be used immediately. 

Because of the disadvanta,ges which ha ve b·een briefly 

discussed above, Dr. Eve devised , his method. Schafer's 

method is promp t ly used till the roc k ing method (Eve's) 
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can be set up. This arrangement ls accomplished by 

having a stretcher, plank or door or some such flat 

object that can be easily handled, placed on a rack 

or with two men f- holding each side~ at the middle of 

the plank, ti 11 more reliable support is obtained. 

In so doing, the respiration can be promptly carried 

out. The patient, artificial respiration being main-

tarthed, is placed on the plank and ti I te d to an angle of 

45 degrees to allow the fluids and fori:rgn material 

to run out. After a few seconds the.table is tilted 

30 deg r e es each way a t th e r a t e of ten ti mes a m i nu t e. 

This wi 11 be enough to ven ti I ate the lungs about 450 

cc. wi th each tl I t. 

~.c cord i n g to Dr. Eve, res us c i ta ti on i s a c tu a I I y a tr i -

nity of ventila -tion, circulation and warmth directed 

to supplying warm blood, oxygenated by moving lungs, 

to the m. i c r o s cop i c nerve c e I I s w h i ch ma i n ta i n r esp 1 r

ation and tone. These cells are eas i ly paralyzed by 

cold ·and quickly revived by warmth. The ventilation 

is acc·Dmpllshed by the weight of the abd ominal contents 

pushing and pulling the diaphragm up and down like a 

pis ton. 

Restoration of the circulation by other methods is not 

so et f e c ·ti v e. The S i I v es t er l 5 7 l me tho d p rod u c es a 
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pressure change of 26 cm. of water in the stopped 

heart. The ·Schafer (53) method ohly 4 cm. and is 

increased to 22 by the Nielsen (46) procedure. 

These pressure changes could possibly help )o 

restart the heart. The p ro-b I em s ti I I remains of 

supply aA adequate amount of blood to the lungs for 

oxygena ti oh. In Eve's rocking chair method by 

til ting ....i the p:1 tient whose heart is stopped, or 

nearly so, into the head-down posi tlon, the pressvre 

of abou t four feet of blood will slam shut the aortic 

valve and the blood wi 11 have no option but to 

travel through the oxygen starved heart muscle. 

This should be invaluable aid in starting a stopped 

heart or reviving a feeble one. Similarly, the ne,rve 

cells of the brain and breathing center will receive 

blood rhythmically at a hydrostatic pressure which 

should be about normal. Thevqins of the extended 

arms will acquire a researvotr of blood ready to fill 

the heart a gal n when the I egs are ti I t ed- down. Every 

dr_owning person is in some stage of shock, and in 
.. 

shock the venous side of the heart is starved of blood. 

In thl s case, the head-down ti It wi 11 ti 11 it and 

encourage t t to beat and pump. Hence, i·n rocking, 

gravity propels blood al ternatefy in arteries and 

veins. Reflux is prev~nted by the valves in the veins 
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and be a r t. Exp er i men ts s how · th a t b I o o d t I ow · to the 

brain can be kept by alternating head-up and head-down 

po s i ti on s. 

Du e to e x po s u r e a n d o f ten b e i n g we t, th e pa tt en t w i II 

I o s e mu c h o t th e b o d y w a rm th i n a s ho r t ti me • To 

attempt to restore this warmth, It is advisable to 

place hot water bags over the shoulders to revive 

the chilled nerve cells, especially those con t rolling 

the respiration. As a further stimulation to the 

respi _ratory center carbon dioxide, mixed with 5 per 

cent oxygen, is a good . stimulant. 
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Th e r e a r e ·c e r la i n ob v i o u s c r i t e i a n e c e s s a r y f o r a n 

adequate means of performing artificial respiration. 

These ar:e: (I) The method must give sufficient 

ventilation for a nor:mal subject at rest. (2l The 

method must stimulate the heart and circulation so 

that the blood may transport oxygen to the tissues 

and vet be harmless in i tsel t. ( 31 ' The method must 

be carried out with ease and rapidity in attaining 

results. 

The mechanical methods do accomplish the above 

requirements. However, there are definite disadvantages 

which are difficult for mechanical t herapy to overcome. 

These are: lll the machine is not always present at 

the ti me of need. ( 21 It requires s k i II ed opera tors 
. . 

and adjustments. (31 It is apt to. Impede the attempts . . 
of the pa ti en t do b re a the by go i n g l n to a s er i es of 

reversals. (4) There is danger of over ventilation. 

And, ( 5 I i n s p i r a t t o n p r o ·du c e d by n e g a t I v e p r e s s u r e ma y 

cause lung injury. 

Mechanical methods ·should not be too harshly dis

credited, however, because if proper l y con t rol led and 

employed they are a great boon to mankind in cases of 

par ti a I pa r a I y s i s o t the resp i r a tor y c en t er, for 

example, poliomyelitis. The Drinker resp! ra tor is 
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very successful in matntaing the patient's 

ventilation and often complete recovery of the 

patient results with Its use. 

The manual methods have disadvantages that are of 

a I es s s ever e n a tu re. These are: (ll Injury may 

oc~ur from over enthusiasm and rough handling by 

the operator resulting in broken ribs., ruptured 

spleen., etc. (2) tgnorance of the me t hod or of 

a method to be used can result In little or no air 

exchange. l'3l I t may become arduous to the operator. 

F o r , i mm e d i a t e ., s a f e a r t t f i c i a I r e s p i r a t i o n ., u s i n g 

th e S c h a t e r ( 5 3 l me tho d u n t t I a r r a n g em en ts f o r th e u s e 

of Eve's (241 method are accomplished., is the method 

of choice where I tis adaptable. 

Eve's method produces a pulmonary venti la tlon of 

580 cc. of air for each itl It of 45 degrees. It 

promotes recovery of the heart with the r .esultlng 

Improvement of pulmonary ctrculatlon; It Increases 

the circulation to the central nervous system which 

pre v en t.s an ox i a I i n j u r y to the o er v e c e I I s I n th e 

severely asphyxiated indlvidua 'I; It i s not fatiguing 

for the operator If the condl ti ons requl re long, 

continued application; it is harmless to the patient; 

it is -foolproof; the patient can be made comfortable 

and., add I ti o na I treatment <tan eas 11 y be ins ti tu fed. 
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In conclusion, th"e thoughts of Henderson (32) are 
·• 

worthy of consideration: ••• "There are many modes d>f 

d y i n g th a t b r i n g me n to th e I r ends ; bu t o n I y o n e 

final common cause. Whether the brain is destroyed, 

or the lungs blocked, or the heart stopped, death 

finally occurs in bu ·t one way only. When breathing 
. 

and the heart come to a stands ti 11, the oxygen to 

the body ceas ·es. Unless a man Is bu r ned alive, the 

tissues of his body alw~ys die of asphyxia~" 
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