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PRLFACL

DISFASE and the hazards of living mjure or hill becruse of ovy
gen deprination Tissue, 1n the final analysis ceses to function
because of 1ts imbility to obtamn or to utthze oxygen Physiologists
have long known that the human economy will ripidly detertorte
if deprived of oxygen for the reserve store of this vital substance
1s small and anierobic metibolism cannot mike up the deficie
Recent studies hive clanfied the specific effect of oxygen panaity
on bodily tissue 1nd functions The complete interdependence of
systems for their proper functioning can be shown for when one
vl funcuion of the body s dumaged by depriving 1t of 1ts quott
of oxygen other systems soon fail The bodily response to oxygen
deprisation 15 1n large fashion dependent upon the mechanism
by which 1t 1s produced A clussification based upon etiological cir
cumstances 15 needed and 1s herewith submitted

The inrhalation of oxygen enriched atmosphere will in only some
urcumstances prevent or ameliorate the effects of ovygen want
Sausfactory results with mhalation therapy are therefore depend
ent upon 1ts use 1n indicated conditions An appreciation for the
indications for this mode of therapy can be obtamed only from an
understanding of the specific alteration of function produced by
the various forms of hypoxia

Oxygen deprivation 1s often associated with carbon diowide re
tenuion Thus latter substance 1n excess may so interfere with vital
functions as to cause death Inhalation of oxygen will not correct
carbon dioxide accumulation It may indeed be the means by
which carbon dioxide may be further increased and comx be pre
cipitated Proper ventilation alone will correct the disturbed physt
ology and the means to do this needs elaboration

It 15 necessary that the proper equipment be employed to ac
complish the desired result No single piece of apparatus has
umversal application Some forms of equipment have specific 1n
dications and should be so limited Some because of 1mproper
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design, should not be employed Within the past few years new
equpment h1s been described older appiratus have been restud
1ed and evaluated Submission of such mnformation at this nme
scems desirable

Breathing of high oxygen atmospheres 1s not completely free
from hazard The altered intripulmonary pressures produced by
some forms of inhtlauon therapy apparatus result in disturbed
crculatory and resprratory states which are harmful Cognizance
of these by effects 1s necessary to prevent further injury to a patient
already 11l from discase or traum-+

Inhalation therapy 1s a valutble ndispensable adjunct to mod
ern medscal theripeutics 1nd 1ts use should be encouraged In de
siring to stimulate and extend the use of this mode of therapy 1
have endeavored to collect 1n a single book much of what I hnve
found 15 necessary for me to understand 1t It 1s my hope that the
mater11! heremn contuned will enble others to recognize the need
for this therapeutic endevvor to the end that mhalation therapy
will assume 1ts proper sphere of usefulness
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CHAPTLR 1

HISTORY

’-.[:m story of the endewor to fathom the mystery of resprrition
15 1 fasanitung one The early observers had himited therr studies
to 1 constdertion of the ventilatory aspect of respiruion The fact
that sentiltion subserves the needs of tissuc could not have been
determined unt1l 1t had been shown that blood arculates The
speaific agent removed from the wr and utthzed in metibolism
could not have been studied unttl stich 1 substance w1s 1solated
The growth of knowledge was not 1lways clear nor constantly pro
gressive for not only did advancing hnowledge depend upon ear
lier discovery but on occision 1 wrong theory not only unpeded
defimite progress but 1 fact reversed 1t for 1 ume

Up to the uume of Harvey respiration had been considered a
mechanism for Leeping the body cool Arnstotle (384-322 nc)
had observed 1n probably the first recorded scientific experiment
n respiratory physiology that amimals 1n wur tight boxes soon died
The correct mterpretation escaped him for he wrongly nseribed
the death of the ammmals thus enclosed to therr mability to cool
themselves Galen (131~201 A D) believed that the object of ven
tilation was to cool the fiery heart and to introduce air to get rid
of the heart s smoky vapors Leonardo da Vina (1452-1519) rec
ogmzed that fire consumed something in air and that animals
could not live 1 an atmosphere which could not support a flame
The effects of deprivation of air were shown by Vesaltus (1514—
1564) In 1542 he recorded the experiment of passing 2 reed 1nto
the Aspera Arteria of an amm-l whose thorax had been opened
and blowing 1nto 1t mtermittently He found that this caused the
Iungs to expand and the heart to recover 1ts normal pulsation He
also noted that 1f the lungs were allowed to remain collapsed, the
pulsation of the heart and arteries became wavelike ant like and
worm hike It 15 to his remarkable powers of observation that we
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Histary 5

ates mothar passage which be sys 15 1 ranarkable forecast con
cerming the mture of mountun stchness wheremn Boyle discusscd
aur wluch as too much  cifated  and 1s not sersiceable for the ends
of respiriion. He compares it to the atr 1 the esbusted chamber
which crused 1 hasty death of anmmls enclosed therem Because
of these studies, Boyle believed thatif 21 man ware atn Iugh la
tude he would suffer from lck of ur Boyle gocs on to speak of 1
Josephus Acost1 who relates hus own experience mn the high
mountatns of Peru, where he and his companions suffered from
the lugh alutude and were not relicved until they came to 1 lower
level
Boyleshook New I xpertments, Touchig the Relation Betwixt
Flame and Awr, reverls that he was aware of the Dt that respir
tion nd combustion depended upon the presence 1n ur of some
specific substince which was removed by either process It 1s
becuse of this work that Tulton stites 1t 1s clear that Boyle
approiched the discovery of ovygen more dosely than anyone
before Priestley and Lavoister
In us book Suspictons about Some Hidden Qualities in the Awr
published 1n 1674 Boyle reports studies on combustion which led
hum to beheve that there 1s something 1n the 11r more important
than has 1s yet been ascribed to 1t nd he suspects thnt there 1s 1n
arr some substance necessary to combustion
Hooke had been an assistant to Boyle until 1662 He found that
a continuous supply of fresh air passed into or through the lungs
wonld maintain Iife even though the lungs themselves did not
move On October 24 1667 Robert Hooke mn an experiment
before the Royal Socety of London records 1 did heretofore give
this Illustrious Soctety an account of an Experiment I formerly
tryed of heeping a Dog alive after hus Thorax was all display d by
the cutting away of the Ribs and Diaphragme and after the Pers
cardium of the heart was also taken off the Dog being kept
alve by the Reciprocal blowing up of his Lungs with Bellowes
and they suffered to subside for the space of an hour or more after
his Thorax had been so display d and his Aspera Arteria cut off
Just below the Epiglotis and bound on upon the nose of the Be}
lows
In the second experiment by Robert Hooke the surface of the
lungs was priched by a sharp pen knife and by the use of a second
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are mdebted for so early a description of what we have since come
to understand s ventricular fibrillation

Harvey s discovery of the circulation threw no positive light on
the physiology of breathing, but did demonstrate that arterial
blood 15 changed to venous 1n the lungs Though Harvey an
nounced his discovery of the circulation in 1615 and published his
book 1n 1628, no further progress was made unul the time of
Boyle

Robert Boyle hisassistant Robert Hooke and his student Rich
1rd Lower are responsible for a revival of interest in respiration
and 1t was they who laid the groundwork for the great progress
made 1n the eighteenth century A contemporary John Maiyow
has been credited wicth many of the discovertes of the perrod A
study by Patterson (294) reveals that Mayow 1n his published
works contributed little new but summarized well the views of
his contemporaries concerming respiration

Boyle with the wssistance of Hooke, constructed an ur pump
Experiments conducted with 1t led to the publication by Boyle of
hus first book entitled The Spring and Weight of the Air 1 1660
In this book Boyle describes the generation of air from the ac
tion of aqua fortis on iron filings Studies conducted by him
showed that birds and mice died within thirty seconds to a minute
of the time that air 1s removed from the container by means of 2
pump If the air 15 not sucked out, but the contrner sealed tight
the animal would Itve from thurty to forty minutes It 1s here that
Boyle remarks  Perhaps there 1s some use of the Air which
we do not yet so well understand, that makes 1t so continually
needful to the Life of Amumals Paracelsus (1493—1541) mdeed
tellsus  That as the Stomach concocts Meat, and makes part of 1t
useful to the Body, rejecting the other part, so the Lungs consume
part of the Awr, and proscribes the rest So that according to our
Hermenck Philosopher we may suppose that there 1s 1n the
Arr a Dittle vital Quintessence which serves to the refresh
ment and resaturation of our vital Spmnts, for which use the
grosser and incomparably greater part of the Awr being unservice
able 1t need not seem strange that an Animal stands 1n need of
almost 1ncessantly drawing in fresh Air But though this opinion
1s not absurd 1t should not be barely asserted but ex
phcated and provd It s also from this book, that Fulton (161)
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lime 15 heated 1t guns phlogiston and that when quucklime s
shiked 1 loses phlogiston Black ciplodad the phlogiston theory
by showng 1 reihity that quichened hime loses something and
quicklime when shiked gans something e 1lso noted that 1 gas
fived wr  given off by quickened lime and 1lkalis 1s also present
m exprred ur, nd that tns gas 1s physiologieally wrespirable
Bhek determined 1lso that tlus ‘fised 1ur 15 given off by the
lungs

Priestley discovered ovygen n 1774 He learned that plants
could comvert vitnted atmosphere which had proven fatal to
ammals 1 1 manner which would agun render 1t resprrble and
capable of supporting ife In 1779 Ingenhousz had shown that 1t
1s only the green poruion of the plmts wiuch could accomplish
this conversion, and 1n so dotng plnts tthe up carbon dioxide
and guve off oxygen Prestley thus had the truth in fus grasp but
bemng a confimmed believer of the phlogiston theory, he expluned
the facts of respiration i reverse order by believing respiration
as the phlogistication of dephlogisticated arr

Lavoisier (1713-1%91) began lus carcer when the phlogiston
theory of Stahl was unn ersally recognized 1nd at first he too was mn
accord His studies led him to doubt and finally to demonstrate
the mcorrectness of the Stahlian theory Lavoster, 1n possession of
the studies of Priestley and Black showed that animal respiration
15 a process by which oxygen combines with other constituents 1n
the body to form carbon dioxide and water He determined that
the generation of heat was the result of the process of combustion
going on mn the body With Laplace he showed that carbon droxude
produced by respiration 1s nearly equivalent to the ovygen con
sumed Lavosier however had adopted the erroneous theory that
the oxadation of carbon takes place 1n the tubules of the lungs In
1791 this was corrected by Lagrange who discovered that the dis
solved onygen takes up carbon and hydrogen from the nissues as
the blood courses through them

In 1837 1t was shawn by Magnus that venous and artenal blood
both contain oxygen as well as carbon dioxide The fact of tissue
respirauon was demonstrated 1n this fashion Magnus extracted
oxygen and carbon dioxide from the blood 1nd he inferred there
from that these gases are simply dissolved in 1t Laebeg pointed out
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pair of bellows connected to the first a constint stream of air was
delivered kheeping the Iungs full and without motion He writes
there being 1 contmnual blast of air forc d mnto the Lungs

by the first pair of Bellows supplying 1t as 1t could find 1ts way
quite through the Coat of the Lungs by the small holes pricked 1n
1t as was said before This bemg continued for a pretty while the
dog as I expected lay suill as before, his eyes being all the time
very quick and his Heart beatng very regularly But upon ceas
ng the blast and suffermg the Lungs to fall mnd lye sull the Dog
would immediately fall into Dying Convulsive fits but he as soon
revived agamn by the renewing the fulness of his Lungs with the
constant blast of fresh air He concludes So 1t was not the sub
siding or movelesness of the Lungs that was the immediate cause
of Death or the stopping of the ctrculation of the Blood through
the Lungs, but the want of a sufficient supply of fresh arr

In 1668 Hooke postulated that dark blood becomes florid n
passing through the lungs because 1t mrxes with air Richard
Lower and Thomas Willis had noted the difference n color m
arter1nl and venous blood 1n 1658 In 1669 Lower mnjected dark
venous blood imto the msufflated lungs and concluded that the
consequent bright color was due to the fact that 1t had absorbed
some of the air passing through the lungs Lower thus made one of
the greatest discovertes of medicine that 1s that blood 1 passing
through the lungs changes 1n color by deriving some quality
from the air This quality he termed ‘ the nitro aerial spirit

Further progress was not made until the eighteenth century A
good deal of the reason why progress was not more readily made
was because of the phlogiston theory Stahl (1660-1734) affirmed
that heat matter was part of all combustible materrals and
would appear when such bodies were burned This matter he
called phlogiston and the portion remaiming was dephlogisti
cated Because of his fasle theory of combustion the progress of
chemustry was delayed for a century although 1t had been shown
exvperimentally before him that 1 burning substance guns rather
than loses weight

An 1mportant phystologic work entbling the completion of the
modern theory of respiration was that of Joseph Black (1728-
1799) Chemusts of his day following Stahl beheved that when
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showed by alteinate closurc of the trachen 1 the end of mspirition
and exprraton that the mechanism of breatlung s witomauc ind
self regulated, the distention and contriction of the lungs bemng m
themselves 7 novmal stumulus of the vagr the effect which Rosen
thal had obtuned by stmulition of the divided nenve
Heymans and Lieymns (z17) discovered 1n 1927 that respiritory
reflexes could be clicited from chemoreceptors an the aortic 2ren
Further study by Heymans on the role plyed by the structures
the carotid bifurcation opened 1 new field 1 the physiology of
respiration Schimidt and Comroe (335) 1 1940 stated that the
available evidence indicates that the threshold of the chemorecep
tors to hypoxit 1s decidedly less than thit of the respiratory centers
and that the chemoreceptors are less sensitnve to cirbon dioxide
than the respiratory center They postultted that under certun
conditions the contro! of breathing maty be carrted out by the
chemoreceptors which arc responding to deficiency mn the oxygen
tenston of arternal blood rather than to incretse in carbon dioxide
tension nd that under these conditions sudden relief of oxygen
deprivation my be followed by cessttion of respiration
Paul Bert (64) explimned much of what 1s known 1bout the dis
turbed phystology 1t high altitudes 1n 1878 He demonstrated that
mountain sichness 1s not due to Jow barometric pressure but to
7 decrease 1n the partial pressure of oxygen He built 1 chamber
wheremn he could sunulate the decreased barometric pressure of
ligh altitudes He further studied the effects of barometric pres
sures greater than at se1 level In 1series of experiments he laid the
foundation of our knowledge of blood gases and the physiology of
tespiration at abnormal atmospheric pressures
The Itaban physiologist Angelo Mosso (27%) did not accept
Paul Bert s conclusions that the symptoms at high altitude were
the result of a decrease 1n the partial pressure of oxygen He marn
tamned that 1t lugh altitudes one breathes so deeply that carbon
dioxide 15 lost with a resulting alkalosis Mosso felt that mountain
sichness was due to acapnia a washing out of carbon dioxide
rather than to the decrease 1n the partial pressure of oxygen Paul
Bert s reasoning for the symptoms at high altitudes were reaffirmed
by experiments conducted by E Rippstein 1 kronecker s labora
tory (1917) We now know that the symptoms are probably due to
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1n 1851 that these gases were m loose combination with an un
known substance Hoppe Seyler obtamed 1n crystalline form s
hemoglobin these substances with which blood gases are tn com
bination Sir George Gabniel Stokes demonstrated that oxygen
could be removed from its combination with hemoglobin by re
ducing agents

Ingenhousz and Fontana had become mnterested m grses and
realized that an ammal can die from lack of oxygen and also from
the wcumulation of what they knew as  fixed air  or which we
now know as carbon dioxide The mmportance of the removat of
cirbon droxide from rebreathed atmospheres was well known to
Fontana He passed exhaled gises over 1 solution of hime water for
the removal of carbon dioxide 50 as to permut the oxygen to Jast
longer thus becomng the first to use carbon dioxide absorption
i the admmstration of gases for therapeutic purposes Hickman
(1827) had observed that the administration of cirbon dioxide pro
duces coma and collapse This hazard of carbon dioxide was re
affirmed by Sumpson (1856) and Paul Bert (1878)

The role of carbon dioxide s 1 stimulus to respirition was de
termuned by Miescher m 1885 who showed thit 1 grven small 1n
crewse 1n carbon dioxide 1n the inhaled atmosphere results m a
marked increase 1n tid1l exchange A corresponding decrease in
the oxygen breathed however, produced no such response Hal
dane engaged 1 important studses 1n the chemical regulation of
respiration 1n 1930 He postulated that the H ion concentration
of the blood was delicately regultted by means of respiration the
hidneys 1nd the liver He constdered that respiration did the more
mmmediate regulation by increasing or decreasing the ehmnation
of the carbon droxide and that the kidneys and Inver did the long
range 1nd more delicate and pamnstaking work by adjusting fixed
alkalis and acids

The neural control of respiration was studied by Legallots in
1811 who showed that if the nervous connections abote and below
the respiratory center cin be successively severed rhythmic dis
charge of mspiratory 1nd expiratory impulses continue In 1864
Issidor Rosenthal showed that section of both vagi 15 alw 1ys fol
lowed by deeper slower breathing while the amount of air taken
I unet time 1s the same 15 before In 1868 Hermg and Breuer
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of inlilation therapy until enly mthe twenticth century In tgoy
Sir Arbuthnot Lane advised that oxygen be wmrnistered by means
of 1 nisal catheter This method was actively remtroduced by
Adrian Stohes 1 1916 1n the treatment of wir casualties Two
physiologists aldwe (192) wnd Meltzer (273), 1 1917, observed
that fnvorible results followed the cffective 1dmimstration of
ovygen 1Inldane s oxygen mask wis used successfully n cases of
pulmonary edem due to war g1s poisonng  Meltzer treated pneu
monin with an or1l nsufflation apparatus and reported marhed
improvement i some cases As 1 result of the beneficinl effects of
adequate ovygen therapy reported by these two physiologists n
mpetus was gnen to the use of ovygen m chinieal disease It 1s
ntercsting to note that Dvies wnd Gilchnse (11 1) recommended
the use of a one w1y vilve system so that the exlialed gases are not
rebreathed This was the first attempt to my knowledge to de
velop what wenow terma demand flow  type of 1pparatus

The prinaiple of mixing gases with room air for dilutton pur
poses was developed by J § Haldane in the Carbetha apparatus
for the admmustratton of carbon dioxade This principle was mod
ified and employed 1n the Poulton Oxygen Tent The princtple
was remntroduced by Barach in the meter mask Barcroft (45) at
about this nme devised an oxygen chamber Sir Leonard Hill
(218) devised the oxygen tent m 1921

When first employcd therapentically and before the mdustrial
demand for oxygen was 1ppirent oxygen was prepared on a labo
ratory scale by heating various oxides and potasstum chlorate
Oxygen was also produced by electrolysts The volume of oxygen
thus produced was small and 1n purity not always satisfactory In
1895 Carl Von Linde discovered the process of making Iiquad arr
by compression and cooling and the production of oxygen by frac
tional distillation of liquid air Ninety five per cent of the § ooo

000 000 t0 6 000 000 600 cubic feet of oxygen made n this country
annually 1s by this process
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the decrease mn the parunl pressure of oxygen, but Mosso correctly
poimnted out that acapm1 cin occur following hyperventilation
with a resultant washing out of carbon dioxide It was Yandell
Henderson (205) who later pud due 1ttention to Mosso s theory
of acapnia

Caisson diserse was studred by Sir Leonird Hill mn 1912 He
reaffirmed the hindings of Hoppe Seyler who was the first to ob
serve the appearance of gis i the blood following a sharp and
sudden {11l of atmospheric pressure

With oxygen 1solated and 1ts manuficture made possible 1t did
not take long for mterested physicins to employ 1t m the treat
ment of diserse Oxygen was first given theripeutically by Chaus
ster (86) 1n 1780 to dyspneic tuberculous patients and to cyanotic
newborn nfants Ingenhousz and I'ontnt were the first to use
rubber mn 2 scientific Inboratory Ingenhousz in 1781 devised a
method for the admmustration of oxygen In one of lus early pub
Irications 1s shown 4 face mash made of rubber wlich closely re
sembles some present day apparatus Thomas Beddoes (1760-1808)
had met Lavoisier and this assocrition undoubtedly stimulated
him n the use of oxygen in disease In 1798 he established the
Pneumatic Institute 2t Bristol Here were treated all sorts of con
ditions Oxygen enriched atmospheres were used 1n the trertment
of heart diserse asthma opium potsonmng ulcers paralysis lep
rosy ind dyspepsia among other conditions His Institute failed
One might not agree with the extent of Beddoes ndications for
mhalation theripy nevertheless many of the condittons he treated
respond favorably today to mhalation of high oxygen atmospheres
Though he employed oiled silk bags and his technic was perforce
madequate 1t 15 1mportane to note that he avoided even though
he mught not have fully understood the hazard of carbon dioxide
accumnlation The apparatus that he and James Watt built for
mhalation therapy was so constructed that by means of directional
valves no rebreathing occurred This prinaiple 1s carried down to
present duy respiratory equipment employed m nesthesin resusci
tation and 1n apparitus employed for the dctermination of basal
metabolism

The plan of Beddoes was revived by Louts Waldenburg in 1873
However very little was done to develop more s1tisfactory methods
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tion s 1 result of the dilation of respiritory broncholes nd
veolar ducts Mechanical dead space 1s the volume of the apparitus
mnto and out of which the pattent my be forced to breathe and
from which carbon diovide 1s not removed cffectively

A ALTERATIONS IN RATE
Tachyprnea—increased rate of respiritton from any cause
Bradypnea—decreased rte of resptrition from wny cause
Apnea—complete cessition of respiration from whatever cause
Tachypnca aind bradypnc are terms which denote alteration m

rate only They htve no relation to changes in_the amounts of re
SM—W Tachypnerc pattents may ndeed have 1 greater, or
less than normal minute volume exchange A pauent with brad
ypnea may hnve ether 1 normal, subnormal or increased udtl
_exchange -

B ALTLRATIONS IN THL MINUTE VOLUME EXCHANGE
OF RESPIRATION
Hjyperpnea 1s an increase i the minute volume exchange from
whatever cause It may be the result of an increase n either the
rate or depth of respirition or both It may be produced by im
pulses reaclhuing the respiratory center from the cerebral cortex as
n excitement It may also be the result of pun heat or cold An
increased demand for oxygen may produce hyperpnea
Hypopnea 1s a decrease 1n the minute volume exchange from
any cause
+ Hypercapnea 1s an creased minute volume exchange due to
‘carbon dioxide excess
Hypocapnea 1s a decrease m the minute volume exchange due to
loss of carbon dioxide
Acapnea 1s the cessation of respiration due to washing out of
carbon dioxide There 1s hazard in employing this term because
a term very much like 1t acapmia, exssts m the licerature Acap
nia denotes an abnormally low tenston of carbon dioxide 1 the
blood With hyperpnea in an atmosphere erther normal or low 1n
carbon dioxide 1t 15 possible to wash out sufficient carbon dioxide
to lower the carbon dioxide tension 1n the blood and thus produce
hypocapnea 1f the reduction in carbon dioxide tension 1s suf



CHAPTER 11
TERMINOLOGY

']:lERE exists much confusion 1n the terminology used 1n Respira
tion and Oxygen want for the continued use of some of the older
terms results in 1mbiguity Some of the perplesity 1s the result of
changing concepts of disturbances in physiology There 1s thus
need for revision and defimition of much of the language em
ployed

Tidal volume 15 the quanuty of air drawn mto nd expelled
from the lungs with each respirtion Minute volume exchange, or
minute volume resprration, 1s the amount of ur which passes
and out of the lungs in the course of a minute It 1s calculated by
multiplying the tidal arr by the respiratory rite per minute

Anatomical dead space 1s the volume of the respiratory passages
extending from the nostrils to aind including the termmal bron
chtoles This space varies very little in capicity A moderate 1n
crease or decrerse may occur 1s 1 result of bronchiolar dilation or
constriction Physiological, Virtual or Effective dead space are
terms applied to the total space within the lungs which just prior
to expiration contains perfectly fresh arr that 1s ur which has
not diluted the alveolar air or come 1nto contact with the respira
tory eprthelium This volume varies with the depth of respiration
In depressed states the tidal exchange may not be sufficrently great
to allow fresh air to be drawn 1n as far 1s the termunal bronchioles
The phystological dead space 1s then less than the 1natomucal Car
bon dioxide elimmation and oxygen uptake under such circum
stances 15 dependent upon diffuston Because of pressure gradients
carbon dioxide will tend to diffuse out of the aheolr towards the
trachea and oxygen will travel in the reverse direction Diffusion
alone will produce neither sausfactory elimmation of carbon diox
1de nor absorption of oxygen The physiological dead spice 1s
larger than the wnatomical during increased amphitude of respirt

12
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cumstances s onygen want develops crrbon diovide accumulates
In the other form lowever, there 1s no nterference with breath
ing except 1s 1 terminal event This type of sphyxia  they ex
plamned could be produced by the mhalation of mitrogen or by
deprnvation of oxygen Since here there m1y be no nterference
with carbon dioxsde elimmnition oxygen want 1lone exerts a direct
action on the body Hence the second type of 1sphyxin which
Henderson and Haggard described 1s not truly asplyxi, but 1s
anovia and acarbin

‘ Anoxia 15 defined 1s 1 fulure of nssue to either recene or
utilize an adequate amount of oxygen The term  oxygen wan!
has been used interchangeibly with anoxir  The term  noa
Iiterally means without oxygen This condition ts not compatible
with life so Wiggers (393) first used the term ‘ hypoxia 1n 1940,
to designate milder degrees of oxygen deprinition Ile suggested
that the term hyposia  be used when the oxygen n the msprred
air 1s above 12 per cent and that the term  1noxin  be employed
when the mspired air contans percentages of oxygen below 12
per cent Thus arbitrary distinction I believe 1s not satisfactory
because regardless of the amount of ovygen in the mnhaled atmos
phere severe oxygen want may be present m tissue Indeed 1t 1s
posstble that ussue may be severely deprived of oxygen even when
the patient 15 breathing 1t i concentrations of 6o to 100 per cent

Waters (386) also attempted to make a distinction between hy
poxia and anoxia He feels that the term hypowia should be
used for any reduction 1n the tension of oxygen which produces
disturbances of function only while the reduction exists Hy
poxia therefore he holds has completely reversible effects He
states that the term anoxia should mean a reduction 1 tension
of such a degree that 1t 15 followed by changes of function persist
mg after the lowered tension 1s relieved But by his own state
ment Waters agrees that an immediate deciston cannot alw ays be
made as to which word ought to be used on any particular occa
sion

The distinction therefore between anoxia and hypoxia on the
basis of either the percentage of oxygen 1n the mnhaled atmosphere
or on the effects produced by oxygen want 1s not clear and as a
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fictently great the stimulus to resprratton 1s lost and acapnea re
sults

‘The lowering of carbon dioxide m the blood by hyperpnea 1s
associated with a proportional decrense m the 1lkaline bicarbo
nate This condition 1s termed acarbia

C CHANGELS IN THE BLOOD

Haldane 1 1919 (193) 1nd Barcroft n 1920 (42) spoke of
‘anoxemsa’ Strictly defined anoxerma means without oxygen mn
the blood This then 1s 1 stite not compatible with Iife The
term has been variously used to denote both low oxygen in the
blood and oxygen want of uissue A more descriptive term, Jypo
xema, signitying a decrease m the amount of oxygen 1n the blood
should be used preferably

It 15 possible by the wmhalition of 100 per cent oxygen by the
normal mdividual to increase the oxygen content of arterial blood
so that 100 cubic centimeters of trter1al blood would carry more
than 22 1nstead of the normal 19-20 cubic centimeters of oxygen
This relative increased saturation may actually be a  hyperov
emic  state

D CHANGIS IN O\YGEN TENSION IN TISSUE

Asphyxia —By dernvation, this term means without pulse By
common usage asphyxia has become synonymous with the fre
quently used term anoxta This ise of the term asphyxia 1s un
fortunate for 1t 1s smportant that one disinguish between the
effects of oxygen deprivation 1lone and those of oxygen paucity i
the presence of retamed c1irbon dioxide Under experimental con
ditions the effects of one may be tremendously different from
those of the other The term asphyxia should be limuted to that
state of oxygen want which 1s associated with a condition of m
creased carbon dioxide tension n the blood and tissues

Henderson and Haggard (209) recogmized two forms of as
phyxia One 1s crused by cessation of breathing There 15 then
an excess of carbon dioxide 1n the body This can be caused by
anything which stops respuation such as mechanical obstruction
of the trachea or drugs which paralyze respiration Under such cir
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1 otal lung capacity—the unount of ur present ain the lungs
fter 4 forced inspirition

Insprratory capacity—the volume breathed by 1 forced inspir
tion following 1 normal expirntion

Vital capaciy—the maxmmum amount of ur brathed 2fter 2
forced expirition

Functional restdual capacity—the amount of ur in the lungs at
the terminttion of 2 normal exprration

Residual volume—ihe volume of ur present mn the lungs fter
a forced exprration

Lxprratory and wmspiratory reserve voluntes—the volumes which
can be inh1led or exhaled at the termimation of msprration or ex
piiton respectnvely

These authors 1lso proposed 1 set of uniform symbols for use 1n
traiming 1nd 1n research publicattons relating to respiratory phys:
ology
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result 1s not satusfictory The term hypoxit' should be used to
designate states of decreised wailability to, or dimimshed utihiza
tion of oxygen by tissue from 1ny cause or to any degree

L LUNG VOLUMLS
There has been great need for the estaiblishment of a set of
defimtions for lung volumes Many of the current terminologies
employed for this purpose are m conflict Similar terms often mean
different things To correct this 1 group of physiologists met n
1950 ind submtted 1 table of definitions (365) which, 1t 1s hoped

Inspiratory
Capacity

Inspiratory Reserve Volume

[P Y . Tida) Volume
F Resting Trdal {any level of
Volume actinty)
3 - e e v ] -
-
e
El gV

= Functional Expiratory Reserve Volume
= Residual P 4
Capacity
Residuat
Volume
o 0
SPECIAL DIVISIONS FOR PRIMARY  SUBDIVISIONS
PULMONARY FUNCTION TESTS OF LUNG YOLUME

Figure t Lung volumes (From Standwdization of Definitzons and Symbols
in Resprratory 1 hysiology Tederation Proceedings 9 3 September 1g50)

will have universal applicability Figure 1 15 from the article pub
tished by them 2nd shows drigramatically the proposed definitions
of lung volume They state The primary subduisions of the lung
volume shown at right apply to all levels of respiratory effort and
contain no overlapping volumes The capacity terms t left 1n

clude two or more of the primary subdmvisions and are specrally
convement for climcal applicacions where gasometric measures are
most stmply made from tlie expiratory position of the Testing pa

tient
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tion follows only 1fter 1 puse In some disease states the Hering
Breuer reflex. becomes sensitized, for when the lungs are engorged
or m some wy rendered less elstic breathing 1s commonly rapid
and shallow Under such conditions the receptors discharge much
more redily for any given degree of distention or collipse of the
lungs with the result that the tidal exchinge 1s reduced and the
respiritory rite 1s tereased

Section of the vagt abohishing the Hering Breuer reflex 1s fol
lowed by deeper and slower respration, the result of loss of 1n
hibitory impulses from the lungs

Pertodicaty Since respirition continues rhythmec after section
of the vag there must be some other control over rhythmic
breathing Pitts (298) states there are two divergent views 1s to the
nature of this mechimism One of these views muntans that the
pentodicity of breathing 1s mmpressed upon the neurons of the
respiratory center by an inhibitory mechanism which Ires within
the bramn stem and which functions in 1 manner anilogous to the
vagal inhibitory mechimsm ‘The second view holds that the pen
odicity of breathing depends upon properties inherent in the neu
rons of the respiratory center

The bramn stem inhibitory mechinism was named the pneumo
taxic center by Lumsden (262) Its exact himits have not been
1ccurately defined but 1t lies within the tegmentum rostral to the
medullary respiratory center It 1s connected with the inspiratory
and expiratory divisions of the respiratory center by pathways
which lie m the lateral part of the brim stem These pathways
carry mmpulses from the mspiratory center to the pneumotaxic
center and from the pneumotaxic center to the expiratory center
The functioning of this mechamsm 1s sud to account for rhyth
micity of the breithing after the vag1 are severed Since 1t 15 1n
portant that we consider both views 1t 1s necessary that we review
the evidence upon which these beliefs 1re bised Respiration fol
lowing transection of the bramn at the junction of the pons and the
medulla remains essentially normal untl such ume as the vagi
are severed When one vagus nerve 1s cut mspiration 1s prolonged
and breathing slows When both are sectioned the animal nspires
deeply and remains n a state of mspiratory spasm known as ap
neusis Lumsden believes apneusis 1s the result of contrmuous dis
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PHYSIOLOGICAL CONSIDERATIONS

A REGULATION OF RESPIRATION
1 NEURAL CONTROL

Tn: RATE and volume of pulmonary exchingc to serve the needs
of the moment are the results of highly integrated nervous muscu
lar and chemical mechanmisms The coordiniting mechanism  the
respiritory center hes within the medulla oblongata and the great
est concentration of potentials synchronous with respiratton 1s
the region of the obex Pitts Magoun and Ranson (2g9) demon
strated withun this center two types of responses to stimulation—
mspiratory ind expiratory The ventral portion of the respiritory
center 1s concerned with mspirition and the dorsal expirition
Repeated stimulation of either of these areas alone leads to a con
tinued state of inspiration or expiration depending upon the site
of stumulation for the synaptic connections hinking the two centers
are reciprocally inhibitory Stimulation of one center leads to m
lubition of the other Sumulation of both centers simultaneously
produces wspiration showing that the inspiratory center 1s the
dominant one

Henng Breuer Reflex Afferent impulses along the vagt from
receptors within the lungs affect respratory rhythm and ampl
tude The receptors within the lungs are stumulated mechanically
by stretching and collapse They are not scnsitnve to changes m
chemictl composition of the air within the lungs Hering and
Breuer 1n 1868 (215) demonstrated that overinflation of the lungs
wnhibts msprration and produces expirition Sharp overdeflation
nitiates inspiration During normal respiration pulmonary expan
sion termunates mspiration and excites expration Deflation of the
lungs durmg normal expiration does not of itself produce mspira
tion for expiration is normally passtie and the succeeding inspira

18
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Rosenthal (315) suggested that pulmonmry ventulion 1s con
trolled by the levdd of oxygen m the arternl blood n 1880 In
1903 Haldne nd Priestley (191) 1dy anced the theory that respirt
tion 1s controlled by the arteril carbon diovide tenston In 1911
Winterstemn ({00) suggested that venttlition s controlled by the
arterial pH It 1s now known thit no single chamicnl agent 1s the
sole controlling mechamsm Gray (183) states that The simplest
hypothesis 1s thit the mdmidual or p'\rtnl cffects of the separtine
stmult 1re additne

The most umportant of the factors which affcct respiration are
the partial pressure of cirbon dioide wnd the hydrogen 1on con
centration of the arternl blood perfusing through the medulla
Normally the partial pressure of carbou dioxide wn arterinl bloed 1s
40 millimeters of mercury and the pH 15 7 { An mcreise in the
p;essure of carbon dioxide of 2 5 millineters of mercury m alveo
lar air or 1n artersal blood will double ventilion whereas 1 sim
lar decrease will produce apnier The inhaliton of carbon dioxide
can mcrease the maximum ventilation to thout 7o hiters per min
ute The pO (parinl pressure of oxygen) mnd pCO, (partinl pres
sure of carbon dioxide) are increxsed in the artersnl blood with an
associated drop mn the pH Metabolic acidoss increases the maxa
mum yenulation to about g5 hiters per minute The arterial blood
will under these conditrons show an mcrease in pO_ with 1 de
crease in pCO_ and in the pH This mcrease in minute volume 1s
n contrast with a maximum venulaton of 12 hiters per minute as
the result of oxygen want with a resultant decrease m the pO_and
an increase m the pH 1 artenial blood This providing of course
that the exhaled CO 1s not rebreathed

The manner in which carbon dioxide serves as a sumulus to the
respiratory center has long been a debated subject It was at one
time believed that the activity of the center was regulated by the
hydrogen 10n concentration of the arterial blood carbon dioxide
serving as a stimulus simply because 1t acted 1n solution as an acid
(H,CO;) Several facts however could not be reconciled with
this idea Carbon dioxide produced a much greater effect on res
piration than did any other acid for a given pH change Turther
sodium carbonate and sodwum bicarbonate when mjected 1nto the
blood stream 1n amounts which caused equal changes 1n blood pH
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charge by the mspiritory center and the result in turn of removal
of all wnhtbitory mfluences upon insprration Because of this 1t 15
believed by some that the rhythm of breathing depends upon the
snhibitory influence exerted by the vagal 1nd pneumotaxic mech
arusms and that there 1s no inhibitory property within the neurons
of the respiratory center uself Pitts believes that under most con
dinons the vagal inlubitory mechamsm plays 1 more promnent
role than the pneumotaxic mechamsmn m determining the rhythm
of respiration

The second view that the rhythmicity of breathing depends
upon properties inherent 11 the neurons of the respiratory center
has recently received strong support by the work of Hoff and s
co workers (222 75 76) Hoff et al have demonstrated that ipneu
s15 15 not permanent neither in the dog nor 1n the cat for, after a
variable interval the period of nspiratory spasm 1s termmated by
an expiration Tins peniod of apneusis 15 also not total for they
were able to demonstrate that there remain some vestiges of pert
odic respiration supernmposed as 1t were on the phases of ap
neustic breathing  Further the pertod of apneusis disappears n
the deteriorating preparation and normal respirition reappears
with the Inst respiratory 1¢cts of the anunal essentially normal Be
cause of these factors Hoff et al contend apneusis represents
some process supermmposed upon 1 basic periodic medullary
rhythm  They are convinced that apneustic breathing 1s the re
sult of interplay of peripheral 1nd central Ictors peripherally the
stimulation of the carotid body mechanism by oxygen deprnvation
and centrally overfacihtation of mspiration which occurs when
the Jower part of the pons 1s mcluded with the medulla in the
inract portion of the bram stem These experiments suggest that
the medullary respiratory center 15 mnherently periodic and that
respiration may be modified by other neuril mechanisms

7 DIRECT CHEMICAL CONTROL OF RESPIRATION
The activity of the respiratory center 1s subject to many factors
Chemical changes within the respiratory center as a result of «ltera
tion 1n oxygen nd carbon dioxide tenston the hydrogen 1on con
centration the rate of blood flow 1nd the temperature of the blood
lter respiration
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Rosenthal {g15) suggested the pulmonary venttation s con
trolled by the level of ovygen m the arterial blood 1 1880 In
qar, Laldane and Prestley (191) rdsanced the theory that respra
tion 1s controlled by the arterial earbon droxade tension In 1911
Winterstem (1a0) suggested thrt ventlwion 1s controlled by the
artenl pH It 18 now kuown that no single chemical agent s the
sole controlling mechimsm Cray (189) states that The simplest
hypothests 1s that the individunl, or parual dfects of the separitne
stimuh are wdditine

‘The most nnportant of the frictors which affect respirtion e
the partnil pressure of carbon dionide nd the hydrogen 1on con
centrition of the 1rternl bloed purfusimg through tie medulla
Normnily the partial pressure of cirbon dioxide mn artennl blood 1s
40 millimeters of mercury and the pH 1s 7 { An ancrease n the
pressure of cirbon drovade of 2 5 mullimcters of mercury n alveo
lar air or m rtersal blood will double venultion whereas 1 sum
lar decrease will produce 1pner The mhaltton of carbon dioxide
can increase the mximum yventilition to about %o liters per min
ute The pO., (partl pressurc of oxygen) and pCO_ {partial pres
sure of carbon dioxide) 1rc incrensed w the arternal blood wid an
associated drop w the pH Metabolic 1cidosis increases the mast
mum venttlation to about g5 Iiters per minute The arternd blood
will under these conditions show 1 ncrease m pO. with 1 de
crease in pCO_ and 1n the pH This incretse i minute volume 1s
In contrast with a mrxamum ventilation of 12 hiters per minute as
the result of oxygen want with 1 resultant decrease i the pO_1nd
anancrease 1n the pH i 1rterial blood This providing of conrse
that the exhaled CO 15 not rebreathed

‘The manner 1n which carbon dioxide serves as a samulus to the
respiratory center has long been 1 debated subject It was at one
time believed that the activity of the center was regulated by the
hydragen 10n concentration of the arterial blood carbon dioxide
senving as a stimulus stmply because 1t acted 1 solution as an acid
(H CO;) Several facts however could not be reconciled with
this idea Carbon dioxide produced a much greater effect on res
s;:::;“c::;r; did any other acid for a given pH change Further

mate and sodwm bicarbenate when njected mto the
blood strcam 1n amounts which caused equal changes m blood pH
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had oppostte effects upon respirition, the former dimimshing and
the latter increasing pulmonary ventilation Jacobs (227) m an
endeavor to explain these apparent discrepancies showed that
owing to the more re1dy penetration of carbon dioxide mto the
cells, the mtracellular hydrogen 1on concentration might be con
siderably lugher than that of the surrounding medium Gesell
(172) dispelled much of the confusion concerming the theory of
hydrogen 10n being the essential respiratory stimulus He postu
lated that the determining factor was the hydrogen 1on concen
tration within the cells of the center itself

Since the neurons of the respiritory center produce carbon
dioxide as 1 result of their own ~ctivaty, 1 reduction m the blood
flow through the medulla 1s followed by an increase i acidity and
carbon dioxide pressure within the center 1nd, 1s a consequence,
respiration ts stimulated On the other hand an mcrease mn blood
flow 1s followed by 7 reduction in 1cidity ind carbon dioxide
pressure with a resultant depression of respiration ‘These changes
n blood flow however, 1re not important 1s they affect ventilt
tion

With ncrease in temperature the respiratory rate also increases
as does the 1mplitude of respirition This hyperpnea 1s not fully
expluned by the increased production of carbon dioxide during
fever There 1s some belief that the frequency of discharge of 1m
pulses by the respiratory neurons mcreases 15 the temperature
rises with resultant mcreased amplitude of respiration

The neurons 1n the respiratory center are depressed by a reduc
tion i the partil pressure of oxygen in the 1rterial blood With
only moderte reduction n the partial pressure of oxygen a tran
sient phase of stimulation may follow the mitial depression Such
changes can be demonstrated only after the stimul: from the ca
rotid and aortic chemoreceptors have been removed by denerva
tion Inhaliuon of high oxygen concentrations usually results mn
erly respiratory stimulation This 1s said to be the result of a
pathologic increase i the oxadative process of the neurons

3 REFLEX CHEMICAL CONTROL OF RESPIRATION
As noted previously there 1s a perspheral chemical control of
respiration by means of chemoreceptors located at the bifurcation
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of the carotid artertes and 1t the areh of the 1ortr, known respec
tiely 1s carotid nd voruc bodies The crotid and nortic arers
exch contun two types of receptors ome type (pressoreceptors)
responds to mechmieal the other (chemoreceptors) to chemieal
sumulition The pressoreccptors situated m the wall of the ¢
rotid sinus 1nd i the wall of the tortic arch, are sumulited by a
stretching force, s by 1 rise 1 arterial blood pressure The chemo
receptors are contuncd m smll ghndular structures—the carotid
and aortic bodies The respiritory reflexes amtiited from these
two types of Teceptors are contrary in their effects Stimulation of
the pressorcceptors nhibits respirtion—1n abrupt rise m blood
pressure such as follows the mjection of epinephrine causing re
spiratory arrest (epmephrine apnei) Exatation of the chemo
receptors mcreases the rate and depth of breathing Both types of
reflex are 1bolished by section of the supplying nerves

Though of the utmost importance 1n the control of the circulr
tion the pressoreceptors do not appear 1n mammnls at least, to
serve any respiratory function under physiologic conditions
There 15 no condition of 1 physiologic nature under which the
inhibition of respiration 15 ciused by 4 rise i blood pressure or
by the sumulation of these receptors

The chemoreceptors are stimulated by oxygen lack, but not
until the oxygen tension of the arterial blood reaches 1 relatively
low level probably 70 millimeters of mercury or less At this ten
ston the arterial blood 1s about g2 per cent saturated with oxygen
Breathing an atmosphere contuning 18 per cent oxygen or ascent
to an altitude of 4000 feet produces similar tension and percent
age saturation The chemoreceptors are sull less sensitive to car
bon diovide Comroe and Schmidt (101) have shown expermen
tally that the chemoreceptors are relatively insensitive to a rise
carbon dioxide tenston and therefore play a very mmor role 1f
any 1n the control of respiration under ordinary physiologic con
ditons In more exacting emergencies however the reflex re
sponse of the chemoreceptors especially to hypovia 1s of the high
est smportance Hypoxiaappears to be meffective as a direct stimu
lus to the respiratory center Depression and ultimate failure of
the central neurons 1s the predominant effect of oxygen want The
chemoreflex mechanism on the other hand according to Comroe

i
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and Schmidt (101) 15 highly resistant to hypoxia retaning 1ts
viability and continuing to exert 1ts wmfluence upon the center
which would otherwise be unresponsne 1n the body s emergency
These observers look upon the chemorcceptor mechimism s 1
more primitive type of respiritory control wluch_serves as 1 Jast
Iine of defense 2gunst respiratory failure

1 In states of severe ovygen depletion the medullary center may
become so depressed s to respond only to chemoreceptor stimu
htion The administration of oxygen may relieve the hypoxemia
but 1t 2t the same time, eltmmates the mechamsm responsible for
the muntenince of respirition Apnea mty then occur (caroud
body apnea) Tlus apnen may ternunate fatally of the medullary
centers htve been suflictently depressed

Voluntary control of respirition 1s eserted durmng the acts of
speahing swallowing lrughmg etc The glossopharyngeal nerve
contains fferent fibers which mhibit respirition during the sec
ond stage of the act of swallowing The voluntary control over
respiratton however 1s strictly imited The breath can be held
for only 1 brief spice before wutomatic control asserts itself the
mlnbitory influence 1s overnidden and the muscles of respiration
contract despite all one s efforts to hold Ius breath
Stimulation of almost any afferent nerve may bring 1bout 1

reflex change 1n respiration Stumulation of pam fibers 1s espe
cnlly potent 1n this regard 1nd the respiritory effects of the exa
tation of the cutaneous nerves by extremes of heat and cold are
well known Stumulation of the abdominal viscera either during
surgery or as a result of disease m1y cause profound changes 1n
breathung Abrupt mnlubition of resptration may be caused by the
' mhalatton of 1n 1rmitant gas through stimulation of nasal branches
of the fifth cramial nene

B INTRATHORACIC PRESSURES

1 INTRAPULMONARY PRESSURE
The ventlatory aspect of respiration 15 the movement of air
mto and out of the lungs This movement 15 the result of 1lterh
tions of pressure within the thorax Two sets of pressures mam
fest themselves one within the pulmonary tree and the other m
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the pleurtt spice The former 1s known s the ntrpulmonary
pressure nd the leter, the intrapleurl pressure When the lungs
are n the 1esting position the intrapulmoniry pressure is wmos
pheric Tt drops 2 to 3 millimeters of mercury during mspirition
and rises § to 5 mullimeters of mcrcury durnng expirition The
maumal negatrve pressure capable of bemg developed wathin the
lungs by 2 forced inspiration agnunst resistance 1s from —fo to —50
millimeters of mercury The mtripulmonary pressure might be
ncreased to 4o millimeters of mercury by expirition agunst n
obstruction such s a closed glottis

2 INFRAFCEURAL PRESSURL

The mtripleural pressure 1s normally subatmospheric from the
time the chest cavity 1s first expnded at birth During normal m
spiration the intrapleural pressure 15 —6 smillimeters of mercury
and during normal expiration 1t 15 —2 mitllimeters of mercury
Here too these pressures m1y be greatly altered by respiratory
efforts agamnst an obstruction During 1 strong imspiritory effort
with a closed glottis the intrapleural pregsure may drop o —~40
millimeters of mercury Torced expiration 1ganst an obstruction
may desvelop an intrapleural positive pressure of 4o to o mllt
meters of mercury

An important result of the intrapleural negative pressure 1s 1ts
effect on the thinwalled vemns and aurnicles within the thorax
This ncrease in the mtrapleural negative pressure (subatmos
pheric) helps to fill these structures from extrathoracic regions
During states of increased intrapleural pressure (greater than at
mospheric) the pressure 1s transferred to the soft walled structures
within the mediasunum and blood 15 forced out from these struc
tures mto the large vessels of the neck and abdomen

C OXYGEN TRANSPORT
Oxygen leaves the alveolar atr and enters the venous blood be
cause of the difference m pressure gradient present Since the
enous blood oxygen 15 at a lower tension than the oxygen 1n
alveolar ur the venous blood thus becomes arterralized There 1s
some disagreement as to the difference between the partial pres
sure of oxygen n alveolar air and that 1n arterial blood because



26 Inhalation Therapy and Resuscitation

of the barrzer to the passage of oxygen produced by the Iming of
the alveolar spaces and the walls of the lung capillaries The dif
ference 15 sud to be from about 1 to g millimeters of mercury
(112)

Oxygen entering the blood may be carried both 1n chemical
combination with hemoglobin 1nd in physical solution The
amount carried with hemoglobin and 1n solution depends upon
the amount of availble hemoglobin and the partial pressure of
oxygen 1n the artertil blood The higher these values are the
greater will be the 1mount of oxygen carried

Oxygen carrted by hemoglobin 1s 1n the form of oxyhemo
globin One grim of hemoglobin combines with 1 g4 cubic centr
meters of oxygen The normil amount of hemoglobin m 100
cubic centimeters of blood 1s 15 grams Thus when fully satu
rated the hemoglobin i 100 cubic centimeters of blood carries
20 1 cubic centimeters of oxygen

The oxygen mn physical solution 1s directly proportional to the
pO, of the gas which 1s in equihibrium with the blood At normal
atmospheric pressure breathing air and at 38°C 100 cubic centt
meters of blood carrtes 1n physical solution, o 3 cubtc centimeter
Durmg breathing of oxygen 1t higher tensions the amount of
oxygen physically dissolved 15 mncreased With breathing of 100
per cent oxygen 100 cubic centimeters of blood can carry approxi
mately 2 3 cubic centimeters of oxygen m solution

D PERCENTAGE SATURATION

The extent to which hemoglobin combines with oxygen de
pends upon the partinl pressure of oxygen of the inhaled atmos
phere If normal most of the hemoglobin 15 combined with oxy
gen and 1s sud to be g5 per cent saturated When the partial
pressure of oxygen in the mhaled atmosphere 1s Iow less hemo
globin 15 combined with oxygen The extent of the combination
of hemoglobin with oxygen 1s discussed mn terms of the percent
age saturation of the hemoglobin The relationship between the
percentage saturation and the pressure of oxygen 15 expressed in
the oxygen dissociation curve of hemoglobm The character and
the shape of the dissocnition curve depends also upon the partial
pressure of carbon dioxide (pCO ) mn the bleod and upon 1ts
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~
wemperture The dissoction cune of hemoglobin and the par
ul presure of cwrbon dionide 1s, under normnl conditions
plotted s the muddle Iine (g0 mm pCO.) m Ngure @ A change
to the 1ad side (go mm pCO.) that 15 1 merese m the pCO,
will shaft the oxvgen dissocirtion cunve to the night A decretse
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Frgure 2+ Oxveen dissoqation cune <howng the effect of a drop 1 carbon
diovide tension toward afkafonts (=0 mm ) and toward 1adosis {00 mm)

m the pCO. or 1 rise m the pH will shuft 1t to the left (20 mm
PCO) A shuft in the onvgen dissocration cunve to the right 1
creses the 1mount of oxvgen given up to the tissues The mflu

ence of carbon dionide 1n this regard was discovered by Bohr 1nd
1s referred to s the Bobr effect
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of the barmier to the pissage of oxygen produced by the liming of
the alveolar spaces and the walls of the lung capillaries The dif
ference 15 sud to be from 1bout 1 to g millimeters of mercury
(112)

Oxygen entering the blood may be carried both in chemical
combmation with hemoglobin and in physical solution The
amount carried with hemoglobimn and in solution depends upon
the amount of available hemoglobimn and the partial pressure of
oxygen m the artertal blood The lugher these values are the
greater will be the amount of oxygen carried

Oxygen carried by hemoglobin 15 1n the form of oxyhemo
globm One grim of hemoglobin combines with 1 34 cubic centt
meters of oxygen The normal wmount of hemoglobin m 100
cubic centimeters of blood 1s 15 grams Thus when fully satu
rated the hemoglobin 1n 100 cubie centimeters of blood carries
20 1 cubic centimeters of oxygen

The ovygen 1n physical solution 1s directly proportional to the
pO. of the gas which 1s 1 equiltbrizm with the blood At normal
atmospheric pressure breathing air and at 38°C 100 cubic centt
meters of blood carries 1 physical solution o § cubic centimeter
During breathing of oxygen at higher tensions the amount of
oxygen physically dissolved 1s increased With breathing of 100
per cent oxygen 100 cubic centimeters of blood can carry approxt
mately 2 § cubic centimeters of oxygen 1n solution

D PERCENTAGE SATURATION

The extent to which hemoglobin combines with oxygen de
pends upon the partial pressure of oxygen of the inhaled atmos
phere If normal most of the hemoglobin 1s combmed with oxy
gen and 1s saxd to be g5 per cent saturated When the partial
pressure of oxygen 1n the nhaled atmosphere 1s low less hemo
globin 1s combmed with oxygen The extent of the combmation
of hemoglobin with oxygen 1s discussed 1t terms of the percent
age saturation of the hemoglobin The relationshup between the
percentage saturation and the pressure of oxygen 1s expressed mn
the oxygen dissociation curve of hemoglobin The character and
the shape of the dissociation curve depends also upon the partial
pressure of carbon dioxide (pCO,) 1n the blood and upon 1ts



CHAPTIR IV

CLASSITICATION O HYPOXIA

B,\Rmmrr (12) dlassified amonin mto three types: Anoxic, Anemic
and Stagnant Peters wnd Van Slyke (296) wdded 1 fourth form
Histotonic A better working classificatton ss that of $akhd et al
(32¢) Swmlar m some respects to that of Bareroft Pcters ind Van
Slyke it subdnades the Anovic \nowin of the Iatter chissificttion
substitutes Hemoglobic Hyposn for Anunic Anoxin and 1dds

Demand Hypoxin Hypown is divided mto seven groups bised
upon the etiological aircumstances of exch

Stagnant Hypoxia
Histotoxic Hypoua
Demand Hypoxia

A Atmosphenic Hypoxia ,
B Tidal Hypoxa I

C Alveolar Hypoxia !

D Hemoglobic Hypoxit N

E

F

G

A ATMOSPHERIC HIPO\IA
Atmospheric Hypoxia 15 due to 1 reduction m the nvulability
of oxygen to tissue becuse of 1 diminution m the partinl pressure
of oxygen m the whled atmosphere Such 1 dummnutron m the
pO may be the result of
High alutudes

1
2 Vitation of atmosphere by dilution with nert gases (nesthetic)
3 Unvenulated places

B TIDAL HYPO\IA
Tidal Hypovaa 1s the result of 1 decrease in oxygen uptike by
tissue because of a decreased respiratory exchange This form of
oxygen want may be the result of disease drugs respiritory ob
struction or because of rltered respiratory dynamics
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E CARBON DIOXIDE TRANSPORT

Hemoglobin plays 7 role lso mn the transport of carbon dioxide
About 5 per cent of the carbon dioxide 1 the blood 15 dissolved
s such i the plasmr Two to 10 per cent depending upon the
degree of oxygenation of the hemoglobin 1s combmed directly
with hemoglobin (carbhemoglobin) The remamnder 1s present as
bicarbonate nd as such 1s combined with bise which has been
yielded to cirbonic rcid by the weak 1cids of the blood

‘The carbon dioxtde combining power of reduced blood 1s
greater than thit of oxygenated blood bectuse reduced hemo
globm 15 a weaker 1cd thin oxyhemoglobin and the reduced
hemoglobm can combe directly with more carbon dioxide to
form carbhemoglobin than can oxygenited hemoglobm

Base yielded by hemoglobin participites mdirectly in the car
riage of carbon dioxide by the plasma by means of the chlonde
shift Base within the cells neutralizes the chloride 1ons which enter
the red cells thereby leaving base 1n the plasmn free to neutrahize
HCO, 10ns
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In some forms of Atmospheric Hypoxtt (ngh alttudes unven
ulated spaces) the arterial CO_ pressure m1y be lowered becruse
of 1 washang out of CO_ by hyparvenulition An important fictor
m the dissociation of onygen from hemoglobm s the carbon di
oude tension of arterinl blood In these circumstances, the ovy
hemoglobin does not give up 1ts onygen reacily nd s 1 conse
quence the tissues suffer further

D HEMOGLOBIC HYPONIA

In this condition the total 10ad of ovygen 1s reduced 1n propor
tion to the reduction i humoglobin content 1s in hemorrhage, or
to 1 reducuon mn the 1mount of nulible hemoglobin s in carbon
monoxide poisoming Arterial onygen tension and the amount of
ovigen 1n simple solution 1s normnl and the hemoglobin present
m arterial blood 15 95 per cent saturated

Hemoglobic Hyponia may be produced by
Blood loss acute or chronic
Red cell destruction by poison or disease
Reduction 1n the amount of availble hemoglobin by carbon
monoxide posoning
Alteration 1n hemoglobin by nitrites or chlorates
5 Decreased production of red blood cells

Lo o

w

E STAGNANT HYPO\JA

This condition 1s the result of a slowed circulrtion The arterial
oxygen saturation oxygen load 1nd 1ts oxygen tension, are all nor
mal The arteriovenous difference of oxygen however, 1s increased
because more oxygen 1s taken up by the ussues as a result of the
slowed airculation Venous blood 1s therefore characterized by 2
low percentage saturation of ovygen

Stagnant Hypoxia may be produced by

1 Circulatory failure
a General
b Local—Raynaud s disease
2 Impaired venous return
% Shock
4 Muilitary aviation—heart cannot pump blood agamnst high cen

trifugal forces developed during rapid turns dives pull outs
etc
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Disease

1 Cerebral lesions—tumor abscess, edema

2 Menmngitis

$ Medullary paralysis poliomyelitis

4 Asphyxia neonatorum—traumatic extraction

Drugs

1 Morphine
2 Barbiturates
8 Anesthetics

Respiratory obstruction

1 Pharyngeal
- Laryngeal
3 Tracheal
4 Bronchial

Altered Respiratory dynamics

Convulsions

Emphysema

Shifting mediastinum

Paradoxical respiration

5 Intercostal paralysis (partial or complete)

[EEICR

Reflex inhibition of respiration

C ALVEOLAR HYPOXIA

Alveolar Hypoxia 1s a state of oxygen want due to decrease 1n
the number or efficiency of functiomng alveoli This may be the
result of nvolvement of the alveolt by pneumoma or emphysema
compresston of the alveolr by atelectasts or pleural effusion or a
decreased alveolar efficiency as may be caused by mntrapulmonary
exudate

In the Atmospheric Ttidal and Alveolar forms of hypoxta the
oxygen saturation of arterial blood 1s below its normal of g5 per
cent The oxygen co content of the arterial blood falls below the
usual 19 5 volumes per cent Comadent with the lowered per
centage saturation and oxygen content the oxygen partial pres
sure 1n arterzal blood 1s lowered




Classification of Hypoxia 33

Hypothetieal values of atterinl and venous ovygen poreentage
saturation nd volumes pet cent are shown i the various forms of
ovygen wantan Eables 1 able 2 summarizes the oxygen capcity
artennd o\ygen content and tension, venous oxygen content mnd
tenston and arteriovenous difference 1 the vanous forms of Iy
])O\I'l

Tamr 1
Blood values n various forms of hypoxia

Classification Hhpovia Artertal Oxygen ¥ enous Oxygen
b Sar 1o G Ch Sat Yol
Atmospher ¢
Tidal 75 15 50 1o
Alcolar
Hemoglotne 925 10 3s 5
Stagnant 95 195 30 )
Histotoxic 95 95 8, 7
Demand 95 19, 50 10
Normal l 95 195 70 14
TanLr 2
Oxygen capacity, content lension and arlerorenous difference tn arious forms of
hypoxia
Oxngen Arterial Oxygen ¥ enous Oxygen Al
Hypoua Capacity Difference
Content Tenston Content Tension
Atmosphenic | Normal | Dq d| D d| D d | D Decreased
Tidal Normal | Decreased | D d| D d| D Decreased
Alveolar Normal |Decreased | Decreased | Decreased [ Decreased | Decreased
Hemoglobic
Carbon
M de | Decreased [ D d [Normal | Decreased | Decreased | Decreased
Hemorrhage | Decreased | Decreased | Normal | Decreased | Decreased | Decreased
Stagnant Normal |Nermal |Normal |Decreased | Decreased | Increased
Histotoxic Normal |Normal |Normal |Increased |Increased | Decreased
Demand Normal |Normal |Normal |Decreased | Decreased | Increased

In climcal medicine hypoxit 1s usually of mixed types The
state of hypoxia may have been origmally due to a single type The
disease ns 1t progresses produces other forms of hypoxia For ex
ample a patient acutely 1ll with pneumonia originally may have
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F HISTOTOXIC HYPO\IA

Peters and Van Slyke (2g6) first discussed this form of oxygen
deficiency 1n 1931 It 15 1 form of hypoxia i which the utilization
of oxygen by the cells 1s mterfered with It 1s the only form of
hypoxia 1n which venous oxygen saturation 1s lugher than normal
Arterinl oxjgen saturition oxygen content and oxygen tenston
are normal The blood 1n passing through the tissues does not un
lond 1ts oxygen consequently the arteriovenous differcnce 1s ex
tremely small

Histotoxic Hypoxri my be produced by
Alcohol
Anesthetics
Cyamde
Carbon monoxide
In general any ngent which depresses cellular respiration

oo N

o

keilin (230) showed that alcohol stabilized the oxycytochrome
so that the oxygen could not be removed at 1 normal rate from the
blood stream He showed further that cyamide produced Histo
toxic Hypoxia by 1nactivating the 1ron containng oxygen carrier
of the tissue cell Cyamide mactvates cytochrome by preventing
1ts combination with oxygen

G DEMAND HYPOXIA
Under this heading are wncluded those metibolic conditions 1n
which the bodily requirements for oxygen are elevated above nor
mat
1 Hyperthyroidism
2 Hjyperpyrexia—disease or artificially produced
g Blood dyscras: is

The oxygen want m1y early in these conditions be but poten
tial The added oxygen requirements are met early by wn mm
proved circulatory and respirutory efficiency As the oxygen need
increases  this compensatory effort may not be adequate The
added oxygen uptike from the arterial blood continues The ar
teriovenous difference increases If oxygen uptake by the red blood
cells 15 not facilitated by an mncrease n the percentage of oxygen mn
the 1inhaled rtmosphere true hypoxit becomes evident
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PATHOLOGIC CONSIDLRATIONS

IT was early discovered that there 15 great variation in suscepti
bility to onygen want OF the three ndudunls that ascended n
the balloon, Zenmth to 28 200 fect i 1875 one survived and two
died It should be obvious, then, that the one who sunnved was
better able to tolerate the eflects of oxygen wmt In more recent
times, 1t has been pomnted out that at elevrtions of 7,000 to 14 000
feet some individuals may have symptoms of oxygen deprivation
and others may have no untoward cffects Barcroft and his co
workers (13 14) 1n 1934 described excessive sensitivity to ovygen
want 1n a 26 yearold man A great varation 1n susceptinlity of
dogs to oxygen want wis shown by Dawis (115) The abiliey of dogs
to withstand oxygen want better than cts ws expluned by Stacy
and Whitehorn (363) ns due to the greater ability of dogs to incrense
therr venulatory volume because of greater response to chemore
ceptor sumulation Robert Boyle and Paul Bert noted that re

sistance to oxygen deprivation 1s greater m very young ammals
than 1n adults

A THE RISPIRATORY SYSTIM

The response of the body to hypowia 1s 1n effort to compensate
for oxygen Inck There 1s an effort to take up more oxygen by
resprration and to delver 1t more rapidly to tissues by the circu
lation

The respiratory center 1tself can respond satisfactorily to carbon
dioxide only 1f 1t 15 well supphied with oxygen If the extent of
hypoxia 1s not great and there 1s some assoctated carbon dioxide
retention the center 15 sumulated If the respiratory threshold 1s
greatly elevated by hypoxia response to carbon dioxide stimula
tion 1s absent The chemoreceptors 1n the aortic and carotid
bodies then become activated and this 1n turn causes the Tespira

35
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been suffering from Alveolnr Hypoxia because of a decrease 1n
alveolar surface His respiratory exchange soon becomes dimn
1shed nd Tidal Hypoxia pliys an important role The tempera
ture rise with an associated increased metabolism demands that
more oxygen be furmished Because of Alveolar and Tidal Hy
poxia such increised oxygen need 1s not met, and we now have
an added Demand Hypoxia With nggravation of the disease the
crculatory system may soon become madequate and 1 degree of
Stagnant Hypoxi1 may supervenc
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avygen want s followed by 1 loss of carbon diontde and resultant
lowering of the carbon dioxtde tension i the artenal blood He
attrbated this loss to the Towerad barometri pressure directly
We now hnow that carbon diontde loss 15 the consequence of
hypersentilation which 1s the result of this form of ovygen want
To muntam 1 normal 2a1d base bilnce more base is excreeed by
the kidneys The excretion of bicirbonate by the hidneys con

TIDAL
/ - \
LACTIC ACID CARBON DIOXIDE
PRODUCTION RETENTION

\ACIDOSIS/

Figure 4 \adosts as a result of Tidal Hypoxia
gure 4 P

tmues untsl the plasma bicarbonate 15 lowered n the same pro
portion as 1s the carbon dioxide tension with the production of
acapmia and acarbia If carbon dioxide loss continues and com
pensation cannot be mamtaimed alkalosss supervenes (Figure g)
In disease however there are always accompanying factors
which alter the picture The respiratory pattern 1s different At
mospheric Hypoxia of inhalation anesthesia Tidal Hypoxia of
spmal 2nesthesia or respiratory obstruction Aheolar Hypoxia
of pneumonia or pulmonary edema are not alw 1ys pure types A
common characteristic 1s carbon dioxade retentton Carbon diox
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tory center itself to become more active Whatever the driving
force there 1s at first an increase in the minute volume of breath
mg The increase m pulmonary ventlation not only increases the
oxygen uptake by blood but aids 1n the elimination of carbon
dioxide If oxygen lack 1s progressive, respirations become irregu
lar rapid and shallow Factors n addition to oxygen Iack which
my further elevate the respiratory threshold and thus decrease

ALKALOSIS

ATMOSPHERIC

HYPOXIA
AGAPNIA HYPERVENTILATION
ACARBIA LOSS OF 602

LOSS OF BICARBONATE

Figure 3 Alkalosts as 2 result of Atmospheric Hypoxia

the ability of respiration to compensate by increased mnute
volume exchange are resptratory depressants such as morphine
barbiturates and anesthetic agents

Most of our knowledge of the pathologic physiology of oxygen
want was discovered at high alutudes and n low pressure at
mospheres produced by chambers The type of oxygen want that
served as a basis for these studies was of a pure type that due to
1 decrease 1n total barometric pressure or to a decrease in the
partial pressure of oxygen without other factors which mught
have comphcned the response From studies of oxygen want due
to a decreise m total barometric pressure Mosso showed that
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crly m onygen want acts to nerese the perfuston of tissucs and
normlly compensites for the hyposemn As hypoxempa con
tnues the flow 1 the mfcrior venr e begins to Ml and s
markedly reduced even though the blood pressurc in the supcrior
vemt et my sull be nbove control vatues, with an apparent
redistribution of blood to the vatal head regrons Continuance of
the hyponemin results 1n 1 {1l in the supertor van e flow as
well 15 1n the mierior sent ena flow  T'his 1s furthered by pro
gressive cardine farture

Van Loo et al (38z) termed the enrly blood pressure rise 1s the
hypoxemic pressor phase, which 1s followed by the hypoxemc de
pressor phise However, when mr 1s substituted for mtrogen m
experimental hyposic mmmals there 1s 1 second pressor cffect
known as the post hypoxemic rise which 1s frequently greater i
magnitude than the primary pressor effect This suggests thae
during the depressor phase substances tre cltborted which could
not exert their pressor effect or be quickly destroyed 1 the pres
ence of oxygen With re-onygemuion the pressor action of these
substances becomes mamifest They found that mjected epineph
rine acts sumilarly with no pressor effect during the late hy
poxerme depressor phase, but as soon as aur breathing 1s resumed
a pressor effect 15 evidenced They feel that the pressor material
[iberated during the hypoxemic phase 1s epmephrine like 1n ac
tion They conclude that the adrenal glind plays little part 1n the
production of the hypoxemic pressor response, but pliys a major
role 1n the production of the arterial pressor response after re
aeration Pressor material hiberated from the drenal during se

vere hypoxemia does not exert pressor effect until tissues are
re oxygenated

+ THE EFFECT OF OXYGEN WANT ON THE CORONARY
CIRCULATION

It has been shown that oxygen want 1s a powerful vasodilator
of the coronary vessels (220) with a resultant mproved flow of
blood to cardiac musculature s may occur without any rela
tionship to changes 1 systolic pressure nd 1s undoubtedly a very
valuable compensatory mechanism In this connection 1t 15 1mpor
tant to note that Wiggers (393) has stated The pronounced
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1de has been shown to have, of itself 1 powerful effect on body
processes Cirbon dioxide can alter heart rate, cardiac output,
blood volume flow blood pressure capillary pressure and possibly
lymph flow Carbon dioxide alters acid base balance of the blood
the oxygen dissoctation curve, etc The diminished eltmination of
carbon dioxide due to meflicient resprration and the ncreased
production of lactic acid due to hypoxna tend to produce an act
dosis (I'gure 4)

In summary the respiratory center normtlly sensitive to carbon
droxide 1 stimulated 1f hypoxia 1s associated with some carbon
dioxide retention The resprratory threshold however, becomes
elevated with increasing deprnvation of oxygen The resprratory
center 15 then Jess sensitnve to stimulition by carbon dioxide
The carotid body mechinism serves as the driving force to stimu
late resprration 1f erther the resprratory threshold becomes ele
vated or the arterial oxygen tension drops

In Atmospheric Hypoxia the resultant response 1s hiyperpnea
If the exhaled gases 1re not rebreathed the carbon dioxide loss
becomes excessive and respiratory 1lkalosis may appear In most
dise1sed states oxygen depriation 1s 1ssocrated with carbon diox
ide retention with a resultant tendency to resprratory cidosis
This acidosis may be further enhanced by the presence of an m
creased production of lactic acid

B THE CARDIOVASCULAR SYSTEM

The arculatory tesponse to oxygen deprivation runs closely
prrallel to the respiratory reaction The coronary and cerebral
vessels dilate pulse and blood pressure are elevated and cardiac
output 1s increased (125 201 234 265) These ard m the delivery
of oxygen to tissue and carriage of carbon dioxide to the lungs for
elimimation The ncrease 1n pulse rate 15 not mamtamed 1if the
oxygen want continues to be mcreased It becomes reversed and
slows down If the oxygen want increases and the oxygen satura
tion falls g5 to 50 per cent a reduction of cardiac output and 2
fall 1n blood pressure take place Atmospheric Hypoxia 1m
proves the circulation until the amount of oxygen 1n the msprred
air falls to g per cent It 1s at this pont that a crisis occurs (327)

‘Feldman et al (150) showed that the augmented blood flow
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aottic bodies In the prosae of oxygen want these cantars send
afferent smpulses 1o the yasamotor canter nd there s 1 reasal
of the blood pressure due to 1 depression of visomotor tone As
previously stated much of the response to oxggen want depends
upon the mechimsm by which 1t 1s produced Under conditions
where carbon dionide raention 1s possible, some of the blood

OXYGEN LACK
- IN TISSUES
VOLUM/E FLOW

ACCUMULATION
WASTE PRODUCTS

DECREASED BLOOD VOLUME
HEMOCONCENTRATION

CAPILLARY
DILATATION

LOSS BLOOD PLASMA
INTO TISSUES
INGREASED
CAPILLARY PERMEABILITY

Frure , Ihe viaous cyele of oxygen deprivation and nerc ved capill iy
permeabslity

pressure rise m1y be duc to the retuncd crbon dioxede Gellhorn
and Lambert (16g) showed that the rise in blood pressure due to
carbon droxide 1s brought about by action directly upon the
vasomotor center 1nd to a lesser degree on the chemorcceptors In
the presence of mtact carotd nd 1ortic bodies nd m the presence
of retaned carbon dioxide oxygen want will produce a very
marked rise mn blood pressure Carbon dioxide hs 2 stumulating

effect on the vasomotor center Its action on the carotid and 1ortic
bodaes 15 not great

4 THE LFFECT OF OXYGEN WANT ON THE
CAPILLARIES
The capillaries are especially vulnerable to oxygen deprisation
Such deprivation mjures capillary endothelum with resultant
relaxanon and dilation These small vessels lose therr normal



40 Inhalation Therapy and Resuscitation

anoxic vasodilitation 1s doubtless a providentinl mechamsm by
which the cardiac pump 15 sustuned 50 well m progressive anoxa
indeed 1t 15 probable that myccirdnr] sumulation 1s converted
mto myocardial depresston 1s soon as the augmentation of coro
nary blood flow c¢annot keep pice with the decrewsing volume of
oxygen carried by the blood

Eckenhoff and lus group (137 188) demonstrated that n the
presence of hemorrhage 1nd circulatory fatlure the portion of the
cardric output which 1s diverted mto the coronry circulation
increases from the normal 4 to 5 per cent to 15 per cent or more
Burdette wnd Wilhelmi (79) showed that the oxygen uptake by
cardinc muscle 1s depressed n the presence of severe hemorrhagic
shock  Under conditions of oxygen wamt there re three mecha
nisms which protect the heart 1) A decrense m the toncty of the
coronary vessels 2) 1 diversion of a Jarger friction of the cardiac
output mnto the coronary circulttion and 3) 1 decrease n cardiac
work

2 THE EFFECT OF O\NYGEN WANT ON THE CONDUCTION
OF THE NORMAL CARDIAC IMPULSE

It hs been shown by Resnik (g08) that the S A node 1s lughly
sensitive to oxygen want and that there 1s a brief period m which
the 1mpulse formation 15 accelerated but that this period 1s rapadly
followed by progressive slowing of the intrinsic rate of the heart
Oxygen want first produces 1 shortening and later a lengthening
of the AV conduction Intruventricular conduction however, 1s
only shghtly affected It 1s Resmik s feeling that these changes 1re
the result of myocardrl hypoxit

The T wave becomes either decreased or inverted During se
vere degrees of oxygen want there 15 a slowing of the conduction
rate 1s evidenced by a lengthenwng of the P R interyal

It was found (19g) 1n dogs that cltmping a coronary artery fre
quently causes ventrrculu fibnillaon wlile generilized oxygen
want 1lmost nvanably resulted 1n ventricudar standstll mstead

s THE EFFECT OF ONYCIN WANT ON THL
BLOOD PRLSSURE
It 1s generally agreed that the rise m blood pressure 1ssociated
with acute oxygen want 1s due to the action of the carotid and
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oxygen provided that the exposure to hyposn hiad been bricf

An mncreased flow of lymph followed an meraase in pulmonary
aplliry presure and 1 chge mothe cprllany pormeabahity
Drinker stated that  ovygen Iiek leads 1o nerersed capallary
permeability of the blood capilianes Al oser the body He
pomnted out that the capillaries m duffcrent parts of the body vary
s to their resistanee to ovygen Iack and thar abihty to contract
The endothelinm of those of the ung re among the letst resist
ant to low oxygen tensions

Tilirion through endothelinm 1s 1 funcuon of the pressure
within the capitliny the condition of the sessel wall the osmotic
action of the plisma protans ind the ussue pressure

Duning hypoann flwad acanmulates i the abveolar wall unped
mg the prssage of gases through mto the theolar spaces further
obstructing the passige of oxygen 1nd cirbon dioude The thick
ening of the wall and the fland i the "lveolus close the pulmonary
pores that are essentil for the transport of ovygen between the
alveolt These pores intercommumicating channels between pr
mary lobules though relwnvely unimportant in normnl respim
tion may n the presence of abstruction supply 1s much as 10 per
cent of 1ts normal venulation Without these pores obstruction of 1
respratory bronchiole le1ds to rpid 1bsorption of the gas behund
1t with resultant atelectisis There 1s also 1 shight diffusion from
one alveolus to another but this 15 1lso barred by the swelling
of the alveolar wall The pathologtcal process 1ugments 1tself by
further producing hypoxta of the 1lveol: concerned which lowers
the total tension of oxygen throughout the capitlary bed Drastich
et al {124) showed that dogs with 50 per cent of their lung ussue
removed tolerated the oxygen lack produced by exerase far bet
ter than those with part of a lung atelectatic Lung tissue that 1s
unable to transport oxygen contmues to use oxygen thus low ermng
the tension 1n the capillary bed The presence of atelectatic arens
m the lungs further 15 Tesponsible for a dimmution 1n arterial
OXygen saturation since much unoxygenated blood may pass
through the atelectatic lang reaching the left heart without hav
Ing taken up any oxygen

The transudation and exudation of fluid carries proteln mto
alveolar spaces Thus protemized fluid exerts osmotic effect which
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tone and their abihity to contract and their lumint become pached
with stagnane red cells (241) Permeabulity of the walls of these
vessels to fluid and plasma protemn 1s markedly increased (243)
Therr normil endothelium 1s readily permeable to the passage
of water and crystalline solutes i erther directton and 1s readily
impermeable to plasmt protemns IE the capillary permeability 15
increased because of damage by oxygen deprivation plasma pro
tems leave the circulation Such loss alters the osmotic pressure of
blood and flurd balince 15 upset

Blood flow 1s further decreised because of accumulation of
waste products the result of decrewsed oxygen supply which mn
turn aggravates the atony and dilation of capillaries (275 351)
The effect of oxygen deprivation on capilary permeability re
sults m 1 vicious cycle (Figure 5)

SUMMARY OF CIRCULATORY EFFLCTS OF HYPOXIA

The early response to hypoxta 1s an wmcreased efliciency of the
cardiovascular system Coronary flow 1s increased as are pulse
rate cardiac output and blood pressure Conduction disturbances
however, may become manifest If oxygen deprivation continues
the blood pressure, pulse rate and cardiac output fall If the
cardrovascular system has not deteriorated relief of the hypoxia
may be followed by a post hypoxemic blood pressure rise Capil
lary endothelium 1s especrally sensitive to oxygen deprivation
with a resultane increased permeability It 1s the loss of the nor
mally mtravascular protemn which 1s responsible for disturbed
fluid balance and peripheral vascular collapse

THE PULMONARY TREE

Drinker (128) discussed the effect of hypox1t on the lung capil
laries 1n a series of lectures on pulmonary edema and flamma
ttion He measured the flow of Iymph from the lungs and found
that the flow mcreased during dyspnea Lymph channels m the
lungs that extend only as far as the alveolar ducts were adequate
to heep the lung lobules and alveol1 dry except in the presence of
hypoxia Subnormal tensions of oxygen mn the Jungs caused an
immediate 1ncrease n the volume of lymph produced This ex
cess flow would cease when the animal was ventilated with pure
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sticted by deerersed ¢nbon dionide or nerasad osygen The
dilan cffect of Tow (10 40) ovygen wlly s pr wically cqual to
that of high (5-7 ¢4) cubon dionide the greer total edfect of the
Ttter bemg tributabile to w assacted rise i blood pressure thut
was Iching an the most daammaton Thus mans e
bral vessels appear to posstss the Cipaesty both of the monkey s to
be markedly dilaed by monam nd of the acits to he strongly
dilated by mercased cubon dionade  Fhe effect of the mhahton
of 100 pur cent ovygen insterd of 100m Ur w1s redundy waik (2
decreasc of Mout 12 per cent cercbral biood flow) Tt w ould scem
that cubon dioxade tenston s the dommant mfluence m regu
ltmg both the tone of caacbral blood vessels and the ety of
the respiritory center over the ordmary phystologic rnge

Ovygen want beewse of locrlzed vasodilwon produces m
mcrersed flow of blood to the brun particululy to the medullr
md the hypothalamus  Assocated with this 1s dilhon of pial
vessels How much of this ts duc to carbon diovde retention and
how much of 1t 15 due to onygen Tk 1s debatable The amount
of damage which will be suffered by the bram depends on the de
gree of oxygen want I the degree of oxygen want 1s not great the
bramn may not suffer beewse of the incrased blood volume {low
and the vsodilagon There soon however comes 1 pomnt wheremn
vasadifation cannot heep pice with the mercsing defiaat of oxy
gen an the arterial blood  There 1s no structure i the body
wherein dimage due to oxygen want 1s less likely to be reversible
s 1s nervous tissue Whereas mn other parts of the body reparatine
processes can alter much of the damage due to oxygen want the
reparative processes in the bran are at a mimnimum

Courville (107) states It has been recognized that the evil
effects of anox1n are most evident 1n the tissues of the brain  nd
that 1t 15 the cerebral lesions which produce the most crippling
and fatal residuals  Gildea and Cobb (178) noted that temporary
mterference with the cerebral arculation produces areas of focal
necrosis in the cerebral cortex

The following table from Drinker lsts the survival ume of
different nerve tissues completely deprived of blood

Cerebrum small pyramidal cells

8 minutes
Cerebellum Purkinge cells

13 mmutes
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opposes that of the plasma proteins in the capillaries It eventually
may fill the lung Iobule so that 1t cannot be cleared by coughing
Hawving filled the bronchiole 1t may spill o other lobules to
mvolve them 1n the cycle of hypoxia and edema

With dimmshed tidal exchange and resprration urregular in
depth the output from the right heart 1s low for there 1s less
suction on the great veins There 15 less total blood flow through

ATELEcTAsgs\
BLOCKED HYPOXIA SPILL TO
LUNG PORES OTHER LOBULES

PROTEINIZED FLUID
INGREASED {N BRONGHIOLES

CAPILLARY PERMEAH!LITY /
THIGKENED RANSU! 108
ALVEOLAR WALL JRANSUDAT

Figure 6 The vicious q(]e of oxygen want and increased capillary perme
abulity m the lungs

the lungs and capillanes 1in the dependent portion of the lungs
are by passed There 1s stasis 1n those vessels Air does not enter
these alveol s well as under normal conditions Hypoxia and
also accumulation of lymph and edemn 1s augmented The vicious
cycle thus engendered may be summarized as in Figure 6

C THE CENTRAL NERVOUS SYSTEM

1 GENERAL CONSIDERATIONS
Kety and Schmudt (231 239) studied the changes n arterial
gas tensions on cerebral blood flow m normal men Schmidt (334)
states According to these findings the cerebral vessels of man
we dilated by increased carbon dioxide or decreased oxygen con
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m1y appeir 1s 1 result of m et upon the optic nunves or by
secondary changes m the ocapatal Tobe sesultng from acute ovy
gen want nd visculi occlusions Ganglionie symptom compleses
may apperr as the result of mypmy to the glabus pathdus Specch
dusturbrnces 1nd peripherl neuris my oceur, the Itter seems to
be unique m carhon monoside porsomng Chromie psychoneuroses
occur 1n many of the pitients whe recover from erbon monoside
potsoning The symptoms my persist for months or years The
most charctenstic fertures e anotional flattening d changes
n personility with poor msight, indifference, obtuseness mvacty,
hzy memory, emotion1l depression poor Judgment nd deficiency
m e Aberrtions appenr, some bung present m almost
every patient who recovas The psychosis mry be permanent and
even progressive to complete dementin with unnesit, confusion
wrrationality  emotiontl depression 1nd delusions of persccutory
nature The meadence of scrious psychosts however 1s fow

3 CHANGLS DUE TO ONYCEN WAN1 AS A RESULT
OT ANESTHLSIA

Anesthesia may produce hyposit by 1) Depression of the respir
atory center The respiritory center mny be depressed by drugs
such as pentothnl ether cyclopropanc and 1ertin 2) Diminution
of oxygen m the inhiled atmosphere Oxygen may be duninushed
in the inbaled 1tmosphere by dilution with either nitrous oxide or
ethylene Interference with tidl exchange with resultint hypou
m1y be caused by respiratory obstruction §) Paralysis of respir
tion Spinal anesthesin may produce 1 sufliciently high ntercostal
paralysis to mnterfere with respiration 1E the anesthetic agent
ascends to the cervical cord diaphragmatic paralysis will follow 1s
the result of phrenic nerve mvolvement

In discussing oxygen want following nitrous oxide oxygen
anesthesia Courville (107) states  Cerebral lesions occur primarily
as a result of a triple mechamism 1) the general reduction of oxy
gen tension 1n the blood 2) a temporary cessation (or at least a
marked slowing) of the blood current incident to the often 1t
tendant cardiac failure and 3) a dilatation of the small cortical
blood vessels It 1s the last of these factors that apparently deter
munes the focihzation of the early areas of cortical necrosis as



46 Inhalation Therapy and Restscitation

Medullary centers 20~30 minutes
Spinal cord 45~-60 minutes
Sympathetic ganghn 60 minutes
Myenteric plexus 180 minutes

Certain facts now seem clear

1 The earliest evidence of a lesion 1s found n the permeuronal
space, associited with moderate shrinkage of the nerve cell and de
generatn e changes 1n the surrounding mnterstitial tissues

2 The areas of focal necrosis are usually found surrounding 2
dilated blood vessel

g The larger cortical lesions are but 1 progressive fusion of
these are1s of focal necrosts

If denth follows immediately after acute oxygen deprivation the
characteristic feature 15 congestion The blood vessels of the pia
mater, the cortex and basal ganghia and of the choroid plexus all
are dilated and filled with red blood cells Often hemorrhages may
extend wmto nersous tissue the result of ruptured blood vessels

If death 1s delayed for some time following acute hypoxn, the
brain wiil show marked damage of the gray matter

2 CHANGES DUE TO CARBON MONOXMIDE POISONING

Charcteristic of this condition 1s the formation of carboxy
hemoglobmn which produces the characteristic cherry red color of
mucous membranes Hemorrhages when they do occur are ust
ally petechial 1n type Intense congestion 1s the most prominent
feature found 1t autopsy If there has been some delay between
the time of exposure and of death 1reas of cortical softening and
damage to the globus pallidus may be present The affected tisues
first undergo circumscribed softening followed by depression of
the areas 1s phagocytosis of the decadent materinl proceeds The
globus pallidus may also show central necrosts first mamfested
by 2 circumscribed granulation of the enclosed gray matter with
subsequent liquefaction and absorption

If the exposed ndividual recovers from the period of acute
oxygen want due to carbon monoxide poisoning and survives
there may often appear disturbing residuls over virying mtervals
of ime The residuils may be of many types Visual symptoms
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Blinduess 1s 1 restdunl of anesthete hyposas must be cxromedy
rire nd yet Comalle hs hnd the opportuny to study three cses

1 ONYCLN WANT IN THL NLWBORN
Spasticities of culdhood are the direct consequence of hyposi
1t birth {108 253 =255) It his bun suggesied tnt some of the
other less well understood cortict! degeneratsons of mfiney nd
early childhood may have 2 smmlar genesis (106) Yender et al
{152) suggest that fetal or neonital hyposit may play 1 major put
in the development of epilepsy 1h man
The hazard of oxygen want m the fetus 1s becoming more gen
erlly recognized Preston (301) presents 1 series of 132 children in
whom ovygen want due to vartous prenatgl and postnatal ciuses
dumaged the centrl nervous system scrtously enough to affect sub
sequent behvior
Persistent or fluctuating episodes of cymosis of mucous mem
branes comsulsive serzures or muscular twatchings 1 depression of
spontaneous mosvements of the extremities or 1 [lure to nurse
properly m1y onc or 11l suggest the occurrence of cerebral dwmage
by oxygen want
Courtville stresses the fict that there may be an interval between
the ume of acute oxygen want and the delyed 1pperrnce of
residuals which m1y be entirely symptom free Thus many 1 baby
who appeared at birth to be normat Iater in hfe exhibits signs of
damage due to oxygen deprivation Counville {(107) stites that 1n
such cases more or less constant crymng occurs so much so that 1
large portion of the childs waking hours 1s so consumed
This occurrence shonld forewarn the physician of troubles to
come giving him oportunity at this early period to review crit1
cally the details of delivery which might have played a part m
producing asphyxia as well as an occasion to prepare the parents
for the possible unpleasant sequel
A variety of neurologic syndromes may be residual pictures of
acute oxygen want 1n the newborn Mental deficiency may be evi
denced by retarded mental development and associated slowness
}:o;mlonnge ;vz;lkmg or learning to talk aimless rolimng of the head
All are freéu:nttor:srl‘g::l: *flead oeaung and alhed phenomena
ol oxygen want In older children the
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suggested by the presence ol an enlarged central vessel The con
gestion found at autopsy 15 less profound than that following other
forms of oxygen want No large areas of the bran re affected

If the patient survives for 1 few days and then dies auropsy re
veals smll areas of softening 1n the bramn which suggest those fol
lowing embolism Changes in the globus pallidus are similar 1o
those found after carbon monoxide poisoning

Residuals due to oxygen want assoctated with anesthesia re the
result of alterations in cerebral ussues Courville states that the
syndromes which have been observed as a consequence of anes
thesia are

1 The acute psychoses These are seen most characteristically
after nitrous oxade Lmotional mstibility hysterical outbursts
acute delirum or mani1 hallucinations or cataleptic stites may
occur as acute transitory residuals after nitrous oxide oxygen
anesthesrt

2 Hyperhinesias m1y be mamfested by muscular twitchings
convulstve disorders mcreised psychomotor activity tremors or
choreitorm 1nd athetord movements

3 Decerebrate states These are s 1 rule assoctated with pro
found com 1nd 1re an immedite restdual more often seen after
mitrous oxide The prognosts 15 much more grive under these
arcumstances but not necessarily hopeless However even with
survival serious and often crippling restduals persist The patient
1s usually comatose Rugidity of the decerebrate type may 1ppeir
This 1s often manifested by extensor spism The rigidity 1s usu
ally generalized but may affect the members of one side or may
alternate between the two sides

4 The psychoneurotic stites These 1re probably more com
mon than has been supposed n the past  If the truth were fully
Known 1t well might be that many nstances of psychoncuroses arc
due to subclintcal episodes of anoxia  (10y)

5 Certain chronic psychotic stites It 1s very likely that many
examples of the so called postoperanive psychoses are n fact post
anesthetic psychoses

6 The parlimsonian syndrome athetord or lenticular syn
dromes which follow the more profound postanesthetic anoxic
states 1re quite rare but do occur
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tion with euphorr In states of suriival following severc blood
loss there m1y apperr mannctl outbursts hyperhinetic wd para
lytic manfestrtions and disturbances m specch, similar to those
found after other types of oxygen want These are usually trns:
tory, wnd full recovery 1s ta he cxpected m the majority of cases
Courville (107) fecls that 1f the shock state 1s prolonged howevcr,
1t 1s possible for structurtl changes to occur 1n the cerebrml cortex
According to 1vuhble reports these alterations are not severe and
no late residuals have been noted Courville states tht the posst
bility of muld vestdual symptoms 1 the psychic reatm 1s to be con
sidered It has been reported tht there 1s mereased danger from
oxygen want 1n indnidutls who haye lost blood (211)

9 THE ROLL OF IHL SYMPATHETIC SYSTEM
IN O\NYGEN WANT
Sawyer and his associites (331) noted that sympathectomized
cats could not tolerite oxygen want s well 1s could normal cats
under similar conditions The sympathectomized animals could
withstand an oxygen tension of 6 per cent for only 15-38 minutes
whereas nonsympathectomized tnimals tolerated the syme degree
of oxygen deprivation for an hour or Jonger It 1s evident, there

fore that an intact sympathetic nervous system protects the ammal
n 1ts tolerance to hypoxia

SUMMARY OF LFFECTS OF HYPOXIA ON THE
NERVOUS S$YSTEM

Hypoxia produces an increased flow of blood to the bramn This
effect 15 augmented by mncreased carbon dioxide If the hypoxia 1s
not severe the increased flow enibles brun tissue to sitsfy 1ts
oxygen requirements As oxygen deprivation increases the aug
mented flow fuls to meet the requirements of the brain With
mjury to capillaries because of oxygen deprivation edemx of the
bramn becomes manfest because of increwsed permeability of the
capillaries

Of all ussues mn the body the bramn 1s most sensitnve to oxy
gen deprivanion and 15 the least likely to recover Characteriscc
changes are congestion and hemorrhage If the oxygen want has
not been immediately fatal residuals erther psychic or motor ap
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early hypoxin m1y be the basis of behvior problems even n clul
dren with normal intelligence

Spastic states chorerform athetoid complex or epileptic states
may appear These m1y or m1y not be complicated by mental
retardation Often such 1s not the cise and the crippled child may
be bright and alert Visuil syndromes and speech disturbinces
may 1lso result

There also 1s 1 group 1 which convulsions seem to be the out

standing manifestition

5 EFFECT ON THL CEREBROSPINAL FLUID PRESSURE
AND THE INTRACRANIAL PRESSURE

Oxygen want causes 1n increase n the cerebrospinal and 1ntra
cranal fluid pressures This can be readily demonstrated during
operattve procedures on the bram when the patient 1s exposed to
pertods of acute oxygen deprivation Maurer (26g) feels that the
mmeditie mcrese m cerebrospinal flurd pressure 1s due to n
mcreased cerebral blood pressure This change occurs before the
blood oxygen saturation 1s lowered effectively

The secondary creases 1n the prolonged elevation of cerebro
spnal fluid pressure are believed to be due to accumulation of
fluid from the cerebral capillaries whose permeability 1s mncreased
when blood oxygen saturitipn 1s lowered sufficiently

6 EFFLCT ON THE VASOMOTOR CENTER
The acute rise in blood pressure produced by hypoxit may be
the result of direct action of oxygen want on the center 1tself or of
reflex action through the sino aortic nerves If there 1s 1ny degree
of carbon dioxide retention this through its central effect may
cause 1 rise 1n blood pressure

7 LFTECT ON THE VOMITING CENTER

Vomuting 15 1 early sign of oxygen want and may be due to
stimulation of the vomiting center by oxygen lack

8 LFFECT ON PSYCHOLOGICAL PROCESSES
The symptoms of oxygen want 1re herdiche drowsiness pug
naaty confusion and incoordmation There 15 1n early sumula
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capithin bed VDM s destroyed by healthy hiver ussuc i the
presence of oxygen nd 1ts effcet 15 countertcted by 1 vasoexcitor
substance produced by the hadney But 1 Lidney indequately sup
plied with oxygen does not conunue to produce the excitor prin
aple termed VEM VDM accumulites ripsdly mn the presence of
shock and 1ts masmum blood levels are found m irreversible
shock when the cipillries show complete loss of tone and the
blood cells are stationary 1n the lx vesscls

STAGNANT HYPOXIA

INCREASED A-V DIFFERENCE

TISSUE FALL IN
HYPOXIA B8LOOD PRESSURE
SUBNORMAL OXYGEN TENSION
IN VENOUS BLOOD
LOSS LOSS

CAPILLARY TONE  pypoxia OF LIVER VASOMOTOR TONE
INCREASED PRODUGTION
OFVDM
Figure 7 The vicious cycle produced by Stagnant Hypoxia with special
reference to its effect on the lner

When the oxygen supply flls below maintenance levels 1t pro
duces a substance which causes vascular hypo reactivity stagnation
of the blood and lowered oxygen tension n the venous blood fur
ther depriving the liver of oxygen Concurrently hypoxia prevents
the productton of the counteracting VEM by the kidney

VDM 15 also excreted by the hidneys—but when 1ts concentra
tion 1s highest 1t cannot be elimated satssfactorily as renal blood
flow has been shown to decrease to a negligible level m shock

Stagnant Hypoxia results m an increased arteriovenous differ
ence which 1s characterized by a subnormal oxygen tension 1n the
venous blood If we are to accept the belief that 6o per cent of the
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pear on return to consciousness Delayed residuals may occur as a
result of fetal or neonatal hypoxia Peripheral neurttis although
not a usual occurrence following oxygen deprivation, 1s peculiarly
true of carbon monoxide poisoning

D THE EFFECT OF OXYGEN WANT ON THE LIVER

The hiver 1s more susceptible to the effects of oxygen want than
are kidney and muscle Engel et al (144, 145) have shown that
oxygen want 1n the hiver results 1n an nbility of the Iner to
deamnate amino acids and that 1t also produces intrmsic damage
to the hepatic parenchyma The vulneribility of the hiver to dam
age by oxygen want secms to be due to 1ts primary dependence on
the venous blood of the portal vein to supply 1ts oxygen

Oxygen deprivation produces a decrease i hepatic function
Early 1n shock there 1s 1n mcreased uptake of oxygen from the
blood by the Iiver with a fall in the oxygen saturation of the blood
from the hepatic veins As oxygen want mcreases in severiy the
rate of oxygen uptike becomes depressed because of a decreased
availability of oxygen The degree of depression of oxygen uptake
by the liver 1s directly proportional to the degree and duration of
oxygen deprivation (395) The Inver 1s extremely sensitive to oXy
gen want and to reduction of 1ts blood supply and 1n severe oxy
gen want the ability of the liver to remove bromsulphalemn from
the blood 1s reduced even 1n the presence of 1 normal arteral
blood pressure (115)

Hesse (.16) pointed out that the hiver of aviators who died of
hypoxia revealed pecular lesions These lesions were found 1n the
hepatic cells near the center of the lobules 1s large round or
polyhedral vacuoles These vacuolization areas are not degenera
tive or necrotic changes but are the result of entrance of fluid mto
the liver cells from the blood due to alteration of the permeability
of the walls of the hepatic cells or the walls of the sinusoids (379)
This vacuolization 1s a reversible change and 1t might be defined
as ntracellular edema

Shorr Zweifach and their associates (351) have shown that the
Irver and sheletal muscles when suffering from hypoxia mn shock
produce a ‘asodepressor princple This substance termed for
case of description VDM inhibats the tone and contraculity of the
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resulted n 1 jo per cent decrease n the wrenihin content of the
adrentl ghinds It has been demonstrited by Tewis and his co-
workers (230) that adrenalectonuzed wimals are morc susceptible
10 onygen want than re normat amumls: The admmstrtion of
adrenal cortictl hormone to these tmmals enables them to with
stand ovygen want to 1 greater degree than otherwise  These
glands therefore would seem to hrve an mmportnt role n pro
tection agamst the htzards of oxygen deprivation In severe ovy

gen want there seems to be an mcresed activaty of the sympatho
adrenal system This 1s mantfested by contriction of the spleen
with hemoconcentration ind 1n elevtton of the blood sugc

G THE EFFECT OF ONYGEN WANT ON THE
ALIMENTARY TRACT

In barbitunized dogs oxygen want produces inhubitton of gistric
motility with delay 1 gstric emptying ume This delhy in anpy
mg time was confirmed mn humans 1nd s probably due to vagnl
sumulation by osygen want with 1ssoartted contrmction of the
pylonic sphuncter This delay m gastric emptying tune seems to
occur also in Hemoglobic Hypoxin Anesthetic agents delty empty
ing tme and i these anesthetic agents are used s examples of
substances producing Histotoxic Hypoxrt 1t might be sud that
Histotoxic Hypoxua due to these agents delys gstric motility

CHEMICAL CHANGES IN THL BLOOD
DURING HYPOXIA

A EFFECTS OF HYPO\IA ON THE ACID BASE
BALANCE OF THE BLOOD

In 1919 Haldane kellas and hennaway (195) showed that with
hypoxia there occurred a dimimnution 1n the excretion of 1aad ind
ammoma with the urine becoming alkiline n rewctron This
bolstered the alkalosis theory The hypertentlation produced by
Atmospheric Hypoxa results in tncreased blow ing off of alyealrr
carbon dioxide followed by 1 lowering of carbon diowude tenston
in artenal bleod To mantain a normal 1cid base balance more
base 15 secreted by the hidneys The excretion of bicirbonate by
the kidney continues until the plasma bicirbonate 1s lowered 1n
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oxygenation of the Iiver 1s by way of the venous blood we are
thus faced with hypoxia of the Iiver In the presence of hypoxia
there 1s an 1ncreased production of vasodepressor material which
results 1n a loss of capillary tone tissue hypoxia and this 1n turn
an 1dded degree of Stagnint Hypoxia Vicious cycles thus become
established (Figure 7)

E THE EITECT OF OXYGLN WANT ON THE KIDNEY

Davis (115) states that it was shown by Claude Bernard that the
Lidneys removed a smaller proporton of oxygen from the blood
than did other tissues In the presence of 1 low oxygen tension m
arterial blood the lidneys take up oxygen in normal amounts
so that the venous blood from the kidney 1s very low 1n oxygen
It would seem that the kidney cn tolerate considerable degrees of
ovygen deprivation Van Liere (381) worhing with dogs showed
that oxygen want 1s followed by a diminution 1n urinary output
Following the period of decreased urinary output there 1s a pertod
of polyuria The oliguria as a result of oxygen want occurs even
under the elimination of adrenal secretton from the crrculatory
system and follow mg denervation of the hidney In studies on man
at high aluitudes 1t was found that urinary output on the other
hand increased Some of the work was done by Armstrong (12) mn
low pressure chambers and other work was done on pilots at high
altitudes

Many pathologic changes appearing in the kidney have been
ascribed to the ravages of oxygen deprivation These have been
described by Adami (4) and by Lucke (261) Lucke found the
degeneration limited to the lower segment and thus noted the
development of a lower nephron nephrosis Moon (276) feels that
both upper and lower segments of the kidney are mvolved

F THE LFFECT O OXYGEN WANT ON THE ADRENALS

Giragossintz and Sundstroem (179) showed that rats exposed for
long periods of time to low oxygen tension had necrosts and
hemorrhage 1n the adrenal glands It was shown by Cannon and
Hoshins (87) and Schulze (338) that oxygen want though 1t often
sttmulates the secretton of adrenalin does not always do so Emer
son and Van Liere (141) pomnted out that severe oxygen want
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oudamne energy mising from the trnsformation of glycogen to
lctic rcrd fuls to meet the deficit and the sum totnl of encrgy 15
curtuled Due to the ripid formauon of Irctie aad the sum totnl
of acid formatton exceeds the normal Thus combined with 1 re
duction of carbon diovide eliminated by the lungs leads to naid
accumulation 1 the body The resulting increase in tissee acadity
further umpatrs oxtdation and thereby sets i motion 1 dingerous
viaous cyele (175)  Tlus victous cycle 1s represented m Tigure 8

In states where early onygen want 15 not assocrated with the
chimmation of carbon dionide s 1 rebreathing of vitited nr
1 closed system, marked acidosis may occur without any nterme
diate atlalosis

B THE EIFECT OF O\YGEN WANT ON BLOOD SUGAR

Early 1n oxygen want glycosurin appears It may be due to mo
bilization of Inver glycogen Tlus mobilization of sugar may be due
to the action of hypoxa on the central nervous system This n
crease m glycosurnn s assocrated with an ncrensed output of
epinephrine There 15 some evidence that hyperglycemin and gly
cosuria are 1n proportion to the degree of oxygen want As the
glycogen reserves of the liver are lost hyperglycemia may disap
pear

The hyperglycemia produced by oxygen want may 1n expert
mental ammals be prevented by adrenalectomy Adminstration
of adrenal cortical hormone to adrenalectomized mimals permuts
a hyperglycemia to occur under oxygen want (250)

Coffec and Gellhorn (g94) have shown that a period of oxygen
deprivation produced 45 minutes after the subcutaneous njection
of 0 25 umt of insulin per hilogram n rabbits has a more pro
found effect than when the drug 1s not grven thereby causing a
rise n blood sugar above the sugar level found n the msulin con
trol experiments ‘This would indicate that oxygen want 15 a more
powerful sumulant to the sympathetico adrenal system m hypo
glycemia than at normal blood sugar levels If however the pertod
of oxygen want 1s extended over a period of two hours the hypo
glycemc effect of insulin 15 aggravated

Gellhorn and Packer (170) 1n experiments on unanesthetized
rabbuts showed that although the mnhalation of 5 4 per cent carbon
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the same proportion as the carbon dioxide tension Thus, the pH
changes 1n the blood should be very shight as long as compensation
1s maintamned With falure of compensation alkalosis superyenes
Osvervenulation from any cause whether due to high alutude
exercise hysterta or fever or as the result of a disturbance of the
respiratory center from infection of the central nervous system
tumor or drugs (s1licyltes) may cause alkalosis

There 1s some evidence however that extreme degrees of oxy

WITH SUBNORMAL
VENTILATION
HYPOXIA
ACID DIMINISHED
AGCUMULATION OXYGEN CONSUMPTION
OXIDATIVE ENERGY

NON OXIDATIVE
ENERGY FAILS TC
MEEY THE DEFICIT

REDUCTION CO2 {NCREASED FORMATION

ELIMINATION LACTIC ACID

Figure 8 The tendency toward acidosis due to subnormal ventilation

gen want produce an acidosis Henderson and Radloff (212)
showed that 1n advanced oxygen want the alkalosis may change to
acidosis Acidosis increases as death approaches This 1s partly due
to incomplete combustion of carbohydrates with lactic acid forma
uon and to decreasing respiratory efficiency with carbon dioxide
retentton

Carbon dioxide 2lone 1s not the only cause for alteration 1n the
acid base balance of the blood Cesell (173) states It 1s now well
established that gaseous mixtures Jow m oxygen admimistered by
uniform artificial ventilanon diminish oxygen consumption and
osidative energy despite mcreased solume flow of blood Non
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oudatnne enargy rsmg from the trinsformation of glycogen to
Jctic 1ad fuls to mect the deficat and the sum total of energy 15
curtuiled Duc to the rpid formation of lactic acd the sum total
of actd formatton «veeeds the normal Tlus combined with 1 re
duction of carbon dionide elimmated by the lungs leds to rad
accumulation 1 the body The resulung mercase m tissuc acrdity
further nmpatrs oxidation and therchy scts i motion 1 dangerous
victous cyele (175)  This vicious cycle ss represented in Ligure 8

In states where early onygen want 1s not associted with the
immation of ¢carbon dioxide 15 m tchreathimg, of vinted urn
1 closed system marked acidosss may occur without any mterme
dinte 1lklosts

B THE ETFECT OF O\YGEN WANT ON BLOOD SUGAR

Farly i oxygen want glycosuri appears It may be due to mo
bilization of liver glycogen Thus mobilization of sugar my be due
to the action of hypoxi1 on the central nervous system This in
crease 1n glycosurn 1s 1ssocited with an increased output of
epinephrine There 1s some evidence that hyperglycemn and gly
cosuria are m proportion to the degree of oxygen want As the
glycogen reserves of the Iner are fost hyperglycenua may disap
pear

The hyperglycemia produced by oxygen want may, m exper:
mental amimals be prevented by adrenalectomy Admimstriton
of adrenal cortical hormone to adrenilectonmized 1mmals permits
a hyperglycemia to occur under oxygen want (250)

Coffee and Gellhorn (94) have shown that a pertod of oxygen
deprivation produced 45 minutes after the subcutaneous mjection
of 025 unit of insulin per Lilogram 1n rabbuts has 1 more pro
found effect than when the drug 1s not gien thereby causing a
1ise 1n blood sugar above the sugar level found in the insulin con
trol expeniments This would indicate that oXygen want Is a more
powerful stimulant to the sympathetico adrenal system 1n hypo
glycemia than at normal blood sugr levels If however the period
of oxygen want 15 extended over a period of two hours the hypo
glycemic effect of msulin 15 aggravated

Gellhorn and Packer (170) 1n experiments on unanesthetized
rabbits showed that although the inhalation of 5 4 per cent carbon
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dioxide has practically no effect on the blood sugar when used
alone, when administered 1n the presence of oxygen want 1t greatly
increases the eftect on the blood sugar

C BIOCHEMICAL LFTECTS OF ONYGEN WANT

I'riedemann and his associates (160) showed that the lactic acid
content of the blood becomes elevated 1n moderate hypoxia while
with severe hypoxia there 15 a rise 1 both lactic and pyrusic aads
On~ygen want does not seem to 1ffect the non protemn nitrogen or
sodium chloride levels of the blood accordmg to Armstrong and
Hemm (14) The potassium content ‘of the bloed rises ovygen
want as shown by Cattell and Civan (g1) Tlus 1s probably the re
sult of the sumulatng effect of oxygen want upon epinephrine
secretton with a resultant passige of potassium from the Iiver into
the blood stream (224)

MISCELLANEOUS EFFECTS OF
OXYGEN WANT

A EFFECT OF OXYGEN WANT UPON
BODY TEMPERATURE

Onygen want produces a fall in body temperature Behague (61)
and his co workers belteve that this fall 1s due to diminished ox1
drton Gellhorn (166) feels that the degree of reduction 1n tem
perature 1s greatest 1n antmals which have large surface areas The
decreasing body temperature resulting from oxygen deficiency 1s
associated with 1 decrease 1 oxygen consumption In amimal ex
periments in low pressure chimbers (166) a very marked drop 1n
body temperature accurred within five minutes which continued
to fall as the exposure to low pressures w1s mamtamed This drop
ping of the temperature 1t 1s felt 1s an important adjustment
reaction simce prevention of this drop in temperature almost m
variably leads to death He feels that the elevation of the environ
mental temperature diminished the abihity of the ammals to with
stand stich oxygen deprivition

B THE EFFECT OF OAYGEN WANT UPON
O\YGEN METABOLISM

Henderson and his associates (211) and Aub (15) demonstrated
that traumatic shock 1s accompanied by a reduction 1n the oxygen
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consumption e Schlomovitz and s co workers (399) ponted
out that blood loss did not ctuse 1 [l n oxygen consumption un
111 1 1mount of blood cquivilem to 1 516 . 5 per cnt of the body
weight bd been lost Gescll, Blan and Totter (171) observed that
mmedintely after hemorrhige the consumption rue of ovygen
fell to 29 per cent In sl csperiments Dwas (115) found the
ovygen consumption rate fell from 25 to Go per cent

PULMONARY INSUIFICICNCY

The pathologic physiology of pulmonary msufficrency s been
studied by many workers Cournand wnd Richards (105) sum
manize therr findings wnd submit 1 uselul chssificition of this
entity They divide pulmonary function mto Venulatory, the func
tion concerned with the mosvement of ur mto and out of the
lungs wnd Respiritory the funcuion concerned with the diffusion
of oxygen from alveolr spaces mto the blood 1nd the eliminttion
of carbon dioxide from blood to alveolar air The major symptom
of respiratory insuffictency 15 cyanosis Since the ventilatory and
resprratory mechanisms are closely interrelited ventlitory msuf
ficiency 1f suffictently severe will induce respiratory nsufficiency
The converse 15 1lso true Respiratory nsuffictency will produce
mcreased ventilation An addiponal complicating factor 1s cardio
arculatory failure a5 circulatory disturbanees produce pulmonary
symptoms

These authors for practical purposes describe four major cat
egores of pulmonary insufficiency 1 Venulatory insufficiency or
fatlure of the breathing mechanics to provide the required pul
monary ventilation without dyspner 2 Respiritory msufficiency
or failure to mantain normal respiratory gas mterchange between
the alveolt and the pulmonary capillaries 3 Combined ventlo

respiratory insufficiency and 4 Combined cardio pulmonary
sufficiency of various types

A VENTILATORY INSUTFICIENCY
Inadequate ventilation 15 the result of 1 decrease m maximum
breathing capacity, increase breathing requirement or a com
bmation of both Maintenance of a large maxamum breathing
capacity 1s dependent upon 1) an efficient neuromuscular mecha
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mism of the chest cage 2) 1 clear pulmonary tree and 3) elastic pul
monary tissue Alteration of any of these factors results in a dimun
1shed maximum breathing capacity Of the methods to determine
maxamum breathing capcity Cournand and Richards recommend
having the subject breathe mto 1 spirometer and perform his max
mmum ventilatory effort allowmg him to choose us own rate and
depth The values obtained for normal males 1s 154 hters/min
and for females 100 liters/min

Breathing requirement 1s the actual volume of ventilation per
mnute Breathing reserve 1s the excess breathing capacity beyond
the actual ventilation m any given stite In studies 1t wis found
that the threshold of dyspnet 1n the majority of cases 1s reached
when the breathing reserve 1s between 60 and 7o per cent of the
maximum breathing capacrty

B RESPIRATORY INSUFFICIENCY

Respiritory msuffictency 1s the result of altered gas exchange
betw een alveolr and blood This 1s dependent upon 1) the propor
tion of functioning and non functioning alveolr b) blood flow
through pulmonary capillaries, ¢) the gradient of pressure of res
piratory gases across the 2lveolo capillary partition and d) physt
cal properties of the alveolo capillary partition

The efficiency of gas exchange may be determined by measuring
the volume of oxygen removed from and the carbon dioxide elimt
nated 1n each liter of air breathed

C CARDIO CIRCULATORY INSUFFICIENCY
This may be due to hypertenston right heart failure, altered
ntrapulmonary pressures hypoxia of cardiac muscle etc



CHAPTER VI

SYMPTOMATOLOGY

A ONYGEN WANT

O\\GF\ deprivation sets up 1 trun of bodily responscs that are
readily recogmzible The signs of oxygen want however are too
often overlooked nd thus early trextment 1s neglected The signs
of early hypoxia are often attributed to be the prime mimfesta
tion of the disease under treatment Oxygen wsufficiency as a by
effect of disease should not be overlooked The combined effects
of the disease 1tself and the associated oxygen stanvatton may be
too great for the patsent to overcome It may be that the relef of
the extra burden of oxygen deprivation might enable the patient
to overcome the underlying pathology

In states of oxygen want the trun of events becomes evident ind
1t 15 thus possible to note the progressive appearance of symptoms
The symptomatology depends to 1 large part on several factors

1 The speed with which the degree of oxygen want was developed

2 The mechamism of 1ts development

3 The condition of the patient

Speed of development 1f the oxygen want 1s rapidly mduced
many of the early signs may be absent and the ones of advanced
severity become immediately apparent

The mechanism by which oxygen lack 1s produced 1s an all im
portant factor 1n the development of the symptom complex The
appearance circulatory and respiratory response of a patient suffer
mg from acute respiratory paralysis as in spinal anesthesia 15 com
pletely different from that n a patient with an acute and complete
respiratory obstruction The symptomatology of hypoxia m pneu
mona differs from that m carbon monoxide poisoning Factors
such as the presence or absence of carbon dioxide accumulation
alter the respiratory and circulatory response to oxygen deprrva

61
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ton The bodily response to oxygen hunger 1ssociated with car
bon dtoxide retention 1s in partial respiritory obstruction, differs
markedly from that due to oxygen hunger with carbon dioxide
depletion as may occur 1 fhights 1t high alutudes

The condition of the patient has a great influence upon the time
of appearince wnd the degree of response 1s mamfested by the
signs and symptoms of hypoxiz A panent with poor cardiovascu
lar or respiratory reserve will very early even with what may not
seem to be great mterference with the supply of oxygen extubit
signs of advanced oxygen deficit Patients with poor cardiovascular
and respiritory reserve Jack the capacity to compensate by circu
latory and respiratory adjustment to the added load thrown upon
them

Although the symptomatology may often be confused by the
speed with wluch the oxygen supply has been interfered with the
mechinism by which 1t his been produced and by the patient s in
1bility to establish the necessary compensatory means 1t 15 Wise to
review the symptomatology of acute oxygen deprivation

1 GRADLS OF HYPOXIA
Oxygen want his been arbitranly graded as to the severity of
oxygen deprivanon (325) The symptomatology to correspond 1s as
follows
Hyroxia Grape I

Oserconfidence restlessness nausea headache impasred judgment
impured vision dizziness weakness increased resprratory rate 1n
creased pulse rate

Hyroxia Grape II

Vomiung anxiety muscle meoordination twitching elevated tem
perature mental confusion marked increase in respiratory rate rise
1n blood pressure ur hunger cyanosis *

Hyroxia Grape I

Unconsciousness convulsions slow full and bounding pulse slowing
respiration arregular respiriuon fall in blood pressure cyanosis *

* The presence of ¢yanosis 1s dependent upon the 1mount of hemoglobin type of
shin anq the condition of the peripheral crrculation
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Hytonia Crane IV
Comn respiritory miest ciculatory collipse sphyxin pallda
Attempts mve been made to gride the degree of hyposi 1s to
the partial pressure of avygen w the mhnled atmosphere (Table

) The symptomatology will then be that of pents suffering
from Atmospheric Hyposia who had good respiritory and cardio

Tantt 3
Grades of oxygen deprization tersus tenston and percent-
age of ovigen in anhaled atmosphere

Cradr 203 1 quiralent to Oxygen
Mypouia Inspared ir at Sea Lecel
‘l mm Heg Per Cent
P 129~99 17-13
v 2 10676 14-10
v 3 84-53 11-7
4 68-38 975

vascular systems to begin with Patients may indeed present symp
toms and signs of advanced oxygen deprivation breathing high
oxygen concentrations and by the same tohen an occisional 1n
dividual may tolerate moderate reduction of oxygen 1n the inhaled
atmosphere without showing outwirdly any dlstrcssmg symptoms

2 SYMPTOMATOLOGY OF ACUTE O\YGEN WANT
a Psychic

Farly (n acute oxygen want there 1s a feeling of overconfidence
and imparred judgment Impaired mental concentranion and a
degree of pugnacity occur frequently As oxygen lack mcreases in
severity there often takes place an impairment of vision with dif
ficulty to focus properly Anxiety 1s soon evident with vertigo, fol
lowed by 1 sense of ur hunger With severe oxygen lach weakness
and delirtum soon ippear to be followed by coma

b Gastromtestimal

Nausex 15 n early symptom 10 be soon followed by retching
and vomiting s the oxygen hunger becomes advanced
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¢ Sensory

Headache 15 probably the most common early symptom of hy
poxia Precordinl pun may be a symptom of moderate degrees of
oxygen sufficiency, since the coronary vessels may be unable to
dilate sufficiently to allow the heart to receive 1ts necessary quota
of oxygen People with previous coronary heart disease are most
likely to show precordial distress earty

d Resptration

(1) Rate An increase in respiratory rate does not appear early
The rate accelerates as the oxygen want mcreases m severity If
the oxygen want becomes severe tachypnea 1s followed by a period
of depression wluch n turn may be followed by cessation of res
piration

(2) Depth There s very little alteritton n the depth of respira
tion There may be a slight mcrease early followed by a period of
depresston and then cessation of respiratton This pattern 1s of
course altered if there 1s an associated carbon dioxide retention

(3) Subjective reactions In most forms of hypoxemia dyspnea 13
1 subjective sensation The respiritory response to oxygen want 1s
dependent upon the effect of a drop 1n oxygen tension on the
chemoreceptors Wherein oxygen tension 1s decreised as in hy
poxemia of Atmospheric Alveolar or Tidal Hypoxta this 1s apt to
be a prompt symptom If there 1s no decrease 1 oxygen tension
the respiratory response may be negligible Comroe and Dripps
(99) note that some people become dyspneic much easier than
others They state The resptratory minute solume at which dysp
nea appears 1s about a third to a half of the total volume of air that
an individual can breathe at that time by maximal yvoluntary ef
fort (maximal breathing capacity) These authors stress that hy
perpnea and dyspnea may occur without oxygen deprivation nd
that indeed oxygen deprivation may be present 1n the absence of
dyspnea and hyperpnea

e Circulation

(1) Blood pressure There 1s 1 1ise 1n the systolic pressure As
the oxygen hunger increses 1n severity the blood pressure con
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unues to rise and s the oxygen dearth cretses the rising blood
pressure becomes raasad md falls acutdy to be folloved by
cessation of cardic actnity Gellhorn (367) states The sigmifi
cnce of respiritory response (0 MONN 18 cudent from the fct
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Figure g Acute oxygen deprination (From Exlubtt on Anesthesia Saennfic
Exhibit San Franasco Session 1938 )

Blood Pressure / / Pulse rate Respiratory rate o o Tidal volume
x x The column of figures on the extreme left represents tidal volume in
cubic centimeters The second column of figures represents blood pressure n
millimeters of mercury and pulse and respiratory rates per minute

A woman 25 years old following g5 muinutes of nittous oxide anesthesit for
a munor pefvic operation was caused to inhale pure antrous axde through an
endotracheal airway from a recording spirometer for approximately five min
utes (AD) At B the pulse was weak color only shghtly cyanouc At C the
blood pressure could not be read At D respiration had almost ceased The
chest was then inflated twice with pure oxygen After a period of apne lasung
30 seconds note the nise 1n blood pressure and tdal volume and the decrease
m pulse rate Premedication (Morphine gr 1/8 Scopolamune gr 1/200 and
Paraldehyde oz 1 1 this case) frequently thus modifies the typical oxygen
cnsts seen an laboritory amimals subjected to acute oxygen want

that when the respiratory response 1s poor the blood pressure rise
1s marked but that no elevation in blood pressure may occur when
an adequate increase 1n respiration 1s observed The rise of blood
pressure 15 due to sumulation of the chemoreceptors of the carotid
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¢ Sensory

Hendache 15 probably the most common early symptom of hy
poxia Precordial pun may be a2 symptom of moderate degrees of
oxygen msufficiency since the coronary vessels may be unable to
dilate sufficiently to allow the leart to recerve 1ts necessary quota
of oxygen People with previous coronary heart disease are most
likely to show precordial distress early

d Respiration

(1) Rate An increase n respiratory rate does not appear early
The rate accelerates as the oxygen want mcreases m seventy If
the oxygen want becomes severe tachypnea 1s followed by a period
of depression which 1 turn may be followed by cessation of res
piratton

(2) Depth There 1s very hittle alteration i the depth of respira
tion There may be a slight mcrease exrly followed by a period of
depression and then cessation of respiration This pattern 15 of
course altered if there 1s an associated carbon dioxide retention

(3) Subjective reactions In most forms of hypoxemia dyspnea 1s
a subjective sensation The respiratory response to oxygen want 15
dependent upon the effect of a drop in oxygen tension on the
chemoreceptors Wherein oxygen tension 1s decreased as i hy
poxemia of Atmospheric Alveolar or Tidal Hypoxia this ts apt to
be a prompt symptom If there 1s no decreise in oxygen tension
the respiratory response may be negligible Comroe and Dripps
(99) note that some people become dyspnerc much easter than
others Theystate The respiratory mmute volume at which dysp
nea appears 1s about a third to a half of the total volume of air that
an individual can breathe at that ime by maximal voluntary ef
fort (maximal breathing capacity) These authors stress that hy
perpnea and dyspnea may occur without oxygen deprnation and
that mdeed oxygen deprivation may be present 1n the absence of
dyspnea and hyperpnea

e Circulation
(1) Blood pressure There 1s a 1ise 1n the systolic pressure As
the oxygen hunger increases 1n severity the blood pressure con
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w1y be observed when the aranl ovygen saturition falls to 85
per cent In pauents with memn chnges color m1y not be
evidenced until the aecrtl onygen satnrton s fallen to helow
5, per cent Indeed af the degree of wemi ts suthciently great
death from oxygen want my ensuc without cymosts ever hiving
become evident This 15 1lso true tn carbon monovide or cyamde
possomng  Another important factor i the 1pperrince of cynosis
15 the state of the capilliny arculwon 1f marked cpitlary con
striction 1s present CyNosis M1y not ipper even m the presence
of 1 marked mcrease n the amount of reduced hemoglobin This
1s the rewson why cyanosts 1s not 1 promnent charcteristic of
shock

Much work has been done 1 correlting arteritl oxygen satur
tions with chmeal smpresstons of cyanosis i prtients Comroe and
Botello {g7) stress how difficult 1t 1s to use cy1nosis 1s 1 ndict
tion of the degree of arterinl hypoxemir They employed the ont
meter to review previous work and dctermined that cyanosts de
pends not only on varrbles 1n the pauent but also upon varables
m the observers They are convinced that ¢ynosis 1s a poor mdex
for the degree of arternial desacuration if 1t 15 shight or moderate
The variables which may modify the perception of cyanosts are
(2) the thickness color 1nd opraity of the skin (b) the number and
length of blood filled capillaries mn a given surface area and the
state of these vessels whether dilated or constricted (c) variations
m the color of the plasma caused by dyes or drugs and (d) vana
tions 1n the type color and amount of hemoglobin (presence of
methemoglobin sulfhemoglobin or carboxyhemoglobin)

In the majonity of cases 1t was shown that arteral desaturation
15 probably unrecognized until the saturatton has dropped to about
85 per cent On occasion 1t 1s not ecogmized even at 40 1o 75 per
cent levels

A less important factor 1s the amount of carbon dioxide 1n the
blood Carbon dioxide has a dual effect on vascular tone By 1ts
central action 1s causes vasoconstriction and pertpherally 1ts effect
1s vasodilation An increased carbon dioxide tension 1 the blood
particularly i stagnant areas may lead to dilation and thus male
the presence of reduced hemoglobin evident by cyanosis
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sinus and the arch of the 1ort1 since after therr removal the blood
pressure falls 1n anoxia even when artificial respiration 1s used

(2) Pulse rite The pulse rate becomes elevated nd if the
acute oxygen want 1s great ind rapud, the pulse may for a winle
become slow, full and boundmg The pulse rate may mncrease m
the presence of 1 reduction 1n arterril oxygen tension which 1s 1n
suffictent to sumulate respiraion An mcreise m the pulse ate
will follow 1 reduction n the toral artertal oxygen content even if
the pO_ 1s normal Comroe ind Dripps (g9) have shown that m
those forms of oxygen want in which there 1s a reduction tn both
arterial oxygen tenston ind oxygen siturition the pulse rite m
creased 4 per cent 1t g3 per cent siturition 10 per cent at 8o per
cent saturation and jo per cent 1t 72 per cent saturation In those
chinical conditions 1n which there 1s a decrease n artersal oxygen
content but with a normal oxygen tension tachycardia occurs de
spite the fulure of resprration to increase In one series the pulse
r1te of the normal group was 68 and rose to 79 1n anemic patients
s1th a hemoglobin of 7-13 grams and to 88 1n the group with a
hemoglobm below 7 grams Since the arterial pO 1s normal this
tachycardia 1s not expected to orsginate 1n chemoreceptor reflexes
It may be due to vasomotor stimulation because of the low oxygen
content

The effect of acute oxygen deprination on the blood pressure,
pulse rate resprratory rite ind mnute volume exchinge are
shown m Figure g9

{ Musculwr

As the oxygen want increasces i severity therc occurs muscular
wncoordination with twitching to be followed by consulsions A
pertod of muscular relaxation appears before death

g Color

Cymosis 1s 1n unrehiable sign of the extent of oxygen want Its
appearnce 15 due to reduced hemoglobin n the capillary blood
A mimmum ol fise grams of reduced hemoglobm for ¢ach 100
cubic centrmeters of blood 1s required to make a color change
visible 1n the skin In an otherwise normal mdividual cyanosis
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may be obsused when the tarnl oxygen sturaton fills to 8
per cent In patients waith wemir chnges an color m1y not be
evidenced until the wtand oxygen saturtuon has f[blen to bedow
55 per cent Indeed af the degree of anemi is sufliciently great,
death from ovygen want may ensue without cymosts cver hving
become evident This 1s also ttue i cubon monoxwde or cymide
potsening Another importnt factor m the ippearnce of cymosis
1s the state of the ciprllary arculiion If marked epallany con
SUTICLION 1§ Present cyInesis miy not 1pparr even m the presence
of 1 marked maeise in the amount of reduced hanoglolin This
15 the rewson why cynosis 1s not 1 pronunent chiarctenistic of
shock

Much work has been done m corrdting arternl oxygen saturt
tions with chimcal impressions of ¢ymosis m patents Comroe and
Botello (97) stress how dafficult 1t 1s to usc cyanosis 15 m mdica
tion of the degree of artuml hyposanit They employed the oxi
meter to review previous work amd determined that cyanosis de
pends not only on varnbles 1 the prtient but also upon varnbles
m the observers They re convineed that cynoss 1s 1 poor mndex
for the degree of arteral desaturation of 1t 1s shight or moderate
The vanables which my modify the perception of cynosis are
(a) the thickness color ind oprcity of the skin (b) the number and
length of blood filled capillaries 1 1 given surface 1rea and the
state of these vessels whether dilted or constricted (c) varmations
mn the color of the plisma caused by dyes or drugs and (d) varia
tions 1n the type color and wmount of hemoglobin (presence of
methemogloln sulfhemoglobin or carboxyhemoglobin)

In the myjority of cases 1t was shown that arterial desaturation
15 probably unrecognized unul the saturation has dropped to 1bout
85 per cent On occaston 1t 1s not recognized even at 70 to 75 per
cent levels

A less mmportant factor 1s the amount of carbon dioxide m the
blood Carbon dioside has a dual effect on vascular tone By 1ts
central action 1s c1uses vasoconstriction and peripherally 1ts effect
s vasodilation An increased carbon dioxide tension m the blood
particulnrly i stagnant areas may lead to dilation and thus make
the presence of reduced hemoglobin evident by cyanosis
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h Eyes

As the oxygen severity increases, the pupils become dilated The
eyeball may often be fixed with the pupil eccentric usually facing
upward

3 CHRONIC HYPOXIA

a Symptomatology

People lning 1n high altitudes have been the subjects of investi
gattons to determine the alteritions due to long pertods of oxygen
deprivition The symptomatology of oxygen deprivation over long
pertods of time 1s dependent 1 good deal upon the individuals
abiliy to compensate People living in hugh altieudes for long pe
riods of time not only cin compensate by alterations 1n their ar
culatory and respiratory systems but they learn to limut their work
1t this altitude

b Effect on the Blood

It has been shown that there 1s macrocytosts retrculocytosts
polycythemra and mcrease in hemoglobin increase m platelets 1
decrensed congulation nme 1n ncrensed oxygen capacity and n
mecreased affinity of hemoglobin for oxygen with 1 shift of the
oxygen dissociation curve to the left

¢ Iffect on the Heart and Circulrtion

After neclimatization the pulse rite begins to return to normal
Blood pressure 1s usually uniltered If the state of chronic oxygen
want has been sufficiently great there may be some 1ssociited car
dric dimage 15 a result of which the blood pressure may be low
ered There has been some ¢vidence to show that 1n some instinces
there 15 some cardiic dilauon and n others cardiac hypertrophy

B CARBON DIOXIDLE EXCLSS
The symptomatology of cirbon dioxrde excess should be known
te 1nyone interested 1n oxygen mnadequacy 1nd its treatment For
not only m1y carbon dioxide excess occur m disease associated
with the oxygen scarcity but the hazards of producing carbon
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dionide eneess 1h attanpting to 1cheve O\ygen prucity e great
Many of the methads employd for oxygen wdnunistration are con
fined extensions of the sespimtary tract wath the result that there
15 an ncrerse of ded space on a1 mechanel basis Such space
serves 15 1 resenvorr for carbon dioide tccumulition Beter de
sign of apparatus 1s vipudly overcoming this unfortunate situation
Carbon dioxtde retention, however, 1s an ever present possiblity
mn most of the theripeutic measures employed to treat hypovra by
mhalation Turther the whmimistration of carbon dioxide cven s
tugh s 30 per cunt 1 oxygen, s heen recommended for 1 wide
variety of condiions  The mhalation of up to 5 per cent crrbon
dioude may be talerwed by the patcnt but g to 10 per cent 1s 1
tolerible 20 to g0 per cent 1s sub anesthetie 30 to {o per cent s
anesthetic and over §o per cent may be fatal (183)

1 PSYCHIC
Early in mhaltion of excess amottnts of carbon dioxide one 1s
mpressed with the discomfort associnted with incretsed respir
tion Dizzimess soon follows 2fterwards with loss of conscrousness

2 SENSORY

There 1s very little scnsory disturbance unless the percentage of
carbon dioxide 1s very great With incresing concentrations the
patient 1s conscious of hypercapnea Many complain of this feeling
If the concentrations 1re great enough to induce semt conscious
ness these patients may have dreams or hallucinations Some pa
tients complain of seemng things under the nfluence of carbon
dixide—colored lights colored dots persons and things moving
m circles (271) On occasion af the concentrations are gret
enough the panients black out and remember very little of what
happened to them

3 RESPIRATION

a Rate

There may be very little increase n rate at any time with car
bon dioxide excess As the excess increases the respiratory rate de
creases and then respiration may cease
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h Eyes

As the oxygen severity mcreases, the pupils become dilated The
eyeball may often be fixed with the pupil eccentric usually facmg
upward

3 CHRONIC HYPOXIA

a Symptomatology

People Inng in lugh alttudes have been the subjects of mvestt
gations to determine the alterations due to long periods of oxygen
deprivaton The symptomatology of oxygen deprivation over long
pertods of time 1s dependent 1 good de1l wpon the ndwvidual s
ability to compensite People Ining 1n lugh altitudes for long pe
riods of trme not only cin compensate by alterations n their ar
culatory 1nd respiratory systems but they learn to Irmut their work
at this altitude

b Effect on the Blood

It has been shown that there 15 macrocytosss reticulocytosis
polycythemia and mcrease :n hemoglobin incretse mn platelets 1
decreased congulation time an increased oxygen capacity and an
mcresed affinity of hemoglobin for oxygen with a shuft of the
onygen dissociation curve to the left

¢ Effect on the Heart and Crrculation

After acchmatization the pulse rate begins to return to normal
Blood pressure 1s usually unaltered 1f the state of chronic oxygen
want has been sufficiently great there mny be some ssociated car
drac damage as a result of which the blood pressure may be low
ered There has been some cvidence to show that in some wnstances
there 1s some cirdiac dilation and 1n others cardiac hypertrophy

B CARBON DIONIDE EXCESS
The symptomatology of carbon dioxide excess should be known
to 1nyone interested 1n oxygen inadequacy nd 1ts treatment For
not only may carhon dioxide excess occur n disease assocrated
with the oxygen scaraty but the hazards of producing carbon
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poxin I the oxygen deprivinion s sufheiently great the respirtory
center 15 rendered completedy msensitne to carbon dioxade and
thus the respiritory pattan will be that of hypowi alone

Normally pulmonary ventilition 1s mereased by the addition of
but one per cent carbon dioxsde As the concentrition of the ad
mumstered cirbon dionade 15 mnercased venulttion mereases to
masimum vdue of Go to 50 hiters por minute (1 tenfold increase
over restimg valuc) T his manumum mcreasc is reached with about
g per cent carbon dioxade i the mhaled amosphere At 1bout 10
per cent the narcotic effcet becomes evident ind with aneresing
percentages ventiiatory response 1s gridually diminished and soon
becomes convulsive m charmcter At thout qo per cent ventilttion
m1y be close to normal At {o per cent vennlation is depressed be
low normal and fatality may occur

{ BLOOD PRESSUREL
The systolic blood pressure 15 markedly incrersed 1nd s the
carbon dioxide excess continues the blood pressure continues to

nise untif with mcrestng carbon dioxide tensions the blood pres
sure falls

5 PULSE RATE

There 15 an early rise mn rite and as the toxicity mcreases the
rate becomes more rapid

The effect of acute carbon dioxide 1ccumulation on the blood
pressure pulse rate respiritory rite ind minute volume exchange

1s shown 1n Tigure 10
6 MUSCULAR

There 15 an early twitching of muscle groups followed by sprsms
and then convulsions

7 COLOR

The patient may be of good color due to peripheril dilatation

of the blood vessels

8 PUPILS
The response 1s variable
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Figure 10 Acute carbon dioxide accumulttion (From Exhibit on Anesthesia
Saenufic Exhibit San Francisco Session September 1938)

Blood pressure / / Pulse rate Respiratory rate o o Tidal volume
x x The columns of figures on the extreme left represent tidal volume 1n
cubic centimeters The second column of figures represents blood pressure 1n
millimetess of mercury and pulse and respiratory rates per minute

A woman 26 years old following 70 minutes of nitrous oxide anesthesta for
arthrodess of the ankle was caused to rebreathe 1 mitrous oxide-oxygen mi<
ture through an endotracheal aurway from a recording spirometer without
soda lime for a period of approxmmately 24 minutes (A C) At B some oxygen
was added somewhat reduang the carbon dioxide concentration which had
accumulated At G the rebreathing was discontinued and the patient allowed
to breathe air No sprometer record was obtamned from this pornt At D the
patient was awakenmg Note the tise in systolie blood pressure and pulse rate
and the extreme rise mn udal volume winle the respiratory rate was only
slightly increased The beginmng depression characteristic of ncreasingly
Ingh carbon dioxide concentrations 15 seen n the fall in tidal volume at the
end The premedication i thrs case was Morphine gr 1/4 and Scopolamune
gr 1/100

b Depth

‘The most marked response to carbon dioxide excess 1s an n
creased amplitude of respiration This increase 1s evident early
followed by a period of depression and then cessation The extent
of respiratory response 1s to a large degree dependent upon the
state of irritability of the respiratory center The respiratory
threshold 1s elevated and 1ts degrec of rnitability lessened by hy
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cubie centimater of this bang physically dissolved i the plsma
The senous blood (B) 15 1t w osygen tension of fo nullimeters of
mercury and 1ts content 1s About 14 volumcs per cent

Were 1 normal imdaidul to mhale 100 per cent oxygen, the
tension 1 the arterial blood would marease to over oo null
meters of mercury the hemoglobin becomes 100 per cent stu
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Figure 11 The effect on blood values of the mhalavon of lugh oxygen at
mospheres by the normal individusl

rated and the arterial oxygen content increases to about 23 5 cubic
centimeters per 100 cubic centimeters Of this increse about o 5
cubic centimeter 15 due to an increased combination with hemo
globn and the rest 1s due to the mcrease i physically dissolved
oxygen The plasma now contums about 2 3 cubic centimeters per
100 cubic centimeters of blood Since no more oxygen 1s removed
the AV difference remains normal and the venous blood there
fore contuns more oxygen The hemoglobin saturation of mixed



CHAPTER VII

THE LFFLCTS OF THE INHALATION
OF OXYGEN

A OMYGEN TRANSPORT

To unpersTAND d employ oxygen rtonilly n the various
forms of hiypoxia 1t 1s essential that one be farmliar with the oxy
gen dissociation curve (Figure 2) This curve shows the relation
slup between the partiil pressure of oxygen and the percentage
situration of hemoglobin, that 1s, the ratio between reduced and
oxygenated hemoglobm It w11l be noted that at roo millimeters of
mercury, hemoglobin 1s 1bout g5 per cent saturated Since the
upper part of the curve 1s flattened out an mcrease m tension 10
more than 100 millimeters of mercury can increase the percentage
situratton but § per cent A reduction in arterinl oxygen tension
however to about 70 millimeters of mercury will sull leave the
hemoglobit 9o per cent saturated Since the mud portion of the
curve 15 more nearly vertical 1 {11l 1n oxygen pressure results m 2
very great desaturition of hemoglobin Thus m those states of
hypoxia where the tension of oxygen m blood 1s low removal of
but small amounts of oxygen will result 1n a marked desaturition
of the hemoglobin

The curve may be altered by a change in the pH of blood A
change toward the 1cid side will cause the curve to flatten toward
the right mdicating a reduction n the affinity of hemoglobin for
oxygen Carbon dioxide ncrease exerts this effect This 1s known
as the Bohr effect An increise i temperature also ciuses a shift m
thus same direction Alkalosss a decrease 1n pCO, and 1 drop
temperature have 1n oppostte effect

Normally (INgure 11) the arterial blood (A) 1s 1t 1 tenston of
100 millimeters of mercury The hemoglobm 1s g5 per cent satu
rated and the oxygen content 1s 1bout 19 5 volumes per cent 03

72
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the 1dmuustration of oxygen the atternl oxygen content s mark

edly mereased becruse of n meresed pricentige suurition of the

hemoglobin and n mcrease n the physiclly dissolved oxygen

Becwse of thus marked mercase m the arterial ovygen content,

percentage saturtion nd tanston the tissue necds are more red

iy met md 1 greater nlibility of oxygen to tissue 1s present
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Figure 13 The effect on blood values of the mnhalation of high oxygen at
mospheres by tndiiduals suffering from Hemoglabic Hypoxia

The venous blood 1s not nearly so desaturated and the oxygen
available to tissue therefore 1s much greater than was the case
before oxygen administration In this particular mnstance the head
of oxygen pressure mn tssues as reflected m venous blood 1s ¢le
vated from 2o to about g5 millimeters of mercury

Hemoglobic Hypoxia (Figure 13) In this form of oxygen want
m the artersal bloed (A) the arterial oxygen tension 1s normal—
100 millimeters of mercury In the example given, however the
arterial oxygen content 1s marhedly decreased because of the 1n
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venous blood 1s at about 8o per cent 1nd the partial pressure of
oxygen 1s 1t Go millimeters of mercury It 1s important here to
note that as 1 result of breathing 100 per cent oxygen there 1s a 50
per cent increase in the partial pressure of oxygen m venous blood
over the norm1l

Before one cin review the effect of oxygen mnhalation m the
vartous forms of hypovia, 1t 15 1mportant to be famihiar wrth the
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Fiyure 12 The cftect of the mhalation of high oxygen atmospheres by patrents
suffening, from \tmospheric Tidal or Alveolar Hypoxit

oxygen capacity the arterial oxygen content and tenswon the ve
nous oxygen content and tension and the AV difference in the
vartous forms of hypoxia These are summarized 1n Table 2
Atmospheric Tidal and Alveolar Hypovia (Figure 12) The
arterial blood (A) shows 1 decrense 1n oxygen content percentage
saturatton and pO  The venous blood (B) shows a similarly
marked decrease The artertovenous difference 15 decreased With



The Fjects of the Inhalation of Oxygen 77

the order of 1bout 18 muillieters of mercury  There 15 1 wade
AV difference and the pereentage desaturation s great. The ad
mmstrition of oxygen w this form of oxygen want results 1n an
ncrese Almost entirely due to an merese m physically dissolved
ovygen In this instance the weresed Lead of pressure results
1 better onygen uptike by ussue but because of 1 stagnt ar
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Figure 15 The effect on blood salues of the inhalation of high oxygen
atmospheres by individuals sultering from Histatoxic Hypaxit

culation there will stull be a marked desaturation of the venous
blood However the consequent increase 1n the head of pressure
because of the mhalation of oxygen 1s of value

Histotoxtc Hypoxia (Figure 15) Here too the arterial oxygen
tension 1s normal and the arterial oxygen saturatton 15 normal as 15
1s content The venous blood (B) however 1s at a high tension
and a high percentage saturation because of an mability of tissue
to take up oxygen Consequently the A V difference 15 decreased
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abulity of blood to carry oxygen and 1s 2t 1bout 10 volumes per
cent The venous blood (B) 1s 2t 1 low tension The saturation 1s
1t about g5 per cent 1nd therc 1s an extremely low oxygen content
The admmstration of oxygen here increases the amount of ovy
gen wulable to tissue by about 214 volumes per cent, mamly
through the increwsed saturation of the plisma The increase m
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Figure 14 The effect on blood values of the mhalation of high oxygen 1t
mospheres by indiiduals suffering from Stagnant Hypoxia

oxygen 1n this mstance 1n the arteral blood 1s on the order of 25
per cent In the venous blood (B) the tenston 15 at about 4o mith
meters of mercury and here 1t 1s noted that the admimstration of
oxygen m the presence of Hemoglobic Hypoxi1 may increase the
head of pressure m the venous blood by 100 per cent

Stagnant Hypoxia (Figure 14) In this form of oxygen want the
artertal blood (A) s at a tension ot 100 milhmeters of mercury
The venous blood (B) however 1s at an extremely low tension on
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the venous blood consequently contuns 1 graater amount of oy
yen The pureentage saturtion 1s macised nd there st marked
mcretse in head of pressute to tissues

B CARBON DIONIDE TRANSPORT

An increased saturatton of hanoglobm by the mhalwon of Ingh
onygen atmospheres my hve 1 dedaerious effect on the trnsport
of carbon diovidc Hemoglobin when reduced has greater ability
to take up the carbon dronide from tissue thn it does when oxy
genmated If hemoglolnn 1s more saturated than novmnl less ear
bon dioxide will be picked up nd brought to the lungs for elim:
nation Theoretically then saturition of phisma with oxygen will
1llow for less dissocittion of hemoglobin and thus 1 dimimished
efficiency for cirbon diovide removal It 1s thus possible that tissue
acidosts may be encourged

C EFFECT ON CIRCULATION

High concentritions of oxygen have 1 arculutory effect even
when the patient 1s not suffering from ovygen hunger The pulse
rate drops This mny be the result of the lugh oxygen tension ct
ing on the carotid body mechanism On occasion the decrevsed
pulse rite m1y be so great 1s to result in bradyeardn Becruse of
1 decrese 1n both cardinc rte and stroke volume the cardine out
put drops The change 1n systolic blood pressure 1s not remark
able The whalwtion of 100 per cent ovygen s sud to be followed
by a diminuuon 1n coronary blood flow

The direct action of high ovygen concentritions upon the sys
temuc blood vessels 1s one of constriction This constriction 1s suf
ficient to overcome the visodifating effect on these vessels pro
duced by reflex action through the chemoreceptors The cerebral
vessels wre nffected dafferently (334) High oxygen concentrations
tend to reverse the normally present vasodilition of these vessels
by producing some degree of vasoconstriction with 1 concomitant
reduction 1n cerebral blood flow Hyperoxygenation dilates pul
monary vessels reversmg the constricting effects of hypoxemn

D EFFECT ON RESPIRATION
There may be no immediate Tespiritory response to the mhala
tion of high oxygen concentritions by 1 normal mdividual or the
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The administration of oxygen n tlus instance results m an 1n
crease 1n the oxygen content of arterial blood almost entirely due
to an ncrease 1n physically dissolved oxygen In spite of this in
crease in arterial oxygen avatlability the AV difference 1s not
mmproved because of mability of ussue to utilize oxygen The ve

nous blood 1s consequently very hughly saturated with no particu
lar benefit to tissue
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Figure 16 The effect on bilwod values of the inhalation of high ox)gen
atmospheres by indnidunls suffering from Demand Hypoxit

Demand Hypoxia (Figure 16) In this form of oxygen depriva
tion the arterial oxygen tension percentage saturation and content
are normal Howeser because of mcreased tissue needs the venous
blood (B) shows marked desaturation and marked decrease 1n par
tl pressure An increase in the oxygen content by the inhalation
of oxygen 1s due to an mcrease m the percentage saturacton and
also an ncrease 1n the physically dissolved oxygen Because of in
creased availability of oxygen tissue needs may be better met and
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the venous blood consequently contuns 1 gretta amount of oxy
gen The percettage saturttion 1s mereased and there st marked
wcrerse m head of pressine to tissues

B CARBON DIONIDE TRANSPFORT

An incresced saturtion of hamogloin by the inhihtion of lugh
ovygen tmospheres may hnve a dedatertous effect on the transport
of carbon diontde Hemoglobin when reduced has greater theliy
to take up the carbon dionade from tissue than it docs when oxy
gented I hanoglobin 1s more suutated than normal less car
bon diovide will be picked up nd brought to the lungs for el
mtton Theoretically then saturation of plisma with oxygen will
allow for less dissocintion of hemoglobin and thus 1 dimiushed
efficiency for carbon dionide removal Tt s thus possible that tissue
1cidosts may be encomaged

C LITCCT ON CIRCULATION

High concentrtions of ovygen hnve 1 circultory effect even
when the patient 1s not suffering from oxygen hunger The pulse
rate drops This my be the result of the hugh ovygen tension act
g on the carotd body mechunsm On occwsion the decrersed
pulse rate may be so great s to result m bradycardin Becwse of
decrease in both cardinc rite and stroke volume the cardine out
put drops The change 1n systohic bload pressure s not remark
able The inhalation of 100 per cent oxygen 15 sud to be followed
by a diminution mn coronary blood flow

The direct action of high oxygen concentrations upon the sys
temuc blood vessels 15 one of constricuon This constriction 1s suf
ficient to overcome the vasodiltting effect on these vessels pro
duced by reflex action through the chemoreceptors The cerebral
vessels are affected differently (334) High oxygen concentritions
tend to reverse the normally present vasodilation of these vessels
by producing some degree of vasoconstriction with 1 concomitant
reduction 1n cerebral blood flow Hyperoxygenation dilates pul
monary vessels reversing the constricting effects of hypoxemn

D EFFECT ON RESPIRATION
There may be no immediate respiratory response to the mhala
tion of high oxygen concentrations by 1 normnl individual or the
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depression 1n minute volume exchange may be slight With con
tinued breathing of high oxygen atmospheres some degree of res
piratory stimulation appears with an mcrease in mmute volume
exchange Comroe 1nd Dripps (99) give six possible explanations
for this phenomenon 1 The mnhalation of oxvgen leads to an 1n
crease 1n carbon dioxide tension of ussues, including the medul
Inry respiratory centers with an increase in resprration 2 High
oxygen concentrittons miy be an irritant to the lower respiratory
tract and thus set up reflexes which increase respiration § Oxy
gen mhalation may be followed by the collapse of enough alveoh
to set up vagal response 4 Oxygen my cause the cerebral vasocon
striction which leads to an accumulation of metabolic carbon di
oxide m the bramn including the respiratory center 5 High oxy
gen tenston leads to improved function of the respiratory center
6 Oxygen dilates the pulmonary capillartes and may produce re
flex respiritory stimulation as the result of slight pulmonary con
gestion

E. MENTAL CHANGES

Mental changes have been noted in patients suffering from
chronmic hypoxema when oxygen was rdministered (29 113 122
180) These pttients have become irrational stuporous and even
comatose In some an uncontrollible myoclomic movement 1n the
1rms appeared In general the patients regamed conscrousness
rather ripidly when the lugh oxygen atmosphere was removed
Some however did not regun conscrousness and died

Comroe et al (g6) noted stmilar changes and studied 65 patients
suffering from chronic oxygen want to whom oxygen was admunis
tered Of these 65 mental changes appeared in eight There
seemed to be no doubt but that some chronscally hypoxemic p1
tients become somnolent or even comtose durmg the admnistrt
tion of 100 per cent oxygen They state that this reaction occurs
nfrequently and serious consequences are rare and that the re
action thus appears to be Itmited to patients who have pulmonary
msufficiency for both oxygen and carbon dioxtde They consider
the several possible mechanisms for the production of these mental
changes
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1 CARBON DIONIDI NARCOSIS

Because onygen therapy m these pasants reduces chamoreeeptor
actnn ity nd thus dmmnishes the minme amnd udl vohine of respr
rtion the resultat depressson of resprrtory actnaty results n
poor climmition of cirbon dionide nd ats rccumulation in the
blood and body tssues Such accumulation of carbon dioide may
on occasion be sufficient 1o produce unconscoustess It nught be
that chronically hyposic patents 1re more susceptible to the de
pressing effects of lugh concentritions of carbon dioxide

2 CLRIBRAI VASOSPASM
Hypoxin 1t 1s known dilates the cerebral blood vessels tnd
creases cerebral blood flow It 1s theoretienlly posstble that by the
mhalation of 100 per cent ovygen constriction or even spism of
cerebral blood vessels may occur and thus precipuate com

3 REFLEX DEPRESSION -OI CEREBRAL CORTEN BY HICH
O\YGLN TENSION

Comroe et al (g6) strite  Anoxemin by rddlex acton sumulates
the cerebral cortex as well 1s the vasomotor nd respirttory cen
ters The restlessness and delirum 1ssocrated with anoxenn are
probably manifestattons of this effect  High oxygen admmustra
ttion may thus result in withdriwal of thts cortical stimulation and
lead to coma

4 INCRLASED CEREBROSPINAL ILUID PRESSURL
It had been noted by Simpson (354) and Davies and Mackinnon
(119) that there 1s wn increrse mn cerebrospinal flurd pressure
patients with cor pulmonile They found that the pressure usu
ally mcreases during mhaltion of oxygen The authors note that
this ncrease m cerebrospinal flnd pressure my be assoctated with

and actually caused by cerebral vasodilation due to retention of
carbon dioxide

5 DIRECT DEPRESSION OF THL CEREBRAL CORTEX B
HIGH OXYGEN TENSION

Patients with chronic oxygen want may have alterations of a

compensatory nature 1in cerebral metabolism Sudden removal of
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these may lead to mability to utilize oxygen at normal or hugh
pressures followed by loss of consciousness

F O\YGEN POISONING

Both Paul Bert and Lavosier (163) noted toxic effects due to
the mhalation of high oxygen atmospheres Some of these harmful
effects may be ascribed to the presence of mcreased carbon dioxide
pressure 1 tissues associated with the mnhalation of high oxygen
concentrattons over long periods of time since oxyhemoglobm 1s
more acid than reduced hemoglobm and carbon dioxide there
fore, 1s less readily removed High oxygen pressure slows circula
tion by duninution of the hearts action or by constriction of
cerebral vessels to protect the brain from the too lugh an oxygen
pressure (194) A pressure of oxygen equal to one atmosphere does
not increase but rather decreases the processes of oxidation (z10)

Amimal experimentation by J Lorraine Smith (361) showed that
pneumonia developed after inhalation of hugh oxygen concentra
tions for four days Congestion edema eprthelial desquamation
and finally a fibrmous bronchopneumonia were observed

Kaunitz (228) exposed mice to 100 per cent oxygen at tnios
pheric pressure for 42 hours Most of the animals died during this
period Examination of the respiratory tract showed changes con
parable to those found after exposure to phosgene Death of the
animals was attributed to oxygen want

Binger et al (68) hept rbbuts m 1n aunosphere of 1pprost
mately 80 per cent oxygen for eight days after which the amimals
were sacrificed Autopsy revealed marked capillary engorgement
with hemorrhage mterstrtial and alveolar exudate hypertrophy
and desquamation of 1l eolar walls 1ind nfiltration of mononucler
cells The experiments demonstrated that mhalation of oxygen m
concentrations greater than 70 per cent may lead to a tram of
physiological changes consisting of drowsmess loss of appetite loss
of werght dyspnea and cyanosis usually culminating mn death from
extreme oxjgen want The cause of the oxygen want 1s undoubt
edly to be sought for in the acute pulmonary changes charicter
1zed as a diffuse hemorrhagic edema of the lungs found m all these
spectes

Barach (27) states  Although mmmnls regularly desvelop edema
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of the lungs After three to fom dyys mhalttion of atmospheres
contung 80 to 100 per cent oxygen human beings afpear to be
able to tolertte these ligh concentritions without harm for at
lewst two days and possibly for 1s long 1s one weekh  He states
further that the admimstrition of oxygen 1n concentrations under
w0 per cent m1y be continued indefintely

Much of the toxic response m ammals has been confirmed
humans exposed to wmospheres with hugh oxygen content Behnke
(62) revealed that healthy men between the ages of 20 to 4o are
unable to breathe gg per cent oxygen for periods 1n excess of
seven hours because of nauser, dyspner wnd substerntl soreness
Becher I'reyseng 1nd Clamnn (57) reported the results of studies
wheremn two men breathed gg per cent onygen for 63 hours Re
duction m vital capacity occurred m both One developed muser
repeated vomiting tachycardin afebrile tracheobronchitis dysp
nea and pam 1n elbows 1nd knees

Whitehorn et al (390) rdminmistered pure oxygen to normal
men and observed 1 lowering of cardinc output 2s determined
ballistocardiographically

Boothby et al (72) reported no untoward effects to breathing
high oxygen concentritions over protricted periods It 1s difficult
to accept this 1n 1ts entirety because of the conditions upon which
the conclusions are based A face mash was used which was un
doubtedly removed at imtervals for feeding nursing and medica
tion The BL B (Boothby Lovelice and Bulbulian) mask cannot
deliver 100 per cent oxygen with the reduced pressure system ordi
narily employed The flow 1s inwdequate Not only may air enter
about the face piece but the apparatus 1s so designed that air 1s
sucked m through sponge rubber discs when there 15 not enough
oxygen 1n the rebreathing bag to satisiy 1 tidal effort

Comroe ¢t al (100) determined the effects of breathing high
concentrations of oxygen m humans because of the rather recent
introduction and widespread use of apparatus designed for this
purrose They studied the effects of g8 to ggl4 per cent oxygen on
a number of men for a 24 hour period An oxygen hood was used
on six subjects employing complete circmt rebreathing and car
bon dioxide absorption A possible factor m the results produced
m these subjects may be the higher than normal carbon dioxide
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concentration present mn the hood beciuse of the relative mef
ficiency of agents used to 1bsorb carbon dioxide In 84 subjects
oxygen was administered through a demand system Here too a
factor was introduced wluch though seemingly urumportant may
have a bearing on the results A demmnd system 1s one wheremn
ovygen delivery 1s mtiated by the effort of inspiration The degree
of negative pressure required to actuate the delivery may of stself
be sufficrently great to cause untoward effects 1f long continued

The work of Comroe et al 15 an 1mportant one on this aspect
and 1t has a suffictently important bearing on the use of high oxy
gen concentrations chimeally to be quoted 1t some length in the
following

SYMPTOMATOLOGY TROM INHALATION O
100 PER CENT O\YGEN

Substernal distress was complamed of by four of six subjects 1n
the hood 1nd 24 of 28 subjects weiring masks Sensations were
described 15 felt as though I had been smoking excessively — as
though breathing raw cold air,  as though I had just run a race
to the pomnt of exhaustion  felt like bronchitis  The substernal
distress was noted at an average time of 14 hours after start of the
oxygen, the range being from four to 22 hours This distress was
never severe enough to necessitate discontinuance of the expen
ment before the end of the 24 hour period In expermments to de
termine the percentage of oxygen required to produce substernal
distress subjects were exposed to various percentages for 24 hours
The results ol these authors showed that the concentrations re
quired to produce substernal distress tn normal men ltes between
50 to 75 per cent 1nd probably 1s close to 60 per cent

Cough, sore throat and nasal congestion appeared n a consid
crable number of the subjects mvestigated Forty three per cent
developed nasal congestion or coryza Thirty two per cent de
veloped sore throat and 54 per cent had occisional or repeated
cough In a control group breathing air under condittons simlar
to the subjects breithing oxygen a comparable percentage de
veloped throat rrritation It would thus seem that the conditions
of the experiment rither than the oxygen concentration produced
this comphicition



The I flects of the Inhalation of Oxygen 8,

Lye wntation occurred 1n 23 per cent of the subjects breathing
100 per cent oxygen nd in 10 per cent of those breathing room
ur

Lower respuatory tract damage was 2 constant finding i the
animal esperimentation previously spohen of The substernal dis
tress evident 1n this experament may point strongly to the exstence
of alveolar dimage The authors determined virnl capacities in the
subjects before wnd fter the experiment Of 8o subjects breathing
Iugh ovygen concentritions G4 showed 1 decreased vital capacity
In 38 subjects the dummnution 1n vital capiaity amounted to more
than 200 cubic centimeters 1n 26 more than goo cubic centmeters,
and 1n 13 to more than goo cubic centimeters In two instances
the maximum decrease was 1480 cubic centimeters The cause of
this reduction 1s not certamn The decrerse in vital capcity seems
to have had no relationship to the severity of the substernal dis
tress \ r1ys revealed no atelectasis nor any other pulmoniry ab
normality

Ear discomfort appeared 1n 25 per cent of those inhaling 100 per
cent oxygen This 1s probably due to 1bsorption of gts from the
middle ear

Tattgue was also reported 1n 25 per cent of those mnhaling 100
per cent oxygen continuously and by 10 per cent of those inhaling
ar

Comroe et al (100) on the basts of the 2 { hour experiments be
lieve that 1f such inhalation therapy had been prolonged over two
three or four days severe pulmonary congestion and edema would
have resnlted

Evans (147) believes that inhalation of 100 per cent oxygen can
not be harmful to a pauent suffering oxygen want because of the
presence of increased pulmonary transudate or exudate which pre
vents the high tenston of oxygen from reaching the alveolar mem
brane This may be so However only the damaged alveolr or that
area of the lung protected by exudate would be saved from the
harmful effects of high oxygen Areas unprotected could still be
trritated as may be the tracheobronchial tree In the matter of the
presence of pulmonary transudate Drninker {127) believes that the
use of 100 per cent ovygen can actually aid 1n the resorption of
pulmonary transudate This should be true only when the pulmo
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nary edema 15 due primarily to severe oxygen lack with a resulting
mncrease 1n capillary permeability In such mnstances 100 per cent
ovygen would tend to reverse this process, at least initsally

Drinker {128) re affirms Paul Bert s observation that pure oxy
gen under high pressure will cause epileptic convulsions How
ever, the pressure of oxygen which will produce convulsion 1s so
extreme as not to be encountered climically On the other hand
there seems to be no doubt that the continued mhalation of 100
per cent oxygen at normal birometric pressures for stx hours will
cause rrruitation of the respiratory passages This imitation 15 2
mld but progresstve inflammation which 1s fortunately easily pre
vented

Campbell and Poulton (86) state that 1t would be unsafe to
expose 1 patient with pneumonit cardiac failure etc for a long
period to a percentage of oxygen above 6o but that 5o to bo per
cent 15 safe For short periods, howeser, as 1n the treatment of car
bon monoxide potsoning pure oxygen may be used

One hundred per cent oxygen may be gnen with safety to all
patients with hypoxit for short periods (100) When oxygen ther
apy must be continued beyond 1 12 hour pertod the concentration
should be decreased to 50 to Go per cent unless this 1s insufficrent
to oxygenate artertal blood properly Arterial unsituration rep
resents more of a threat to the patient s life than does the possibil
1ty of a tracheobronchitis due to oxygen One hundred per cent
oxygen should be used for long periods only when lower concen
trations fail to saturate the blood When high concentrations of
osygen 1re used for protracted periods of tme the physictan mn
attendance should question the patient at frequent mntervals 1 re
gard to substernal distress especially following deep breathing or
upon remotal of the oxygen therapy equipment

A factor which nas not considered 1 the work of Comroe et al
(100) and which may have a bearing on the tracheobronchitis 1s
the dehydrating effect of oxygen Hulpieu and Cole (225) showed
that both high temperature and low humidity are more conductve
to oxygen poisomng than the reverse In the apparatus used by
Comroe et al parucularly in the demand type no mention was
made of humidification of the mspired oxygen It may be that
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much of the substerntl distiess duc to trichcobronchitis may be
duc to dehydration of the tissucs

Ohlsson et al (289) exposed continuously six healthy young
men for 53 to 57 houts to 1n oxygen concentratton of 78 to 88 per
cent wath control of cirbon dioxide content, relative humdity 1nd
externt temperiture 1our out of the siv men were fected by
substernal distress Iive showed 1 decretse i therr vieal cipacty
The disturbince m the blood curige of carbon dioxide which
occurs 1t the mhalition of oxygen m lugh concentritions 1s the
principil factor m the causition of pulmonary dimage nd oxy
gen poisonmng 1nd  the pulmonary damage 1s not produced by
1 direct irmitant effect from the ur side but by the tbove men
tioned ndirect effect from the blood side  Pulmoniry damge
1s unlikely m connection with long contnued clinical treatment
with oxygen 1n high concentrations Toxic effects in healthy sub
jects 1f they do occur 1re reversible

SUMMARY

Because of marked arterinl desaturation of hemoglobin 1 At
mospheric Tidl and Alveolr forms of hypoxir the administra
tion of oxygen to patients suffermg from these forms of oxygen
want will result i the greatest increase in arterial oxygen content
Because of this these forms of hypowia 1re most amenabtle to ther
apy

The benefit to be gamed by the admmistration of oxygen to
patients suffering from Hemoglobic Stagnant or Demand Hy
poxia 1s because of saturation of the plisma with oxygen The
benefit derived therefrom 15 definite but 1t 1s not nearly as satis
factory as for the conditions first mentioned

In Histotoxic Hypoxia the arterial oxygen content 1s elevated
by inhalation therapy but probably to no real avail for the hy
poxic state 1s the result of the mability of tissue to utilize oxygen

The nhalation of hugh oxygen atmospheres 1s not without dis
advantage Carbon dioxude transport 15 interfered with smce less
reduced hemoglobrn 1s available for this purpase In normal man
high oxygen atmospheres cause constriction of coronary and cere
bral vessels The rapid relief of oxygen want mn chronically hy
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poxic individutls by the admustration of oxygen has been fol
lowed by a tram of mental changes which may extend to coma
and on occasion, to death The most hkely explination of this
sudden deterioration 1s probably further carbon dioxide retention

Oxygen poisoning has been demonstrated 1n normal man and
1n experimental animals The changes are predomnantly resprra
tory 1 niture Expermments demonstrate that the concentration
of oxygen necessary to produce such changes 1s greater than 6o to
70 percent When indicated however there should be no hesitancy
1in employing concentrations up to 100 per cent for hypoxic pa
tients tolerate such concentrations well Frequent remonal of the
patient from high oxygen atmospheres for feeding reduces the
hazard of oxygen poisoning Oxygen poisoning may be 1 real en
tity Its danger however should be disregarded m the hypoxic
patient for the hazard of oxygen deprivation 1s mfinitely greater
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INDICATIONS

fl‘:” mcations for mhilton tharapy me many  Its greatest
mndwation howaver s for the relidd of hyposit Not only may
compresscd onygen be gnen because of sts chameal affimty for
hemoglobin but gases may be so rdmunistered 1s to ud 1 oxygen
uptike by the blood by altering respiratory dynimics

Inhaluon therapy 15 of viluc 1n some non hypoxsc states It
mny be employed for denitrogenization of the body A source of
compressed gises m1y 1lso be employed to carry antibnotic drugs
to the pulmonry tree There arc 1 host of conditions 1 wlich
for one reason or another nhahtion theripy seems to be of value

A RELIET OT HYPO\IA

1 ATMOSPHERIC HYPOMIA

In all forms of Atmospheric Hypoxin whether due to breathing
air with a normal oxygen percentage at high altitudes or breathing
of atmospheres depleted of oxygen as 1n some form of anesthesia
the immediate response 1s tachypnen If oxygen deprivation 1s ad
vanced the respiratory center becomes hypoxic and the respira
tory threshold becomes elevated Respiration becomes depressed
with an ensuing Tidal Hypoxia I the respiratory threshold 1s
sufficiently elevated improved ventilition by artificial means 1s
ndicated

When this form of hypovia 15 due to high altitudes 1t 1s the
result of a decrease 1n the paruial pressure of oxygen m the inhaled
atmosphere for the percentage of oxygen remains constint Tach
ypuea causes 2 blowing off of carbon diowide with a tendency to
wird alkalosis Symptoms of oxygen want 1n some mndrviduals be
gm at an altitude of no more than 7 ooo feet Most indiduals
will show signs at an altitude of about 10 000~12 0co feet The

prtial pressure of oxygen at this level 15 equivalent to the nhala
Ry
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tion of 1n oxygen concentration at sea level of about 14 per cent
The whalation of oxygen enriched atmospheres will compensate
for the oxygen lack at these levels At an altitude of about 35 coo
feet, however even breathing 100 per cent oxygen compensation
for the duminished partial pressure of oxygen n the atmosphere
begins to ful At this ltstude the total barometric pressure 1s 187
miullimeters of mercury Though but 150 millimeters of mercury
of oxygen 1re necessiry to oxygenate an indrvidual satisfactorily at
sea level, breathing 100 per cent oxygen at g5 ooo fect alutude 15
not quite sufhcient because of the partial pressure of water vapor
and carbon dioxide In the alveolt water vapor has 2 pressure of
47 millimeters of mercury and carbon dioxide a pressure of 4o
with a total of about 87 milimeters of mercury This total pres
sure of water vapor and carbon dioxide 1s not rmportant at sea
level but at high altitudes where the total barometric pressure
begins to be close to that of the partril pressure of oxygen at sea
level 1t 1s extremely mmportant since 1t detracts from the partial
pressure of inh1led oxygen Subtracting the 87 millimeters of pres
sure due to water vapor and carbon dioxide there remamns avail
ble even breathing 100 per cent oxygen a partial pressure of
oxygen of but 100 millmmeters of mercury At this altirude and
above 1t 15 therefore necessary that the oxygen m the mhaled at
mosphere be compressed so that 1ts pressure would be greater than
the total barometric pressure of the general atmosphere at that
level

Aumospheric Hypoxia may be the result of the use of the rela
tively weak anesthetic 1gents nitrous oxide or ethylene Unsup
plemented these agents m1y fail to produce anesthesta unless the
percentage of oxygen n the mhaled atmosphere 1s below normal
In absorption anesthesit wherein the pattent breathes from a
closed system Atmospheric Hypoxia may occur if the oxygen
delnvery into that system 1s below the patient s metabolic require
ments

2A TIDAL HYPOXIA (Central depression)

a Disease

Hypoxia due to a decrease m tidal exchange may be the result
of cerebral lestons such as tumor abscess or cdema It may be due
to menungitis or medullary paralysis
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b Narcoties 'nd Hypnotics

Drugs such 15 morphine the barbiturates or mesthetic agents
produce Tidal Hyposin by respiratory depression In the newborn
depressed respiration m1y be duc to the clfect of depresstnts ad
minustered to the mother

Morphine posoning Morphme produces 1 marked diminution
1n the minute volume exchange because of 1s depressant effect on
the respiratory center The minute volume exchange 1s decreased
due to 1 marked diminution n rte, rather than m wmphitude of
respiration The mhalition of high oxygen atmospheres 1s indi
cated If the patient s minute volume exchange 1s not sufliciently
great 1ccessory means 1s artificial ventilation become necessary to
supply the pttient s needs adequately

Barbuurate porsomng A marked depression m the rate udal
and minute volume exchnge of mduw dunls with barbrturate por
soning appears early Inhalation theripy 1s urgently needed to
carry the patient over this period of acute oxygen want Artificial
respiration may be indicated here as in the 1bove The period of
depression may be prolonged Larly in this condition the oxygen
want 1s due to Tridal Hypoxit as the result of respiratory depres
sion This Tidal Hypox1n may be aggravated by the collection of
exudate 1n the tracheobronchial tree which must be removed to
ventilate the patient satisfactorily The most common cause of
death from barbiturate poisoning 1f the patient does not succumb
early 15 pneumonia The hypoxia then becomes alveolar 1n type
Efforts have been expended to 1mprove directly the oxygen uptake
of tissue by the use of sodium succinate Thus would seem to be a
rational endeavor since the barbiturates not only cause hypoxia
by decreasing oxygen uptake through 1ts effect on pulmonary res
prration but produce also a histotoxic form of hypoxra by depress
mg the dehydrogenases The role of sodram succmnate m barbitu
rate poisonmg has not yet been completely evaluated Stimulants
such as metrazol™ and picrotoxin have been employed Therr
action 1s temporary They 1 no way however aid 1n the detoxifi
catton and elimination of barbiturates from the body In brief the
therapy of barbiturate poisoning should be first the delivery of
oxygen to the tracheobronchial tree by inhalation If depression 1s
marked then artrficial Tespiration 1s necessary All efforts should
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be made to guarintee 1 free arrnay 1nd the removal of frequent
collections of exudates from the trachea by aspiration, when indt
cited Since the depression may be prolonged the patients flud
and vitamm ntake should be carefully regulited Antibiotics
should be rdministered for the prevention and treatment of pneu
mom Sodium succinate, picrotoxin and metrazol™ assume sec
ondary roles

¢ Anesthetics

Anesthetics produce their effects primanly by action on the
higher centers and becruse of this respiratory depression 1s not
mfrequent Tidal Hyposnt 1s 1 result of this central effect In ad
ditton the anesthetic 1gents of themselves 1lso depress the dehy
drogenases and are thus 2lso guilty of producing Histotoxic Hy
poxnn Most 1nesthetic 1gents 1re short acting and the histotoxic
effect 15 reversible and not prolonged Here s 1 other forms of
‘Tidal Hypoxin exposure of the pauent to hugh oxygen atmos
phere m1y not be sufficient to correct the oxygen deprivation The
patient s tidal exchinge should be rugmented by careful mter
mittent pressure on the breathing bag synchronous with mspira
tion

d Asphyua Neonatorum

The etiological factors responsible for depressed or absent res
piration 1n the newborn may be divided 1nto the following

1 Anatomic

2 Obstetric

3 Drug

4 Phystopathologic

Anatomic Among these are malformation of the circulatory
and respiratory organs diphragmatic hernta hypoplasia of the
mandible and abnormal mobility of the tongue

Obstetric Prolonged labor compression of the umbilical cord
trauma during the passage of the fetus through the birth cinal
and operative trauma re examples which may be cited

Drug Use of narcotics 1nd hypnotics in motheis to relieve the
puns of ltbor 1s 1esponsible for an increase mn fetal morbidity
Narcotics and hypnotics with very few exceptions re respiritory
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depressants ind are carned thiough the plcent to ffect the e
sptratory center of the newborn Pertods of delryed respiration are
the result The nue harmful effect of this hias not been sulficiently
appreented The use of spinal or eprdural westhesia in obstetrics
while of asell not entirely free of harm: has very htde direct dele
tertous cffect on the biby The marked differcnce between babies
born under spmt wd eprdural amesthesin s compired with
those born under brbiturite medication for example 1s startling
Physicians who have begun therr obstetrical experience since the
use of barbrturtes hts been the vogue are pleasintly surprised 1t
the respiritory responsc of babies born under spinal 1nesthesin
Physiopathologic  Prematunity and intracryrd hemorrhge
are the two most commonly reported causes to be cited as ex
amples here Dublin and Spiegleman (132) hve shown that in
spite of stexdy tmprovement 1n neonatal morttlity during the past
20 years there has been almost no decrevse in the deaths during
the first 24 hours after birth It 1s accepted that oxygen ltck plays
a major role 1 over one half of these deaths It 1s important that
those who are responsible for the care of the mother and child
during obstetrical procedures hnow that fetal oxygen want can be
recognized before delivery by a drop mn the heart rate of the fetus
Admumistration of oxygen to the mother between contractions
will to a large degree correct the bradycardia of the fetus during
labor pans (46 =263 387) Tlus simple therapy should be st
tuted especially mn situations m which the neonatal mortality 1s
espectally high—prematurity multiple births and toxemias of
pregnancy (11) The problem of asphyxia neonatorum has been
further considered in the section on Ventilttory Resuscitation

2B TIDAL HYPONIA (Obstruction)

The respiratory exchange may be madequate because of ob
struction The obstruction may be pharyngeal laryngeal tracheal
or bronchial

2 Pharyngeal obstruction may be due to tumor foreign body
mucus edema abscess or relaxed musculiture The treatment 1s
removal of the foreign body or mucus or dramage of abcess 1if
possible If the obstruction 1s due to relaxed pharyngeal muscles
an oral airway should be inserted Oral arrways come 1n all sizes
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be made to guarntee 1 free arrway and the remosal of frequent
collections of exudates from the trachea by asprration, when mdi
caited Since the depression may be prolonged, the patients flud
and vitamin ntike should be carefully regulated Anubiotics
should be ndmunistered for the prevention and treatment of pneu
momia Sodum succinate picrotoxin and metrizol®™ assume sec
ondary roles

¢ Anesthetics

Anesthetics produce therr effects primarily by action on the
hugher centers and because of this respiratory depression 1s not
infrequent Tidal Hypoxa 1s a result of this central effect In ad
dition the anesthetic agents of themselves also depress the dehy
drogennses and 1re thus also guilty of producing Histotoxic Hy
poxia Most anesthetic 1gents are short acting and the histotoxic
effect 1s reverstble and not prolonged Here as m other forms of
Tidal Hypoxia exposure of the patient to hugh oxygen atmos
phere may not be suffictent to correct the oxygen deprivation The
patient s tidal exchange should be 1ugmented by careful mter

muttent pressure on the breathing bag synchronous with wnspira
tion

d Asphyxia Neonatorum

The etiological factors responsible for depressed or absent res
prration mn the newborn may be divided into the following

1 Anatomic

2 Obstetric

3 Drug

4 Physiopathologic

Anatomic Among these are malformation of the circulatory
and respiritory organs diiphragmatic herma hypoplasia of the
mandible and abnormal mobility of the tongue

Obstetric Prolonged labor compression of the umbilical cord
trruma durmg the passage of the fetus through the birth canal
and operative trauma 1re examples which may be cited

Drug Use of narcotics and hypnotics in mothers to relieve the
puns of labor 15 responstble for 1n mcrease n fetal morbidity
Narcotics and hypnotics with very few exceptions are respiratory
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produce, durmng mspiration 1 further inercase in the negitne in
tripleurtl nd ntrapulmonary pressue During expiration the
mtrpleurt] and mtapulmonary pressuies become markedly post
tne Becmse of obstiuttion the 1spnatory cyde 35 langthoned,
and the respiritory rte 1s deaicised With 1 prolonged mspir
tory effort 1nd n merease m the negatne miripulmonary pres
suie seepage from capillnies may owur

Because of marked dimmution m udal vehange, carbon di
onide elummmation 1s difficult Inhalwon of ovygen itself m these
crcumstinees 15 of vary lnmited benedit Liforts should be ex
pended to mmprove udil exchange One should fitst 1ttempt to
remove the ciuse of the ebstruction  Bronchospasm may be re
Lieved by the usc of bronchodilating agents Barach (27) has shown
that 1t 1s possible to improve the tidal exchange by the use of a
mixture of gises which are highter than ur—hehum and ovygen
Helium hs 1 speafic grusity onc seventh that of nitrogen A mux
ture of 8o per cent helium and 20 per cent oxygen has a density
one third that of room 1r Moving this misture requires one half
the effort necded for 2 corresponding aumosphere of room ur
When helium oxygen mixtures are employed the minimal should
be go per cent oxygen and %o per cent helum for if 20 per cent
oxygen and 8o per cent helium are employed 1t has been shown by
Motley (248) that 1 some cnses the oxygen saturation of the hemo
globin may decrense Hestrtes  The breathing mny be ensier with
helium but the oxygen saturition of the arterial blood may not
be higher

Few have been as successful in obtuning results with this mrx
ture 1s his Barach Drinker (128) states In my own observa
tion admuttedly shght the advantages gained from helium have
not been mmpressive It 1s true that helium might pass through a
narrow orifice better than does nitrogen A minture of helium
oxygen might pass through an orifice with greater ease than does
room air It has been established that heltum will pass through
single or horizontal obstructions with grezter ease than will room
air but that in hnear obstructions or n 1 sertes of narrowed lu
muna this does not take place This may be the reason why so

many have fuled m getting sitisfactory results with helum
oxygen
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(Figure 67) They are indicated 1n the depressed, unconscious
dividual with pharyngeal obstruction Although primarily devel
oped to be employed 1 anesthesia, they have a valuable role in
medical diseases and should be used more often They should
cease to be the valued tool of the anesthetist 1lone A nasopharyn
geal airway 1s often a great help where an oral airway may not be
tolerated or where the patient s mouth cannot be opened to allow
one to be inserted These too come m 2l sizes (Figure 6g) These
arrways oral and nasopharyngeal relieve obstruction by guaran
teemng a space between the posterior pharyngeal wall and the
tongue (Figures 68 and 50)

Often the vocal cords may be i adduction because of wrritation
due to foreign body or mucus lying on them, or because of wrs
tants such as anesthetic vapors or industrial gases The treatment
here 15 to remove the wrritant source and then by the placement
of a tube between the vocal cords to guarantee that they do not
approximate and cause respiratory obstruction This tube may be
passed through the mouth (Figure 72) or through the nose (Fig
ure 73)

b Tracheal obstruction may be due to the presence of tumor
foreign body or mucus The trachea may be compressed by exter
nal tumor or 1t may collipse because of mmadequte support where
the cartilages have been eroded by the pressure of a tumor When
the tumor 1s removed the trachea may collapse Here as n laryn
geal obstruction an endotracheal tube may be passed The tube
should be of suffictent length to reach below the compressed or
obstructed area

In pharyngeal Iaryngeal or tracheal obstruction where the
need 1s urgent and the placement of the artficial arrway cannot be
accomplished readily there should no hesitation in performing a
tracheotomy

¢ Bronchial Obstruction

Asthma This 1s a form of Tidal Hypoxia on an obstructive
basis ‘The obstruction 1s due to 1 narrowing of the air chinnels
from bronchiolar spasm nd edematous mucous membrane of the
tracheobronchial tree Because of the narrowed lumen mcreased
efforts to 1mproye ventlaton are made These increased efforts
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must thercfore be rancmbered that got only must means for wl
munsterng oxygen by mhabtion e avulable wath the use of cu
re and the barbuurates, but that means for artifienl respirtion
should also be 4t hand

2 Emphysemt

Here the pathology nd ffected respimtion 1s duc ta loss of
chstictty 1n the lung The prent with enphysana cannot mihke
sufficiently actise cforts to exped properly gases from his lungs be
cause of the Joss of dlastic reeoal [he posting florts to evped the
ar from the lungs m 1 pavent with emphysen result i an n
crease 11 the mtrpleurl pressure This mtripleural pressure
normally negatne, becomes atmospheric or ¢ven positine in order
to compress the lung to expel the ur - The ur sacs s the pasent s
lungs become enlarged due either to stretchimg or to 1 breikdown
in the walls between them The lungs are chromenlly overdis
tended In this form of Tid1l Hypoxia the minute volume s mark
edly decreased Emphysemn may be t combined form of hypoxin—
Tidal Hypoxia because of 1 decrerse m udal exchinge and Alveo
lar because of a marked decrcase i the number of functioning
alveolt In emphysem1 not only 1s the rterml oxygen suuratson
apt to be low but carbon dioxide content 1s elivated beenuse of
difficulty i properly ehmmnating gases within the lung Oxygen
by 1nhalation 15 only of temporary relief since 1t does not affect
tidal exchange actively These pruents are dyspnete and may be
tachypneic and, though the minute volume cxchange may be nor
mal the tdal exchange remns low and s resube oxygun uptihe
and carbon dioxide remoyal are inrdequate

Patients with advanced and longstmdimg cmphysema hne be
come adjusted to increased carbon dioxsde tension in ther alvcoly
Resprration may have become dependent upon oxygen lack for 1ts
regulation The adminstration of high oxygen concentrtions to
these patents may remove the stimulus of respirtion £
loss of such stimulation hypoventilation may tihe
resultant increase m retained carbon dioxidc Carbon dioxt
1ccumulate to such a degree that narcosis Tesults 1 or thig

oxygen should be administered intermuttently and with g,
tion to these panents
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Segal (314) summarizes the mdicattons for mnhalition therapy
n patients with asthma Oxygen may be employed for the rehef
of oxygen want 1n these mdividuals and helium oxygen mixtures
should be used for the relief of respiratory obstruction When
pulmonary edemn exists 1n these patients positive pressure should
be employed with helum oxygen muxtures Such mixtures have,
m hus experience relieved many patients who failed to respond to
other recogmzed therapeutic measures Positive pressure, 1f used,
should be employed mtermuttently and for 1bout one hour out
of every four as the patzent may find it trng for longer pe
riods

Motley et al (282) employed ntermuttent posttive pressure
breathing by the Bennett \ 2 apparatus (Jater to be considered) in
two cses of asthmt with marked relief

2C TIDAL HYPONIA (dltered mechanisms)

Tidal Hypoxia may be the result of aitered mechamsms such
as occur during convulsions whether due to disease or drug Em
physem1 shifung mcdisunum  paridoxacal respiration or inter
costal paralysis also affect the t1dal exchange because of alteration
in the dynamics ol resprration

Here too the immediate requirement 1s to supply oxygen to the
patient and 1f the patient s respiratory exchange 1s not adequate
to take up enough oxygen satisfactorsly 1t 1s necessary that the al
tered mechanismn should be attacked If the respiratory mechamsm
15 altered because of convulsions whether the result of disease or
drug the convulsions should be immediately treated They result
m oxygen want becruse the mtercostal muscles do not synchro
muze their activity, so that a satsfactory nidal exchange cannot be
developed Two drugs are of great ard in overcoming convulsions
Intravenous barbiturates carefully admimstered as well as any of
the various forms of curare are of inestimable value mn stopping
comvulsions It must be emphasized that not only may these drugs
terminate the conmvulsions but they are themselves marked re
sprratory depressints It may then be necessary to ventilate the pa
tient with oxygen to compensate for the depression due to the use
of these drugs This procedure 1s not difficult, for it 1s casier to
ventilate a patzent who 1s 1 apnea than onc mn comvulsions It
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must therelore be 1emanbered that not only must means for
mimstering onypen by mhalaton be noulible wath the wse of cu
rire and the barbiturates: but thrt means for artficnl respirition
should 1lso be 2t hand

1 Lmphysemn
Here the pathology mid affected respimnon is duc 1o loss of
clasticity n the lung The patent with anphysama cinnot make
sufficiently 1ctive efforts to exped properly gases from his lungs he
cause of the loss of dstie recorll The positne ddforts 1o esped the
ur from the fungs m 1 panent with anphysana rosult moan m
crease m the antrapleurl pressure s mumpleurtl pressure
normlly negatne becomes atmospheric or cven positive m order
to compress the lung to expel the e The ur sacs i the pauent s
lungs become enlarged due ather to stretchung or to 1 breakdown
m the walls between them The lungs are chromcally overdis
tended In thns form of Tidal Hyposia the minute volume 1s mark
edly decreased 1 mphysema may be 2 combined form of hyposrt—
Tidal Hyposia because of 1 decrense m tidl exchange and Alveo
lar because of 1 marked decrense i the number of functioning
alveolt In emphysema not only 15 the arternl ovygen saturition
3pt to be low but carbon dionide content 1s clevated because of
difficulty 1n properly elimimating gases withm the lung Osygen
by mhalation s only of temportry rehief sice 1t does not affect
tida] exchange actvely These pitients are dyspnetc nd may be
tachypneic and though the minute volume exchange may be nor
mal the tida] exchange remuns low and 1s 1 result ovygen uptihe
and carbon dioxide remosal are madequte
tmlx)laet;e(;lts with advanced and longstainding ¢cmphysema have be
Justed to incretsed carbon dioxide tenston 1n thetr alveolt
re‘:&:‘i::n;ay have become dependent upon oxygen lack for 1ts
these pamens he admunstrition of high ovygen concentritions to
loss of such, Stm«’ly]rcmme the sumulus of resprration (153) With
resulean mc:exmu ation hiypoventilition may tike place with 2
accumualacy mase m retuned carbon dioxide Carbon dioxide may
such a degree that narcosis results Tor this reason

ox
t Y8en should be adminustered mtermittently and with great cau
on to these patrents
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b Shifting Medinstinum

During intrapleuril surgery a pncumothorax 1s created to gam
access to the lung With the entrance of atr 1nto the pleur space
the normal ntrapleural negative pressure on the operative side
1s lost The intrapleurl negative pressure on the unoperated side
tends to pull the medirstinum towrds the good lung Advance of
the medistinum towards the good lung decreases lung capacity
and ffects the oxygen uptake because of t dimmmshed tidal ex
change To guarantee a satisfactory tidal exchange in the non
operated lung 1t becomes necessary to mfiate ths lung positively
This 15 best 1ccomplished through an endotrcheal tube

¢ Paradoxical Respiration

Because of an madequate chest support due to operition or
triuma the ntrapleural negative pressure on the healthy side may
pull 1n the weakened thoracic w1l The sucking 1 of the weak
ened thoracic walls negates much of the effort necessary to sitisfac
torily pull mnto the lungs a normal volume of 1r Here too 1t m1y
be necessary to overcome paradoxical resprration by 1n mcreased
intrapulmonary pressure during mspirition

d Intercostal Paralysis Due to Disease

Anterior poliomyehitis In this disease resprration may be de
pressed because of mtercostal or dinphragmatic paralysis or because
of mvolvement of the respiratory center or crannl nucler

Respiration becomes shallow, irregular and meflicient In the
bulbar forms of poliomyelitis tidal exchange m1y become further
compromised because of collection of exudate 1n the pharynx In
ability to cough allows for the collection of such materal 1n the
trachea and bronchi Cranial nerve nucler involvement may cause
respiratory obstruction because of reflex spism of vocal cords (149)

e Intercostal Paralysts Due to Spinal Anesthest:

This form of intercostal paralysis 1s due to the action of locil
anesthetic agents within the subarachnord spice on the motor
nerves to the mtercostal muscles The extent may be great cnough
to imvolve all the mtercostal muscles 1nd result i dexth Intercos
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tal palysis 1€ treated i tme 1s not faal The alert nesthetist
should alw1ys recognize ntercosttl partlysis before my damage
has been done Some degree of mtercostal parilysis 1s Alnays pres
ent 1n spml mesthesit for surgery withm the abdomen and cn
usutlly be well compensated for by the patient s own respirtory
efforts or by admunistration of oxygen If the parlysis is extensive
1d must be given to the patient to muntun 1 sausfctory minute
volume exchange This 1s best taken care of by the use of the gs

INGREASED
VENTILATION.
BETTER MAINTENANGE BETTER ELIMINATION
OXYGEN TENSION GARBON moxg‘z
DECREASED H™
GONGENTRATION
BETTER
OXIDATION
GORRESPONDING REDUCTION
LACTIC ACID FORMATION
GREATER GREATER LIBERATION
OX|DATIONS OXIDATIVE ENERGY

Figure 17 The effect of mcreased ventilation on better oxuidation

machine A tight fitting mask and gas machine are necessary In
termuttent pressure on the rebreithing bag which 1s filled with
oxygen 15 sufficient to venulate the patient well If there 1s any
problem of mamntaining a patent mrway or if the patient s respira
tions do not return to normal m short order artific1nl respiration
should be maintained through an endotracheal tube Respiratory
stimulants such as carbon dioxide coramine and the like are con
traindicated

In states of Tidal Hypoxn the therapeutic effort 15 two fold to
mcrease the partial pressure of oxygen n the mnhaled atmosphere
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and to 1ncrease ventilation Inhalation of high oxygen concentra
tions alone may not be satisfictory An increase 1n ventilation will
not only aid 1n the wvulability of oxygen but will encourage the
elimnation of carbon dioxide (I'gure 17%)

38 ALVLOLAR HYPOXIA

1 Pneumonin

The oxygen want in pneumonta is not only due to a diminution
m number of alveolt for proper oaygen uptake but early n thus
disease a considerable portion of the blood 1s not well oxygenited
because circulation continues to the unierated portion of the
lungs As a result blood which contains a high amount of reduced
hemoglobin enters the generil circulation Increased rate and
decreased amplitude, are signs of respiratory distress There 1s
thus a form of Tidal Hypoxia associated with the Alveolar Hy
poxia The degree of oxygen want depends upon the number of
myolved alveolr and the amount of unoxygenated blood which
enters the circulation A not uncommon symptom of pneumoma
15 delirtum This may be due exther to toxemn or to oxygen want
Accurate measurements may reveal a normal minute volume ex
change on occasion but since the tidal exchinge 1s depressed satis
factory oxygen uptake may not be present Associated with this
decreased tidal exchange 1s carbon dioxide accumulation since 1ts
elimination 1s mterfered with Inhalation of oxygen 1s a viluable
adjunct m the treatment of pneumonia even with the present day
use of antibiotic drugs Much of the tachycardia and resprratory
distress can be relieved by oxygen nhalation In spite of extraor
dmnary progress in antibiotic therapy there still exist many forms
of pneumonit 1in which principal dependence must still be placed
on general supportive measures such as oxygen therapy (102)
Among these 1re the so called primary atypical pneumomas (virus)
In these antibiotic therapy 1s not so efficacious and mdeed oxygen
therapy may be the only type of real treitment avulable

Oxygen therapy may be ot great help to older patients suffering
with pneumoni or to those with sertous underlymg disease such
as nephritis myocardial mnfarction or discase of the bramn



Indicatrons 101

b Atelectasis

Atelectasts 15 1 tam ginen to 1 theolir form of hypoxnt
wherein there 1s 1 marked diminution m the number of function
mg alveol due to unaerition This unierition s sud to be the
result of wbsorption of the ur within the alveolt due to bronchiolar
obstruction If tlns condition 1s recogmzed exrly removal of the
bronchial obstruction will be followed by mmmediate aeration of
the affected alveolr If the obstruction s not promptly remoyed
mfection may set 1n nd the ongmnally non mfected atelectatic
rea may progress to pneumomt The prompt trexument of ate
lectasis therefore 1s remoyval of the exudate which may be the cause
of the obstruction Lncourgement of the patwnt to cough 1s often
sufficient to remose the obstruction Otherwise the obstruction
should be removed by tricherl or bronchoscopic 1spiration Al
though 1telectasis often follows operative procedures 1t 1s not at
all uncommon 1n medical diseases Here 1ts occurrence 1s too often
overlooked

Carbon dioxtde oxygen mixtures have been recommended 1n
the treatment of atelectasis beciuse of their stumuliting effect on
respiration nd their hiquefying  effect on secretions There 15 no
question but that carbon dioxide will increase the mimute volume
exchange and the amphtude of respiration One must not lose
sight of the fact that a period of hyperventilition with carbon
dioxide and oxygen 1s followed by a period of hypopnea This
hypopnea of 1tself may encourige further atelectatic formation
for carbon diovide oxygen mixtures are highly absorbable On a
rational basis carbon dioxide my be of value if 1t 1s not given with
more oxygen than there 15 1n yoom arr A method said to be of
value 15 1ts admimistration from a cylinder of 100 per cent carbon
dioxade mixed with arr It must be emphasized and re emphasized
at this point that 100 per cent carbon dioxide 1s uresprrable It 15
toxic and may be hazardous 1f 1t 1s not given with due care Carbon
dioxide 15 adminastered slowly from a tube held sufficiently far from
the patient so that 1ts concentration 15 not too great It should be
\ept there only until the patient hyperventilates Carbon diovade
1s further hazardous because of 1ts arculatory effect The admims
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tration of carbon dioxide by tlus means should not be employed
routinely

¢ Pleural Effusion

Alveolar Hypoxit m1y be due to the compresston of the alveols
by pleurl effusions <15 hydrothorix hematothorax or pyothorax
Pneumothorax, by causing 1 lung to collapse decreases the number
of functioming 1lveoll resulting also in Alveolwr Hypoxia

PLEURAL
EFFUSIO,
DEGREASED NEGATIVITY IMPAIRED LUNG
INTRAPLEURAL PRESSURE DISTENSIBILITY
ATELEGTASIS,
ELEVATED \
IMPAIRED VENOUS RESTRAINT ON
VENOUS PRESSURE  SMALL RESPIRATORY
RETURN TIDAL MOVEMENT
VOLUME
IMPAIRED IMPAIRED
GARDIAG RESPIRATORY
FUNGTION FUNGTION
HYPOX!A

Figure 18 The victous cycle of pleural effusion producing oxygen deprnation

Alischule and Zamcheck (6) studied the effects of compressed
alveoh on respiranion and arculanion They conclude that pleural
effusion mmpairs respirition and circulation 1n many ways favor
ing the occurrence of dyspnea and orthopnea and encouraging
oxygen want Atclectsis decresed expansibility of the lungs de
creased negativity of intrapleural pressure and shallow respiration
are the consequences The ctrculatory effect 15 increased peripheral
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venous pressure from umputed venous returh, the result of changes
n intrapleunl pressure crnsed by pleurl cTusion (1igure 18)

d Pulmontry Ldem

The lymphatc systun 1 the lungs canot cope with large col
lections of fluud T-ulure to remove excess fluid 1s followed by
pulmonary edemn Welch (388) theonized that pulimonary edem
15 the result of 1 disproportion between the working power of the
left ventricle and of the night ventricle of such character that the
resistance beng the sume the left hewt 1s umble to expel in 1
unit of ume the same quantty of blood 1s the right heart

The factors msolved 1n the pathogenests of pulmonary edemn
are (38)

1 Left ventricular failure
2 Increased permeability of the pulmonnry capillaries

$ a A persisting pathologically elevated negatne pressure within
the chest or

b An abrupt ternunauon of respiratory effort and a consequent
loss of the backward pressure on the pulmonary capillanes

Pulmonary edemt may be produced by oxygen lack and sus
tamned increase m pulmonary cipillary pressure (128) Neather
cause ever works alone since sooner or later the other factor be
gns to operate Diminished oxygen results i incrensed capillary
permeability since the endothelium of the lungs 1s significantly
assailable by oxygen want Simple pulmonary edema and pulmo
nary exudation depend more upon alterations 1n the permeability
of the lung capillaries than upon complicated pressure circulatory
relations Heightened mntrapleural negative pressure alone may
produce pulmonary edema but 1n the absence of oxygen want this
1s unlikely except 1n the presence of already leakmg capillaries

Obstructive lesions tn the tracheobronchial tree may increase
mtrapulmonary negative pressure Inability to draw mn air during
forced inspiration causes this rise Pulmonary edema 1s not only
encouraged by an increased mtrapleural negative pressure by d1
rect action on the capillaries but the heightened negative pressure

facilitates entrance of blood mto the night heart and causes stasis
m the pulmonary bed
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Alterations mn mtracapillary pressure with pulmonary edema
m1y not only be produced by left ventricular farlure but also by
peripheral circulatory collipse

Industrinl gises such as phosgene and chlorine, may so injure
the pulmonary endothelium as to cause an increased trinsudatton
of fhuid with a resultant edem1

The treatment of pulmonary edema depends upon 1its cause
Since oxygen lack produces wn ncreased flow of lymph efforts to
1elteve hypoxit by oxygen mbalation should be started mmedt
ately For 1f no great damage has 1lready been caused, the flow
of Iymph 1nto alveolr and the broncht will be prevented With
delay and 1ncreasing collection of exudates, sumple exposure of
the patient to heightened atmospheres of oxygen will not reheve
the condition Drinker (128) believes that 1f conditions of 1bnor
mn} leakage continue until excess flurd has made a considerable
entrance 1nto alveoll and bronchioles one cannot expect prompt
and complete rehef from breathing oxygen therefore the sooner
the oxygen 1 grven the greater the possibtlity of checking leakage
from lung capillartes Lxposure of a pattent to oxygen alone how
ever will not relieve the condition if there 1s any mterference
with proper ventiltion of portions of the lung The oxygen must
be forced into alveoly, alveolar ducts and bronchioles through
which 1t must first pass to mprove the condition of capiliaries

Haven Emerson (142) rehieved pulmonary edema produced by
adrenalin by 1ruficial respiration accompamed by an increase in
the intrapulmonary pressure during the mspiratory phase of respt
ration Auer and Gates (16) believed that the relief of pulmonary
edema by increased mtrapulmonary pressure was the result of the
direct effect upon the capillaries rather than through secondary
action on the heart Loeb (257) and Plesch (300) also determned
that replwement of the intripulmonary negative pressure during
mspiration by atmospheric or positive pressure had a beneficial
effect on relicving the ncreised ¢xudatton during pulmonary
edema

Motley ¢t al (282) have three possible explanations of the way
n which positive pressure relicves pulmonary edema 1) The very
presence of pressure 2) the dry compressed gascs and hyperventila
tion removes small but significant amounts of mosture 3) mn
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creased Iymphauce flow  Dinker (128) showed that itermutent
posttnve pressure breathing ctuses 1 marked increse i lymphatic
flow 1 the dog Motley et al (28.) noted that intermattent positive
pressure brerthing m1y be xpected to 1cdicve pulmonary edemn
when 1) the onsct 1s sudden 2) the artennt blood pressure 1s mun
tuned and 9) no pneumonta 1s present

More recently, Barch Martin and ITchman (38), 1s well s
Hardy and Barich (198) treated by mcreased pressure 1 series of
pitients with pulmonary edema due to the effects of chlorine wnd
nitric acid with good results s did Carhisle (89)

Barich (27) showed the beneficnl effect of direct physical pres
sure by oxygen 1n pulmonary edemn due to nmitnt gises Fifty per
cent of the 1pplied puhmonary pressure bears on the capillary wall
and by direct action presents the seeprge of flnd through the wall
The rest of the applied pressure 1s tihen up by the elsticity of the
lung In puimonary ecdema oxygen undcr increased pressure works
m two ways There 1s the physical effect of the pressure and the
metabolic cffect The increwsed oxygen tension 1s tonic to the
damaged cipillary wall and interrupts the hypoxnl cycles n the
body

In panents wath 1sthmn or lesions of the respirtory passigewny
which produce obstruction the pressure 1s best admimstercd
Barach (27) believes during both mspiration nd expirition No
harmful effects have been noted s far 1s dyspnea 1s concerned by
breathing out agamst 1 positive pressure under these circum
stances In fact positive pressure respirition tends to mamtamn 1
more patent lumen during expiration 1n the ntrathoracic bron
chi  Barach (27) states that the treatment of pulmonary edem1 1n
shock should be m » manner different from the treatment of
straight pulmonary pathology with edema and that m peripheral
circulatory failure there 1s already 1 deficient return of blood to
the right heart and the presence within the lung of an ncreased
ntrapulmonary pressure may further retard the flow of blood
mto the night auricle  Because of this caution must be exerted
1121;:;‘(:::1:1:: :f‘ E:llnfx;:acr: ederfna 11n the presence of shock
have been treated butythere lsses f(;i o m(lmaryl cdema in shock

hand vo warn g che e of sufficient physiologic evidence at
increased pressure
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e Anthrcostlicosis

The prolonged mhalation of silica dust will produce some de
gree of pulmonary fibrosis The disease 15 charactenized by dyspnea
frequent supertmposed respiratory mnfection and occasionally fail
ure of the pulmoniry circulation 1n termunal states Motley et al
(280) showed that m anthricostlicosts there was a decrease m
maxmmal breathing capicity In those patients :n whom emphy
sema played a promment role ECG studies have shown strain of
the right side of the heart There was 1 significint correlation be
tween the right heart stran pattern 1nd the degree of emphysema

At rest, these patients hid an average arterial blood oxygen
saturation of go~03 per cent With exercise hownever the degree of
saturation fell The higher the degree of emphysema the greater
was the decrease mn arteral oxygen values The artersal pCO_ 1n
creased progressively 1s the emphysema increased

These quthors found the most effective trertment to be simul
taneous use of mtermuttent positive pressure breathing and nebuls
zation of vasoconstrictors Such therapy encouraged bronchial
draimnage relieved bronchospasm and mmproved ventilation with
an 1ncreased oxygen situration of the arterial blood

Up to this pont Atmospheric Tidal and Alveolar hypowia have
been considered They represent what was termed by Barcroft

anoxic anoxia  These forms of oxygen want have 1 common
charactenistic They are all associated with arterial hypoxemra that
15 the arter1al oxygen content 1s less than normal Because of this
circumstance mhalation therapy s of value Since 1t 1s possible
turther to load the red cells and plasma going through the lungs
with oxygen much of the arterial hypoxema can be relieved (Fig
ure 12)

4 HEMOGLOBIC HYPOAIA

This form of hypoxia s the result of 1 decrease 1n the amount of
hemoglobin available to carry oxygen The hemoglobm may be
dimimished becuse of ek of carriers such s red cells, or 1t may
have entered into chemicil combination with a drug such as car
bon monoxide

In Hemoglobic Hypoxia whether due to loss of red blood cells
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or to purtnl fixation of hamogloin by carbon monoxide, what
ever hemoglobin 1s walable o carry oxygen 1s normally suurated
The percentage siturition may be normal, but the oxygen con
tent 15 decreased The administration of ovygen by mhalation wall
but very shghtly elevate the degree of ovygen suurtion of the
red blood cells It will, however, increase the amount of ovygen
physically dissolved in plismn tenfold The endeavor, then, 1s
worthwlule

a Hemorrhge

The treatment of acute blood loss 15 of course blood transfu
sion An mmportt adjunct 15 mhalaton therpy for whatever
hemoglobin 1s present can be completcly saturated and the plasma
content can be markedly meresed

In regard to chronic anamn Barch (29) staes Oxygen theipy
1s contraindicated tn chronic memnn such as pernicious 1nemia
as a stumulus for the production of red cells 1s thus withdriwn nd
a lowered red blood count will follow In acute severe anemin
which may occur from blood loss oxygen therapy 1s indicated
until transfustons make up for the hemoglobin depletion

b Carbon Monoxide Porsoning

Carbon monoxide h1s a twofold effect 1n producing oxygen
want 1n the body As stated tbove 1t mterferes with the oxygen
carrying ability of hemoglobin by forming carboxyhemoglobin
This affinity of carbon monoxide for hemoglobin 1s many times
greater than oxygen with hemoglobin The other and important
effect of carbon monoxide in producing hypoxt 1s 1 histotoxic ef
fect on the ussue cell directly Thus the hypoxiz produced by car
bon monoxide 15 both Hemoglobic and Histotoxic

Henderson and Haggard (189 208) advocated the use of carbon
dioxide 1 the treatment of carbon monoxide poisoning for two
possible effects Carbon dioxide by 1ts respiratory stimulating
effect 1e increasing respiratory amplitude and mimute volume
exchange may more readily bring about elimination of carbon
monoxide Carbon dioxide causes a lowered pH of the blood This
lowered pH of the blood decreases the affimty of hemoglobin for
carbon monoxide and accelerates 1ts removal from the blood (123
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150 §64) Sayers and Yant (332) however concluded that carbon
dioxide oxygen mixtures are not of any greater value in the treat
ment of carbon monoxide porsoning than 1s oxygen tlone Rossiter
(316) points out that the patents to whom Henderson and Hag
gard admmistered carbon dioxide for the treatment of carbon
monoxide poisoning had 1 blood saturation of carbon monoxide
of between 1o and 5o per cent When the saturation 1s greater than
50 per cent the heart 15 weakened by the associated hypoxia and
the hazard of carbon dioxide crusing crrculatory fatlure mn these
mdividuals 1s great Drinker and Shaughnessy (130) though ad
mitting that m carbon monoxide poisoning the heart becomes
dilated and both cardic output and blood pressure fall, think
that carbon dioxide my still be of value They feel that since early
n cirbon monoxide posoning there 1s an associited hyperpnea
with a resultant loss of carbon droxide, this should be replaced to
mamtamn a normil chemical equilibrium Whereas others have
recommended a mixture of g5 per cent oxygen and 5 per cent
carbon dioxide Drinker and Shaughnessy recommend a masture
of g3 per cent oxygen and % per cent carbon dioxade since 7 per
cent arbon dioxide 15 more hikely to produce a satisfactory aug
mentation of respiration

Oxygen mhalation ctuses a fourfold and carbon dioxide a five
fold 1ncrease 1n the elimmatton of carbon monoxide as compared
with mhalation of air (126) Judged from the trme necessary to e
cover from a given exposure to carbon monoxide with a grven
blood saturation however there seems to be no advantage 1 the
use of carbon dioxide

Nicloux Nerson Stahl and Werll (286) as well as Walton et al
(385) found that there was very shight 1f any difference 1n aiding
elmunation ot carbon monoxide by the use of erther oxygen or
carbon dioxide

Schwerma et al (342) state The only effects of the adminstra
tion of exogenons cirbon dioxide are the slightly more rapid ex
cretion of carbon monoxtde and 1n some cases a more rapid resto
ratton of respiratory movements The significance of these effects
lhas been exaggerated while the much gretter significance of ade
quate cardiic function his i Ihrge part been overlooked Since
carbon dioxide plays no demonstrable part in fortifying cardsac
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function nd us addition to onygen confers no further value m
resuscitation, the mevatable concluston 1s that at 1s 1 unnecesstry
theripentic adjunct  Schwernix et al (311) pomnt ont that n re
gud to surinal and the medence and severity of neurologie
sequelie no difference was found hetween the use of 100 per cent
oxygen and 7 per cent carbon dionide 1in oxygen

Insmuch s carbon dionide does not seem to speed recovery
from carbon monovide poisoning it would scem to be contrun
dicated becawse of s arculatory effects The anesthetist fre
quently sees hyposie, depressed patents and has learned not to
rely on or use carbon dionide for its stumuliung cffect He 1s
constantly aware of the Inzard of carbon diovide and endevors
constantly to prevent lus patient from being exposed to 1t

Other drugs which m1y combime with hemoglobin to produce
Hemoglobic Hypowia are mitrobenzene nitrophenols acetinilid
and potissium chlonde

In Hemoglobic Hypoxin as already stated whatever hemoglo
bin 1s avulable to carry oxygen 1s g5 per cent saturated The
mhlation of high oxygen concentrations however, will increase
the oxygen content of the pltsma 1n arteral blood by two volumes
per cent This may not seem much in normil individuals whose
oxygen content of arterial blood 1s 1pproximately 20 cubre cent1
meters per 100 cubic centimeters Under these circumstances the
mncrease would amount to no more than 10 per cent In individ
uals potsoned by carbon monoxide however the total arterial oxy
gen content may be no more than 8§ to 10 cubic centimeters per
100 cubic centimeters Here the increase due to saturating the
plasma with oxygen would be =bout 2o 10 23 per cent This in
€rease i oxygen m the arterial blood may be sufficient to be life
saving (Figure 13)

5 STAGNANT HYPOXIA
In states of circulatory 1nefficiency there 15 stagnation of blood
i the lungs and peripheral structures
a Ciraulatory inefficiency, cardiac n origin may be due to left
sided or combined mght and left sided congestive faillure myo
cardial mfarction or cor pulmonale Circulatory mefficrency based
on a failing night heart results m an madequacy of the night heart
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in advancing blood, with 1ts consequent stagnation m the periph
er1l structures Left hearted fallure, with a resultant mefficiency
m blood delivery 1s followed by 1n 1nadequate uptike of blood
from the Jungs with 1 consequent congestion 1n these latter struc
tures In either event there 1s stagnation of blood Because of n
creased circulating time through the capillaries more oxygen 1s
taken up per umt of blood Whatever blood 1s advanced mnto the
crculation by the left heart 15 fully laden with oxygen Becruse
of the mcretsed duration of 1ts stay witlun the capillaries and be
cause more oxygen 1s taken up from 1t the venous blood 1s very
low m oxygen content, thus the 1rtertovenous oxygen difference
1s great This 1s Stagnant Hypoxia Ih cases of advanced left
hearted failure there may be edema m the alveolr and thus we
have a combined form of oxygen want—Stagnant Hypoxia because
of ctreulatory failure 1d Alveolir Hypoxia which s secondary to
1t There 15 an assoctated mterference with resprratory exchange
because of the edema To Stagnant and Alveolrr Hypoxia we then
have the added Tidal Hypoxia This effort to increase respiration
by minute volume exchange produces dyspnea Dyspnea 15 an
effort to mamntain normal arteritl oxygen saturation It 15 the re
sult of the combined Alveolar and Tidal forms of hypoxia

Richards (311) recommends oxygen m the treatment of cardiac
farlure 1nd as mndications for 1ts use he cites dyspnea restlessness
cyanosis cardrac pun and cough Carbon dioxide he beheves s
contraindicated 1 the therapy of this conditton It has been his
expertence that i acute left ventricular failure with pulmonary
congestion and edemn the use of expiratory posittve pressure for
a few hours has resulted n a decrease in pulmonary rales and cor
responding clinical improvement

Damming back of the venous return to the chest produced by
positive pressure brexthung results 1n a decrease i cirdiac output
m normal subjects, but an increase 1n cardiac output 1n some cases
of congestive heart failure (.82) Positive pressure apparently pre
vents an excessive venous return and acts 1n 1 manner sumnilar to
the employment of tourmquets on the hmbs or of phlebotomy

Poulton (303) had shown that patients suffering from rheumatic
carditis showed marked mmprovement when treated by oxygen
nhalation Temperature and pulse were lowered Cardiac mur
murs were altered and the heart size was dimimmshed with 1m
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provement decttocardiogriphic findings  Iarn et al (370)
have trexted many such pruents with dramancally good results
They too found improvement  regrd to body weight and 1p
petite There wis 1 rprd and significant drop m temperature with
1 decreased respiritory rate, 1 drunmatic nd consistent drop n
pulse rite and stabthization of the cardnic rate Stabihzation of the
heart sounds occurred and there was 1 subsistence of cardine symp
toms of angint fangability palpitition and dyspnet on exertion
ECG studies showed disippearmce of the signs of conduction dis
turbances There was 1 consistent disapperrince of the signs of
ovygen want and changes in duration of clectrical events n the
cardiac cycle

These authors suggest a physiologic process which may play an
mportant role i the mmprosement observed in these patients
Cardiac damage from acute carditss 1s due to 1 fulure to attain
effectrve cardiac rest during the course of the diserse Inhalation
therapy will result 1n better cardrac rest than that which may be
achieved under the best physical and emotional environment

In theumatic cardiis the increised heart rate may be a
compensatory expression of myocardml hypoxii Overxctivaty of
cardiac action 1n acute carditis disturbs the normal time relation
ships of systole to diastole The accelerited pulse rate per se
further dimmishes drastolic coronary filling and thus increases
the already existing myocardial hypoxta Oxygen therapy restores
the normal relationships 1n the duration of the systole to that of
the diastole In a study by these authors (370) 1t was shown that
there was an increase 1 the duration of diastole as the result of
mhalation of oxygen With an average reduction m cardiac rate
from 106 to 86 there was an ncreased duration of diastole of 2 3
seconds per minute This 1s an 1mprovement of two mmutes and
19 seconds per hour or 56 minutes a day They state that 1t 1s rea
sonable to assume that an increase 1 the period of cardmc re
laxation might tend to bring about a more normal chemical econ
omy of the heart muscle by restoring the normal oxygen balance

b Coronary Occlusion

Because of thrombosis or spasm of a coronary blood vessel
1schemua of heart muscle develops The common symptom of ths
condttion 1s pan It 15 pretty generally accepted that the pain 1s
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due to myocardial 1schemia It has been shown that schemia of
the heart muscle produced by mhalation of low oxygen atmos
pheres produces pain Another indication that the patn i coronary
occlusion 1s due to 1schemia 1s the fact that inhaliuon of oxygen
often relteves this pam The hypoxit incident to coronary occlu
sion 1s another example of the vicious cycle established by oxygen
want It 1s further support of Drinkers statement that anowia
begets anoxia  (128) As may be seen m Figure 19 coronmary oc

CORONARY OCCLUSION

MYOCARDIAL 1SCHEMIA
MYOCARDIAL HYPOXIA

ALVEOLAR HYPOXIA STAGNANT HYPOXIA
DECREASED OXYGEN DECREASEg CARDIAC
UPTAKE. OUTPUT
AL\(EOLAR PASS/IVE

EDEMA CONGESTION

Figure 19 The viaious cycle of oxygen deprivation and coronary occlusion

cluston results 1 myocardial 1schemia with the production of
myocardial hypoxia Myocardial hypoxta results in decreased
cardiac output Decreased cardiac output produces Stagnant Hy
poxia which 1 turn results 1n myocirdial hypoxn wnd a small
svictous cycle 1s here set up Decreased cardiac output 15 followed
by passive congestion which results mn 1hveolar edema Alveolr
edema results 1n a decreased oxygen uptike by the blood This
decreased oxygen uptahe 1s a form of Alveolar Hypoxia ind of
iself will produce myocardial hypoxia So agamn 1s produced the
main vicious cycle—myocardial hypoxia decreased cardiic output
passve congestion alveolwr edema decreased oxygen uptike and
agam myocardal hypoxia

The immednite myocardinl schemia with stagnatton of the
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blood produces 1 Stagnant Hyposin As other stuctures become
wrolied, puticutaly the lungs, hypostr of the alveolr type 1
supertmposed upon Stygnant Hyposin Though the mhaltion of
ovygen 1n Stagnwt Hyponia ts not anurely saushctory 2t best
one e hope for m mcrense of about 2 volumes per cent Though
thns 15 not to be disparaged, the great ud from mbatwon therpy
comes when Ahcolar Hypoin has become part of the picture, for
here the addition of oxygen will result m 1 definie loding of the
arternal blood with oxygen One should nnmeditely institute
oxygen administration an these cises nd not wat unul dded
oxygen need 15 evidenced

Orygen therapy his i important role mn the trertment of acute
corenary occlusion Incretsed onygen pressure 1n the arternnt blood
durmg therapy tends to Alleviate the cffects of coronary constric
tion (308 309 310)

Levy (248) gives the following 1s chimicl critertt which indicate
the need for oxygen therapy m tlis condition cynosis shock
severe and persistent cardie pun dyspner acute pulmonary
edema congestive fulure certun cardinc arrhythmias rising heart
rite sharp fall in blood pressure marked lenhocytosis high fever
and Cheyne Stokes respiration In regard to the effect of oxygen
n the treatment of this condition he says that the following spe
aific mferences are justified

1 Oxygen therapy brings 1bout subjectine mprovement Pan s
lessened or abolished the heart rate falls 1nd respiration 1s slower and
less labored The patient 15 no longer restless Tt 1s possible to curtail
materially or stop entrely the use of opiates and sedative

2 The state of shock gradually disappears

g Cyanosis 1s diminished or abolished

4 The onset of congestive falure m1y be prevented and oxygen
ards 1n controlling 1t after its occurrence

5 The temperature when elevated tends to fall

6 Cheyne Stokes breathing if present 15 gradually followed by reg
ular respiration

7 Of great sigmficance 1s the fact that interruption of oxygen ther
1py before adequate readjustment of circulatory conditions has taken
place results 1n recurrence of the symptoms and signs just described
Resumption agamn proves helpful
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Bolwnd (fig) belteves thae the admimstration of high oxygen
concentrations relieves the intractable pun of coronary occlusion
It has been felt that such therapy frequently controls pamn even m
the absence of pulmonary edema 1nd subnormal ovygen satura
tion of the arterial blood There 15 however an umportant con
trary view 1s expressed by Russeh Regan 1nd Naegele (321) They
state that the admimstration of 100 per cent oxygen for 1ngina
pectoris and for pun ccompanying acute myocwrdial wfarcion
without arterral hypoxemrt 1s of very little if any benefit It 1s
their contention on the contrary that in ¢ises of myocardial in
farctuion the disturbance to the pauent which may be provoked by
such theripeutic endeavors may be detrimental

These quthors set out 1o determine whether or not high concen
trations of oxygen actually relieve climical states of coronary n
sufficiency which are unattended by generalized arterial hy
poxemia They employed the Master twostep test * m expen
mentally inducing coronary msufficiency They had previously
pointed out that certain patients with angina pectoris showed
transient ECG changes 1n response to this test They used this test
as a control of the value of oxygen prophylactically and therapeut:
cally They employed for their study five patients i whom the
two step procedure evoked a constant posittve ECG response They
did this with the patient breathing arr and then breathing oxygen
and report that 1 each of the five cises 100 per cent oxygen was
without effect 1n preventing the RS T segment and T wave changes
observed 1n the control records

Simularly they found that the continuous admimstration of 100
per cent oxygen during the post exercise period failed to hasten
the disappearnce of the ECG changes They did note mdeed
that when 100 per cent oxygen had been administered the changes
were either more pronounced or longer 1n eudence 1n four of
the five patients and that n every mstance such therapy failed to
prevent the onset of anginal pam or to influence 1ts duration

They do admit howeser that oxygen admumstration s a 1alu
able therapeutic measure mn patients with acute myocardial infarc
tton 1n whom there 1s some pulmonary congestion resulting 1n

* See page ns
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hypoxemir and under such cnamstines thae s v strking 1e
lief of prn and restlessness and 1 dimmution of ¢ynosts They
sertously questton whether or not hyperoxyganated blood 1s ¢1pt
ble of mfluencing loctl myocndinl hyposit

In explmation of the contiary effcets on the 1CG raadig they
ritionthize that 1 temporary occluston of the coronary svessels 15
followed by 1 powerful rcanve hyperamnm that 2 mechanism
cwsts which adapts the coronary flow to the needs of the moment
wnd this need 1s ssocrited wath the production locally of 1 vaso
dilaung substance wid that high ovygen tension m the blood will
prevent the hiberation of this sasodilator material They staite It
15 possible that hyperovygenated blood mny prevent or reverse 1t
(the locat vasodilatng response) so that local ot of equal or
greater degree 1s evohed by standard sumulus - They state further
The false liope that the size of the resultane infict i such cases
cn be influenced by osygen therpy should therefore be tban
doned Similarly no benefits should be 1nucipated from the ad
mumstrition of 1oo per cent oxygen for the rehicf of recurrent or
intractible pun mn these panents

This work 1s mdeed 1mportint and should be either supported
or refuted by rdditional work In reviening their work one notes
that before these patients recenved oxygen for the test they were
breathung air with a BL B mask This breathing of 1r with a
BLB mask will unquestionably result 1n alteration 1n the mntra
pulmonary pressure because of the necessity to inhale and exhale
the respired mixture through sponge rubber discs Turther such
therapy 15 unquestionably associated with some carbon diowide
accumulation which 1 1tself may h1ve 1n effect on the cardiac
conduction mechimsm

They state that 100 per cent oxygen was delivered mtoa BL B
mask Unless valves with special flow characteristics are employed
1t 15 almost 1impossible to deliver a mixture of oxygen nto the bag
which will result m a 100 per cent oxygen atmosphere without
some carbon diovide accumulation Without repeating the work
one can question the plausibthity of the role of carbon dioxide 1n
preventng relief from the oxygen inhalation

As noted previously this work 1s of sufficient importance that
one should withhold conclusions until further evidence 1s at hand
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Because of pain and apprehenston and lso as 1 result of some
associated oxygen want, the patient suffermg from acute coronary
occlusion may hyperventilate thus blowing off some carbon diox
1de Alkalosis may occur Alkalosis has a tendency to cause capillary
constriction of the coronary circulation, thus enhincing myo
carcial 1schemia

Yandell Henderson (zof) recommended the use of 1 carbon
dioxide oxygen muxture n the treatment of angin1 noung that
there was less substernal oppression and pun associated with its
use Here too one should warn agunst the use of carbon dioxide
m these conditions because of 1ts circulatory eifect

The anoxema test for coronary insufficiency Resnik (308)
pomted out 1n 1925 that under conditions of oxygen want changes
in cardiac conduction occur and 1 damaged heart when
subjected to anoxerm1 may early exlnbit functional disturbinces
which my appenr only 1n the presence of a more profound anoxe
mia n the normal heart  Danielopolu (111) 2dvanced the theory
that angmna pectorss 1s due to 1 disproportion between the flow of
blood 1n the coronary vessels on the one hand and the work of
the heart on the other He pointed out that even 1f 1 heart has
normal artertes and the demands are great enough coronary
artery msulfficiency may become so marked 1s to lead to angmna
and that when these arteries are disersed lesser demands will
bring on the angiml syndrome  He did not offer satssfactory
evidence that there may be coronary insuffictency in the presence
of norml coronary artertes This evidence ppeared much later
m the work of Rothschild and hassin (318) and Levy et al (249)

In 1928 Keefer and Resnik (229) expressed the belef that angina
pectoris 1s always due to myocardial hypoxia They summarize
the work on the conduction mechanism of the heart in relation to
hypovia as follows It has been shown that attacks of angmat
pan mnduced by anoxemia are 1dentical with spontaneous attacks
that 1noxerm 1s at least in part responstble for the pamn of angina
pectoris and that associated with either spontaneous or mduced
attachs there are characteristic changes wn the electrocardiogram

Levy Bruenn and Russell (249) presented a chnzcal test for
coronary 1nsufficiency by exposing the patient to low ovygen con
centrations They employed the dilutton method of producing a



Indications ny

low oxygen atmosphete They asdid Tevy exposed the patients to
2 10 per cent ovygen minture They used patients students and
nurses 1 the four decades 21 10 30 31 to 40 41 to 50 and 51 to Go
yewsof aige The older subjects showed an nerige response which
1s prictically sdentienl with the wverage for the younger They sum
marized the electrocardiographic observations on normal subjects
whoshowed 1 normal response to hyposemin - There is an erly
nd prompt depression of Al T wves espectilly T; and with thus
1 devintion of the RS T segment from the 1soelectric hme  This
15 1 agreement with the ertern of Tevy et al for the normal re
sponse to hypoxemnt The following are [ evy s critern of m 1b
normnl response (2 17)

1 The nthmetic sum of the RS 1 deviwons m all four Jeads totals
three millimeters or more

. Partal or complete reversal in the direcion of T 1 Lend 1+ 1f 7c
comprnied by RS 1 devittion of one nilhmeter or more 1n this lead

3 Complete reversil in the direction of T 1n Lead VI regardless of
RS T deviauon

4 Parual reversilin the direction of T 1n Lead IVE af tccompanied
by RST desinuion of one nulhimeter or more 1n tlus lend

Some subjects showed what was 1ccording to I evy an abnormal
response to induced hypoxit but the history absence of symp
toms and physical examnations failed to reveal any evidence of
cardiovascular disease There was no Iustory of chest pun con
gesuve faillure or hypertension In all cases the control electro
cardiogram was normal m all four leads Twenty four of 125
normal persons (19 2 per cent) showed an abnormal response 1c
cording to the critena of Levy Twenty two of the 24 showed
complete reversal of T in Lead IVF etc Because of this work they
state that 1t therefore appears that reversal of T 1 Lead IVD
(Criterion g) in response to induced anoxemia cannot be accepted
as indicatve of coronary insufficiency

Levy (246) reported two nstances of convulsions during the
test He states that 1t appears evident from even this limited num
ber of cases that constant observation during the test for evidence
of oxygen deprivation may not prevent the dey elopment of a suffi
cient degree of cerebral damage to lead to convulsion Cerebral
hypoxia may produce pertvascular hemorrhage and edema of the
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Because of pain and apprehension and }so 1s a result of some
associated oxygen want the pattent suffering from 1cute coronary
occlusion mry hyperventilite thus blowing off some carbon diox
ide Alkalosis mhy occur Alkalosis has a tendency to cause capillary
constriction of the coronary ctrculiion thus enhincing myo
cardrl 1schemia

Yandell Henderson (204) recommended the use of a carbon
dioxade oxygen mixture mn the treatment of ingma noung that
there was less substernal oppression and pamn assocrited with is
use Here too, one should warn agunst the use of carbon dioxide
mn these conditions because of 1ts circulatory effect

The anoxemm test for coronary insuffictency Resnik (308)
ponted out n 1925 that under conditions of oxygen want changes
in cardiac conduction occur and a damnged heart when
subjected to 1noxermia may early exlubit functional disturbances
which may appear only in the presence ot 1 more profonnd anoxe
mia m the normal heart  Damelopolu (111) advanced the theory
that angma pectors 1s due to 1 disproportion between the flow of
blood 1 the coronary vessels on the one hand and the work of
the heart on the other He pomnted out that even if a heart has
normal arteries and the demands are great enough coroniry
artery msuffictency may become so marked as to lead to angina
and that when these arteries are diseased lesser demands will
bring on the anginal syndrome He did not offer satisfactory
evidence that there m1y be coronary msuffictency m the presence
of normal coronary arteries This evidence appeared much later
m the work of Rothschild and hissin (318) and Levy et al (249)

In 1928 heefer and Resnik (229) expressed the beltef that angma
pectoris 1s always due to myocardral hypoxia They summarize
the work on the conduction mechanism of the heart n relation to
hypoxia 1s follows It bas been shown that attacks of angnal
pam induced by mnoxemia are rdenucal with spontaneous attachs
that anoxemia 1s at least mn part responsible for the pamn of angma
pectoris and that associted with ether spontaneous or mduced
attacks there are characteristic changes i the electrocardiogram

Levy Bruenn and Russell (249) presented a clinical test for
coronary msufficiency by exposing the pattent to low oxygen con
centrations They employed the dilution method of producing a
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and 1s probably less likely to cause the untowud rosults that hve
been assocrtted with the mhnlatton of low concantritions of ovy
gen

¢ Shock

It its been shown that disturbed circultory states known s
shock regardless of cause have 1 common charaerisuc—incrensed
capillary permenbihity with trnsudation of flinds Anything which
myures the captllary wall and encourages capiflary permeability
m1y be 1 etiological frctor m shock The single and most 1m
portant factor for the production of meresed captllary permeabil
1ty of the capillary wall 1s oxygen lack Anythung which produces
ovygen lack will produce shock With the circulatory deficiency
mn surgical shock, tachycrdin decreased cardine output, decreased
blood volume nd ncereased circultory time Staignant Hypoxr
develops

As previously stated 1in Stagnant Hypoxin there 1s no arteritl
hypoxemui (Tigure 14) The arterial oxygen content 1nd tts per
centage siturition are normial Because the circulttion s very slow
there 15 a good deal of oxygen ttkhen up per umt of blood There 1s
an increased arteriovenous difference Here as tn any other form
of Stagnant Hypoxia oxygen theripy can mcrease the vmount of
oxygen which 1s physically dissolved The ncreased head of oxy
gen pressure 15 important

If this circulatory deficiency 1s due to hemorrhage with resultant
hemodilution the oxygen capacity ol arterl blood 1s decreased
Thus 1n increase of two volumes per cent of oxygen physically
dissolved m plasma will be a relatively large mcrease 1n the oxy
gen capacity of that blood If the circulatory state 1s due to trauma
or burns wheremn there 1s hemoconcentration the arteral oxygen
capacity 1s increased because of hemoconcentration and loading
the plasma with additional oxygen will not bear the same impor
tant ratio as it does in hemorrhage This however should not be
construed to mean that oxygen should not be used in states of
shock due to trauma or burns

Ohlsson et al (289) feel that a favorable effect of oxygen ad
mumstration not previously mentioned n the literature 1s that
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brun which my be urreversible The authors of this article en
countered untownard symptoms mn 17 instinces tn a total of 189
tests In 1l but two of these mnstances they were impelled to inter
rupt the test Frie had symptoms of such severity as to furmsh
cause for alarm They speak of the hnsards of the hypoxin and they
state that a 10 per cent mixture ts equnilent to an alttude of 19
200 feet  Both cardiovascular and cerebral disturbances have oc
curred i the course of induced anoxerma tests  Levy et al (247)
reported three nstances of acute pulmonary edemt One patient
was m shock 1fter 10 munutes of hypoxemia The authors found
that i mduced oxygen deprivation studies in certain stances
there was a sudden and profound reduction in the blood pressure
which nlthough transient mught furnish the preciprtating factor
lerding to infarction Agun 1 the author s expermments i five
mstances much twitching occurred 1n the course of the test ind n
two of these progressive generalized comvulsions occurred before
the hypoxi1 could be terminated by oxygen inhalation

Hartman (203) has stated thit one may encounter later neural
lestons In conclusion the ruthors make 1t quite clear that they do
not believe that this exposure to oxygen want 15 a dingnostic test
and that induced hypoxit cannot be considered a routne labora
tory procedure because of 1ts dinger

Master (268) proposed a two step exercise tolerance test m 1t
tempting to evaluate cirdiovascular function The patient, de
pending upon his size and weight ascends and descends two nine
mch steps 1 variible number of times With the P R nterval 15 2
control level depression of the RS T segment 1n 1ny lead of over
o5 mm below the 1soelectric level 1s considered posttive for coro
nary heart disease Depression of the T wave or its mversion ex
cept 1n Lead 3 1s also 1n 1bnormal response

Baum et al (50) found that depression of the RS T segment did
not occur mn normal mdwiduals It should be emphnsized chat this
Master two step test should be employed only when the resting
electrocardrogram 1s normal If the resting electrocardiogram is
abnormal then 1n exercise test 1s obviously unnecessary This test
s probably as mdrcative of coronary heart disease s 1s the clectro
cardiographic response to the nhalation of low oxygen mixtures
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rerched the pulse rite chimbed rpidly to the same tesel 25 1n the
first group, but slowed after the oxygen was adminsstered nd re
mamed 2t the lower lavel dunng the course of the trertment In
the group ghen prophylictc ovygen therpy with or shortly
after the mitiation of fever the pulse rte beeame elesated but
never reached the high level of the two previous groups and 1t

INCREASED
OXYGEN RE(}UlREMENT

COMPENSATORY MECHANISMS.
RESPIRATION CIRCULATION

INCREASED WORK

AGCUMULATED INTERFERENCE WITH
WASTE PRODUGTS GCELLULAR METABOLISM

HYPOXIA

Figure 20 The vious cycle of mereased oxygen requirements and oxygen
deprivation

persisted at this relatively low level dunng the hyperthermra
Restlessness mental confusion and excitement were less frequent
and less marhed 1u the patients recen ing oxygen therapy In some
of the patients who received no oxygen theripy treatment had to
be discontnued because of either extreme tachycardia or uncon
trollable excitement These same individuals tolerated the treat
ment satisfactorily when oxygen therapy was employed Cullen

et al hold that the above 1s evidence of oxygen want during a pe
r1od of hyperpyrexia
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such administritson leads to a transtent (but umportant) increase
1 the volume of circuliting blood corresponding to an ordmary
blood transfusion

6 HISTOTOXIC HYPONIA

The low oxygen utthzation of tssue i this form of hypoxia i
due to metabolic dysfunction mn the cell The arteral oxygen con
tent and percentage saturation are normal Because oxygen uptake
1s so small the venous oxygen 1s clevated above normal and thus
the arterrovenous difference 1s narrowed

Oxygen mhalation 1s of very limited usefulness in Histotoxic
Hypoxia bectuse of this The remedy lies in the removal of the
etiological factors Efforts to employ 2gents as cytochrome< and
sodium succinate 1n attempting to 1ncrease oxygen uptake are
not the fin1l answer but are probably steps m the right direction

7 DEMAND HYPOMIA

Because of increased demand for oxygen due to fever pamn ex
citement or other factors there 1s an 1ugmentation of oxygen up
take from the mhaled atmosphere The minute solume exchinge
15 increased arculatory time 15 decreased and the pulse rite be
comes elevated 1n efforts to satisfy the tissue requirements for oxy
gen

Whth full compensation hypoxia 1s but potentinl If oxygen re
quirements are not met hypoxi results Viaous cycles become
established (Figure 20) The very compensatory efforts of them
selves mean more work This mens an addition1! oxygen need
Administration of oxygen may be sufhcient to relieve the com
pensitory mechanism of a considerable burden

This has been well shown by Cullen e al (110) 1n hyperpyrexn
Studies were made on patients with induced fever One group had
no oxygen 1nother had oxvgen adminsstered fter the temperature
became elevated and a third was 1dmmistered oxygen throughout
the entrre period The effects of oxygen imbalation on the pulse
rate were observed (Figure 21) In the group which received no
oxygen therapy the pulse rate climbed rapidly to 1 hugh level wnd
continued to increase as the treatment progressed In the group
given ovygen therapy after the desired level of fever had been
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of fever (7 per cent for erch one degrec rise Threnhert) or becruse
of hyperthyrowdism  panients often respond dramatcally to oxy
gen inhalatzon by a slowing of the pulst and respiritory rates and
an improyed sensc of comfort Very often cxcitement wnd delirum,
when present disappear

The symptoms of thyrotoxtcosis arc often markedly relieved by
mhaltion therpy This form of treatment is commonly employed

| NO OXYGEN
2 OXYGEN AT FEVER PEAK
12d 3 CONTINUOUS OXYGEN

109

ARTERIAL OXYGEN TENSION

89|

o
BEFORE FEVER AFTER 1 HR OF
FEVER PEAK MAXIMUM FEVER

Figure 22 The effect of inhalation therapy on arterial oxygen tension of
pauents undergoing fever therapy (From Cullen S C Werr E F and
Cook E The Ratonale of Fever Therapy Anesthestology 3 2 123-130

March 1942)

postoperatsvely ‘The preoperative use of oxygen m patients with
hyperthyroidism has not recetved sufficient clinical trial Pauients
with increased oxygen requirements can be better prepared for
surgery 1f adminustered oxygen by nasal catheter for several days

before coming to surgery
B DENITROGENIZATION

According to the law of gases the diffusion of any gas through
1 sem1 permeible membrane 1s proportional to the difference be
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The effect of mhalation of oxygen on the oxygen tenston m
artersal blood 1s shown m Figure 22 In the group recenving no
oxygen therapy during treatment the artenial tension fell as much
as 25 per cent with the development of the desired level of fever Tt
conttnued to fall as the treatment progressed The patients recety
ing oxygen therapy ~fter the desired level of fever had been reached
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2 2 OXYGEN AT FEVER PEAK

3 CONTINUOUS OXYGEN

100]
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o [} 2 3 4 5
HOURS FEVER

Figure 21 The effect of oxygen inhalaton on the pul e rate of pauents un
dergong fever therapy (From Cullen § C Weir E F and Cook E The
Ratsonale of Oxygen Therapy During Fever Therapy Anesthestology 3 2 123~
130 March 194°)

had an arterial tension fall of 18 per cent and with the admmnistra
tion of oxygen 1 rise to a point 19 per cent above the ongmal level
In those who recerved oxygen durmg the whole treatment there was
no drop 1n tension but rather a continuous rise

The findings of Looney and Borkovic (259) do not substantiate
the above work Though thewr work 1s not to be brushed aside
Lightly climcal expertence supports the findings of Cullen ¢t al
In chinical practice when oxygen consumption 1s elevated because
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of fever {7 per cent for exch one degree rise Tahrenhert) or becuse
of hyperthyrordism patients often respond drimatically to oxy
gen mhaliton by 1 slowng of the pulse and respiritory rites and
an mpros ed sense of comfort Very often excitement nd dehinum
when present, distppear

The symptoms of thyrotoxtcosss are often marhedly rehieved by
mnhaltion therpy Tlus form of treatment 1s commonly employed

1 NO OXYGEN
2 OXYGEN AT FEVER PEAK
12¢ 3 CONTINUQUS OXYGEN
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AFTER | HR_ OF
MAXIMUM FEVER

Figure 22 The effect of inhalation therapy on arterial oxygen tension of
[é:;tlems undergomng feser therapy (From Cullen S C Wer E F and
ok E  The Ratonale of Fever Therapy Anesthesiology 3 . 125-130

March 1942)

Eostoperauvely The preoperative use of oxygen n patients with
yperthyroidism has not recerved suffictent clinical trial Patients

with increased oxygen requirements can be better prepared for

surgery 1f admumistered oxygen by nasal catheter for several days

before coming to surgery
B DENITROGENIZATION

. According to the law of gases the diffusion of any gas through
semi1 permeable membrane 1s proportional to the difference be
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The effect of inhalition of oxygen on the oxygen tension in
arterial blood 1s shown i Figure 22 In the group recewving no
oxygen therapy during treatment the arterial tenston fell as much
as 25 per cent with the development of the destred level of fever It
continued to fll as the treatment progressed The patients recerv
ing oxygen therapy after the desired level of fever had been reached
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Figure 21 The effect of oxygen mhalation on the pul e rate of panents un
dergoing fever therapy (From Cullen S C Werr E F and Cook E The
Rationale of Oxygen Theripy During Fever Therapy 4nesthestology 3 - 128
130 March 1942)

had an arterial tension fall of 18 per cent and with the 1dmnistra
tion of oxygen a rise to 1 pomt 19 per cent above the original level
In those who receved oxygen during the whole trextment there was
no drop m tenston but rather a continuous rise

The findings of Looney 1nd Borkovic (259) do not substantiate
the above work Though their work 1s not to be brushed aside
Iightly climical experience supports the findings of Cullen et al
In clinical practice when oxygen consumption 1s elevated because
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of fever (7 per cent for crch one degree rise Tilirenhert) or because
of hyperthyroidism  patients often respond dramatically to oxy
gen mhilon by 1 slowing of the pulse and respirttory rates, and
an mproved sense of comfort Very often excitement ind dehinum,
when present disappear

The symptoms of thyrotonicests are often markedly relieved by
mhlation therpy This form of treatment 1s commonly employed

1 NO OXYGEN
2 OXYGEN AT FEVER PEAK
i2d 3 CONTINUOUS OXYGEN
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ARTERIAL OXYGEN TENSION
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Figure 2: The effect of inhalayson therapy on arterial ovygen tension of
pauents undergoing fever therapy (From Cullen § € Werr E F and
Cook E The Rauonale of Fever Therapy Anesthestology 3 2 123-130

March 1g942)

postoperatively The preoperative use of oxygen 1 patients with
hyperthyroidism has not recerved sufficient clinical trial Patents
with mereased oxygen requirements can be better prepared for
surgery 1f administered oxygen by nasal catheter for several days

before coming to surgery
B DENITROGENIZATION

According to the law of gases the diffusion of any gs through
1 sem permeable membrane 1s proportional to the difference be
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tween 1ts partial pressure upon the two sides Nitrogen a normal
constituent of blood and tissue exerts 1 parual pressure of ap-
proximately 570 mullimeters of mercury m arterial blood Fie
et al (157) quote Shaw, who n unpublished datr, showed that
exposure of a patient to pure oxygen for four hours causes a drop
1 the partial pressure of nitrogen n the arterrl blood from 573 to
31 millimeters of mercury The inhalation of 1 nitrogen free 1t
mosphere reduces the pressure of mirogen withtn the lung to near
zero The mitrogen 1n the blood then diffuses mnto the alveoli to
be blown off The resultng decreased partial pressure of this gas
m the blood encourages diffusion 1nto 1t by nitrogen 1n the tissue
spaces and c1vities By such a process denitrogenization my be
more rapidly riccomplished than by breathing room arr

Nitrogen miy accumulate m abnormal amounts 1n body tissues
and cavities as the result of disease and trauma Many workers have
employed high oxygen concentritions to facilitate mtrogen re
moval from such ussues ind civities Boothby et al (71) have
shown that the amount of time necessary to wash out the nitrogen
from the Iungs varies from that in normal subjects under basal
conditions of about 2-314 minutes to 10-12 minutes 1n patients
with marked emphysema

1 INTESTINAL DISTENTION

Singleton Rogers and Houston (358) feel that gaseous distention
within the gastromntestinal tract 1s a real problem and should be
actively treated Gatch et al (164) state Distention 1s the most
mmportant cause of death from all forms of bowel obstruction
mechanical or paralytic and most of the other supposed and sug
gested causes of death cannot exist n the absence of distention
All efforts should be made to limst intestinal distention because of
several factors (358) Intraluminal gas pressure results m schema
of the wall and later congestion which may affect the viability of
the wall Stretching of the bowel results 1n a decreased activity of
the nerve mechanism of this structure as well as of muscular con
traction 1nd with advanced distention over a long pertod of time
even though the distention 15 reheved the bowel contraction 1s
delayed resulting m paralytic lleus Not to be overlooked are
the changes 1n blood concentration wlich have been reported
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wlich e charcienzed by the loss of blood protemn mto the pen
toneal exvity Schinedorl and Orr (337) believe that distention plays
ant important role i fulure of the Iner ind hadney  Liver func
tion 1s first impured by nenve rdlex mhibiton due to distention
of the mtestine The movema present 1n ¢ases of severe intestinal
distention m1y produce 1 marked mpurment i the formation
of bile and urme

Rosenfeld md Fine (319) hnve shown that by cassing an wnsmal
to breathe pure oxygen mistead of mr, the volume of mitrogen m 1
closed loop of small intestine distended with tlis gis can be re
duced 1n 24 hours to 1bout 1o per cent of 1ts onginnl volume This
1s 1n contrist to 1 werge varnon of only 10 per cent of the
ongnil g1s volume when the anunal breathes room ur for the
sume period of ime  Thesc authors showed also that not only 1s
oxygen nhalation 1n effcctne mens of reducing the intr intesty
nal pressure but 1t also prolongs the surv vl tume of cats m which
the obstructed small intestine was distended with ar or mtrogen

Since the mtrogen content of intestmal gises 15 up to 9o per cent
the partial pressure of mtrogen mn the intestinal gs 1s about G40
mullimeters of mercury If the pauent breathes pure oxygen the
nitrogen tension 1n the blood w1ll soon drop to zero or close to 1t
Consequently 1n breathing pure oxygen the difference in pressure
whereby mitrogen diffuses from ntestines to tissue and blood will
be 630 millimeters of mercury When one breathes atmospheric
arr the nutrogen tension of the blood 15 about 570 millimeters of
mercury and the pressure difference that causes the nitrogen to
diffuse from mtestine to blood 1s consequently only about %o
millimeters of mercury By breathing pure oxygen 1t should thus
be possible to increase the nitrogen absorption almost tenfold
Since much of the air i the bowel 15 swallowed air with the pa
tient breathing oxygen only he will swallow oxygen rather than
nitrogen Ringsted and Andersen (312) studied the relief of disten
tion by oxygen halation They 1njected portions of rabbits 1n
testines between two ligatures with atmospheric ar nitrogen or
oxygen The nimals were then placed in chambers and exposed
{0 varying concentrations of oxygen In their experiments with
pure nitrogen 1n the closed imntestinat loop nd with the animal
breathing atmospheric arr the average 1bsorption from the m
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testine over a 24 hour period w1s g 4 per cent In the next set of
experiments with absorption of nitrogen from a closed loop n an
amm~al breathing high oxygen concentrations there was a seven
fold increase in mitrogen absorption with an average of 68 4 per
cent remoy ed over a stmilar interval

If pure oxygen 1s swallowed or mntroduced into the intestinal
tract 1 the course of treatment this oxygen will be absorbed more
rapidly and more completely than if wumospheric arr 1s swallowed

Other expermments were designed to test oxygen theripy by
means of 1 distention mmolving the whole or most of the small 1n
testine whereas the previous expernnents were on a closed loop
Here too the result showed that after 24 hours of oxygen therapy
the percentage of absorption agrees farly well with the values
obtuned from the experiments with closed loops

These quthors conclude that paralytic 1leus 1s one of the chief
indications for osygen therapy They feel that the procedure 15
indicated even when distention s due to an obstruction where 1t
may be desirible to postpone operation for some reison Inhala
tion of high concentrations of oxygen may be wndicated 1n con
Juncuion with Wangensteen suction in the trertment of distention
Such therapy may also be indrcated after imtestinnl operations as 2
prophylactic for distention

Fne et al (156) treated five cases of paralytsc ileus with g5 per
cent oxygen which in the pcriod of 24-48 hours brought about
such an absorption of gas that intestinal moulity was regained
Congdon and Burgess (103) by employing the closed box technic
developed by them treated 4o cases of abdomnal distention Of
these 40 25 showed a defimite decrease 1n the distention 1 five the
results were questtonable and i 10 the treatment seemed to hive
had no effect

2 SUBCUTANEOUS EMPHYSCMA
Congdon and Burgess {103) employed the admmustraition of
Ingh oxygen for the removal of nitrogen 1n tissue spaces i three
cases of severe subcutaneous emphysema The first was a patrent
suffering from postpneumonic empyema with 1 bronchopleur’ll
fistal1 wnd subcutaneous emphysema The emphysema was severe
and this patient recen ed 12 hours of 95 per cent oxygen by inhala
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tion She w1s taken out for five hours md then put bick i for
another five hours after which tme marked improvanent was evi
dent The second was 1 patient with pulmonary abscess who had 1
thoracotomy Two d1ys following thoracotomy 1 marked subcuta
ncous emphysemn appawed Twelve hours of g5 per cent onygen
gave her rehef After 1 shortntersal she was agun put back into
the onygen ppartus for another 11 hours The third patient so
treated had rctured 11hs with subcutincous anphysemt After
three 12 hour peniods the amphiysemn hid completely disippeared

g POSI \IR ENCLPHALOGRAPHY

Because of the collection of nitrogen 1n the central nervous sys
tem following mjectton of ur for purposes of encephilogrims
Congdon and Burgess felt that 1t was necessary here too to de
mitrogenate the patient ripidly to dimimish the duration of head
ache Therr results hive been so swusfrctory that they feel the
method should be employed routnely Therr experience w1s simy
lar to that reported by Schwal Fine and Mixter, 1 that 1 marhed
alleviation of headache occurred (330)

C CONDITIONS DUE TO ALTERATIONS IN
ATMOSPHERIC PRESSURE

1 AERO EMBOLISM (The bends)

During rapid change from high to atmospheric or from atmos
pheric to low pressure respiratory gases in blood plasma and tissue
are released to collect as bubbles 1n blood The amount of bubble
formation 1s dependent upon the rate 1nd degree of decrease in
atmospheric pressure These bubbles mainly of mitrogen act as
embolt and may lodge n the lungs bramn heart or n the nerve
roots of the spimal cord where their presence cause corresponding
symptoms The bends in the elbow knee or ankle are due to
collections of gis n the fascial and ntermuscular septal planes
which cause pain by dissecting to the periosteal msertions of such
natomical layers (26.4) It 1s possible that fatal embolt may appear
during rapid ascent from as low as 30 feet under water Polal and
Adams (301) have shown that in submarine escape training em
ploying a Momsen lung  rapid expansion of the intrapulmonary
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gases 1 saifors holdmng their breath was sufficient to rupture alveo-
lar walls The air under pressure then entered the pulmonary ur
culation was carried to the heart and then distributed through the
systemic ctrculation

a Compressed Air Illness (Carsson disease)

Thus occurs 1n mdividuals such as deep sea divers or workers 1n
cussons who re subjected to prolonged exposure to mcreased at
mospheric pressure Upon rapid reduction of the atmospheric pres
sure the released nirogen accumulates and acts 1s embolr with
rapid production of symptoms Ordmnarily symptoms are not pro
duced if the heightened pressure w1s not more than 114 tumes that
of the atmosphere Regardless of the degree of original compres
sion aero embolism may be prevented by slow decompression to
allow for eltminition by respiration of the gises hiberated by tis
sues Decompression should be carrted out 1in stages rather than
continuously The air pressure should be halved at each step of
decompression  Since hellum has a co efficient of solubility
blood approximately one half that of nitrogen and 1s about twice
as diffusible deep sea drvers kept in such an atmosphere may be
decompressed 1n one third to one fourth the trme necessary for air

b High Altitude Aeroembohism

Since the production of giseous embols 1s the result of an acute
reduction 1n barometric pressure a very simtlar tramn of events
may occur m pilots and air passengers 1n rapid ascents from the
ground as occurs 1n deep se1 divers 1scending from great depths A
reduction n pressure from one atmosphere to one third of an at
mosphere corresponds to a reduction from three atmospheres to
one atmosphere Ordimnily in high altitude aeroembolism the
emboli cause no more than pain m the large joints Rarely are the
symptoms as severe as those which may be seen n deep sea divers
However pralysis due to lodgment of embolr m the spinal cord
and brain hive been reported as hisve mstances of pulmonary
edema The occurrence and severity of embolr may be decreased
by nhalacton by the aviator of 100 per cent oxygen or 1 mixture
of helium 8o per cent and oxygen 20 per cent for a couple of hours
previous to flight Breathung such mixtures elnninates nitrogen
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from usstie to 1 large degree It is unportnt however that after
breathing this minture for two hours the wintor continuc breath
wng such 1 atmosphere during his ascent

2 ALRO OT1T1S MEDIA

Armstrong ind Heim (19) defined acro ottis medinas 1 acute
or chronic trnmntc mflammaton of the middle ear caused by 2
pressure difference between the ur i the tympanee caty and that
of the surrounding amosphcre  commonly occurring during
changes of lutude m aupline fhghts md chrcterized by
flammaton, discomfort pun tnnitus and deafness

This condition w1s first described 1s 2 consequence of r Might
A similar condition 15 known by compressed 1ur workers as ear
block It 15 the result of decreased venulition of the middle er
during changes i tmospheric pressure Normally the ur passen
ger can ventilate his nuddle ear by such acts 15 swallowang In the
presence of chronic nasopharyngitis sinusitis tonsithitis or inflam
matton of the eusticlnan tube voluntary ventilrtron 1s not success
ful The symptoms of poor venuilation m1y vary from sumple full
ness i the imddle enr to the presence of nowses severe pun nrusea
and veruigo Trawmatic rupture of the tympinic membrine has
occurred  Lovelwce Mayo 1nd Boothby (260) hive successfully
employed helium oxygen inhilaion to relieve or prevent this con
dition

Crosson Jones and Sayers (109) hive employed heltum oxygen
muxtures 1 the treatment of ear block  1n compressed air work
ers A simple apparatus was designed by the United States Bureau
of Mines Laboratories which could be used by the worker 1 the
lock while being decompressed Tlus 1s a simple apparatus con
sisung of a small cylinder of 80 per cent hehum and 20 per cent
oxXygen connected by means of 1 reducing valve to a breathing
bag The authors state that use of this apparttus prevented tubal
and sinus block mn a very large percentage of the workers It 1s not

50 successful when the block 1s complicited by inflammation of
the eustachian tube or nasal sinuses

D RESPIRATORY TRACT INFECTION

An aerosal 1s a suspension of a Liquid or sohid m -ur or oxygen
Each parucle of the hiquid aerosol 1s generally 1-2 micra in diame
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ter (343) Drugs may be so employed for their bacteriocidal bron
chodilating and vasoconstrictor cffects

1 AGENTS

a Vasoconstrictor and Bronchodilator Agents

Epinephrime possesses both vasoconstrictor and bronchodilator
properties and has thercfore been employed n the treatment of
asthma Neosynephrine however, possesses very httle bronchodilat
g properties ind 1s of most value in the treatment of emphysema
These drugs because of therr bronchodiltor properties may be of
value m rrritant gas potsoning (41) Pauents who have become
refractory to erther epinephrine or neosynephrine hypodermically
may get no further rchef from the toprcal application of these
agents

Aerosol administration of combmations of epmnephrine and
neosynephrine seem to yield more bencfit than does the oral ad
munstration of ammophylline and ephedrie (35)

Aerosolized bronchodilating and vasodilating agents re of value
m the treatment of chironic infectn ¢ bronclual asthma after erad:
cation of the underlying organism by pemcillin aerosol (343) The
topical application of these agents has been employed with pres
sure breathing n the treatment of asthma silicosis and emphysema
with good results (281)

Epimnephrine solutions ¢in be made more stable and less rrrstat
ing by the addition of glycerine (5-25 per cent} {1 256) Abram
son (2) employs the phosphate of epinephrine A solution of this
agent should preferably be of a pH between four and five and
should contan glycerol and some other substance to stabilize the
particle size distribution of the must He states that failure with
solutions of this type are often due to

1 Insufficient solution being nebulized

2 Poorly constructed nebulizer

3 Insuficient glycerol or other stabilizing substance

4 An excessive 1mount of secretion 1n the bronchsl tree preventing

access of the aerosol to the points required

b Bacteriostatic Agents
Agents have been 1erosolized 1nto the pulmonary tree for their
bacteniostatic effects Nebulized prontosil for the treatment of
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bronchiectasts was employed m 1g1t (go), sulfathizole was nebu
lized by compressed mr for the treatment of resprratory trict i
fection i 1q42 {q2 462) Other drugs that had been nsed m the
treatment of bronchopulmonary fection melude sulfrdnzine
2 5 per cent n ethanolnune solution neosynephnine sulfithinzo
late, Prommn™ (glucosulfone sodium) and sodwm sulfthrzole
The mhalation of sodium sulfathinzole 1s perhaps the best of these
since 1t 15 1 rerdily soluble drug and has not been found to be un
duly imitatng 1€ 1 one per cent solution of this agent 1s employed
1t should be m normal stline If solutions of five per cent or
stronger are employed they should be dissolved 1 distalled or tap
water A possthle complication of sulfathizole acrosol therapy 1s
exfoliatne dermatius In 1erosohzing sodium sulfathizole 1 re
breathing bag should not he employed since the exhaled carbon
dioxide may precspitate the drug by lowering the alhalinity of the
solution (g1)

The 1nhalation of nebulized solutons of Promm™ prevented
the devclopment of experimental tuberculosts m gumea pigs (39)
Edlin et al (1 40) veported on the usc of nebulized Promin™ 1n
pulmonary tuberculosis 1 194 ¢

Streptomyein alone and mn combination with penicidhin has
been employed (35 291 292) Streptomycin has been recom
mended m a concentration of 0 02 gram to 0 03 gram streptomycin
per cubic centimeter and 1n combination with pemaillin consist
Ing of 200 0oo umits of pematlin and o 5 gram or one gram of
streptomycin m 2o to 3o cubic centimeters of 1sotomic sodum
chloride solution (292) Streptomyain mn combination with peni
allin seems to be more effective than pencillin alone (291) Strep
tomycin by aerosol and hypodermically 1s credited with a remark
able cure of 1solated laryngeal tuberculosts (154)

Bryson Sansome and Laskin (78) suggested the use of penicillin
:Sx af:l(;?mm] Since penicillin 1s known to be potent 1n extremely
]u‘g\ - ou:l:::s mhibitng the grow th of streptococes 1n solutions as
ant role 1 l;rﬂfl;mm per cubic cenumeter 1t has found an 1mpor
lung hay » mdec Opl;al ll;:almen[ of infections (41) Although the
for thew 1o xmls:f; ace for absorperont aerosols are admnistered
amotn rcc:‘md u:xl primarily The use of blood levels or the
of 2eroscl herapy 1:1 }( he urine arc not indices for the effectiveness

vhereas hypodermically the use of such drugs
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may result in lngher blood concentrations and larger "mounts may
be recovered n the urine, but the local effect of drugs so admunis
tered may be insigmficant Topically applied by 1erosohzation
however the greatest concentration of the drug 1s at the arex to be
treated and consequently blood concentrations are low and the
amount recosered m the urine may be small

Bryson et al (48) 1n their first published use of pencillin aerosol
1n amimals and man state

1 Peniallin solution was not altered to any extent by the gas flow
mcrdental to nebulization

2 The penicillin formed an zerosol that was readily recovered with
no sensible loss of wctrsaty

3 Pemicillm aerosols readily penetrated the lungs of animals and
man

4 Pemaillin could be recovered from the Iung tissues of animals
treated with peniailin aerosols

5 Penicallin 2erosols diffused from the respiratory tract mto the
blood stream

6 Recovery of pentcithn from the urine of human volunteers was
readily accomphshed

7 As much as 250 000 unts of pentcillin per cubic centrmeter could

be nebulized and 1nhaled without lung myury

The excretion of penicitlin 1n the urine during a 24 hour period
following inhalation of the 1erosol varies between ro and 2o per
cent of the total amount admumstered Thus 1s i contrast with the
6o per cent recoverible in the urine when 1t 1s grven by mntra
muscular njectton Barach ef al (41) state However the per
centage of perucillin found m the urine 1s an index of the amount
absorbed rather than the effectiveness of acrosol admimstration In
mfection of the pleural civity pemcilhin by systermc injection 15
not curative whereas local mstilation may be followed by te
covery Similarly in lung abscess the penetration of the aerosol
nto the cavity m1y be of special yalue 1n limiting the grow[h of
organisms

Considerable attention has been given to the particle size of
aerosols Large particles may 1ct as foreign bodies (306) imtiating
the cough reflex with expulsion of the droplets Findewsen (155)
states that particles of 3§ micra and above are taken out completely
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by the trachen thie brouehn the bronditoles and the alveolar ducts
Partides of one mcron rdits and above ave taken out by the
lungs to the extent of g7 pur went with only 3 per cent recovered
on expirition As the ridis of the particde gus smller partcles
of 0 3 macron m mdis e thsorbed to the (vtent of only 35 per
cent

Smce satisfrctory aosolization depends upon satsfactory par
ticle size distmibution 1t 15 tmportant to muntun ¢ resonable per
centage of pirticles mspired bove 1 given cntical ridius. Abram
son (2) gas s two essentin] fxctors which control the pirucle size md
persistence of mists They e 1) the vapor pressure of the droplets
and =) the surfice tension of the droplets It his been shown that
agents which lowcr the vapor prossurc of the droplet sufliciently
produce 1 more stable mist For this rason glyeerol uren, sugar
and salt hve been addad to 1crosols Al of these 1ct to stabilize
the must by lowering the droplet vapor pressure If stronger solu
uons of pemcillin are nebulized w15 unnecessary to 1dd such
agents bhecrtse the perallin stself apparently ncts to stabilize the
particle size distributton The behnvior of streptomyan n strong
solutions 15 similar to that of pentcaillin. With hydrogen peroxide
ten per cent of glycerol 1s sufficient

Prigal et al (307) recommended that ierosols can be made more
stable by the addition of propylene glycol The addition of 1 cubic
centimeter of glycerine to the propylene glycol pemaillin stabilizes
it further Propylene glycol 1s 1 good solvent for penicillin and 1t
has bacteriocidal properties of 1tself

Vermilye (383) employed pentcillin aerosol with good results
N ~various upper respiritory infections—pharyngitis  tonsillits
Stusitis - sinobronchitis  pneumonitis and antrinsic bronchial
asthma Segal (31g) however has observed stmple colds become
worse under this form of therapy Segal employs aerosol pemicillin
n bronchopneumonia bronchiectasis and lung abscess nfectine
bronchial asthma and patients with pneumococcus pneumonia
tlil-i:rgl;z u(:eg{l,z,:as }flmployed 1:) 1 bronchiectasis chronic bronchi
Tt s s x;c gs acute bronchitis tonsillitis and laryngitis
monary sun ployed preoperitively ind postoperatively in pul

gery with satisfactory results It was employed m 46

cases of chest surgery pre operatively (292) and m the treatment
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of pneumoma due to penicilhn susceptible strains of Triedlander s
bacillus (346)

Pugal et al (307) state  Results have shown that the m
halation of aerosols of penicillin produces a concentration of the
drug sufficient to make st effective for treatment not only of bron
chopulmonary disease but 1lso of infections in other systems of or
gans mn which use of this antibrotic 1s indicated

Olsen (290 291, 292) found that the use of pemaillin aerosol
preoperatvely reduced the volume of pulmonary secretions con
siderably 1n the majority of instances When preoperative nebull
zatron has been effective additional bronchoscopic aspiration for
the relief of pulmonary atelectists has been required only mfre
quently Results m the treatment of patents with bilateral bron
chiectasts were considered satssfactory if the duly volume of puru
lent secretions was reduced 75 per cent or more In 19 of 40
pattents peructllin aerosol did not reduce the daily volume of
sputum to one fourth of 1ts previous volume In 21 instances satis
factory reduction 1n volume of sputum was obtuned When pem
cillin was combined with streptomycin as an aerosol however of
20 pttents treated 18 obtuned a satisfactory reduction 1n sputum
The risk of operation was decreased 1n all cases by this form of
therapy There was less difficulty n the handling of bronchual
secretions during and after operation Those 1 whom lobectomy
was performed m the presence of bilateral bronchiectasts exper:
enced 2 mmmmum wmount of difficulty mn the postoperane pertod
This was in marked contrast to therr previous experience after the
surgical treatment of bilateral bronchiectasts

Olsen (29o) found that in most cases 1t 15 much easter to effect
a reduction m the amount of sputum by nebulization with pent
allin than by the subcutaneous administration of the drug He
states categorically that preoperitne and postoperative treatment
by the use of pemcilin 1erosol 1s far superior to treatment with
oral or parenterally administered sulfonamides

Segal and Ryder (3 47) report that of 32 patients effect:ve chinical
cures were obtamed in seven with pnenmococcus pneumonia and
in one with acute pulmonary nfarction wnd pneumomts Ten
patients with bronchiect1sis were sausfactorily treated two pre
operatively followed by lobectomies and erght cnurely medically
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Fout pruaemts with lung abscess were treated one with 1 fulmmt
g putnd lung abseess died on the fifth hospital day following
surgery @ second was prepred for uneentful lobectomy, 1 thed
wis entirely (e with six wecks of thampy and 1 fourth with
multiple lung mbarcts wnd lung 1hscess improved slowly but com
pletey  These athors were not impressed with the chnieal effect
m 10 prents with severe chrome mfecne broncinnt asthms

Segal et al (340) trered panents with scvere chrome infectine
bronchinl asthma with generlly disippomting results although
unprovement was occrsionally observed In regard to the treat
ment of pulmonary abscess they conclude that pemclhin 1s of
valie i the erobie non odonilcrous post pneumontic type of 1b
scess 1nd thae results wath the anacrobic putrid types of abscess tre
disappointing

There have bean reported 2 considerible number of untoward
effects {rom peniallin acrosohization It 1s generlly felt that the
calcium salt 1s less i rtaung than the sodium salt for this purpose
Inblition of pentaillin rerasol w t concentration of 50 000 units
per cubic centimeter or more produced in some pauents 1 sore
throat and sorc tongue s well 15 m occisional substernal sore
ness Rinsing of the mouth 1nd gargling the throat after pentcillm
aerosolization tends to prevent the locnl imtiung effect Concen
trations of o ooo units per cubic cenumeter 2re preferable There
seems to be some evidence that there 1s less irritation by pemicillin
aerosol made with saline than that dissolved 1 distilled water
alone Abramson 1nd kolb (g) state that Dundon Teports an m
stance of pulmonary edema which developed under treatment
with a combination of pentcillin and hydrogen peroxide aerosol
Thus 15 probably 1n allergic response to the pemicillin Three cases
of urticania 10 two assoctated with 1 muild arthralgia and three
patients with 7 sore tongue 1re reported (2g2) Seveial patients de
veloped a sharp rise 1n temperature and a clull after the adminis
trition of streptomycin by nhalation

Pynbenzamine or ben1dryl may be used 1n the treatment of
urticiria which may follow the admunstration of pencillin Dysp
nea has been noted as an Allergic response to penicillin aerosol
Patients may at times develop swelling of the bronchial mucosa
which 1s apparently an 1rnitant or allergic response In patients
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with bronchosptsm, mhaltion of a dense nebulized mist m1y pro
duce mncreased wheezing (35) Barich (31) noted thit in many cases
of bronchial asthmn the development of an allergic response to
pemcittin had nterrupted therapy at a ume when apparently
favorible results were being obtamned Urticarial responses oceur
more frequently m asthmatic patients than i non allergic individ
uals

Hydrogen peroxade his been combimed with pentcillin i 2ero
sol therapy of pulmonuy discase It may be rerdily nebulized and
m Dactericidal concentritions 15 not Jrritating to pulmontry ts
sues Abrunson {2) believes that this 1s 1 method of 1pproach for
the destruction of bath grim positice and gram negative orgin
1sms In most of the cases under study pemicillin was rdmimnistered
for two to four days followed by g per cent urer perovde plus 10
per cent glycerol dssolved 1n phystological saline for two dys It
15 mmportant to girgle mmmediately alter the administration to
munmmze sore thrott The prelunmary results i the non tuber
culous lung nfections indicite that thus combined wntibiotic ther
apy may be wn important technic i handhing chronic suppurattve
disease Hydrogen peroxide 1s not 1s effectrve 1lone as when used
alternatively with pemcilln - Abramson treated two cases of
chronic pulmonary tuberculosis w ithout material clinical improve
ment except for some relief from paroxysmal cough In one m
stance laryngeal pun was relieved by pemcillin nerosol shortly
after the begmning of therapy In the course ot 1 month of com
bmed pemcilin and hyrodgen perowide therapy the cough was
less forceful with less purulent sputum and 1 deciease m 1ts Vs
cous quality In a second patient the mnprosement was the same
In both the tubercle bacillus persisted in the sputum and on
smear and culture

It bas been stated (306) that ammonium chloride 1s of help n
dissoh ing tenacious mucus plugs when there 1s an associated bron
chiectasis or bronchitis existing tlong with asthma and that pre
himunary treacment with 1 mixture aerosol of amnophyllme nd
ammonium chloride when followed by penicillin aerosol 1s satis
factory

Krasno et al (237) have recommended the halation of pem
allin dust in the trextment of infection of the resprratory tract
They treated pattents for the following conditions rhinitts naso
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pharyngins simusitts Tayngotricheobronchts onchictses
bronchitis bronchil asthma pricumontt and pulmonary abscess
They ware ble to demonstrite trt thae was 1 decrded reduction
n the numbar of o complate disipperinee of  gram positive
bacterit In many mstances there wis 1 deaded decrcrse m the
number of gram negative bactenn Resules from the inhnlition of
pemallim dust were grtfying for varying degrees of improve
ment were shown m all cases of bronchiectisis Pauents with bron
chil asthmt and chiome bronclins had moderite to deaded
mprovanent Paticnts with asthma of bicternl origin improved
remarkably  Thosc with acute rlumtis or Iaryngotricheal bron
chitis usually recovered completely witlin one to three diys Last
lake (133) however found thar pemallin as dust produces more
numerous and more severe local reactions than i aerosol form

2 APPARATUS

For the development of 1 mist or 1crosol 1t 1s necessary that
oxygen hehum oxygen or ur be passed over 1 fine onifice leading
{rom 1 chamber contuning  solution of the drug to be employed
Steam hs also been recommended (307)

Arr may be delnvered by hand bulb This 1s the common method
for the use of visoconstrictors or bronchodilators by mhalation
Air miy be delivered to the nebuhzer by means of 1 foot pump
(40) Aur 1s not only more economical than oxygen but this means
of nebulization may be of 1dvantage for home use In the treat
ment of sinusitis (30) wn ncidental 1dsntage of ur over ovygen
15 the fact that the rapid absorption of oxygen from the eustachitn
tube will produce a shght negative pressure with discomfort

For all methods of acrosolization therc are hand nebulizers so
constructed that particles of proper size 1re delivered (Figure 23)

The deh\ery portion of the nebuhizer 1y be inserted tnto the
patient s mouth or attiched to 1n endotracheal o1 1 traicheotomy
tube Aerosol orophiryngeal insufflation by catheter has been rec
ommended for mfants and small children (11) One may question
the delnvery efficiency of a must through the ordinary catheter be
cause of condensation The method 15 not recommended for adults

If the solution 1s being constantly nebuhzed much 1s wasted
i::’:ﬁeﬂ::bel:pnnory phise To obuiate this a Y tube 1s placed

g delivering compressed oxygen or air Placement of
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a finger or thumb over this Y tube during mspiratton nebulizes the
solution Upon removal of the finger from the Y tube during the
exprratory phase of respirition the gises are diverted from the
nebulizer

p
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=
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Tigure 23 Hand bulb for aerosohization

In order to 1voud waste the 1erosol may be intermuttently de
Iivered by the use of a demand valve (35 945 346) Here the aero
sol 1s delryered only during the insprratory phase of resprration for
only during this phase are gases delivered from the demand sys
tem

Durmng exhalatton the expired gases carry off 1 considerable
portion of the 1crosol To conserve this 1 rebrething bag at
tached to the apparatus has been recommended (Iigure 24) Some
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Figure 24 Aerosol by rebreathing bag

have recommended that the aerosol be conserved by exhalation
mto a glass cylinder so that the aerosol will condense and return
to the nebulizer (26 41 348) Rebreathing of gas mixture 1s not
without hazard Carbon dioxide accumulates 1n the bag or cham
ber Carbon dioxide 1s not well tolerated by the 1l or dyspneic

patient suffering from pulmonary or cardac disease Th
then should not be employed s method
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It has been recommended that the mist be delivered 1n conjunc
tion with nhalation therapy by mcans of 2 face mash nto which
the nebulin 1s wdmumistered (35 343) Such theripy however s
not efficient for much of the must will condense on the walls of the
mask and 1bout the patient s nose 1nd mouth

Aerosols hive been admumstered by mjection mto 1 head hood
(35) n air ight chamber (307) or by means of 1 breathing box
(307) In thus latter method the patient breathes by mask from a
box filled with an aerosol penicillin propylene glycol muxture

[ = e e o - 7

Figure 25 Aerosol by the use of the Pneumatic Balance Resuscrtator

Directional valves are incorporated mto the apparatus so there 1s
no rebreathing

Smce 15 ordmanly empioyed nerosol theripy 1s dependent
largely upon the wmspiratory effort ot the pacent to carry the
aerosol 1nto his lungs nd since under some conditions wdequate
dissemination of the 1erosol may be prevented because of obstruc
tion emphysema and fibrosis \Motley et al (281) developed 1
method for the mtermittent dehivery of the acrosol by positive
pressure They employed the Pneumatic Balwnce Resuscitator
(PBR) The aerosol was delnvered into the system by 1 separite
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tahe off tubing from the reduaing valve (Figne 25)

Convineed that under ordinary methods of tiosol therpy, the
mist does not enter the sinuses, a appartus his been designed
for the trextment of smusitis which mermitiently develops nega
e pressure 0 the nasil passages followed by replicement of wr
contuming panciilin - lugh concentrtions (.8 36 37, 143)
Segl et al (316) feel however that pemalhin gets anto the smuses
by w1y of the vems and lymphatics 1n the mucosil linings of the
nose, rither thin by way of the ostin

The apparatus recommended by hrisno et al (237) for the in
haltion of panaillin dust consists of 1 plistic mouthpicce 1 con
tuner of pemalhin dust powdcr which hias been processed to go
to 100 mesh nd 1 discharge control mechamsm The discharge
contral mechanism s wcived duning mspiriuion An alomimam
ball strikes the contuner of pemiaillim dust discharging some of 1ts
content mto the ur strexn The dosage employed 15 100 000 units
of pemaillin dust one to three tumes daily

3 DOSAGL

Pentcillin Penicilhin 1s employed 1n 1 concentration of 25 coo to
40000 units per cubic centimeter of saline This 1s 1 general
administered every three hours Tor the pre and postoperative
care of patients with bronchiectasis 1t 1s recommended that this
therapy be carried out seven days before and seven days after the
operation For the medical treatment of bronchiectasts six weeks
treatment 1s recommended followed by 1 period of rest and then
another six weeks pertod Satisfactory results may require several
courses of such treatment

Vasoconstrictors One cubic cenumeter of one per cent neo
synephrine or o 5 cubic centimeter of 1 100 epinephrine are rec
ommended

Streptomycin This drug 1s recommended 1n about the same
dosage as pemaillin 002 to 0 op gram per cubic centimeter of
saline In combinauon with penieilhn o 5 gram of streptomycin
1s employed m 10 cubic centimeters of normal saline to which has
been added 100 000 units of crystalline penicillin

Sulfadiazine This agent 1s recommended 1 a 2 5 per cent soly
tion
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E MISCLLLANEOUS INDICATIONS

1 MIGRAINE

Oxygen has been recommended for the treatment of migramne
Alarez (8) Alvarez and Mason (g), as well as Pfeiffer (297) have
had good results with the administration of high concentrations to
people early mn ttacks of rmugramne They believe that if ovygen 1s
gnen early enough the attack can be aborted Alvarez (7) speaks
ot a pauent who had relief from the mhalation of oxygen after
Gynergen had fuled Alarez and Mason (g) graded the results
abtained with oxygen mhalation They found that 62 per cent of
patients obtatned some reliet 37 per cent hid not been helped
and one per cent were made worse They are convinced that the
patients with migrame headaches got good relief whereas those
with non migrunous headaches did not Of the pattents who had
migrine 80 per cent were relieved Another 8 per cent were some
what relieved and 12 per cent contmued unchinged They con
clude that lthough oxygen 1s worth trying in cises of non migrain
ous headiches the best results are to be looked for m cases of
typicl migrune and oxygen appears to work as often as does
Gynergen On the other hand some panents who respond well to
Gynergen do not respond to oxygen In some the headache was re
heved within 15 minutes after beginning to breathe the oxygen
Some lost their nusea within the first half hour but continued the
therapy for an hour or two before rehef of the headache was ob
tained

A possible mechamism for the effect of oxygen in relieving head
ache 15 the following Dille 1nd Horton {120) feel that migrune 15
1 vasodilating headache The mhalwtion of high ovygen con
centrattons leads to a 12 per cent decrease 1n cerebral blood flow
(232) The cerebral vascular resistance calculated from the cerebral
blood flow and direct mean arternal blood pressure was mcreased
by oxygen nhalation

2 WHOOPING COUGH
Kohn et al (236) demonstrated that oxygen nhalation has 1
favorable influence on the course of whooping cough 1nd state
Oxygen 1s believed by us to be the most valuable therapentic aid
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for 11l scvarddy il mfnes and young duldren who hve some degree
of aontn This anoxn 1s wamly duc to 1) the dharcter of the
mucoid sceretion plugging part of the bronchit tred cusmg vary
mg degrees of atddectwsis 2) extensive pulmonary iolvement
with or without atelectasts, and 3) frequent long  exhausting
pwonysms  They plice evay young nfant on adnussion 1 an
onygen tent or hood  The therpy s muntuned from 24 hours to
sixweeks They note that chuldren who had exhusting paroxysms
without evidence of pnewmonc mfiltriion were often reheved
when pliced 1 tins hugh ovygen atmosphere It secmed to 1ct 15 a
sedatine for the child fell nslecp 1nd the parovysms became less
prolonged 1nd exhausting The temperature of the hood was hept
at about 68° Fahrenhent humidity 1t about fo per cent 1nd the
oxygen concentration 1t 1bout 50 per cent Oxygen theripy proved
to be a valuable 1d 1n children who h1d convulsions Many such
pitients were relieved quickly and were Lept 1 oxygen tents or
hoods until there was no further evidence of cerebral rrritabil
iy

It has been posnted out by Iischer (158) that there are specral
crrcumstances 1n snfincy and childhood which hasten the develop
ment of hypoxn n the presence of respiratory and infectious dis
cases of childhood such as measles and pertussts These special cir
cumstances are 1) the narrow caliber of the larynx and bronchinl
tree which become easily obstructed 2) the nability 1o expecio
rate and 3) the charcter of the bronchopulmonary pathology in
respiratory diseases And 1n the respiratory complications of certain
infectious processes

An inflammatory reaction n the larynx and tracheobronchial
tree 1s associated with production of secretions This leads to ob
struction and interference with ventilation with resultant dysp
nea Efforts to increase the depth of respiration by producing an
mcrease 1n nega[ne mtrapulmonary pressure 1increases the pro
duction of exudate and aggravates bronchial obstruction with a
tendency for the development of patchy atelectasis

Oxygen therapy 1s important and for these children the cheapest
and easiest method 1s by means of the Burgess open box to be later
described Maintenance of a hugh degree of humidification 1s m
portant A fine jet spray of water nto the apparatus 1s of value
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Saline should not be used for hunndification s the salt has a tend
ency to crystallize and may therefore obstruct the tube

In whooping cough oxygen 1s needed most frequently 1n the
youngest pattents Fischer (158) states  In fact, 1lmost every infant
under s1x months of 1ge w1l benefit by 1ts use even though he be
afebrile  Paroxysms are less frequent if the infant 1s kept m oxy
gen Following a paroxysm there may be a long period of apnea
and cytnosis and oxygen 1s especrally needed at this time The
prroxysmal stage of whooping cough may Iast from two to four
weeks and 1t should not be unusual to heep mfants m an mcreased
oxygen atmosphere for much of that time

If cerebral mvolvement occurs oxygen 1s of especial value
Dolgopol (121) has called attention to the tole of hypoxia in the
etiology of cerebral mmolvement

g PULMONARY EMBOLI

De Takats and Jesser (119) have shown that pumonary embolism
causes marked bronchil constriction through vagal effects Such
bronciucal constriction may cause severe and often fatal ingerfer
ence with oxygenation of the pattent Many agree with Allen (5)
that oxygen h1s an important role 1n the therpy of this condition

{ HICCOUGH

Carbon dioxide his been recommended 1n the treatment of hic
coughs The hazard of respiratory ncidosis associated with 1ts ad
minsstration should be emphasized

5 NEONALAL MORBIDITY

Much has been written about the value of oxygen 1dministra
tion for the reliet of oxygen want occurring in the fetus especnlly
during 1abor Oxygen admunistration to the mother may even bt
mdicated before the winfant 1s born  Anything which may reduce
the oxygen content of maternal blood my lead to fetal hypox1
When disease occurs during pregnancy Beck (53) states that some
of these fetuses might be saved by more frequent use of oxygen mn
the treitmenc of prieumont? as well as in the treatment of decom
pensation and cardiac disease  Potter (3o2) notes that oxygen want
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15 the highcst smgle crse of infant deach (28 7 per cent of 1,173
deaths)

Hypourr m1y be produced m the fetus becuse of prolonged
pressure of the head on the pelvic floor by nterference with the
arrculation to the cord thereby presenting adequate oxygenition
of the fetal blood n the placents, and most often by the excessive
use of wnalgestc nd anesthetic drugs to the mother (200) A very
valuable criterton of fet1l embarrssment i Iabor 1s the fetal heart
rate When the e falls to 100 or less between contractions this
usully means oxygen want in the fetus Admwstrition of 100 per
cent ovygen to the mother between uterine contractions will re
store the fetal heart rate to normal unless compression of the cord
1s present

Torpin (377) states that among the conditions which reduce
ovygenation of the maternal blood stream 1re convulsions or com1
of eclamspsta pneumoma and other infections anemia cardiac
decompensation 1nd the use of 1nesthetics Inability of the fetus
to obtain oxygen may be the result of conditions such s premature
separation of the placent1 plcenta previn cord compression or
prolapse of the cord Torpin thinks that 1f oxygen were adminss
tered to all eclamptic patients in consulsions or coma there would
be a resultant augmentation of the salvage rate of the fetuses

6 PREMATURITY

‘The value of oxygen administration to the premature infant has
been well stated by Smith (360) Although there 1s no mathe mata
cal basis for measuring the benefictal aspect of this form of therapy
benefit can be demonstrated clinically There 1s much esidence
that the pulmonary circulatory and central neryous systems of pre
mature infants are exceptionally vulnerable Crises of a respiratory
nature which appear very often in these indi1duals and which are
relieved by oxygen admimstration leave no doubt that the thera
peutic endeavor 1s worthwhile

The arterial oxygen saturation of premature infants may be con
siderably below a sausfactory level Atelectasts or left to right yas
cular shunt may be present Even mn premature mfants free of
pulmonary or circulatory conditions and 1 whom the arternal oy
gen saturation may be normal respiration 1s usually irregular or
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pertodic Smith (360) demonstrated that the 1dminstration of oxy
gen to these children not only relieved the characterstically irregu
lar respirition but 1lso increased ventilation by as much as 25 per
cent

These patents should be given oxygen continuously One must
not forget that there 1s such 1 thing as oxygen powsoning There 15
however some reason to believe that the pulmonary lesions of oxy
gen powsoning are less likely to occur m the newborn than in the
adult

It 15 known that anemia regulirly occurs in premature nfants
It should be of some concern whether prolonged oxygen adminis
tration duminishes the stimulus to erythrocyte and hemoglobin for
mation Smuth believes that such therapy does not affect hemo
poiesis

At the Boston Lyingin Hospital every premature infant 1s
placed 1 4o-50 per cent oxygen for at least 24 hours after birth
Infants 1re not permanently removed from this untd the color
activity and respirition remam satisfactory in a normal atmos
phere As a general rule mfants of two pounds birth weight are
not removed until they have ganed at lewst one pound and are
continuing to gamn This may require residence m a high oxygen
atmosphere for about two months Two to three pound babies are
Kept 1n oxygen for five to six weeks and the three to four pound
infants for three weeks

7 LARYNGOTRACHEOBRONCHITIS

Davison (117) reported a series of 52 consecutive cases of laryn
gotracheobronchitis There were no deaths 1n their series Among
the factors which contributed to this neghgible mortality was the
admimistration of oxygen 1n a cool atmosphere The importance of
aspiration and postural drainage and the use of tracheotomy when
mdicated was pointed out Humidification plays a great role n the
care of these individuals Davison states that humdity helps
greatly to mamtain the fluidity of the tracheobronchial secretions

8 POST BRONCHOSCOPIC CARE OF CHILDREN
Laryngeal edema particularly of the sub glottic type occasion
ally follows bronchoscopy even m the most experienced hands
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A small imount of cdunt 1 1 youngstel €I CSC SCVEre respirt
tory obstruction A certun pereentage ol these cises require tra
cheotomy In lryngenl edemn mbalhtion therapy 1s of vrlue
Hart and Davis (202) hase employed oxygen theripy under these
aircumstances with good results

9 HEAT L\HAUSTION

The charactersstic feature m indunidunls who are prostrated be
cause of heat 1s airculatory fulure The pitscnts are 1n 1 state of
shock  Herein the use of high oxygen concentrations is of value
because of the mncreased siturition of the plisma which results
The pauent s circulatory efficiency 1s decreised and 1t 1s important
to attempt to muntain the oxygen requirements of tissue by such
means

10 HEAT RETENTION

The chracteristic feature of this condition 1s the patient s hugh
temperature These patients differ markedly from the group
above The patient s metibolic requirements are high and great
oxygen defiat occurs The admmstrition of oxygen m high con
centrations to these mndividuals 15 a very important part of therapy
(73)

11 HEAD INJURIES

It has been shown by Lindquist and LeRoy (253) that there was
a decrease 1n oxygen consumption of the braimn following head
mjuries Within one hour after trauma to dogs brams there was
an average decrease of 24 per cent in cerebral oxygen consumption
and of 17 per cent 1n cerebral blood flow The admimistration of
100 per cent oxygen i the course of the experiment caused no
appreciable change 1n cerebral oxygen consumption Others (336
349) however believe that oxygen therapy n head njuries 1s of
great value

Schinedorf et al (336) studied the effect of head njury on the
arterial blood oxygen In anmmal experimentation concussion was
followed by a decrease 1n the percentage sxturation of hemoglobin
from g g to0 37 4 per cent below normal The adminstration of oxy



148 Inhalation Therapy and Resuscitation

gen to these amunals produced an mcrease m the percentage satu
ron

Artersal samples from 1. pattents with recent herd njuries
showed the oxygen saturition to be normal m two, depressed 6-10
per cent 1n seven 11 per cent wm one mnd 34 per cent and 44 per
cent 1n each of the other two patients

Thus study showed that hypoxia miy be an accompaniment of
hexd 1njury The drop 1n arterial oxygen tenstons shown may of
1self be sufficient to mncrease the gruaty of the condition and
lessen the patient s chances of complete recovery Inhslation ther
apy 1s certunly indicated m thus clss of patients

1z LCLAMPSIA

Nicodemus (287) stresses the fact that hypovemia 1s not at all m
unusuil finding 1n patients with eclimpsia Associated with this
state of oxygen deprivation of tissue 1s a tendency toward acrdemn
with the development of acidosis There 1s 1 rise m arternil and
alveolar carbon diowide Many believe that most of the deaths of
patients with eclampsia are the result of cardo respiratory failure
It has been said that one third of eclamptic patients who die suffer
from pulmonary edema

The oxygen want 1s apt to be severe with evidence of cyanosis
dyspnea restlessness delirtum and coma There would seem to be
no question that mhalation therapy with oxygen would be of great
vilue Nicodemus clamms that oxygen inhalation would relieve
the high alveolar carbon dioxide It 1s difficult to understand how
this would be accomplished without mncreasing the patient s t1dal
exchinge by artificial means Thus latter procedure would better
wash out carbon droxide than stmply exposing the patient to high
oXjygen concentrations

Nicodemus 1n treating 13 patients with eclampsit by oxygen
mhalation was mmpressed by the rpidity with which the patents
recovered consciousness and became rational There was an earhier
subsistence of restlessness delirium cyanosis and dyspnea than he
had ever witnessed before this cype of therpy was mstituted Of
the 14 pauents 3 had severe pulmonary edema They were re
lieved by oxygen therapy and uitimately recovered He was further
impressed with the reduction in convulsive seizures
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T INDICATIONS FOR CARBON DIO\NIDE
The mhaltion of carbon dioxide hias been recommended nd
employed for miny purposces Among these are 1) for replicement
2) for 1ts effect on respirition 3) for 1ts effect on airculation, and
4) for mental conditions

1 FOR RLPLACEMLNT

It was Mosso s concept that oxygen want s 1ssocrated with loss
of carbon diowide and loss of bicarbonate from the blood, with
n enswing tendency to 1lkalosts (1capnia) because of hyperventila
ton (Figure 3) Hyperventilation 1s not unusual m chinteal prac
tice and mny occur 1s 1 result of mtense emotional experience
hysterta diffuse encephalopathy, and 1s reactions to mnesthes 1nd
other drugs (3g4) Lngel et al (116) classified the symptoms of
hyperventilation 1s cerebral and peripherat The former constst of
vartous degrees of dimmushing consciousness light headedness
dizziness giddiness etc Syncope may follow as m1y complete un
consclousness The peripheril sensoly symptoms 1re numbness
ungling a feeling of ughtness tetany or even clonic movements
Assoctated with the 1bove symptoms may be such other reactions
as sweating cold climmy shin tachycardrn muscular weikness
fatigue etc

Mosso s experiments in the low pressure chamber indicated that
concentrations of carbon dioxide (2~5 per cent) increased the re
sistance of hus experimental subjects to lowering of the barometric
pressure Yandell Henderson (205) was much concerned about the
acapna described by Mosso He states  Acapnia 1n turn tends to
mtensify the deficiency of oxygen for 1t depresses respiration and
renders the blood less ready to give up oxygen in the tissues
Because of this Henderson and Haggard (208) believed that car
bon dioxide should be admmistered to recall alkali from tissues
mto the blood They recommended the inhalation of 5—~10 Pper cent
mixtures of carbon dioxide 1 oxygen Such inhalation would of
course be of value only 1f real carbon dicxide loss occurred This
carbon dioxide loss 1s characteristic of some forms of atmospheric
hypoxia The forms of hypox1a most often met 1n chinical disease
however are udaland alveolar In these there 1s no carbon droxide
loss In fact there 1s carbon dioxide retention (Figure 4)
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gen to thesc wnmmals produced n 1ncrease m the percentige saw
rition

Arterzal samples from 12 pattents with recent head mjures
showed the oxygen siturition to be normal m two depressed 6-10
per cent 1n seven, 11 per cent m one 1nd 3¢ per cent and 44 per
cent 1n each of the other two patients

This study showed that hypoxia m1y be an accompaniment of
head myury The drop 1n arterial oxygen tensions shown may of
uself be sufficient to ncrease the gravity of the condition and
lessen the patient s chances of complete recovery Inhalation ther
apy 1s certunly indicated an this class of patients

12 ECLAMPSIA

Nrcodemus (287) stresses the fict that hypoxemia 1s not at all in
unusual finding 1n pattents with eclampsia Associated with this
state of oxygen deprinacton of tissue 1s a tendency toward acudemia
with the development of acidosis There 1s 2 nise m arterial and
ahveolar carbon dioxide Many believe that most of the deaths of
patients with eclampsia are the result of cardio resprratory fatlure
It has been said that one third of eclamptic patients who die suffer
from pulmonary edema

The oxygen want 15 apt to be severe with evidence of cyanosis
dyspnea, restlessness delirium and coma There would seem to be
no question that inhalation therapy with oxygen would be of great
value Nicodemus clamms that oxygen wmhalation would relieve
the high alveolar carbon dioxde 1t 1s difficult to understand how
this would be accomplished without increasing the patient s tdal
exchange by artifictal means This latter procedure would better
wash out carbon dioxide than simply exposing the patient to tigh
oxygen concentrations

Nicodemus 1n treaung 15 pauents with edlampsia by osygen
mhalation was mmpressed by the rapidity with which the panents
recovered consciousness 1nd became rattonal There was an earlier
subsistence of restlessness delirium cyanosis and dyspnea than he
had ever wimessed before this type of therapy was insututed Of
the 18 patients 3 had severe pulmonary cdema They were re
lieved by oxygen therapy and ultimately recovered He was further
1mpressed with the reduction in convulsive serzures
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were given 6 per cent oxygen, 5 per cent crrbon dioxide and 8y
per cent nitrogen 1l subjects recovered their normal ntellectual
functions nd the disturbed actnaty of the cortex returned to
normal The addition of carbon dioxide Always results m 2 definite
mcrease 1 the oaygen supply to the brun

2 FOR ITS LTFECT ON RESPIRATION

Carbon dioxide has been most often reccommended for its use
as a respiratory stmulant m the treatment of oxygen want Tt
must be noted that under ordinary circumstances cirbon dioxide
15 an effective respiratory sumulant, but under states of advanced
oxygen deprivation its 1ction becomes reversed and 1ts admunistra
tion may produce respiratory depression (56)

Gesell et al (176) state  Sumple hypercipnir produced by ad
mimstration of carbon dioxide mcreases the hydrogen 1on con

centration of blood and ussues and lower oxidations other
things rematning constant, oxygen lack leds to decreised oxid
tions and a consequent increased mtraceliular acidity other

things remaining constant, carbon dioxide excess leads to increased
mtracellular acidity and a consequent decrease 1n oxidations

Becker (56) has shown that the toxic effect of carbon dioxide 15
not dependent upon 1ts acid character but upon other properties
a specific lethal action on protoplasm coupled with an ability to
penetrate cell boundaries with extreme rapidity In the presence
of oxygen want the harmful effects of this agent become accentu
ated The nhalation of a g per cent carbon dioxide mixture 1s
followed by 2 fall m body temperature greater than that observed
m oxygen deficiency alone (166) Thus effect 15 particularly un
desirable m oxygen want because the body temperature has al
ready been lowered by vascular collapse

Carbon dioxide may be of value in the treatment of atelectasts
as considered 1n the section devoted to this subject It is not amiss
to re emphasize the importance of the careful admimistration of
carbon dioxide for this condition If carbon dioxide 1s given with
a high oxygen atmosphere say in a 5 per cent carbon dioxide g
per cent oxygen hyperpnea will develop Thus period of hyperp
nea however will be followed by a pertod of decreased ventilation
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Acapnia may occur i wiitors bectuse of hypervenulauon due
to Atmospheric Hypoxia Here carbon dioxide mhalation has
been recommended to replice the carbon dioxide Jost 1 hyper
ventilation and because of its effect on the oxygen dissociation
curve In spite of the seemingly more positise ndication here 1t
1s felt that there 1s at the present time no vahd reason for the
admunistration of carbon dioxide to aviators (27)

Gray (183) states 1) that carbon dioxide my amehorate the
hypoxia of medium ltitudes but less effectively and less econom
1cally than equal percentages of oxygen b) that carbon diovide
aggravates the hypo<ia of high altrtudes and because of the hy
perpnea imnterferes with the economic use of the oxygen supply,
and c) that the use of carbon dioxide 1n military 1viation 1s 1n
adwvisable

The treatment of icrpnra should consist of efforts to relieve the
hypox1 which 1s serving as the sumulus for hyperventilaton The
admimstration of oxygen would thus lessen the loss of carbon
dioxade (56)

It should be noted howeer, that Gellhorn (165) showed that
the effects of breatlung 8 to g per cent oxygen on the visual 1n
tensity discrimmation 1 man can be either completely removed
or greatly diminished by small concentrations of carbon dioxide
(3 per cent)

Gellhorn (168) believes that 1f the effects of acapnia which may
occur m some forms of oxygen want are prevented by the mnhala
tron of cirbon dioxide together with the oxygen nutrogen gas mix
ture 1 expernmental animals the blood pressure rise and respira
tion are markedly mcieased over and ahove the values obtained
n pure oxygen deprivation without the carbon dioxide He found
that the carbon dioxide makes hypoxia a more powerful stimulant
of the sympathetico adrenal system than 1s oxygen want per se
This would seem to indicate that a moderate retention of carbon
dioxide elicits more powerful adjustment reactions to oxygen
want than does oxygen lack alone This seems to be borne out by
the work of Gibbs et al (177) These authars showed that normal
subjects inhaling a mixture of 6 per cent oxygen and g4 per cent
nitrogen became confused or unconscious However when they
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tidal yolume and maxunum lung volume of these patents He
concludes that m the eases studied carbon diovide therapy follow
ing laparotomy h1d no effect m preventing the cripphng of the
respiratory system

Carbon dioside 1nhalation has been employed m the treatment
of carbon monoxide potsoring s noted previously because 1t 1s a
resprratory stmulant md becuse it hstens dissociation of carbon
monoxide from hemoglobin This has bun considered n the
section devoted to this subject It may be repeated that there 1s no
conclusive evidence that carbon dioxide 1s of value Indeed 1t has
Dbeen shown that 1t may be hirmful

Carbon dioxade has been recommended n the treatment of
acute alcoholism to ncrease elumination of the toxic agent by
hypersentilation Its use i narcotic porsomng should be sertously
questioned smce here too the circulatory effects may outweigh
any advantage to be gained by hypervenulation Its use m resusct
tation 15 open to the same objection

Carbon dioxide has been recommended in the trertment of
hiccough It mny be of value here Too often however uncon
trollable hiccoughs occur postoperatively 1 patients whose gen
eral condition 15 such that carbon dioxade inhalations may be
harmful

This agent has been recommended n the treatment of asthma
for 1ts effect 1n liquefying secrettons Segal (344) recommends the
use of erther carbon dioxide oxygen mixtures or carbon dioxide
helium oxygen muxtures 1n patients with asthma for i these
patients there 1s frequently encountered a dry irmitating non
productive or poorly productive cough and that every attempt
should be made to reduce the viscosity of the exudate Some have
found that mhalations of carbon dioxide and oxygen are superior
m therapeutic action to expectorants (20, 21 48 49) Carbon di
oxide oxygen muxtures should be employed with caution only if
the more conservative measures have failed and if there are no
contramdxcauons to 1ts use

Segal (341) has found mrxeures of five per cent carbon divxide
20 per cent oxygen and 75 per cent hehum of particular value
when employed to nebulize mixtures of neosynephrine vaponefrin
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because of washing out of alveolrr carbon dioxide ind probably
some lowering of the arter1al cirbon dioxide content An associated
factor 1s that 1 high oxygen concentration will be left within the
tracheobronchal tree This oxygen 1s rendily absorbable and fur
ther atelectasis m1y follow It has been recommended that carbon
dioxide be given from 1 cylinder of 100 per cent cirbon droxide
Such a toxic 1gent should be gnen with care It 1s best given by 2
tube leadmg from a cylinder of carbon dioxide wth the tube held
m the region of the pauents face and the patients resprration
carefully watched When hyperventilation occurs the admimstra
tron of this gas 1s stopped By this means the patient will get
enough carbon dioxide to develop hypercapnea and no large ol
ume of readily absorbable gas will be left deep mn the alveolt

Beecher (58) has reviened the effect of carbon dioxide on the
aeration of the lungs of patients fter operttion He studied the
effect of Inparotomy m producing crippling of the respiratory
function Such crippling of respiration he notes 1s the result of
a) marked reductton 1n tidal air b) sharp increase in the respira
tory rate c) a slight not sigmificant change m total ventilation
d) rapid shallow type of respiration ¢) great reduction m com
plemental ur which 15 greater followng upper than lower b
dominal operitions f) great reduction m supplemental air greatcr
following upper than lower abdominal operations in men but not
m women g) 1bout the same degree of crippling of the mechanism
of forced inspiratton and of forced expiration h) great reduction
m wtal capacity following upper abdommmil operations and 1)
marked decrease 1n sub tidal lung volume and m maximum lung
volume

Because of these ficts Henderson et al (210) had recommended
the use of carbon dioxide postoperatively Beecher studied 50
cases 1n an attempt to determine whether the treatment of pitients
after operation with carbon dioxide inhilation was of value Of
these 50 patients 22 recened carbon dioxide after laparotomy wnd
28 did not Of the patients who recerved carbon dioxide one half
rebreathed their own carbon dioxide through an 8 foot tube three
times daily ‘The other half recenved carbon droxide from a tank
through a fice funnel He studied the tidal air vital capacity sub
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Lorenz and Whaters (258) determmed thit the admimistration of
high carbon dioxtde mintures to citatonic patients was followed
by brief periods of mental clanity

Because of the comvulstve effect of carbon droxide, or for s
specific effect on the bramn tissue this agent has been used 1n the
treatment of mental diseases as have been other convulsants such
as metrazol ™ electric shock high mitrogen or nitrous oxide mix
tures
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or 1suprel By such means he has found that a harsh useless inef
fective cough may be converted into 1 useful one

g3 FOR IT1S LITECT ON CIRCULATION

Carbon dioxide has been recommended m the treatment of
angina and for the treatment 1nd preventton of shock (204) Car
bon dioxide nhalations are not free of subjective sensations Even
normal individuals are conscious of labored respiration when
breathing even low concentrations of carbon dioxide To the
person suffermg from circulatory disense this added effort may be
unbearable let alone being harmful In the presence of passiie
congestion or pulmonary edema inhalations of carbon dioxide
are definitely contraindicated (%70)

Drinker and Shaughnessy (130) tre not so fearful of carbon
dioxide and claim that beneficinl effects may be obtamned by the
mcreased dilatation of the blood vessels of the heart permitting
improvement m the oxygenation and nutriion of that organ
Campbell and Poulton (86) suggest that patients with heart faillure
seem to be more sensitive to carbon dioxide than are normal m
dividuals

4 MENTAL CONDITIONS

Paul Bert had observed that inhalation of high carbon dioxide
concentrations ¢in produce unconscioushess This effect has been
frequently noted and reported by many observers It has been
determined that carbon dioxide 1n concentrations of 10 to zo per
cent resulted 1n vagal respiratory and vasomotor stimulation In
concentrations of over 20 per cent a state of depression or anesthe
s1a may be obtiuned Leake and Waters (214) found that the
administration of 4o per cent carbon dioxide further depressed
respiration and circulation with ultimate apnea Increased muscle
tonus or even convulsions can occur with relatively low concentr?
tions of carbon dioxide n some individuals The tendency to con
vulse 1s greater 1f such administration 1s carried out in patients
who are already 1cidotic (271)

Lennox (245) by the administration of high concentrations of
carbon dioxide was able to stop epileptic serzures Loevenhart
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Liters 35057 | 94625 | 30280 [ 35957 ] 31037
Wt Gas 10625] 400 125
bs)
E 4 x30 151bs | Gal 165 420 31 165 134
Cu Ft 22 06 5615 17510 22 06 1701
Liters 85452 | 15897 49583 | 634352} 59719
Wt Gas 18281 635625 1875 *
(bs )
M7 x47 671bs | Gal 750 2000 603 750 620
Cu Ft. 100 27 267 40 8089 100 27 8289
Laters 283875 [ 757000 [ 228992 | 283895 [ 2346 70
Wt Gas 925 3200 875
(Ibs)
G 8 x48 1121bs | Gal 1150 3200 1100 1150 1126
Cu Ft 15375 42784 14707 15375 | 15084
Liters 435275 [1211200 | 416350 | 4352 75 | 4261 91
Wt Gas 155 500 20 *
(bs)
H g x48 112 1bs | Gal 1825 1210 1240
or Cu Fi | 23300 61 77 165 98
= Liters | 6go8 o8 4579 85 4693 40
Wt Gas 2025 25
tbs)

Weights v ry depend ng upon p
Cyclnd rsA B D E M G and H hav
Cycl d Khs

todad val e

entage of mutu

medc 1 valv

of the physical charactersstics of these gases cylinder pressures and
color marhings Table 5 lists the contents dimensions and w eights
of cylinders i which they e marketed

A satisfactory supply and reserve of gases used i inhalation
therapy 1s of extreme mmportance Once therapy has begun in
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METHODS OF TREATMENT

DRU(‘S such as thyroxine thiourea thiouricil have been em
ployed 1n an attempt to cnable the pauent to withstand the ravag
ing effects of onygen depletion None of these has seemed suffi
ciently specific An increased tolerance for low oxygen tension
however has been demonstrited m animals treated with adrenal
extricts or ACTH (251) Thorn ¢t al (375) state that 1t has been
demonstrated that 160 milligrams of AGTH daily administered
1 divided doses over 1 period of two to five days produces an m
crease i simulated alticude tolerance of 2000 to gooo feet above
previous basal lesels The future role of ACTH 1n this condition
hns not 15 yet been determmed

Agents such as cytochrome C h1ve been employed to encourige
oxygen uptake by tissue It has been shown that narcotics depress
tissue dehydrogenases and not the cytochrome systems The use
of cytochrome C n depressed states his not been proven to be of
real value

Inhalation theripy remains the most important of the methods
for the treatment of patients suffering from oxygen deficzency

A GAS SUPPLY

Oxygen cirbon dioxide helmm and combinations of these
gases 1re marketed n various sized cylinders Table 4 lists some

TABLE 4
Physwal charactenistic of gases

Chermical Symbot O, ] CO, He CO—0; | He—0O:
Physical State in Cylinder Gas Liquid | Gas Gas Gas
Full Cylinder—Approx Press (ps) [2200 [875 | 1650 |2050 1650
Color Marking of Cylinder Crien! Cray | Brown | Gray and | Brown and

Creen Green
Molecular Weight 3700 L4401 400
Specific Gravity Gas (Awe = 1) 1105 | 1529 |o138

156
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Figure 26 Bank of ovygen qyhinders within the hospital

Tor continued mhalition therwpy larger sources of supply are
needed The most common 1n usc 15 the k cylinder K cylinders
have esther a standard (commercial) or medical coupling to accept
regulators These couplings are of dsfferent dimensions It 1s thus
wise to standardize on 1 single type for a particular institution

Figure 27 Bank of oxygen ¢yhinders outside the hospital (Cascade system)



158 Inhalation Therapy and Resuscitation

terruption because of failure of supply, may be hazardous Patients
who have become rccustomed to high oxygen atmospheres should
not be precipitously deprived of this atmosphere To do so may
result 1n sertous mjury for the circulatory response may be harm
ful The patient being relieved of obstruction by helum oxygen
if suddenly deprived of this agent, m1y lapse mto a stie more
serious than that originally present One should have some 1dea
of the effective duration of treatment 1t given flows from the cyhn
ders employed Table 6 lists the approximate durion of delnery
at different flows from cylinders full and partly full

1 ONYGEN
Ovygen used m industry 1s the sume as so called medical
oxygen and 1s less costly The source of supply m the hospitdl
should depend upon how the gas 1s to be used and w hat the over all
need 1s Compressed gas i the larger cylinders 1s cheaper per cubic
foot than m the smaller The swings however 1re tempered by

the conditions under which the gises are to be used nd the
amount needed

TaBLE 6
Approximate remaimng hours of seruce at rarious flons of ovygen for H o A
¢yclnders
Rate of Tiow Full Gylinder Contents at Dimimshing Gau ¢ Fressure
n Laters
Per \finute 00 Ibs 1500 Ibs 1000 Ibs 500 lbs
6900 liters 4560 liters 3100 ltters 1550 liters
2 57 hours 38 hours 25 hours 12 hours
4 28 hours 19 hours 12 hours 6 hours
6 19 hours 12 hours 8 hours 4 hours
8 14 hours 9 hours 6 hours 3 hours
10 11 hours 7 hours 5 hours 2 hours
12 9 hours 6 hours 4 hours 2 hours
14 8 hours 5 hours 3 hours 1 hour
16 7 hours 4 hours 3 hours 1 hour

Example Full H cylinder at 2700 lbs pressure flowing at rate of 6 Lters should
last approumately 19 hours A cylinder with 1000 lbs pressure fllowing at rate of 8
liters per minute should last six hours

Cylinder sizes A tnd B 1re too small except for very brief periods
of mhalwtion theinpy D cylinders are of value 1n transporting
pattents from the operating room to the recovery room or to the
pattent s bed
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Figure 26 Bank of oxygen qylinders withun the hospienl

For continued ihalation therapy Inrger sources of supply are
needed The most common m usc 1s the K ¢ylinder K cylinders
have erther 1 standard (commercinl) or medical coupling to accept
regulators These couplings are of different dimensions It 15 thus
wise to standardize on 4 single type for a paruculir mstitution

Figure 7 Bank of oxygen cylinders outside the hosprtal (Cascade system)
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terruption bechuse of failure of supply, may be hazardous Patients
who have become accustomed to high oxygen atmospheres should
not be preciprtously deprived of this 1tmosphere To do so may
result mn serious injury for the circulatory response may be harm
ful The prtient being relieved of obstruction by helium oxygen
1f suddenly deprived of this agent may lapse into 1 state more
sertous than that onigmally present One should have some 1dea
of the effective duration of treatment at given flows from the cylin
ders employed Table 6 lists the approximate duration of delwvery
at different flows from cylinders full aind partly full

1 O\YGEN

Oxygen used 1 mdustry 1s the same as socilled medical
oxygen and 1s less costly The source of supply 1n the hospital
should depend upon how the gas 1s to be used and w hat the over all
need 1s Compressed gas in the larger cylinders 1s cheaper per cubic
foot than 1n the smaller The savings however are tempered by
the conditions under which the gases are to be used and the
amount needed

TanLE 6
Approximate remaning hours of service at various flows of oxygen for H or K
¢yclinders
Rote }’f Flow Full Glinder Contents at Dumuntshing Gauge Pressure
n L lers
Per AManute 2700 Ibs 1500 Ibs 1000 lbs 500 Ibs
6goo liters 4560 liters 3100 liters 1550 liters
2 57 hours 38 hours 25 hours 12 hours
4 28 hours Tg hours 12 hours 6 hours
6 19 hours 12 hours 8 hours 4 hours
8 14 hours 9 hours 6 hours 3 hours
10 11 hours 7 hours 5 hours 2 hours
12 g hours 6 hours 4 hours 2 hours
14 8 hours 5 hours 3 hours 1 hour
16 7 hours 4 hours 3 hours 1 hour

Example Full H cylinder at 2200 Ibs pressure flowing at rate of 6 hters should
last approumately 19 hours A cylinder with 1000 Ibs pressure flowing at rate of 8
liters per minute should Jast six hours

Cyhinder sizes A aind B 2re too small except for very brief pertods
of nhalation theiapy D cylinders are of value in transporting
patients from the operating room to the recovery room or to the
patient s bed
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located i the soom wherein the bank 1s kept, but 1t would be wase
also to plice such a betl or red hght m the engincer s office It 1s
posstble also to connect m ahim system to the hospital s telephone
switchborrd This mikes doubly certun that the signal will be
recorded and the proper mdis idual wdvised to correct the situation

2 CARBON DIO\NIDE

The actual use of cirbon diovide m theripy should be very
lmited Carbon dioxide comes 1in cylinders of 100 per cent for usc
n Iboratories In this and other ngh concentrauions the gas 1s

b et
Figure 29 Oxjgen plant (courtesy of Aw Products Inc)
iwrespirable and hazardous Carbon dioxide when used for inhala
tion therapy should be given with great caution It 1s administered
only for the development of hypercapnea It 1s best gien with
room atr instead of oxygen so that there will be left in the alveoh
no hughly absorbable gas as noted 1n the section dealing with the
treatment of atelectasis

The most common way to utilize this gas 1s from cylinders of
carbon dioxide oxygen mitures They come n yarious percent
ages The most common muxtures of oxygen and carbon dioxide
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When single cylinders are employed there should always be a
stand by 1n resene

A central supply of oxygen 1s very valuable and may be kept
within or without the hospital buildimg The line pressure 1s re
duced at the source and the gas 15 piped through the building to
the patient s bedside If the central supply 1s kept within the build
g certain precautionary measures such as ventilatton should
be muntaned because of the fire hazard

[l
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Figure 28 Bank of oxjgen cylinders delnvered by trailer truck

The central supply may be a bank of k cylinders attached to 1
common manifold (Figure 26) If outside the building a larger
bank of cylinders may be satisfactonily employed (Figure 27)
These cylinders are refilled directly by truch A very satsfactory
source may be a bank of cylinders loaded on truler trucks which
are hooked up to the hospital system (Figure 28) Some 1nstitutions
which use very large amounts of oxygen have installed plants for
1ts manufacture (Figure 29)

When banks are employed 1t 1s important that there be mstalled
an automatic system to warn when the bank contents become low
Such a2 warming signal 1n the nature of a bell or red Iight may be
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¢ Tull ind empty cyhinders should be kept separecly

5 They should be kept i an et free from tunpering

6 Never lubricate oxygen vilves regultors gauges or fittings
with o1l or other combustible substinces Do not handle oxygen
cylinders wath o1ly hands or gloves

7 Never use lrge cylinders without reducing the pressure
through suitable  regulator
valves mtended for thus pur
pose

8 Separate regulitors
should be used for different
gases Regulators used for he
lum oxygen should not be
used on oxygen cylinders

9 Valie protection caps
should be kept m plice unul
cylinder 1s ready for use wnd
replaced after use

10 If a valve 15 dufficult to
open point the valve opening
awiy from you and use both
hands to gne greater force
Avoud the use of 1 wrench or
hand wheels and never ham a‘-{« ol
mer the valve wheel 1n at ‘,\‘&t@:]
tempting to open the valve
‘When valves are encountered .
that cannot be opened 1 this fﬁi“{;nﬁo: °ro ‘:‘;‘;Zelfgx;;:::‘ for
way the cylinders should be
tagged and returned to the supplier as a safety precaution

11 After removing the valve protection cap and before attach
ing the regulrtor shghily open the valve an instant to clear out
any accumulated dust

12 After attaching the regulator for service and before the cyl

nder valve 1s opened be sure that the liter flow adjusting mecha
nism 15 1n the off posumn

13 It 1s most important never to permit oxygen to enter a regu
lator suddenly Open the cylinder valve very slowly

14 Before removing the regulator from the cylinder close the
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are go~to 937 and g5—5 per cent respectively It 15 best not to
attempt to make one s own mixtures of carbon dioxide oxygen

3 HELIUM

Helium 1s mert It must therefore be administered with oxy
gen The most common muxture sold 1s 8o per cent helium and 20
per cent oxygen, but other mixtures can be bought It 15 best pur
chased in K cylinders These cylinders of helium oxygen have the
so called medical’ thread Thus the reducing vtlves should be
designed to accept thus cylinder or one should htie 1vulable 1
special adapter If greater oxygen percentages are desred dded
oxygen may be administered by means of a ¥ tube

Because of the high cost of helium 1t 15 most economically 1d
ministered 1 an absorption system wheremn carbon dioxide 1s
absorbed chemically It must be remembered that frequent chang
g of the exhiusted soda lime or barlyme used for the absorp
tion of carbon dioxide 15 necessiry Employmng an absorptton sys
tem, one should always be on the lookout for signs of carbon
dioxide accumulition Under whatever system helmam oxygen 1s
admmistered carbon dioxade accumulition may be especally
disastrous for the patients for whom heltum oxygen 15 employed
are usually already dyspneic To further increase the disturbed
resprration of dyspneic individuals may aggravate the pathologic
condition which 1s already present

B GAS STORAGE AND HANDLING

Because gises are compressed and are in heavy cylinders and
since oxygen supports combustion the use and handimg of such
cylinders should be surrounded by safety regulations The follow
ing 1s taken 1n Iarge part from Banash (19)

1 Cylinders of compressed gas should be stored 1n dry ind wel
ventilated spaces They should be Kept upright and 1n an aret
through which there s no traffic

2 Cylinders should be stored 1wy from highly combustible
materials as o1l greise gusoline matches alcohol ether ethylene
cyclopropane combustible rubbish etc

3 They should not be stored where they m1y be subject to
excessive temperatures such as heatng equipment steam pipes,
radiators autoclaves or laundry apparatus
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needle valve (Figurce 2) may be used Patients my be transported
with the cyhnder and vahe atached to the Iitter and ovygen
delnered by nasal catheter (Lige g2) These sumple valves make
1t posstble to administer ovygen 1t emergencies

Figure 3o A needle vale controlling flow of oxygen transnasally while pr
tient 1s being transported

1 REGULATOR GAUGES

‘When gases are admuinistered from large cylinders 1t 1s necessary
that the gases be reduced to safe pressures When employed 1n the
patient s room a pressure reduction mechamism and a delivery
control valve are ncorporated 1n a single apparatus In piping
systems the tank pressure 1s reduced at the bank (Figure 33) ang
the reduced pressure 1s delivered to the wall i the patient s room
A)Comrol valve with flowmeter 1s needed there (Figures 34 and
35

Regulators may be of one two or three stages In a single stage
valve the pressure 15 reduced from tank pressure to a workm
pressure of 6o pounds 1 a single step (Figure 36) A flow contro%
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cylinder valve and release the pressure from the regulator

15 Never attempt to mux gases tn 1n oxygen cylinder or any
other cylinder

16 Do not transfill empty cylinders

17 Use cylinder only when 1ts content 1s clearly marked

18 Cylinders must not be dropped or allowed to strike each
other violently nd under no circumstances must 1 cylinder ever
be used 1s 1 roller or support

19 When moving Inrge cylinders from storage to point of use
or return they should always be transported on 7 swtable truck
and fastened i place on such trucks A four wheeled truck 1s pre
ferred (Figure go)

|
|
B U e

Figure 31 A sleeve valve

20 Cylinders should be securely set at a suitable place at the
bedside and ether left on the truck, strapped to the bedstead or
placed n a corner where they will not be knocked over When 1t 18
necessary to have the cylinder somewhnt remote from the bed the
tubing should be kept high and n sight to avoid tripping or hay
g objects placed on 1t which might restrict the flow of oxygen to
the patient

C GAS DLLIVLRY
Gas delivery should be controlled 2s to pressure and flow In
using small cylinders for short periods of time¢ one m1y need no
more than 1 single control valve A reducing salve though valu
able 1s not here necded In ats stead 1 sleeve valve (Figure 1) or v
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needle valve (Migure 32) w1y be used Patients my be transported
with the cylinder and valve attached to the htter and oxygen
delinered by nasat catheter (Iiguwie g2) These sumple valves mhe
1t possible to adnunister oxygen 1 LNErgencies

Figure g2 A needle valve controlling ftow of oxygen trnsnsally wlule pa
tient 1s being transported

1 REGULATOR GAUGES

When gases are administered from large cyhinders 1t 15 necessary
that the gases be reduced to safe pressures When employed 1n the
Patients yoom a pressure reduction mechamism nd a delivery
control valve are incorporated mn a single apprratus In piping
systems the tank pressure 1s reduced at the bank (Figure 33) an;
the reduced pressure 1s delivered to the wall n the patzent s room
;\5 )mmro\ vahe with flowmeter 1s needed there (Figures 34 and
‘a{Rv:g:\k::tors may be of one two or three stages In a single stage

pressure 1s reduced from tank pressure to a working
pressure of 6o pounds mn a single step (Figure g6) A flow control
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r S e e e

Figure 33 Two stage mamfold for use only at banks
Two are employed one on each side of the bank As
soon as the cylinder pressure 1t one bank drops the
other automatically opens up

salve meters the gas delivery In 1 two stage regulator (Figure 37)
tank pressures are reduced to 400 pounds 1n one stage and then to
6o pounds 1n the second stage A cutaway view of a two stage gauge
1s shown 1n Figure 38 The flow control governs the rate of delivery
from the reduced pressure side of the gauge A three stage regula
tor (Figures 39 and o) reduces the pressure to 750 pounds 400
pounds and then to 6o pounds before the gas 1s metered
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1t 1s difficult to distnguish
readily between one and two
stage regulnors One stag ey
ulators are usully thnnner m
lIatertl view It as umportant
that one hnow what sort of
regultor he 1s deahing with
for there are Inzrds nd dis
advantages to single stage regu
lators If 1 single stage regnit
tor with the vilve open s 11
tached to 1 cylinder of ovygen
and the ovygen cylhinder mp
dly opened the giuge may
shatter Turther, 15 pressures
within the cylinder of ovygen
drop the delnvery from 1 sin
gle stage regulator 1s not con
stant and requires Irequent ad
Justment for uniform delivery
In multple stage regulators
the flow 1s uniform until the
cylinder of oxygen 1s almost
exhausted (Figure 41)
Regulators may have erther
of two sizes of female connec
tions to fit a cylinder the
standard to fit commercial
cylinders and the medical
to fit medical cylinders The
standard has a thread size of
906 inches and the medical

Figure 34 Wall box installation with
yet humidifier and with needle vahe
control

of 838 mches Cylinders of helium oxygen mixtures have medical

threads When using standard thread regulators on medical cylin
dersit s necessary to employ 1 spectal adapter (Figure 42) Thus 1f
oneis equipped with standard sized regulators and 1 heltum oxy
gen muxture 15 desired 1t 1s important that such an adapter be at

hand
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Figure 35 Room outlet kinetc flow
meter and needle valve

Regulator valves require
care Innsututions where they
are used in Jarge numbers
spare prts and diaphragms or
washers should be kept avail
able

2 TLOWMETERS

There are several varieties
of flowmeters—the Bourdon
(spring type) (Figure g7) the
Thorpe tube type (varrible
ortfice float gauge) (Figure 39)
and a kineuc type (Digure 36)
The Bourdon type 1s accurate
between three to seven liters
per minute Error above and
below these flows may be up to
10 per cent The Thorpe tube
type of flowmeter 1s said to be
accurate at 1ny reading as 1s
the hinetic type The Bourdon
tube type 1s the more adapt
able to various forms of ther
apy however and should be
purchased where any of the
air injector types of therapy
are to be employed The

Thorpe tube type of flowmeter has a float or ball which moves up
or down to indicate the flow rate The tube 1s calibrated on the
basis of an unobstructed flow of oxygen leaving the flowmeter
When the outward flow 15 obstructed by some attachment such
s an oxygen concentration meter back pressure builds up and the
reading 1s altered accordingly It must be remembered that the
patient will be recerving more not less oxygen than 1s indicated
on the meter under these circumstinces Humidifiers and nebult
zers may also 1mpose sufficient back pressure to cruse some devia

tion 1n the reading
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These forms of meters may be meorporated with the regulttor
or my be tched to wAll outlats (Cigures 34 wd g5) Plugm
type outlets may be ntihized These hnve 1 male ind femnle mem
ber (Lsgure {3) These plugn type adapters also cannot be am
ployed where ur injector types of therapy are to be used

Figure g6 Single stage regulator kimetic type

On occasion regulators become naccurate and 1t 1s advisable at
frequent 1ntervals to test the regulators for their accuracy of flow
A tester apparatus 1s very valuable particularly in large nstalla
tions

When using 80-20 muxtures of helium owygen through meters
calibrated for oxygen the flow actually delivered and the reading
on the meter will not correspond because of the difference
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Figure 85 Room outlet kincuc flow
meter and needle valse

Regulator valves  require
care Innstitutions where they
are used in large numbers
spare parts and diaphragms or
washers should be kept avail
able

2 FLOWMETERS

There are scveral varieties
of flonmeters—the Bourdon
(spring type) (Figure 37) the
Thorpe tube type (varmable
orifice float gauge) (Tigure 39)
and a kmetic type (Figure 36)
The Bourdon type 1s accurate
between threc to seven hiters
per munute Error above and
below these Hows may be up to
10 per cent The Thorpe tube
type of flowmeter s said to be
accurate at anyv reading as 1s
the hinetic type The Bourdon
tube type 15 the more adapt
able to various forms of ther
apy however and should be
purchased where any of the
arr injector types of therapy
are to be employed The

Thorpe tube type of flonmeter has a float or ball which moves up
or down to indicate the flow rate The tube 1s caibrated on the
basis of an unobstructed flow of oxygen leaving the flowmeter
When the outward flow is obstructed by some attachment such
as an oxygen concentration meter back, pressure builds up and the
readmng 1s altered accordingly It must be remembered that the
pattent will be recerving more not less oxygen than 1s indicated
on the mcter under these circumstances Humidifiers and nebuh
zers may also mmpose suffictent back pressure to cause some devia

ton 1n the reading
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tents hoods cylinders e used e oxygen therpy should be
conspicuously labdded Dingur—No Tl une—No Spirks " Ovygen
regulators should also be conspreuously muked Do Not O11” Al
maternl such 1s tents nd hoods should be of non inflimmnble
miterrd No smoking should be tolerited m the room Nather

higure 37 Twostage regulator Bourdon type

electric heating prds nor electric call bells should be used m an
oxygen tent Electric motors or other electrical devices should not
be employed 1n the same room

E METHODS
The following 7re the various ty pes of apparatus which are em
ployed for the treatment of hypoin or other conditions wheremn
the patient does not need accessory means to mamtan ventlation
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densities between the 8o-20 muvtures and ovygen A comersion
table (Table 7) 1s necessary
TABLE 7

Cerrected fou for beltum-ox gen mixtures (Eo—20)
when usirg foareters calibrated for ovygen

Peadiegs 1n Leers por Miraie Actual Delicery 1n Liters
o Floarreter Calibreted for  per Mirute 1o the Poaert

Fure Oyerm of
He 805 and Oy 2050

1 Liter 18y
2 liters 330
3 Iiters 253
4 Liters 7-40
5 liters 92,
6 hiters 130
7 hrers 120y
8 Lirers 14.80
a liters 166,
10 bters 1850

s HUMIDIFIERS

For nasal catheter use especially 1t 1s wise thar the gases be
humdified Gases mav be humidified by vantous means Most
commonls the gases are bubbled through water \fore thorough
humidification can be accomplished througha jet tvpe apparatus
(Figure 34) It 1s to be noted that this type of hummdifier cannot
be emploved when njector tvpe therapy 1s employed

It 15 often found desirable to emplov a space humidifier for
use 1 o\vgen tents bassinets etc One developed by Smth and
Denton (Figure 44) at the Children s Hospatal in Boston 1s vers
sausfactors Humudification of the air breathed by patients with
mdnelling endotracheal or tracheotoms tubes 1s frequently neces
sarv A device (Figure 45,) developed by Briggs (77) at the Massa
chusetts General Hosprtal does this vers nell

D FIRE HAZARDS
The fire hazard assocsated with oxygen therapy 1s great Though
ovwgen 1self 1s not inflammable 1t supports combustion In the
presence of high oxygen concentrattons smouldening matches hight
up cigarettes become aflame and an ordinarily msigmficant spark
on bed clothes mav start a conflagration All equipment such as
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tents hoods cylinders cte  used i ovygen theripy should be
conspicuously 11bcled  Danga—No Flhnme—No Spwrks” Onygen
regulators should 1lso be conspteuously marked “Do Not 011 All
matertal such s tents and hoods should be of non mflimmable
maternl No smokmg should e tolerated m the room Nether
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Eigure g7 Two stage regulator Bourdon type

electric heating pads nor electric call bells should be used 1n an
oxygen tent Electric motors or other electrical devices should not
be employed 1n the same room

E METHODS
The following are the various types of apparatus which are em
ployed for the treatment of hypoxi11 or other conditions wherem
the patient does not need accessory menns to mamntain ventilation
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1 OROPHARYNGILAL INSUFFLATION OF O\YGEN
With care aind proper plicement into the oropharynx 1 nasal
catheter 1s the most satisfactory and economical w1y to admumister
oxygen The two most important cuses of fulure with this method
are improper placement of the catheter and leakage
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Figure 38 Cutaway view of two stage regulator Bourdon type

a Apparatus necessary are a reducing valve with flow gauge
humidifying bottle spare washers 36 inches of thick walled tub
ing glass connecting tube and several catheters

The type of catheter employed 1s very important It should have
several small openings 1t the t1p to prevent too great dehydration
of a small area of mucous membrine Plastic expendable catheters
are mexpensive and serve well These catheters should be distinc
trve 1n type and color and should be employed for no other pur
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pose On occasion, the flow of onygen has been wndscrtently
attached to 1 gasinc suction tube with disastrous results Stomachs
have been distended and have been perforated by this means
Green-colored ¢athetars marked Tor Ozygen Only should there
fore be employed

Tigure 39 Three stage regulator Thorpe tube type

Humidification of the delivered oxygen 1s important since a
constant stream of oxygen directed at mucous membranes has a
great dehydrating effect Washers wear out quickly and others
should be available for replacement The tubing should be long
enough to allow considerable slach and should be thick enough
to be not easily compressible The glass connectors should have
large openings at either end for adapters with one end constricted
are not satisfictory The catheters should be sizes French 10-12
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b Placement of the Catheter

It should be Iubricated with 1 water soluble jelly Liquid petro
latum or petrolatum jelly should not be employed since they are
not 1bsorbed, and if blown mto the lungs may result in lipoid
pneumonitis After lubrication the catheter should be advanced
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Figure go Cutaway view of three stige regulitor Tharpe tube type

along the floor of the nose with oxygen runming at 1bout four
liters per minute until the patient attempts to swallow the de
hivered oxygen It 1s then pulled back one fourth mch Its end
should rest directly below the tp of the uvula (Figure 46) If the
catheter lies too deep 1n the oropharynx lrrge quantitics of oxygen
may stream nto the stomach or be swallowed and result 1 gastric
dilation

In the cooperatne or unconscious individual the tip of the
catheter may be inspected by direct vision to ensure accurate
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Figure 41 Regulator dhractenisties companson flow of mulu stage versus
single stage regulators

placement (Figure 47) A usually safe guide 15 to l1y the catheter
along the patient s face with the tp of the catheter at the tragus of
the ear The distance from the tragus of the ear to the external
nares mmunus one half inch 15 marked off with a narrow strip of
adhesive and the catheter 1s mserted to this point The catheter
should be fixed to the skin to prevent displacement 1nd should be
5o placed that 1t 1s not uncomfortable and does not interfere with
the patient s vision Adhesive one half inch wide 1s given a full turn
about the catheter and then fixed to the upper lip (Figure 48)
This process 1s repeated two mnches further up the catheter and

r—ﬁ‘ - T !

Figure 42 \dapter standard end (a) commercial end {b)
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b Placement of the Catheter

It should be lubricited with a water soluble jelly Liquid petro
latum or petrolatum jelly should not be employed since they are
not absorbed and 1f blown mto the lungs may result m lipord
pneumonitis After lubrication the catheter should be advanced

(R IT I T

N

Figure 4o Cutanay view of three stage regulator Thorpe tube type

along the floor of the nose with oxygen running at 1bout four
Inters per mmute untl the patient attempts to swallow the de
Inered oxygen It 1s then pulled back one fourth inch Its ¢nd
should rest directly below the tp of the uvula (Figure 46) If the
catheter lies too deep 1 the oropharynx large quantities of oxygen
may stream 1nto the stomach or be swallowed and result 1n gastric
dilation

In the cooperative or unconscious mndividual the tip of the
catheter may be inspected by direct vision to ensure accuratc
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Tamrc 8
Gas analysts of samples taken from bronchus with deliery catheter properly placed
wn orophapyns (Fyom Rovenstmne, I' A, Taylor, I B, and Lemmer, K L
Oropharyngeal Insuflation of Oxygen Gas Tensions i the Bronchus, Anesthesia
and Analgesin, Jan —Ieb, 1936)

1 At Heght of Inspiration

Mavimum Acetage AMingmum

Oxgen cc Mo of

per min (o CO, 0: COy (e CO; | Analyses
None 1B1% 27%) 178%| 22%| 175% 17% 2
20002500 304 19 298 19 295 20 3
40004500 436 18 363 18 332 16 7
60006500 588 14 548 18 506 14 18
8000~-8500 767 21 660 15 654 14 10
10 000~10 500 784 18

2 At Heght of Expiration

2000-2500 337%| 51%| 309%| 41%| 281%| 35%)| 3
40004500 381 46 351 40 321 34 3
6000-6500 563 | 39 | 554 | 51 | 540 | 58 6
8000-8500 748 47 1

found almost always to be due to a poor fitting gasket Millions
of cubic feet of oxygen have been wasted 1n therapy and this 1s
the most common way Waste would not be so important did 1t
not mean nadequate therapy

TABLE g

Oxygen content capanity and percentage safuration of blood breathing air or oxygen

at seven liters per minute oropharyngeal wnsufffation (From Christensen, E Af

Uy A G and Cullen, 8 C  Alreolar and Arterial Oxygen Conlen;: Durn,
Oropharyngeal Oxygen Therapy, Anesthesiology, 7 309-04, Fuly, 1946) ¢

Oxygen Content Vol Oxygen Capaaity Vol % Oxygen Saturation

Oxpgen Onygen 0.
Patient , Arr 7 liters/min Air 7 liters/min Air 7 111:255::".
Ccs 16 13 1725 1722 1
722 o
‘é\g 15‘30 1704 1753 1811 ggo e
1581 18 56 18 06 18 02 875 xggg
Average 158t 1% 62 17 6o 1778 Bg5 990

L,
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fixed to the shin of the cheeh The tubing attached to the hunndr
fier should then be fixed to the head of the bed with sufficient
slack so that the patient can turn from side to side without feeling
2 pull on the tubing (I'gure 39) The pillow 1s usuaily a poor place
to attach this s frequent rexdjustment of the pillow for the pa
uent s comfort may be necessry

Figure 43 Quick coupling outlet

The most common cause for failure with this type of therapy 15
leakage around the gasket in the hummdifying bottle This eannot
be emphasized too strongly Adequate cire of the apparatus during
its admumstration requres constant checking for lethage The
castest way to check for leakage 1s to momentarsly pinch off the
tube which 1s carrying the oxygen from the humidifying bottle to
the patient Upon sudden release of the tube there should be 11
audible gush of oxygen down the tube because of accumulated
back pressure If this gush 1s not definttely audible then ons must
conclude that there 1s a leak mn the system 1nd this leak can be
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vanced far enough 1nto the oropharyny sitisfactory percentages
are not obtaned by the quoted deliveries

2 MASKS

Inhalwion theripy by fice mask has been mcreasingly em
ployed during the lust few yeurs The method h1s one 1mportant
advantage—a Iuigh oxygen concentrition cwn be delivered very

Figure 45 Humudifier for patients breathing through tracheotomy or en
dotracheal tubes The metal mipple close to the expiratory valve at the ex
treme right of the apparatus s attached to the tube By this means a hurmmdt
fied atmosphere of a high oxygen tension 1s breathed Because of directional
valves there 1s no carbon dioxide rebreathing (Courtesy of Dr Bernard D
Briggs Massachusetts General Hospital Boston Mass)

promptly after mmitiating therapy There are, however, a few dis
advantages to therapy by this means For treatment to be efficient
the mask should fit snugly There should be no leaks for if there
are the desired oxygen atmosphere may not be obtamed Good fit
1s not always possible particularly in edentulous pauents The
patient may be etther non-cooperative or restless and will dislodge
the mask Mask therapy should be reserved therefore for patients



178 Inhalation Therapy and Resuscitation

Adequate care 1lso means frequent chnging of the catheters
The catheters become encrusted, the nose becomes sore It 15 sug
gested that the catheters be changed at Jeast every twelve hours
from one nostril to the other The nostril should be kept clean
and the removed catheter should be carefully cleansed sterilized
and put 1wy for 1ts next use

Figure 44 Space humdifier for use n confined areas as head hoods tents
mncubators (Courtesy of Dr Robert M Smuth Childrens Hosprtal Boston
Mass )

A study of Table 8 from Rovenstine et al (320) reveals the
therapeutic value of oxygen 1t different flows into 1n oropharyn
geal catheter The effect on the arterial oxygen determmation of
oropharyngeal oxygen delivery 1s shown by the work of Chrasten
sen et al (93) (T1ble g)

Inhalation therapy by the oropharyngeal catheter 1s most satis
factory in adults Most children do not tolerate 1t well In adults
the rate of flow should be from g to 6 Iiters per minute 1n chil
dren 1t should be reduced accordingly If the catheter 15 not ad



Methods of Treatment 181

(1) Semt closed A form of partial rebreathing s the 1ppiratus
employed m the semi closed method of nesthest1 The method
has been employed for oxygen therwpy Here the bag 1s usu1lly
large The relief valve opens when the pressure ts greit enough
to overcome spring tension or to elevate 1 metal disc Because of

\\
Lo - )

Tigure 48 Proper fixation of catheter to upper lip ind side of face

the hazard of carbon dioxide accumulation this method has very
little merit except 1n emergencies

(2) BL B Mask This apparatus (Figures 50 and 51) 1s 2 method
of administering oxygen wheremn partial rebreathing s himited
because of a relatnvely small rebreathing bag Lxcess gases leave the
system through sponge rubber discs located on each side of the
equipment If the oxygen delnvery 1s inadequate or 1if the patient s
tidal exchinge 1s greater than the bag contents room air 1s suched
mto the system through these sponge rubber discs The resistance
offered by these discs places a burden on already taxed respiratory
and airculatory systems Because of the ever present carbon dioxide
accumulation the apparatus should not be employed on ndivid
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.

Figure 46 Drawing showing up of
catheter properls placed just below
the uvula for insuflation of ovvgen

nto the pharvox

udal exchange

m whom a good mask fit can
be obtamned and who will not
dislodge the mask

An  estremely mportant
consideration 1n therapy by
mask 1s carbon dioude accu
mulation The mask may rep-
resent from 30 to 100 cubic
centimeters of dead space
This relatisely small amount
by aself may cause sufficient
carbon diowuide accumulation
to become evident 1n the pa
uent s condition For this rea
son particularly mask therapy
1s contrmndicated 1 children
or 1 mndnduals with a small

‘The hazard of carbon dioxide excess mcreases when mashk ther
apy 1s employed under those conditions where portions of the ex

haled mixture are rebreathed

a. Partial Rebreathing

Under this method part of
the pauent s exhalation enters
a bag to be rebreathed The
greater the percentage of the
expired air rebreathed the
greater 1s the concentratton of
carbon dioxide n the inhaled
atmosphere  Several factors
goiern the amount of re
breathed atmosphere 1) The

Figure 47 View of up of
catheter just below uvula

rate of delnery of oxvgen The greater the amount of ovygen de
Inered the less are gases rebreathed =) The size of the bag The
greater the bag the more Itkels 15 carbon dioxide accumulation
) The amount of pressure within the system necessary to force
part of ts contents out of the svstem through a relref mechanism
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(1) Semu closed A form of partil rebreathing 1s the apprratus
employed 1n the serm closed method of wnesthestt The method
has been employed for oxygen thertpy Here the bag 1s usutlly
large The rehef valve opens when the pressure 15 greit enough
to overcome spring tension or to elesate a metal disc Because of

Figure 48 Proper fixauon ol cathetcr to upper Lip and side of face

the hazard of carbon dioxade accumulation this method has very
little merit except 1 emergencies

(2) BLB Mask Thusapparatus (Figures 50 and 51) 15 2 method
of administering oxygen wherem partial rebreathing 1 himited
because of a relatively small rebreathing bag Excess gases leave the
system through sponge rubber discs located on each side of the
equipment If the oxygen delivery 1s nadequate or 1f the patient s
tidal exchange 1s greater than the bag contents room air 1s suched
mnto the system through these sponge rubber discs The resistance
offered by these dscs places a burden on 4lready taxed respiratory
and arculatory systems Because of the ever present carbon dioxide
accurulation  the apparatus should not be employed on mdvid
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uals with depressed respiration or on children Rates of flow as
low as two to four liters per minute will be accompanied by suff
cient rebreathing to result 1n a concentration of carbon dioxide in
the 1nspired air on the order of two to three per cent Because of
this 1t 15 advisable to employ a flow of at least six to ten liters per
minute

Figure 49 Proper fixation of tubing to head of bed rather than to pillow

‘When this mask 1s employed for dyspneic individuals especially
those with increased minute volume exchange high flows are n
dicated to prevent collapse of the bag during nsprration The
respiration of a dyspneic individual may be further compromised
by forcing him to obtain part of his tidal volume through the
sponge rubber discs (366)

b No Rebreathing
Because of the fact that carbon dioxide accumulation s wad
visable 1n individuals requiring inhalation therapy, apparatus has
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been devised to obvite thus bazard A very early 1f not the first
prece of equipment designed for this purpose 1s the Davies ?11
christ 1pparitus described by Campbell wnd Poulton (86) With
this the patient breathes 100 per cent oxygen and rebreathing 1s
prevented by 1 one way valve Some of the forms of appartus cur
rently employed for mhltion theripy without rebreathing are
described below

Figure 50 BLB mask (Boothby Lovelace and Bulbulian)

(1) The OEM  Meter Mask (Figure 52) To prevent the ex
haled gas from being rebreathed (Figure 51) a one way mspiratory
valve 1s located between the collecting bag and the face mask If the
bag contents are not sufficiently great the negate pressure built up
within the mask during msprration opens the air inlet valve This
valve 1s posstbly not great enough 1n diameter to prevent a too long
sustamned negative pressure m the pulmonary tree mn dyspnerc 1
dividuals Exhalauon 1s through a valve at the mask In order to
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deliver into the bag a sufficient volume of atmosphere to tttempt
to satisfy trdl requirements an injector valve 3s incorporated at
the reducing valve (Figure 52) By mampulating a disc with vary
g sized 1pertures one may control the amount of room arr which
1s mixed with the oxygen stream to give any desired percentage
from forty to one hundred When this apparatus 1s used with a

EXPIRATORY
VALVE

2 2 | nspiraTony
_&7  Zz"TSPONGE RUBBER VALVE
= SAFETY,
& &3~  Dbiscs INLET T=OXYGEN
[ INLET
}\ g < OXYGEN
INLET
BLB OEM

Figure 5t Drawin, compumg BL B nd O L M (Oxyen Equipment Mmu
facturing Company) misks

flowmeter which cannot deliver more than 12 liters per mmute
1t may be difficult of not impossible to obtain the higher percent
ages n pattents with increased ventilation

Barach s remntroduction of the mjector into inhalation therapy
was a great contribution This apparatus 1s so designed that the
g1s floning from the reducing valve 1s led nto a chamber through
a narrow orifice A (Figure 53) As 1t leaves this orifice 1 negatne
pressure 1s created so that air 1s sucked 1n through opeming B The
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onygen ur misture lewes the chamber at G The volume of ur
which 15 wspirited depends upon the size of the port 1n the metal
disc which overhies the apparitus 2t port B Wath the largest port
over the opening (10 per cent marhing) ind 1 g hiter flow of oxygen

Figure 55 OEM mask A injector mechamism below reducing valve

per minute 5 hiters of arr are tahen At 2 flow of 6 liters per
minute 10 liters of air are aspirated This increased volume 8
liters 1n the former and 16 liters 1n the latter 1s of great value 1in
satsfying the patients tidal requirements Since large volumes
can be delivered by means of the mnjector principle 1t 1s of ad
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vantage also 1 situations where 1t 1s necessary to w1sh out carbon
dionide from confined areas This principle should be extended
for use 1n oxygen tents incubitors and oxygen rooms

A very stmilar apparatus 1s the Resp Ard mask It has advantages
similar to those mentioned above

Both the OL M and the Resp Ard apparitus are far more
sutted to theripy than 1s the B L B mash The flow of oxygen and

OXYGEN
INFLOW

L)

\J

Figure 53 Mechantsm of the air injector valve

the amount of ur myected should always be at least that necessary
to prevent collapse of the bag 1t the termination of the mspiratory
effort The dial over the mjector valve should be set at the oxygen
percentage desired and the flow of oxygen from the cylinder in
creased to 1 rate sufficient to keep the bag rather full

An important caution 1s needed It 1s posstble mn reassembling
the apparatus to reverse the positton of the valve between the mash
and bag In this position the bag does not £ill and tidal require
ments are not met properly

A disadvantage n the use of the above mentioned masks 1s that
when the njector valve ts employed a humidifying chamber must
be dlSanSEd with Pattents on whom the above apparatus 15 em
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Figure 54 Scott mask

ployed for long periods of time frequently show the dehydrating
effect of the dry oxygen on the mucous membranes of the upper
respiratory tract

(2) The Scott Mask (Figure 54) This apparatus 1s of the de
mand type 1n which oxygen 1s delivered to the mask through a
wide bore tube No bag for collection of oxygen or rebreathing 1s
employed Upon the creation of 2 shight degree of negative pres
sure within the system by the mtiation of nspiranon, an 1n
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vantage also 1n situations where 1t 15 necessary to nash out carbon
droxide from confined areas This prinaple should be extended
for use 1n ovygen tents incubators and ovygen rooms

A very stmular apparatus 1s the Resp Aid mash It has advantages
sumular to those mentioned above

Both the OLM and the Resp Awd apparatus are far more
suited to therapy than is the B L B mask The flow of oxygen and

OXYGEN
INFLOW

L

Figure 53 Mechanism of the air injector valve

the amount of a1r mjected should always be at least that necessary
to prevent collapse of the bag at the termination of the mspiratory
effort The dial over the injector valve should be set at the oxygen
percentage desired and the flow of oxygen from the cylinder n
creased to a rate sufficient to keep the bag rather full

An 1mportant caution 1s needed It 1s posstble i reassembling
the apparatus to reverse the position of the valve between the mask
and bag In this position the bag does not fill wnd udal require
ments are not met properly

A disadvantage 1n the use of the above mentioned masks 1s that
when the mnjector valve 1s employed a humidifying chamber must
be dispensed with Patients on whom the above apparatus 1s em
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grdes may ciuse obstruction to Tespiration: A cinister of the agent
employed may be pliced between the msk nd collecting bag
Tius 1ppirtus 1s known 1s 1 to nd fro apparatus (Tgure 55)
Chemical absorption may be employed 1 crrewit  types of ap
pantus, n which exhaled gases re channeled by means of direc
tional valves through the chemical absorbent

Utlization of 1bsorption systems should be greater when econ
omy of opertion 1s smportant This may be especially true m the
use of helwm ovygen mustures Relatvely small flows of oxygen
are required once the atr within the system and the ptient s lungs

Yigure 55 To and Fro absorption apparatus

are washed out of nitrogen Very high oxygen concentrations
cin be obtamed It must be noted that chemical absorption of
carbon dioxide by the above agents 1s not complete As much as
o5 per cent carbon dioxide may nccumulate i the bag This,
however compnres favorably with the 2 to g per cent which may
1ccumulate in the B L B apparatus

The soda lnme camister should be renewed every two hours The
caruster removed should be allowed to rest for a period of hours
It can then be re used to a total of not more than five to six hours
per pound A pound of baralyme may be used continuously for
not more than five to six hours

Oxygen should be delivered at a rate of 4 to 6 liters per mm
ute for about 10 minutes and 1t may then be dropped to 1 to =2
Iiters per miute In tight fitting systems even at this low flow 8o
10 9o per cent oxygen mixtures may be obtainecd

An advantage of absorption systems 15 the high humidification
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stantancous flow of oxygen 1s delivered to the mask The creation
of 1 negative pressure of o 65 millimeter of mercury produces a
mass flow of 10 liters per minute A negitive pressure of 084
millimeter of mercury results in a flow of 40 liters per minute
With the creation of a negtive pressure of 1 58 millimeters of
mercury there results a mass flow of 80 liters per minute The
flow can even be greater with increased negative pressures Be
cause of this nearly all mstintaneous flow requirements can be
met The necessity however, for the creation of negative pressures
may be harmful m the presence of obstructive dyspnet pulmonary
edema and like condiions An auxilirry flow control creates a
shight positive pressure tn the system and the crcation of 2 negatne
pressure 1s not necessary then to open the demand vahe The
manuil control feature of the auxihary flow mechanism re
quires the cooperation of the pauent or the presence of 1n at
tendmt Expired gises lenve through 1 stusfactory exhalanon
valve
A demand type 1pparatus should be employed when very high
oxygen concentritions arc required provided the patient 1s not
dyspneic Such apparatus can delinver higher perceninges more sat
wsfactorily than can any previously menttoned mask type ip
pratus Here too a note of ciution 1s needed Because of the
danger of oxygen poisoning this type of equipment should be
employed only for such periods 1s are absolutely required Tt 15
not recommended that the Scott mask be used over long pertods of
ume also becruse of the constant need for some degree of negatrie
pressure to initiate the gas stream Here too the 1pparatus 1s not
employed with a humidifying chamber and the patient should be
watched for dehydration of the mucous membranes of the pharynx
and upper respiratory tree

¢ Absorption

Oxygen cn be given by mask 1n the use of which the exhaled
carbon dioxide 15 chemically absorbed Chemical absorbents for
this purpose 1re employed widely in anesthesta The agents most
commonly utihzed for this purpose are soda me and baralyme
When soda lime 1s used 1t should be of four to eight mesh Finer
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negative pressure within the pulmonary tree, nd this will tend
to produce pulmonuy edemn

2) Pressure during the expiratory phase of respiration

(a) Method of Plesch An culy apparitus was devised by
] Plesch for the treatment of pulmonary edema This apparatus

Figure 56 OEM posune pressure mask Lressure 1s created during ex
prratory phase by exhaling against the resistance of 1 column of water

consisted of a mask fitted with a water manometer 1nd an ex
Ppiratory valve exertmg a pressure that can be vaned for altering
the tension of a spring Through 2nother openmg m the mask :
motor blower delivers more than enough ur for respiration The
tenston exerted by the spring on the expiratory valve 1s usually
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of the breathed atmosphere A dtsadvintage may be the increased
temperature of the breathed atmosphere because of the chemrcal
mteraction between carbon dioxide and the 1bsorbent

d TPositive Pressure

The intrapulmonary pressure may be increased for resuscitation
purposes or for the treatment of disease Such imncrease 1n mtra
pulmonary pressure may be produced during any of the phases of
respiration or throughout the entire respiratory cycle At present
there 1s no general tgreement as to the phase of the respiratory
cvcle i which such an increase should be effected It does seem
clear, however that an increwsed mtripulmonary pressure exerts
a direct opposing force on the pulmonary capillaries wnd will
counteract to some degree the elevated hydrostatic pressure pres
ent within the capillaries m pulmonary disease, notably m pul
monary edema

Such increased pressure further serves to retard the entrance of
blood nto the right heart with a consequent reduction of blood 1n
the lung An ncreased ntrapulmonary pressure may be of value
1n mantaining a greater patency of the tracheobronchial tree

1) Increased pressure during the mnsprratory cycle Increase of
the itrapulmonary pressure durmng this phase of respiration alone
15 primarily employed 1n resuscitation endeas ors by means of such
apparatus as the Pneumatic Balance Resuscitator and will be con
sidered under the sectton on Resuscitation Increased pressure
during the inspiratory phase however may be of value 1n some
medical conditions such as obstructive dyspnea Bicherman et al
(65) determuned that In the control of obstructive dyspnea due
to laryngenl obstruction or to asthma pressure during mspiration
provided erther by continuous or mspiratory pressure breathing
was clinically more valuable than expiritory pressure breathing
alone

It must be remembered however that such appratus as the
Pneumatic Balance Resuscitator may not have the high flow rate
which may be required at any moment by the dyspneic individual
If the apparatus cannot deliver instantaneously the volume re
qmred by the patient there will be 1 short pertod of herghtened
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ment of pulmonary or arculatory disease 1s of atself 1 real ad
vantage

Barach extendcd the use of the O L M meter mask appanitus to
accomphsh the desired purpose by much the syme means as did
Campbell 1nd Poulton (Igure 56) The exhaled gas from the
expiratory valve 1s giuded by means of 1 tube below the surfice
of water Here too the length of tubmng below the surface of the
water controls the amount of resistince to overcome by exhilation
thus mcreasmg mtripulmonary pressure

(c) O LM Posttrve Pressure Mash Increase m pressure within
the pulmonary tree by this apparttus 1s developed by requirmg
the patient to exhale through 1 clioked orifice (Figure 57) A disc
with varied orifices 1s placed 1bove the expiratory valve Wath the
largest port over the communication from the expiratory valve
there 1s mimimal resistance As smaller ports are rotated nto place
over the opeming 1bove the expiratory valve one may theoretically
obtain pressures of one centimeter two centimeters three centi
meters or four centimeters of water One should not 1lways place
full dependence upon the fact that pressures will be butlt np
within the mask to correspond with the reading over the port
Factors which prevent such pressure from bemg developed are
lealage about the face mask nadequate flow of oxygen and a
small udal exchange

Motley et al (282) report 1 case where the O E M apparatus
above described employing 100 per cent oxygen and three cent1
meters of water expiratory pressure failed to overcome pulmonary
edema Use of the Pnenmatic Balance Resuscitator
cleared the edema

(@) Anesthesia Machines A few of the modern machmes em
ployed for anesthesia have a very well calibrated relief valve
Weights of varying size may be placed oser the spill salve These
machines employ absorption methods for the removal of carbon
dioxide With a tight fitting mask and a flow of oxygen sufficiently
great to raise the required weight during expiration mcreased
intrapulmonary pressures can be developed accuratels

3) Pressure throughout the entire resprratory cycle (Continuous
Posive Pressure Breathing) Increased positive pressure through
the entire respiratory cycle can be accomplished on some models

however
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set so that exptration can only take plice at a pressure of go centt
meters of water

(b) Method of Campbell and Poulton (86) These authors de
scribe a simple apparatus It consists of 1 face mask with two
respiratory openings one connected with a motor blower and
the other with a tube that can be lowered beneath water in a t1ll
bottle Excess of air 1s supplied to the mask from the blower 1nd

Boole LT A

Figure 57 OEM positne pressure mask Pressure ts created durinmg €X
piratory phase by exhaling through a choked onfice overlying the mash

bubbles off beneath the water so that the patient breathes under
a positnve pressure which can be regulated by altering the depth
of the tube beneath the water The possibtlity that 1n insuffi
cient volume of air to satisfy tidal needs may be suppled by the
above means may be a real objection to the development of mntra
pulmonary pressure by the use of air admimstered by motor
blower

The use of compressed oxygen for this purpose 1s more fre
quently employed today for the added use of oxygen i the treat
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be sufficient not only to overcome the benefits which might be
obtained from the mcreased intrapulmonary pressure, but even to
increase the underlying pulmonary edemn

Onc cannot leave 2 considerttion of methods of increasing intrn
pulmonary pressures without notung that such incretses may hne
a deleterious cffect on circulrtion The hizards of increased pres
sure during the mnspiratory versus the expiritory phase or through
the entire respiratory cycle Are to be considered 1n the section on
Resuscitation  Added to the cffects of incrensed pressure on ar
culition 1s the known hazard of cirbon diovide retention, par
ucularly when pressures are muntuned during the complete cycle

Because of the circulatory effects of positive pressure therapy
one should admimster 1t very cautiously 1 the presence of shock
wherem the venous return to the heart 1s retirded If peripherl
arculatory fulure 1s suspected or present positive pressure ther
1py should be employed only with careful attention to the blood
pressure Should ~ f1ll of blood pressure greater than 10 millime
ters of mercury occur, this form of treatment should be discon
tinued

When employing positive pressure therapy 1n the presence of
pulmonary edema one should begin with a pressure of about 5
centimeters of water pressure, ind then gradually lower 1t to one
centimeter of water One should hesttate to use a pressure higher
than 4 to 6 centimeters of water pressure for anything except brief
periods for the higher the pressure employed the greater will be
the effect on circulation

3 HEAD HOODS
a Burgess Box

(1) Burgess Open Box Burgess et al (81) first described this
apparatus in 1932 Continued study was made by them (82 83)
The principle of use of this apparatus 1s based upon the fact that 1f
oxygen which 1s heavier than air 1s mtroduced mto a contamer
which 15 closed on all sides except the top 1t will accumulate and
high percentages can be obtamed Experimentally ovygen was ad
mitted three mches from the bottom on oppostte sides of an open
contamer Samples taken showed mcreasmg concentrations as one
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of the Connell gas machme The relief valve 1s set for the maxi
mum pressure which 1s considered safe for the individual and by
a umgque arrangement, \arying weiglts are placed upon the re
breathing bag The tidal exchange may be determined on a cah
brated strip

Another apparatus (I'gure 58) 1s designed to admunuster positive
pressure on either mspiration or expirition, mdependently or to
gether Pressure of 2 to 12 centimeters of water m1y be obtained

Figure 58 Contnuous positine pressure breathing tpparatus

These pressures are produced by weights on ndividual bellows
for inspiration and expiration Carbon dioxide accumulation can
be prevented only by large deltvery flows of the gases An myjector
meter 1s incorporated at the delivery gauge when using oxygen so
that various concentrations may be obtamned The njector meter
15 by passed when using helium oxygen mixtures

Whichever apparatus 1s employed 1t 1s necessary that the flow
of gases into the bag should be of such volume that the collecting
bag does not collapse near the terminauon of inspiration Were 1t
to collapse when using the O L M apparatus, the hesghtened nega
tive pressure developed to open the emergency air intake would
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children Whan wsed for mfanes and small cluldrer the  neck
piece cm he snugly fitted about the abdomen

In using this apparuus s the usc of oxygen tents, frequent
ovygen determimitions should be made Leaks are thus rexchly de
termuned I ks can be very much better controlled n this type of
apparitus than in the large ovygen tents

At low flows carbon dioxade may accumulate to as much 1s 2 or
3 per cent Because of this Burgess incorporited 1 soda lime con
tamer wto the apparitus Since currents of ur were not 1ctively
directed through the sodh hme carbon dioside absorption re
mawned meflicient With chuldren flows of § to 5 hters ind with
adults of 6 10 % Iters per minute 1re required 1o heep the carbon
dionide concentration at low levels

It 15 important to heep the sce contuner nearly full at all times
for efficient operation depends upon down currents of oxygen
mixed with ur

A very great advantage of this apparatus over the oxygen tents
15 that the chest ind 1bdomen of Adults recenving therapy by this
means may be exposed for examination A drinking tube may be
mserted through 1 sleeve like arringement A nurse may reach
over the top of the tent to feed or care for the patient s facial needs

An apparitus similar 1n appearance to the 1bove 1s sold by the
OEM Corporion The Ohio Chemical 1nd Mfg Co mwketsa
similar product under the naime Oxylator Inspection of com
mercial products said to serve as does the Burgess Box has re
vealed that they are not entirely satisfactory It has been found
difficult to mamtun satisiactory concentrations m some of these
The great mistake which has been made 1s that of not adequately
covering the ice chamber In one model the 1ce chamber 1s not
covered 1nd 1s a consequence downdrafts are created and room
air 1s sucked 1n

As above mentioned these hoods seem to be of espect1l value
to nfants who require oxygen Cairbon dioxide accumulation 1s
especially hazardous to children particularly those who are run
mnga fever A very satisfactory way to admimster oxygen to these
Ppatients 1n this hood 15 to use an mjector valve By mcreasing the

volume which enters the box the carbon diowide content can be
Kept at a mimmum
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approached the bottom of the contamer At a flow of 4 liters per
minute concentrations of 50 per cent and higher were obtained at
a point six mches above the floor of the box At greater flows
greater concentrations could be achreved

One side of the box was replaced with a plastic material with a
hole through which the patients head could be admitted to the

Figure 59 Burgess Box

box A sleeve like arrangement fitting snugly about the nech pre
vented leakage Two sides were replaced with clear plastic ma
tertal To prevent excess humidity and to allow for cooling a
covered 1ce chamber was placed within the box near the top and
oxygen was delivered mnto 1t The cooled nur carrying with it the
oxygen 1s carrted downward by currents The circulation thus
created mamtans comfortable conditions within the box The
mside of the box can be Lkept below room temperature and hu
midity The frame was then dispensed with and the entire ap
paratus except the ice box was made of plastic material which was
suspended from an overhead frame (Figure 59)

We have found this apparitus to be of very great value Patients
tolerate 1t very well It 1s especially suited for nfants and young
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It must be re emphasized that denitrogenization by the usc of
100 per cent onygen should not replice mtestinnl intubation for
the treatment of paralyuc tleus It should be employed m 1dditron
to this latter means Results to be obtuned from the use of the
method 1lone however, are occasionally spccmcuhr

Figure 6o Oxygen tent 1ce cooled

4 TENTS

Large canopues can be placed about the patient m attempts to
confine increased oxygen concentration In so doing 1t 1s essential
that means are ncorporated for efficient oxygen dehvery, cooling
and dehumidification

Oxygen delivery must be rapid to reach a desired concentration
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Denton (118) adapted a Burgess Box for infants Instead of hav
mg the opening tied around the youngster s abdomen, he put the
mfant entirely within the Burgess Box and drew the drawstring
tight and placed the entire apparatus nside the babys crib By
closing off the drawstring entirely, he was 1ble to improve the per
centage of oxygen n the apparatus Where a 6 Inter flow origmally
yielded a mixture of 32 to 38 per cent oxygen closing off the
opening elevated the concentrations to 62 to 42 per cent oxygen
The use of the box m this fashion 15 of advantage, since the infant
can be easily cared for He can be kept 1n the tent duning feedings
nursing care and physical examination

(2) Burgess Closed Box Following the work of Tine et al (156)
as previously mentioned m the section on Denttrogemzation 1t
was evident that high concentrations of oxygen had considerable
merit for this purpose Burgess (80) described an adaptation of his
open box method By placing a cover over the open box 1t was pos
sible by large flows of oxygen to achieve a concentration of 95 per
cent A spill valve need not be employed for 1t 1s better to have the
oxygen Jleak outwards wherever leaks m1y develop

The ughtly closed container increases the possibility of carbon
dioxide accumulation Saklad and Burgess (323) employed the
principle of chemical absorption of carbon dioxide An mjector
valve was placed at the reducing valve The tubing carrying the
oxygen was admutted to the usual position on the Burgess Box
Gases were sucked back imnto the injector through a cylinder of
soda lime This circulation carried the carhon dioxide mnto the
chamber where 1t was absorbed The carbon dioxide free atmos
phere was then re crculated mto the closed box The negative
pressure created by the above mentioned 1njector valve at varrous
flows of oxygen was sufficient to guarantee free circulation

The patient 15 placed n the apparatus with even more than
ordinary care to prevent leaks A flow of 12 Iiters per mmute 1s
started and mamtuned until the desired concentration 1s ob
tamned The oxygen dehivery may then be reduced to 6 to 8 Iiters
per munute Careful and frequent oxygen determnation should be
made

Barach (g3) described the use of an mnjector meter based on the
above prmciple for enclosed head hoods
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tion of the mhaled oxygen tmosphere to that of the room A p1
tient m need of ovygen should not be evposed to such acute
changes The respiritory nd arculitory response to sudden
changes 1re undesirble
Cooling d dehumidification tre dependent upon efficient cir
cultion through 1 cooling chamber Circulrtion may be produced
by 1 motor blower or by thermnl circuliion Cooling may be by
ice (Tigure Go) or by clectric refrigeration (Tigure 61) An ad
vantage of the use of the tent 1s the possibility of mantamning cool
atmospheres It h1s been shown experimentally that cooling of the
body ncreses the ability to withstand oxygen Iack by decreasing
ovygen requirement
An mteresting 1nd valuable use of the ovygen tent 15 1n condi
tions wherein pollen filtration ymght be of value 1s in patients
suffering from 1sthma The tent provides 1 very sausfactory, ur
conditioned pollen free 1tmosphere
Tents have distinct disadvantages (31) Since the average adult
gives off approximately 250 cubic centimeters of carbon dioxide
per minute 1t 15 necessiry for the amount of oxygen delivered mto
the tent to be on the order of 25 liters per minute to Lkeep the
concentration of carbon dioxide to less than 1 per cent n the 1n
haled atmosphere Such 1 delivery of flow cannot be muntained
by the average reducing valve on the market and to do so would
be wasteful of oxygen
Barach (34) 15 convinced that a tent that mantains 50 per cent
oxygen ata flow of 8 liters per minute 1s not operating satisfactorily
as the carbon dioxide concentration must necessarily be above 1
per cent His argument 1s sound and all efforts should be made to
\eep the carbon dioxide concentration down We have m the past
been told that the hazard of carbon diowide accumulation mn tents
Is not great since carbon dioxide 15 said to diffuse through the
rubber walls much more rapidly than does the oxygen or nitrogen
that 1s 1n the tent Dr Barach s point however 1s well taken and
z:lcy emphasizes agam that those engaged 1n oxygen therapy should
onstantly aware of the hazard of carbon dioxide accumulation
Oxygen therapy by tents can be of value only 1f the nursing at
::r:am 1s aware of the many details necessary to maintain proper
perature and oxygen concentration Since the danger of lexk
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It 15 extremely difficult if not sometimes rmpossible, to muntain
satisfactory oxygen tensions because of the great tendency for leak
age The flow of oxygen should be mamtained at high levels to
compensate for such leakage nd to wash out carbon dioxide Con
servation of the flow of oxygen by utithzing chemical absorption of

.
—
i bmgenme = E
e

Figure 61 Oxygen tent electrically cooled

carbon dioxide 1s not satisfactory since low flows will not compen
sate for oxygen lost by leakage

It 15 very difficult to maintun sausfactory oxygen tenston for
adequate periods m the tent Examination fecding or care of the
patient s physical needs mean a reduction 1n the oxygen concentra
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tion of the mhaled oxygen wmosphere to that of the room A p1
tient m need of ovygen should not be esposed to such acute
changes The respiratory and circultory response to sudden
changes 1re undesirble

Cooling 1nd dehunudification 1re dependent upon efficient ar
culation through 1 cooling chamber Circulation m1y be produced
by a motor blower or by thermal airculation Cooling m1y be by
1ce (Digure Go) or by electric refrigeritton (Tgure 61) An ad
vantage of the use of the tent 1s the possibility of muntaming cool
atmospheres It has been shown experimentally that cooling of the
body 1ncreases the ability to withstand oxygen lack by decreasing
ovigen requirement

An mteresting ind valuable use of the ovygen tent 1s m condt
tions wheremn pollen filtritton nught be of value 1s in patients
suffering from asthmt The tent provides 1 very sausfrctory, air
conditioned pollen free atmosphere

Tents have disunct disadvantages (31) Since the 1verage adult
gnes off approsimately 250 cubic centimeters of carbon diowide
per minute 1t 1s necessary for the 1mount of oxygen delivered into
the tent to be on the order of 25 liters per minute to keep the
concentration of cirbon dioxide to Jess than 1 per cent 1n the in
haled atmosphere Such a delivery of flow cannot be maintained
by the averige reducing valve on the market and to do so would
be wasteful of oxygen

Barach (34) 1s convinced that a tent that mamtuns 50 per cent
oxygen at a flow of 8 liters per minute 1s not operating satisfactorily
15 the carbon dioxide concentration must necessarily be above 1
per cent His argument 1s sound and all efforts should be made to
keep the carbon dioxide concentration down We have 1n the past
been told that the hazard of carbon dioxide accumulation 1n tents
Is not great since carbon diovide 1s said to diffuse through the
rubber walls much more rapidly than does the oxygen or nitrogen
that 1s 1n the tent Dr Barach s point however 1s well taken and
only emphasizes again that those engaged 1n oxygen therapy should
be constantly aware of the hazard of carbon dioxtde accumulation

Oxygen therapy by tents can be of value only 1f the nursing at
tendant 1s aware of the many details necessary to maintarn proper
temperature and oxygen concentration Since the danger of leak
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1ge 15 s0 great no tent should ever b employed without frequent
analysis of the oxygen content 1nd a bedside record of such find
ings kept The plastic matenial should be closely tucked 1n under
the mattress The tent should not be opened except for necessary
care of the pauent Should 1t be required 1t any time to enter the
tent or to remose the patient one should first shut off the motor
to conserve what ovygen there 1s 1 the refrigerating chamber
When the patient 1s retutrned to the tent the motor s turned on
again and oxygen at 15 liters per mmnute administered for 20 mm
utes This 1s followed by a muntenance flow of 10 to 12 Irters per
mmute and will give approximately a 50 per cent mnture i the
tent

5 O\YGEN CHA\IBERS

a Ovygen Rooms

An ovygen room ts by far the most comfortable means of ovygen
adminsstration from the patient s viewpomt This method 1s espe
cially valuable 1f oxygen theripy 1s necessary or desirable over long
periods of ume Although many newer methods have particular
mdications for specific conditions this method of therapy should
be seriously considered mn new hospial construction or n those
older institutions where halation therapy 1s properly admnts
tered

Barwch (22) devised nd employed 1 portible ovygen room
which can be nstalled i a patient s home This form of oxygen
room 1s an espinded oxygen tent with rigid walls The 1ctual need
for such equipment ts probably small

Permanent mstallation of such rooms have been described (27
28 67) For efficiency and safety several desiderat: must be sought
‘The room 1tself should be arright so that satisfactory ovygen per
centages may be reached and mamtained The room should have
two well fitting doors with specal loching de ices for tight closure
One door should be wide enough to allow entrance of a bed The
second door should be smaller for the use of attending personnel
The smaller door should give admussion through an ~ur lock or be
covered on the wmside by a special curtam to prevent dilution of
the atmosphere of the chamber The door should have a pamc
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bolt mechimsm for 119pid openmg from the mside Tood nd
drugs should be passed nto the chamber through 1 small aur lock

As 1 safety precaution the mside of the room should be cither
not punted, or punted with fireproof maternl Automatic sprink
jer heads should be built into the caaling The contents of the
room should be 1s nearly fireprool 1s possible There should be no
electrical equipment or outlets of any hind 1n the room No electn:
cal c1ll bells or switches should be used A cll cord through 1
tight fiting connection m1y be instatled to ning a bell outside the
umt No matches cigarettes or eigarette highters should be allowed
i the room nd patents and attendants should be nstructed s
to thus The room should be highted from the outside through
glass panels

Oxygen supply should be from outside the chamber preferibly
from a double bank of cylinders with n automatic valve so ar
ranged that when the pressure within one bank drops to 50 pounds
the other bank begins to function Samples for 1nalysis of oxygen
and carbon dioxide contents should be taken through a sympling
tube 1n the wall of the room

Temperature control circulition 1nd dehumdification are spe
cial problems 1n such 1 umt Binger (6%7) circulates the ur by
means of a pump outside the room Air 1s sucked from the room
through ducts by a fan and then driven through 1 cooling and de
humidification unit and then back into the room The shaft of the
fan 15 carried from the wall of the duct system through an artight
stuffing box to the motor

Barach (27) recommends temperature control and dehumidifica
tion by means of thermal circulation On one side of the room 1s
built a bank of pipes through which brine circulates On the other
side of the room 15 1 radiator Adequate circulation 15 achieved by
the cool air dropping and the warm air rising The moisture in the
air condenses on the brine pipes and 15 collected 1n a catch pan By
this means the room can be dehumidified and the temperature
hept satisfactory
Bl:gh:rrisrt;n]lj;lsns the problem of carbon dioxide accumnlation
Systom :rbon (;::]iol:"ipo:ated soda }I,lme contamners into the duct
25 posible The o e P;xswn 1n the room should be kept as low

ygen dehivery into the room should be great
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for 1t has 2 two fold function (1) To muntun the desired oxygen
concentrition and (2) to wash out carbon diovide

Taran 1nd Szlagyr (368) hept chuldren with acute rheumatic
carditis tn n oxygen room for from 2 { hours to (o wecks with an
werage of 12 weeks ime The oxygen concentration was hept be
tween 45 to ro per cent Twenty four of the 44 chuldren treated
showed dcfinite clinical nnprovement 7s 1 result of oxygen theripy
Seventeen were not benefited Most of this latter group were ad
vanced cardines with long standing cardits and evidence of heart
fulure Three children did not tolerate the therapy well They
were 21l the bronchitic type of theumtic eardins The ovygen
chamber scemcd to aggrivate their respiratory condition

All the children who showcd climical improvement had 1 signifi
cnt fll in temperature This improvement ppeared within the
first .4 hours i 18 of the 2 prtients in this group Twenty of this
group showed immedite improvement m respirition with slow
g of rite nd relief of dyspnen Twenty two guned weight 1t 1
greater rte than 2 sumlar group would have outside the chamber
Appette mmproved n 11l children who tolerited the chamber as
did complexion 1nd behvior

The ~uthors state that although ¢stablished cardrac damage
cnnot be reversed by oxygen theiapy such therapy reduces sig
ntficantly the functional cardiac disability associited with acute
cardinis and fusorbly affects the clinical symptomatology toward
more complete recovery

The same authors studied 15 1epresentative cases of acute rheu
macte carditis (369) All of these patients showed 1 return of the
QT T Q ratio 1n the direction of norm1l when oxygen therapy
was instituted They behieve  that improvement 1n the functronal
cardiac distbility of acute carditis observed mn oxygen therapy may
prevent further cardiac dimage during the acute phase of carditis

b IXocubators

For many years 1t has been customary to place premature infints
and the newborn whose general condition 1s not good 1n cu
bators An example of such an apparatus 1s shown in Figure 62 In
such equipment temperature and humudity control are relatriely
easy to obtain More recently the endeavor has been to increase the
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Figure 62 Infant incubator



206 Inhalation Therapy and Resuscilation

oxygen percentage withm the mcubator To do this, manufactur
ers huve found 1t necessary to make the 1pparitus more nearly
leakproof Because of this feature the generally unrecogmized haz
ard of carbon dionide 2ccumulrtion 1s ever present The manu
facturers have recommendcd msufficient flows of oxygen The ox
ygen delivery should not only ruse the percentage of oxygen
within the chamber but should serve 1lso to wash out any carbon
diowide which may hase wccumulrted There 1s no reason why our
expernience with other forms of closed systems should not be 1p-
phied to mncubators The adult when exposed to inadequate tem
perature control deficient oxygen adminstrition or carbon diox
1de 1ccumulition may become estless or indeed my fight to get
out of the unit The baby cinnot protest to the sume degree When
ever the youngster 1s kept 1n 1 confined 1tmosphere the flow of
ovygen should be hept at 2 flow greater than that necessiry to gne
the desired oxygen concentrition Here too, one should take ad
santage of the 1njector valve to increase the flow of gases into the
chamber Oxygen determmations should be made frequently

Most mcubntors are heated and therr humidity 1s controlled by
electricity Some umits have motor driven pumps for arculating
air through the apparatus One should be positive that the appa
ratus 1s free of any fire hizard Before using ovygen 1n any such
equipment one should be certain that 1ll heating elements light
bulbs switches witing etc are properly nstalled

6 LQUALIZING PRESSURE CHAMBER

Thunberg 1n 1926 (376), developed ?  barospirator wherem
patients completely enclosed were subjected to an alternating m
crease 1n pressure on the order of one sixth of an atmosphere 25
times per minute This mcrease 1n pressure 1s equrvalent to the
delwvery within the lungs of approximately soo0 cubic centimeters
of air Barach (24) showed that pressures so admnistered did not
maintain a normal arten1l oxygen tension and cirbon diovde
elimmnation The resistance offered by the tracheobronchial tree
so delayed the transfer of pressure within the chest cage that the
external pressure caused the thorax to become compressed (25 30)
To obviate this delay an apparatus (Figures 63 and 64) was so built
that the pressure applied about the outside of the lower part of the
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body wis dedryed by 1 bafile plite and by 1 dsffacnunl pressure
about the herd By alterttion of the degree of baflling and the dif
ferentnl pressure the chost could be hept stationy and arter1)
orygen nd cubon dionade hept withm norml ringe The degree
of differentil pressure 1bout the head 1s about 5 nullimeters of
mercury

As ongimnlly designed the appartus crented alterniting post
tnve and negatnve pressure of 53 millimeters of mercury By cire

,(Jprr;- B
et

Figure 63 Equalizing pressure chamber (Lung ¥mmobilizer)

ful lteration of the degree of baffling these varations m pressure
were found to limit chest expansion completely In apparatus now
beimng developed the pressures are alternated from —120 cent1
meters of water to ~2 centimeters of water Here too satisfactory
fixation of the chest wall can be obtamed In the former apparatus
because of the required compression of gases 1n the posttive phase
heat 15 generated within the apparatus Because of this a refrigerat
ing unit 15 incorporated to heep the temperatures at a comfortable
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AIR ENTERS LUNG
NO CHEST MOVEMENT

POSITIVE
PRESSURE

AIR LEAVES LUNG
NO CHEST MOVEMENT
700 l 708

NEGATIVE
PRESSURE

Figure 64 Prinuple of equalizng chamber

range No refrigeration 1s requured 1n the apparatus which employs
negative pressure only since there 1s no compression of gases and
no heat generation

Resistance offered by the tracheobronchial tree which requires
an increase over that ordinartly found necessary 1n the differential
pressure between the head and body portions of the chamber, 1s
found n bronchial asthma pulmonary emphysema and pulmo
nary fibrosis
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During trextment car discomfort may 1ppear One pauent 1n
Barach s series had ear pun and discharge after 10 dvys of treat
ment

Since effort n the trertment of pulmonary tuberculosis 1s in the
direction of resting that portion of the lung so involved, Barach
rewsoned that 1 good rest m1y be obtuned by use of the equilizing
chamber In this apprratus he treated pattents who were 1n ad
vanced states of the disease Within the first and second weeks a
drop 1n temperature 1nd pulse rite 1ppeared Between four to six
weeks after treatment was begun there appeared 2 decrease
cough and expectorition The majorsty of patients exhibited an
increase in weight X riy evidence of improsement was noticed at
the end of the second or third month of treatment

Some patients were treated eight to 10 hours a day ind some for
six full days out of exch weekh with time out of the chamber only
for meals and bodily needs The first few times the patient 1s
placed n the chamber he must be coached to allow the apparatus
to breathe for him Once he has been accustomed to the ma
chine full physical and psychic relaxation occurs

Barach reports (g2) that of 12 cases of advanced bilateral and
moderately advanced pulmonary tuberculosis clmical recovery
took place 1n six-marhed improvement 1n one slight to moderate
temporary benefit in three and no change 1n two Eight were given
a single course of treatment of three to four months for eight to
eleven hours daily Three had two courses and one patient had
three courses of such therapy

Smce 1t 15 possible by differential pressure to mamtain the tho
rax safely m a fixed position this method of treatment would seem
to be indicated 1n several surgical conditions Patients with para
doxical respiration following removal of part of the chest wall or
due to injury would seemingly be benefited 1f similar results could

be obtamned with them It 1s hoped that such indications will be
considered and 1 estigated

7 EATRAPULMONARY ROUTES
By 1ts tutle this book should be limited to a consideration of the
lungs 1s an avenue for the admimistration of gases Several meth
ods however have been employed to admnister oxygen by routes
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other than by way of the lungs Oxygen has been njected tnto
body cavitses for 1ts local effects, and 1nto the vascular tree for its
systemic effects

a1 Local Lffects

Because of edema in localized infections there 1s interference
with blood flow through the part, with a localized Stagnant Hy
poxia To relieve this condition, oxygen has been injected nto
fected areas such as abscess cavities, and nto infected joints by
Rost (317) Barker (47) treated two cases of gas gingrene by oxygen
injectton 1nto the infected arer with apparently good results Rost
also mnjected oxygen 1nto the peritoneal cavity 1n the treatment of
tuberculous peritonitis This method was employed for the same
purpose by Grewal (181) tnd by Stem (36%)

Felsen (151) 1 the treatment of ulceritive colitss mnjected oxy
gen mto the rectum at a rate of 125 cubic centimeters per minute
until an amount of 2000 cubsc centimeters had been admmistered
He thought that the presence of oxygen n the rectum not only
mhibited the growth of anaerobic bacteria but made the mucous
membrane more capable of resisting infection

Barker (47) also used oxygen injections to improve the oxygen
uptake of non mfected tissue He recommended itracutaneous in
jection of oxygen into full thickness shin grafts in which blood
supply had not been well maintamned He also suggested 1ts use 1n
crush wnjuries wheremn the damaged tissues hnd oxygen mjected
mto them for the purpose of prolonging therr viabihty Guess
(187) employed subcutaneous oxygen 1n the treatment of certain
forms of prurtis am

The true value of oxygen injected mnto tissues for 1ts subcuta
neous local effect has not been fully determined There may be
some justification for hesitating to carry needles into mfected areas
Injection of oxygen under some of the above conditions may, how
ever beofvalue

b Systemic Effects

Inhalation therapy may not on occasion be efficactous because
the tidal exchange may not be great enough to carry oxygen n
suffictent volume to the alveoli or because 1 barrier has been set
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up by the presence of exudate preventing satisfactory transfer of
oxygen from the nhaled atmosphere to the blood

Oxygen 15 poorly absorbed by the gistromtestinal trct The
amount that can be taken up from the stomach 1s probably not
more than go cubic centimeters per hour {252) Mclver et al (270)
have shown that oxygen 15 1bsorbed about four times as rapidly by
the mucous membrine of the smnll mtestine as by that of the
stomach Such slow rates of absorption cannot be relied upon to be
of any therapeutic value

Attempts to mject oxygen subcutineously and 1ntravenously
have been made to satisfy the oxygen needs of the patient n hy
POXIC States

(1) Subcutaneous Bryew (51 52) recommended oxygen sub
cutaneously for mountain climbers and balloonists Wood (401)
found 1t advantageous to have oxygen injected mto himself before
arr trips Welsh (389) employed subcutaneous oxygen for resuscita
tion purposes n conditions such as asphyxia neonatorum, drown
mg carbon monoxide poisoning etc He found it of value i the
treatment of circulatory failure and shock

Campbell and Poulton (86) calculated that after the subcutane
ous mjection of poo cubic centimeters of oxygen the rate of ab
sorption was no greater than o 18 cubic centimeter per minute
Singh (356) believed that oxygen was not absorbed more rapidly
than o 6 to 1 2 cubic centimeters per minute In spite of the limited
absorption of oxygen from the tissues this method has been em
ployed by many Among others Simon (352 353) believes he ob
tamed good results by the subcutaneous use of oxygen mn clinical
practice

Smmpson and Barker (355) catried out a seres of experiments to
determine whether 1n hypoxic states the uptake 1s greater than
under normal circumstances or whether there are other beneficial
effects from the mjection of oxygen They concluded that there
was no supporting evidence that the uptake of injected oxygen
was sufficient to relieve oxygen want in the animal

(2) Intravenous Nysten (288) m 1811 mjected oxygen mtra
venously into dogs He found that moderate sized dogs could tole
rate up to 20 cubic centimeters at a time and by allowing three to
four minutes between Injections he could give a total of 100 to
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150 cubic centimeters without harm Above such volumes or if the
onygen were mjected more mpidly, gurghing sounds could be heard
from the chambers of the heart Bourne and Smuth (71) working
with dogs found thte oxygen grien 1n excess of o 75 cubrc centi
meter per hilo per minute produced dyspner due 1o embohsm
TFunnicliffe 1nd Stebbing (380) mjected 500 to 1000 cubic centt
meters of oxygen per hour with what they felt were good results
Singh and Shnh (357) noted that the signs ind symptoms of pul
monary embohsm 1 man were the syme s those m numals Singh
and Shah state that  m man about 10 to 2o cubic centimeters of
oxygen 1 minute e be admumistered imntrivenously this 1s 1bout
10 per cent of the bisal requirement This 1s the only method by
wlhich any considertble amount of oxygen ¢in be administered
by an extripulmonary rotite Tlus amount of ovygen does not ap
pear to be considerable bue strll 1 distinct clinictl tmprovement
follows 1ts idmnistration  Gaertner (162) 1n 1goz, gune oxygen
intrwvenously to dogs He found that 1t did not nterfere with ar
culation to the lungs Lmboli or bubbles of g1s were found m the
night ventricle but never 1n the lefe heart It was his belef that
danger symptoms cant be obyvinted by stopping the myection of ovy
gCﬂ
Zregler (402) duscuibed wn apparus for the intrsenous adming
trition of oxygen Cyanotic pruents he believes can be relieved
by this method with 1 drop m pulse rate and improvement of the
blood pressure On one occision following the intrayenous ad
munstracton of oxygen a comatose prtient become conscions One
patient with severe pulmonary edema was' entirely relieved after
12 hours following five hours of intrasenous rdmimstration of
oxygen He employed between 200 and oo cubnc centimeters per
hour He belicves that the presence of bubblma by auscultation
over the heart shows oxygen in the night side of the heart but the
left side of the hert has no oxygen which means to him that the
oxygen 15 1bsorbed before 1t reaches the left side of the heart He
feels that the hazard of oxygen embolism 15 not great because the
phenomena of air embolism are produced by nitrogen He gives as
contramndications to the use of mtravenous adminstration of oxy
gen advanced tuberculosis and emphysema because sn both con
ditions there 1s a marked dimmution mn the capacity of the vascu
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Jar bed of the lungs Markow et al (267) admumistered oxygen
ntrawvenously 1n amounts Mnging from 3000 to 22 030 cubic cent1
meters 1n one, two or three stages 1 1 series of mne cases of severe
and persistent bronchrl asthma usually after the onset of an at
tick Oxygen was adminstered mtrivenously 2t the rate of Goo
cubic centtmeters per hour Following such therapy the vital ca
pacitzes on all cises were mcresed from 3o to 8y per cent This
mncrease was muntuned mn five cses fter one month, nd 1n one
case after three months In 11l cises there was some degree of 1m
mediate relief of clinical symptoms appetring withm five minutes
to two hours after the beginning of theripy This was evidenced
by a defimite lessening of dyspnet wheezing respiration and respt
ratory effort

Sanders and Isoe (326) 2ttempted to determine the efficicy of
oxygen given mtruenously to four conscious patents They con
firmed the work of Grodins Ivy and others (185) They demon
strated a fall m the oxygen saturtion of the arterial bloed follow
mg such admnistration Thus fall 1n saturation was due to gaseous
pulmonary embolism for only a very small part of the gas 1s ab
sorbed 1nto the blood during the passige of the gas through the
systemic vems heart and pulmonary trteries Absorption 1s de
Inyed because only 1 very small surface of the gs 1s exposed to the
blood column of the vessels The creation of embol: 1s not without
significance particularly since the rate of disappearance of the gas
15 extremely slow and these bubbles might be large enough to oc
clude smaller pulmonary arteries or at least occlude the arterroles
Therr subjects exhibited chest pain cough and restlessness Some
perspired profusely and had a shghtly mcreased respiratory rate
That a systemic hypoxia occurred 1s evidenced by the following
(1) symptoms of cerebral hypoxia occurred mn one patient They
consisted of aphasia facral paralysis and clonrc contractions of his
upper extremities (2) Symptoms of myocardial hypoxia occurred
1n another patent and consisted of precordnl pain (3) Changes 1n
electrocardiographic tracings occurred mn the two patients on
whom they were taken These changes were 1n the T waves and the
$ T segments and are comparable with those occurring 1n the oxy
gen deprivation test for angina pectoris

The hypoxema 1s due to pulmonary occlusion Pulmonary em
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150 cubic centimeters without harm Above such volumes or if the
ovygen were injected more rpidly, gurgling sounds could be heard
from the chambers of the heart Bourne and Snuth (71) working
with dogs found tht onygen given in excess of o075 cubic centt
meter per hilo per minute produced dyspnet due to embolism
Tunnichife wnd Stebbing (380) mjected 500 to 1000 cubic centt
meters of oxygen per hour with what they felt were good results
Singh nd Shah (357) noted that the signs 1nd symptoms of pul
monary embolism m man were the syme s those 1 ammals Singh
and Shah state that 10 man about 10 to 2o cubic centimeters of
ovygen 1 minute can be admimstered mtravenously  this 1s 1hout
10 per cent of the brsal requirement Tius 1s the only method by
which 1ny constdertble 1mount of ovygen cin be admimnstered
by an extripulmontry route This 1mount of oxygen does not ap
pear to be considerible but stall 1 distinct chinieal improvement
follows 1ts rdmunistration  Gaertner (162), i 1902 gave oxygen
mtravenously to dogs He found that 1t did not interfere with ar
culation to the lungs Emboli or bubbles of g1s were found 1n the
right ventricle but never in the left heart It was lus behef that
danger symptoms can be obviated by stopping the mjection of oxy
gen

71egler (402) described in apparatus for the ingrivenous admunis
tration of oxygen Cyanotic patients he believes cin be relieved
by thus method with 1 drop 1n pulse rate and improvement of the
blood pressure On one occasion followng the intrasvenous 1d
minstration of oxygen a comatose patient become conscrous One
patient with severe pulmonary edema \\as'cmxrely relieved after
12 hours following five hours of intravenous administration of
oxygen He employed between 200 and Goo cubic centimeters per
hour He believes that the presence of bubbhﬁg by auscultation
over the heart shows oxygen n the right side of the heart but the
left side of the heart has no oxygen which means to him that the
oxygen 1s absorbed before 1t reaches the left side of the heart He
feels that the hazard of oxygen embolism 1s not great because the
phenomena of air embolism are produced by nitrogen He gives as
contraindications to the use of intravenous admmuistration of oxy
gen advanced tuberculosts and emphysema because 1n both con
ditions there 1s 2 marked dimimnution 1n the capacity of the vascu
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bolism m1y set up 1 reflex visospasm and possibly bronchospasm
with a further qugmentation of the hypoxit The cvidence that
this reflex spasm occurs 1s suggested by the following (1) The oc
currence of vagal sumulation This might be explamed by the lack
of the incresed pulse rite 1n spite of the presence of hypova (2)
That sympathetic stimulation occurs 1s evidenced by 11l of the first
four patients displaying marked profuse perspiration ‘The amount
of oxygen absorbed by the venous blood from the time of its mtro
duction 1nto the vewn until 1ts passage to the smaller pulmonary
artenies 15 nsignificant Too the giseous pulmonary embolism
causes a decreased pulmonary crrculation, artertal hypoxemia and
systemic hypoxin In s present status the vilue of intravenous oxy
gen 1s a therapeutic measure 1s questionable and beciuse of pul
monary embolism the procedure 15 definitely hazardous

(3) Intriarterzal To woid the possibility of pulmonary embo
hism, oxygen has been mjected mtrr arternlly in the hope that the
ovygen may be picked up by the capillaries of the imb An mnsuf
ficient amount of work has been done on this 1spect to warrant any
conclustons

I METHODS FOR O\LYGEN ANAL}XSIS

Badger (17) recommended 1 solution of copper ammontum chlo-
ride as a Teagent for oxygen anilysis Thns solution consssts of equal
amounts of water and concentrated ammonium hydroxide (28 per
cent) saturated with "mmonium chloride 1n the presence of 2
copper screen Figure 65 shows an apparatus devised to employ this
agent A very simple one and one which may be home made was
recommended by Andrews and Roth (10)

There has been wntroduced recently a method for analynung
ozygen which 1s very accurate simple ind constant Pauling, Wood
and Sturdivant (295) devised a simple wnd effective instrument for
determning the partial pressure of oxygen 1n a gas (Figure 66) It
1s based on the principle that oxygen 1s paramagnetic and thus this
method can only be accurate 1n the absence of other paramagnetic
gases such as mitric oxide mitrogen dioxide and chlorine dioxide
Since these gases are unlikely to be present 1n an atmosphere in
which therapy 1s administered one could conclude that any read
ing obtamed would be due to the presence of oxygen As the unit
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double scile cahibrited sn mulluneters of mercury parund pressure
and percentage of oxygen concentrition

Attached to the back of the mstrument 1s 1 glass cylinder con
tamnmg silicr gel of the mndicator type When the hand bulb 1s
squeezed the gas to be sampled 1s drawn through the silica gel and
1ts morstire removed The gas then passes by diffusion into the
analysis chamber The silict gel mn the glass cyhinder should be
blue 1 color When 1t turns pink 1t indicates that the contents of
the cylinder must be replced or remov ed and dried Reheating
will restore the silic gel to 1ts original color 1nd water adsorption
effictency The operttion of the meter 15 sunple the technician
sunply squeezes the hnd bulb four or five times to get a true
sample of the tent or hood atmosphere then places the mstrument
ona Aat surface presses the button and takes the reading when the
light beam comes to rest

The apparatus measures the oxygen partial pressure of the gas
sample trinshting the measurement mnto percentage of oxygen on
the mdicatmg scale The scale 15 cahibrated m both oxygen per
centage and oxygen partial pressure The reading 1s accurate only
at sea lesel since 1 decrease m pressure causes a decrease 1n scale
reading For example if a reading of 50 per cent 1s obtained at an
alutude of 5 ooo feet above sea level the actual percentage of oxy
gen m the sample will be 60 per cent A comversion table Table

10 15 thus necessary when employing this apparatus at hugher altt
tudes

TABLE 10
Conzersion table for oxygen analyzer (paramagnetic gas principle)

Instrument detual Instrument Actual
Altitude Reading Percentage Readin, Percentage
{Sea Lesel) 209 209 500 50
1 000 202 209 484 50
” 000 195 209 468 50
3 000 188 209 451 50
4 000 18 209 434 50
5 000 174 209 416 50
b ooo 166 209 399 50
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volume of oxygen being 1 puamgnetic gas, 1s mereased, its par
tial pressure 1s tncreised  causing 1 proportionttely stronger mag
netic force To mesure the change m this force the oxygen in the
chamber diffuses nto 1 unit which has 1 test body constsung of a
small glss dumbbell contanimg an nert gas The dumbbell ind a
small reflecting mirror are attached to 2 silica fiber suspended in a

Figure 06 Oxygen analyzer uulizing paramagnetic
gas principle

magnetic field The magnetic field 1s produced by 2 permanent
horseshoe magnet As the parual pressure of the oxygen vares the
dumbbell rotates in the inhomogenous magnetic field An electri
cal unit consisting of two flashlight battertes a flashhight bulb a
Light beam projector 1nd the switch 15 enclosed in the back of the
mstrument Pressure on the button of the mstrument closes a cir
cuit which casts a light beam on the murror attached to the rotating
dumbbell This beam wlnch indicates the degree of rotation of the
dumbbell assembly s throuwn back upon a mirror which 1n turn
reflects 1t upon the sc1le on the front of the nstrument This 15 a
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essential that entrance of r, ur 1nd oxygen, or ovygen alone,
which 15 to get to the lungs be not obstructed Thus, of course,
means the establishment of 4 satisfactory airway The gas that 1s
suched m by the creation of 1 negative intripulmonary pressure
or forced 1n because of 1n increse m atmospheric pressure should
be 1 satisfactory volume to supply oxygen requirements The
lungs should be shtisfactorily emptied so that excess carbon dioxide
can be eliminated A near normnl tid1l exchange 15 therefore abso
lutely necessiry

The maneus ers wnd gas pressures employed should not be harm
ful to the pauent Circutrtion should not be himpered or 1m
peded

In all methods of artific1al respiration the attempt 1s to establish
a normal tidal exchange The more nearly normal the tidal ex
change the better will be the patient s chances of survival Since
many of the methods herewn deseribed do not produce an effictent
tidal exchange and since the patient s condrtion may be critical,
1t 1s worthwhile 1if possible to mcrease the percentage of oxygen
i the inhaled atmosphere 1t 15 of value to supplement all manual
methods of artificial respiration by a flow of 6 to 10 liters of oxy
gen per minute through a nasal catheter * Apparatus has been
devised so that a constant flow of oxygen can be delivered to a mask
attached to the patient s face These are jnhalators and should
not be confused with respirators  In the former oxygen 1s de
Iivered to the mask and the changes i intrapulmonary pressures
control the oxygen mtake into the pulmonary tree Such pressures
depend upon the patient s own efforts or the effects of the manual
methods of resuscitation ‘ Respirators not only deliver the oxy
gen but also alter intrapulmonary pressure to effect an increased
tidal and minute volume respiration

A THE AIRWAY
As stated one of the objectives of artificial respiration 1s a satis
factory pulmonary exchange This cannot be obtamed unless a
clear airway 15 established and mamtamed
An occlusion to respiration may have been the mitiating mech
anism for the asphyxial state The obstruction may be due to for

* For proper placement of catheter see Page 174
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RESUSCITATION

1 VENTILATORY RESUSCITATION

.\]ENTILATIOV and cairculation are nterdependent Failure of one
means failure of the other Occasionally both may fail sunulta
neously Fulure of respirition may occur before cardiac cessation
The interval between the two 1s the resuscrative period The dura
tion of this interval depends upon the state of oxygenation of the
tissues 1nd blood, and the condition of the cardiovascular system
when the respiratory accident occurs If the accident 1s primanly
one of acute deprival of oxygen 1n an indsvidual with a normal
cardrovascular system, resuscitative efforts 1f started early enough
can be expected to result satisfactorlly The results cannot be ex
pected to be so good 1f the patient s cardiovascular mechamsm 15
poor to begin with If the imitiating mechamsm 1s cardiac cessation
farlure of respiration follows very promptly Although an increas
g number of hives has been saved by cardiac resuscitation 1t 15
hoping for a great deal to expect the results to be umiformly good
since the time interval between cardiac cessation and the develop
ment of an irreversible state 1s so short and the endeavor required
to correct 1t so heroic Lay personnel can be taught to ventilate a
person but cirdiac resuscitation often requires opemng of the
chest and cardiac compression This demands the presence of
skilled personnel Further, cardiac arrest preceding cessation of
respiration 1s much less common than 1s the reverse state of affaurs
It 1s safe to say that were all individuals requining resuscitation
treated on the assumption of primary failure of respiration the
number saved would be far greater than if dependence were
placed on cardiac stimulation alone

Fundamencl objectives in artifictal respiration are the establish
ment of an effective oxygenation of the blood and a satisfactory
elimination of excess carbon dioxtde To obtamn these results 1t 15

218
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the patient s hend upon ats 1\is will suffice to relteve pharyngeal
obstruction Likewise, rehef may be obtuned by advancing the
lower jaw forward by pressure appled back of the angles of the
7w

Artaficial atrways are of great value Oral arways come in many
sizes (Figure 67) Properly pliced one will heep the tongue sept

.

s adamdndir i don g

{

Figure 69 Nasopharyngeal airway of all sizes

rated from the posterior pharyngeal wall (Figure 68) It 1s often
tmpossible early 1 cases of hypoxia to open the patient s mouth
toinsert an oral airway A nasopharyngeal airway will serve in good
stead These too come 1n various sizes (Figure 69) Inserted into
a patient s nostr1l one will advance along the floor of the nose mto
the patient s oropharynx There 1t maimntains an airway between
the tongue and the posterior pharyngeal wall (Figure 70) A simple
and effective means of opening the mouth of a semiconscious pa
trent 1s to place one s index finger 1n the mouth shde 1t between
the teeth and cheek to the back of the molar teeth and then exert
downward pressure The reflex opening of the mouth may be for
a very short mterval and one should be prepared to nsert an
oropharyngeal airway immediately Caution should be exercised
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Figure 67 Oral airnnys of vanous sizes

eign mterial or as the result of the mechanism responsible for the
acute oxygen deprivition Regurgitation of gastric contents mas

Figure 68 Ilacement of oral urway

seter spasm or conyulsions my
cause 1nterference with respt
ration QOften the respiratory
occlusion 15 due to musculir
reln\ttion with an associated
pharyngenl obstruction

Acute oxygen want may ttke
place under a diversity of con
drtions 1nd situations and the
necessary 1ppartus for the re
Lief of obstruction m1y not be
athand There 1re several sim
ple means which 1re very often
effective

The drowned mdivtdual or
one who 1s vomiting should be
Kept on hus side with hips ele
1ated to encourage postural
drunage Pharyngeal obstruc

tion can be relieved by traction on the tongue The tongue can be
pulled forward by an mstrument such s a pair of phers or may be
Lept forward by the fingers A handlerchief between the fingers
and tongue will prevent shppage Very often simple extension of
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be suffering from ncute ovygen deprination 1n 1 variety of med:
cal conditions Patients semi-comatose from disease or sedation
very often suffer from partl respiritory obstruction because of re
laxed pharyngeal musculature Because of thus obstruction the tidal
exchange 15 decreased Increased inspiritory effort 1s an attempt
to overcome this obstruction creating a heightened intrapulmo

72\

Figure 71 Endotracheal tubes vanious sizes

nary negative pressure Heightened intrapulmonary negative pres
sure 1n the presence of oxygen want may produce pulmonary
edema Ths vicious cycle can be often prevented by the early 1in
sertion of an airway oral or nasopharyngeal The presence of an
awrway i a semi-comatose patient 1s an index of good medical care
Intermists 1n general are not sufficiently aware of the hazard of
foreign matersal 1n the tracheobronchral tree Cardon (88) states

1 The onset of tracheal rales should be regarded as a sign not
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m preventing onc s finger from getting between the patient s teeth
and thus being bitten

If the resuscitatrve effort 1s carried out where all desired equip-
mentasavailable an endotracheal tube should be passed They can
be obtained 1n all sizes (Figure 51) Such 1 tube can be passed
either through the mouth (Figure 42) or the nose (Figure 73) Itis
best to pass the oral endotra
cheal tube under direct vision
For this 1t 1s necessary that one
have at hand a laryngoscope
endotracheal tubes 1nd suc
tion equipment (Figure 74) If
one 1s cxperienced 1t 1s not
difficult to pass an endotra
chel tube by the nasal route
blindly The mask of resusci
tating apparatus can be placed
on the face over such a tube
Compressed arr or oxygen can
thus be delnered directly to
the respiratory tract With this
method 1t 15 possible that post
tive pressure respiration may
nflate the stomach To pre
vent this 1t 1s often advisable
espectally 1f the pauent has undigested food or hquids 1 his stom
ach to guarantee that the respiratory and gastromntestinal tracts are
separated effectively An inflatable cuff about the lower end of the
endotracheal tube prevents asprration about the tube into the
trachea (Figure 75) With the cuff inflated and the resuscitating
equipment attached to the endotracheal tube (Figures 76 and 77
one need have no fear that the stomach will be distended The
presence of an endotracheal tube further ensures that collections of
mucus mn the tracheobronchial tree can be removed by aspira
tion

We have too long reserved direct attack upon respiratory ob
struction to patients suffering from sudden oxygen deprivation
during anesthesia or as the result of accident Patients how ever can

Figure 70 Placement of nasopharyn
geal airway
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several tries will fall mto the tricha Insertion s tded by ching
g the postuon of the patsent s head, of the first few trials ful
by fievion and then extension A further ud to the pissige of the
catheter my be triction on the tongue by means of 1 prece of
gauze Constant suction on the catheter 1s mamtned 1nd entrance

higure 74 Apparatus for endotracheal intubation Laryngoscope wath de
tachable blades sarious sizes Endotracheal tube oral suction tip and suc
tion catheter

of the catheter through the glotus will be mamfested by the re
action of the patient The patient will cough and may develop
some bronchospasm Coughing advances the material i the
smaller broncht nto the mun stem bronchr wherefrom 1t 1s fur
ther advanced mto the trachea Tracheal aspration 1s frequently
followed by a marked sense of relsef and chinical mprovement
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Figure 72 Ilicenent of endotracheal

tube oral route

which normally keep the air
way clear are impaired s in
bulbar poliomyehtis tetinus
and whoopmg cough Other
conditions 1 which this pro
cedure 1s often a valuable ad
junct to treatment are cere
brovascular 1caidents bram
tumor 1cute head trauma
meningits bulbar and pseu
dobulbar palsy myasthema
gravis  tlcoholism and dia
bettc or uremic coma etc
There are several ways of
performing tracheobronchial
aspiration The simplest 1s by
the use of a urethral catheter
All that 1s required 1s a cath

that death 1s immunent and
evitable but that accumulated
tracheobronchial  secretions
must be asprrated without de
lay 2 The internist or general
practitioner must be ready to
undertake  this  lifesmng
measure without depending
on the assistance of a specralist
3 Death even in a serious dis
ewse may not be crused by the
toncity of the disease rself but
by an incidental complication
the relief of which may gne
the pattent time to recover

Tracheobronclual aspiration 1s
of great value in those cond:
tions wheremn the mechanisms

Figure %73 Placement of endotracheal
tube nasal route

eter of about size 16 French and a suction apparatus The well
lubricated catheter can be passed through a nostril and after
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When 1mmnls are 1sphysiated to the stage of 1pner, resuscitation
1s accomplished yust 1s quickly by wsufllition with pure oxygen
as 1t 1s wath carbon dionide mantures, m the presence of profound
asphyx11 pure ovygen 1s more
eficicious than carbon dion
de Following resuscit
tion with pure oxygen the re
stored respirition remarns nor
mal 1 rite amplitude, nd
general charcter but follow
ing resuscitation with cirbon
dioxide mixtures the respira
tion tends to be comvulsive
and 1rregulyr 1t frequently
becomes shallow so that fur
ther aruficirl respiration 1s
needed

Grodns e al (186) studied
acid base changes 1n the arte
nal blood 1 dogs during fatal
hypoxia and duning successful
resuscitatton It appears from
ther studies that 1t 15 unneces
sary to add carbon dioxide to

the resuscitation mixture m
order to mamntain a normal
pCO Ilevel during the applica
tion of aruficial respiration
and that this 1s true as long as
the lung ventilation does not
exceed the average normal minute volume The latter condition
1s unlikely with most methods of artificial respiration

5t

Figure 76 Endotracheal tube attached
to PBR apparatus

2 ANALEPTICS
Analeptics have been similarly employed for their Tespiratory
effect An analeptic as defined by Eckenhoff et al (139) 15 a
drug capable of stimulating the normal central nervous system
and which 1s used for the purpose of overcoming a depression of
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If 1t 15 not possible to pass a urethral catheter into the trachea in
this fashion 1t ts then wise to mtube the trachea under direct vi
ston The patient 1s carefully laryngoscoped and n endotracheal
tube or urethral catheter passed into the trichea If employng an
endotracheal tube the urcthral catheter can be passed through 1t
It might occastonally be necessary to bronchoscope the patient to
clear the tracheobronclual tree This latter procedure however
1s very seldom necessiry Usually the pauent by means of cough
delnsers the contents of the main stem bronchr into the tracher
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Figure 45 Endotracheal tube with mflated cuff

It must be emphasized that the pitient s response to such ma
nipulation 15 apt to be considerable The bout of Jaryngospasm or
bronchospasm which may ensue 1s not without danger In spite of
this however if the patent s condition 1s betng harmed by even
subclinucal oxygen want the endeavor to clear the tracheobron
chial tree 1s indicated and should be insticuted

B DRUG THERAPY

1 CARBON DIO\NIDE
The use of carbon dioxide has been advocated 1n the treatment
of depressed or absent respiration The reader 1s referred to the
section Indications for Carbon Dioxide Eastman et al (135) state
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are aiphalobeline, wnd irntants such s smelling stlts romatic
spirits of tmmom, wlishey and brndy
3 Drugs which stmulate both the centr1l nervous 1nd c1rdio
vascular systems and which 1n sufficient dosage produce not only
comvulstons but also hypertension nd echyeardin. This group
mcludes prictically all the wromatic sympathomimetic ammes but
for this purpose those 1 which the centrtl nervous stunulant c
tion 15 relatnely great nd the sympathomimetic effect relatively
small are preferred to those i which the opposite relationship
exists Lxamples of these are umphetumine (benzedrine'™) d
phetrmine (dexedime ™) nd desovyephedrme (methedrine'™)
These are preferible to epmephrine paredrine or neosynephrine
hydrochloride™, with ephedrine n an mtermedinte position
4 Substances which exert 1 speafic sumulint effect on nerve
ussue by entering directly into the biochemical rexctions on which
the excitability of this tissue depends These mnclude mtermedinte
products of carbohydrate metibolism such 1s pyruvate succinate
and fumarate s well as the components of the vitamin B complex
The quthors state  Analeptics have not proved to be mfallible
when used 1n the treatment of centrl nervous system depressions
This m1y mean that the drugs now available for this purpose are
deficient m 1mportant respects and that mtensne search 1s mda
cated for other agents which would moduce superior clinical re
sults
In evaluating mndividual analeptics the authors stress that the
following facts must be recognized (a) Pauents have recovered
from more than usually fatal doses of barbiturite without the
benefit of 2n analeptic (b) there re definite hazards 1n the use of
analeptics for the treatment of depressant states and {(€) no ana
leptic can be depended on to cause the recovery of a patient deeply
depressed from a usually fatal dose of barbiturate
Picrotoxin Although picrotoxmn 15 the most potent analeptic
agent for use n treating barbiturate depression there 15 no com
S;::i?ﬁﬁ:ﬁ pmgf ghat t}ni drug 15 the best analeptic for use
o resplmnonc:r e;xm:unvu sive doses do not affect circula
other signs of sigmificant central nery
Dicoton s Gen 1+ Al o o S el
piration and arcula
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that system  These 1uthors present 1 thorough evaluation of sucht
agents They divide these drugs into four categories

1 Those which have a primary stimulant 1ction on the nervous
system and whose value depends on that actton Drugs which be

Figure 77 Endotracheal tube attached to Emerson
suck and blow apparatus

long to thus category nclude picrotonin metrazol™ (pentamethyl
enetetrazol) mkethimide (coramme®™) strychmne caffeine and
atropine

2 Drugs the amleptic effects of wlich are due to reflexes from
one source or another Most powerful of such reflexes are those
1n the carotid and ~ortic bodies Examples of drugs 1n this category
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are alphnlobeline nd amtnts such s smetling salts aromatic
sprats of ammontt whiskey and brandy

3 Drugs which sumulite both the centrat nervous nd cirdio
vasculr systems and which 1 suflicient dosige produce not only
comulsions but also hypertension and tichycrrdin This group
mcludes practically a1l the aromntic sympithomimetic tmunes but
for thus purpose those 1 which the central nervous sumulnt 1c
tion 15 relntnnely great d the sympathonmenie effect relatively
small are preferred to those m which the opposite relatonship
eusts Taamples of these are ampherumine (benzedrme®) d am
phetimine (desedrme™) and desoxyephedrnne (methedrine™)
These are preferible to epiephrine paredring or neosynephrie
hydrochlotide™ with ephedrine v an intermediite position

4 Substances which exert 1 spectfic sumulrnt effect on nenve
ussue by entering dircctly mto the biochemical reactions on which
the excrtability of this tissue depends These mclude intermedinte
products of carbohydrite metthohsm such 1s pyruvate succinate
and fumnrate as well 4s the components of the vitaimin B complex

The authors state Analeptics hnve not proved to be infallible
when used n the treatment of central nervous system depressions
This may mean that the drugs now wailable for this purpose are
deficient 1n 1mportant respects wnd that ntenstve seirch 1s mndi
cated for other agents which would produce superior chinical re
sults

In evaluatng mndividual analeptics the quthors stress that the
following facts must be recognized (1) Patients have recovered
from more than usually fatal doses of barbiturate without the
benefit of an analeptic (b) there are definite hazards n the use of
analepucs for the treatment of depressant states and (¢) no 1na
leptic can be depended on to cause the recovery of a patient deeply
depressed from a usunlly fatal dose of barbiturate

Picrotoxin Although picrotoxun 1s the most potent analeptic
agent for use in treating barbiturate depression there 1s no com
pletely convincing proof that this drug 15 the best analeptic for use
against all narcotics Sub convulsive doses do not affect circula
tion or respiration or elicst other signs of sigmificant central nerv
ous system sumulation mn normal human bemngs If howey er,
picrotoxn 1s given to an ammmal 1n which respiration and circula
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tion have first been depressed by a barbiturate a response 1n res
prratton and a nise mn blood pressure may be noted It 1s important
that one apprecrate that picrotoxin has a delayed action ume as
long as 10 to go mnutes If this latent period 1s not appreciated,
picrotoxin may result 1n harm becuse of overdosage Convulsions
may be produced leading to secondary depression and even to loss
of Iife

These authors stress that 1n profound depression picrotoxin
should be admistered only to the point where reflexes have re
turned and blood pressure and resprration are maintamed The
duration of action of a single dose of prcrotoxmn 1s longer than that
of metrazol™ or mikethhimide Therefore 1 its use, the mnterval
between doses should be longest with picrotoxin This agent 1s
apparently not the drug of choice mn all depressions Its use would
seem to be precluded m any but deep depression caused by the
barbrturates It 1s said to be contraindicated 1n morphine poson
mg

Metrazol™ seems to be inferior to picrotoxn in potency Un
like picrotoxin its action 1s mmmedrate following mtravenous m
jection Like picrotoxin, this agent has very hittle effect on the
resptratory center 1 the unanesthetized animal Its mjection may
be followed by a transient hypotension Pauents who have re
cewved pentothal anesthesia and who have been awakened by in
travenously administered metrazol™ may retch and vomit upon
awakening The action of metrazol™ 1s brief and 1t has not been
umformly effective against large doses of the longer acting barb:
turates

Nikethamide 1s seemingly not so valuable as either picrotoxin
or metrazol™ 1n the treatment of barbiturate depression Its use
may be followed by secondary depression without convulsions
The authors state  In a number of controlled experiments 1n
which nikethamide was used to treat a central depression the mn
cidence of deaths was higher 1n the treated group than in the con
trolled group

Strychnine produces 1ts effect principally on the spinal cord and
therefore should not be used to combat depressions of the medulla
and the higher centers It 1s said to be wmnferior to picrotoxin or
metrazol™ as an analeptic
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Sympathomimetic Amines These drugs usced alone as analeptics
should be reserved until further data are forthcoming They may,
however, be profitably combimed with metrizol™ or picrotoxin
therapy

Miscellaneous Drugs Caffeinc 15 incffective 1s an analeptic per
se When used 1n large doses 1n the treatment of narcosis 1t 1s 1n
ferior to other analeptics and may cause further depression The
use of camphor as a sumulant has almost ceased, because of 1ts m
efficiency Alphalobeline may exert a decrded, but brief, sumulant
effect on respiration by way of the carotd body reflex Tts effects,
however are uncertain and are usually followed by a pertod of de
pression due to a nicotinic action Alphalobeline 15 not to be
recommended because of the availability of better analeptic
drugs

Succinate, Pyruvate and Fumarate “The use of these agents 15
not associated with convulsions The authors state  There 15 no
other reason for one's subststuting them for other standard analep
tic agents at present ’

They believe that 1f the mechanism of action of an analeptic
can be accepted as a physiologic antagomsm to a depressant drug
1t follows that the analeptic should only be used when a drug de
presston exists Anoxta and asphyxia are not indicatrons for the ad
ministration of analeptics adequate pulmonary ventilation with
100 per cent oxygen may lead to the renstitution of respiration
under these conditions when analeptics has failed

They conclude, Picrotoxin and metrazol™ are the most
valuable analeptics obtainable today, with picrotoxin being the
most potent Picrotoxin 1s also more dangerous to use and
should only be used in deep depressions and then by someone well
versed 1n 1ts action and that the use of analeptics m the treat
ment of depressions should be only a part of a carefully mntegrated
schedule of treatment mcluding oxygen therapy pressor drugs
flud and pulmonary ventilation 1f necessary as well as more than

one analeptic 1f indicated

kreiselman (240) and Eastman and hreiselman (136) believe
that alphalobeline metrazol™ picrotoxin and coramme™ have

no place in the treatment of apnea at birth because therr effect on
respiration 1s nil 1n the presence of hypoxia
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Mousel and Essex (283) have found that not only are these drugs
of no value mn stimulting respirition and circulation when these
centers are depressed but they actually increase the depression
and often cause convulsions ind even sudden cessation of respira
tion and death Coramune™ aggravates rather than diminishes
respiratory nd circulitory depressions of individuals anesthetized
with a barbituric 1aid derivative (85) Drinker (129) states At the
present time (1g15) there 1s no substtnce which can be given by
myjection wluch benefits the breathing significinely

At the moment there 15 no substince which increases the senstitiv
1ty of the respiritory center to 1ts normal stimulus—carbon diox
de If such 2 drug could be discovered then we might have some
thing of renl worth Turther if 1t can ever be shown that any such
drugs hve 1 specific detoxufying effect on depressant agents therr
use will be well indicated The role of 1naleptics 1n the trextment
of respiritory depression 1s 1t this time relatnely ummportant
When used at all they should be employed with extreme caution
and then only 1n conjunction with other much more satisfactory
means of muntuning the respiratory exchange The prime effort
as always should be to better oxygenate the depressed patient and
to remove from him 1ccumulited cirbon dioxide

C STAGLS OF RESPIRATORY DEPRESSION

Flagg (159) divides acute deprivation of oxygen 1nto stages (1)
depresston (2) spasticity nd (3) fccidity Coryllos (104) lists
four phases 1s (1) period of primary apnea (2) period of dyspnea
(3) the period of termmnl apnex ind (4) the period of fulure of
the heart

It 1s 1imposstble however to define wbitrarily phases of 1cute
oxygen deprivation to cover all circumstances for much depends
upon the means by which interference with oxygen uptike was
first produced The duration of the response 1s dependent upon
the mode of occurrence and the intensity of the deprivation The
patient s physical state will also alter the duration and charcter
of the manifestations of such deprivation

1 Atmospheric Hypovia

If the oxygen deprivation 1s acute, there 1s 2 period of dysp
nea followed by convulsions and terminal apnea
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2 Tudal Hypoua
1 Central—Discase
If due to cerebinl lestons convalsions nrty be i impor
1t mamfestatton A period of spasticity may be apparent 1n men
mngiis With medullary parilysis, there s apt to be ewly depres
sion
b Central—Diug
In acute deprination of ovygen duc to narcotics aind n
esthetics depression 1s followed by tenminal apnex without an in
tennenmg period of spasticity
c Obstruction
In patients with respiratory obstruction the response 1s
dependent upon the degree of obstruction If the obstruction 1s
not complete there will be 1 pertod of dyspnea followed by spastic
1ty and then termmal apnea It 1s important to note that during
the period of dyspnea the untruned observer m1y conclude that
the patient 15 n ¢ffect making effcctnn ¢ respiritory efforts for with
each spiratory effort the abdomen rises This movement how
ever 15 accompanied by 1 sinhing m of the thory and 1s the re
sult of efforts to overcome the obstruction To the truned obser
ver this means rather complete respiratory obstruction
d Altered Mechanisms
Consulsions are followed by a period of flacadity and ter
mumal apnea If the depresston 1s due to intercostal parilysis
whether from anterior poliomyelitts or spinal anesthesit there
may be no pertod of mcreased muscle tone There 15 an increased
activity of the diaphragm with the development of paradoxical
respiration The thoracic cage sinks during imspiration Spasticity

1s not a common characteristic under these circumstances
8 Alveolar Hypoxia
a Consolhidation
b Atelectasis
¢ Pleural effusions

These states are characterized by tachypnea followed by

dyspnea Here too a pertod of spasticity 15 often lacking Dyspnea
may be followed by terminal apnea

d Pulmonary edema

Tachypnea and dyspnea are common characteristics A
period of spasticty 1s not usual
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4 Hemoglobic Hypoxia
a Hemorrhage
Tachypnea may not always appear Dyspnea 1s usually
absent Spasticity 1s rare
b Carbon monoxide poisomng
There may be a pertod of resprratory depresston, followed
by a period of seemingly normal respiration followed by termnal
apnea
5 Stagnant Hypoxia
a Cardiac failure
b Peripheral vascular failure
Tachypnea and some degree of dyspnea may be apparent
Pertods of spasticity are unusual
From the above 1t 15 apparent that no defimite stages can be
defined The attendant must keep 1 mnd the etiological circum
stances of the oxygen deprivation

D METHODS OF ARTIFICIAL RESPIRATION
The anctents recogmzed that there 1s an interval between com
plete cessation of resprration and eventual demise Mouth to
mouth breathing was known m Biblical times (11 kings 4 33-34)
Biggs (66) states When Elisha a prophet of Ancient Israel re
Iy stored the hife of a Shunamite woman s boy by blowing his breath
mto the mouth of the child he forced oxygen and carbon dioxide
mto the lungs under pressure In the Babyloman Talmud 1t 15
stated that a newborn nfant who failed to breathe was to be
gently swung 1n a hammock 1n an effort to restore resptration The
modern counterpart of this form of armficial respiration 15 the
method of Eve
Artificial respiration by means of a mechanical device has been
used since 1788 when John Hunter experimented with 2 bellows
for this purpose (319) This 1s probably the first of the mechantical
methods for the production of pressure breathung The first of the
manual methods of artificial respiration the Silvester was mtro
duced 1n 1858 It wasn t untl 1903 that Schaefer mtroduced the
method known by his name Meltzer and Auer recommended
constant endotracheal insufflation as a means of araficial respira
tion m 1911 Two years later Meltzer recommended mtermittent
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insufflation for this sxme purpose (272) Ive proposed the rocking
method 1 1932 The Netlsen method was proposed n the same
year and the Thompson Girdlestone hip rusing method was ad
vocated m 1935 (371) The hup rolling method of Emerson w1s
proposed 1n 1948

The exrly methods were not sausfactory and the need for better
methods hd long been ppreaiited  Portible wutomatic devices
for mtermittent oxygen delivery hive been deseloped to be carried
by rescue squads or be distributed 1n areas such as dehi ery rooms,
or rescute stations on beaches, where they may be immediately
avatlable The need for prolonged artificial ventilation was recog
nized by Drinler and Shaw (131), who modified the barosprator
of Thunberg Thus 1pparatus 1s large, 1nd not readily transporta
ble The need for smaller automatic cyching devices which would
produce intermttent posttive pressure breathing (IPPB) was ap
parent The necessity to oxygenate wiitors at hugh altitudes was
an mmportant stimulus for the development of such equipment

Ideally one would wish to have at hand ali the necessary equip
ment when perforning ventilatory resuscitation More often than
not however the need to revivify an mdividual occurs when
proper equipment 1s not wvatlable One should not wait to obtam
such equipment for the need to ruficially establish ventilation 1s
immediate Nicholson (285) states The one fact regarding resusci
tation which must be emphasized 1bove all others 1s the impor
tance of speed The fact that five minutes 1fter breathing has
stopped the chances of revival have become almost negligible
means that 1n the great majority of cases artaficial respiration must
be initiated by the man on the spot with equipment mmeduately
available viz his two hands For this reason 1t 1s necessary to
describe 1n some detan) methods which although not fully satis

factory may be the only ones that can be employed under the
circumstances

1 MOUTH TO MOUTH BREATHING
Air can be blown 1nto the lungs of a non breathing indinidual
by mouth to mouth respiration This method 1s always available
and may serve unul a1d or additional equipment 1s forthcoming
The operator stands or kneels to the left of the patient s head By
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means of the fingers of his right hind he compresses the nostrils
of the apneic individual With the fourth and fifth fingers of Ius
left hand he supports the patient s jaw The thumb and other two
fingers of his left hand cups the patients mouth Direct contact

Figure 78 Stlvester method of artificnil resprration

with some degree of pressure 1s required between the operators
and the patient s lips The operator blons mto the patient s mouth
at the rate of about 15 times per minute The patient s tongue
may often serve to obstruct the inflow of air and 1f possible an
oral arrway should be introduced
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2 MANUAL MLTHODS

21 Silvester

The panent hes supine (Digure 78), with hiead nd neck ex
tended The opertor places humsclf 1t the head of the pauent
and grsps lus ums 2t the elbows pressing firmly and steadily
agunst the sides of the chest to produce exprraen The arms
sull grisped by the elbows e rused m the long 1t of the pr
ent s body ta effect m enlargement of the thoricic cage This
produces mspiriion After 1 wait of 1 couple of seconds the wms
are then returned nlongside the patient s chest and compression
1s ngam exerted This qycle of events should be repeated approxt
mately 15 times per rmnute This method has the ndvimiage
that 1t can be started unmediately 1d requires bat one opertor
It 15 of disubiantage however, that the pattent hes supine nd
can obstruct lus arrn 1y the procedure 18 exhrustng to the opera
tor and fractured ribs hrive been reported

Beecher (5g) suggests 1 modification of the Sibvester method
whicht 15 not as tiring to the operator With the pruent supine the
operator kneels with one knee n the patient s crotch and the other
fnee outside the patents thugh He grasps the patient 1t the
elhouws and pushes them nbose the patients head The patient s
arms are then returned to lus sides and the operator exerts pres

sure on the lower chest and upper abdomen to help expel the
air from the Jungs

b Schaefer

The patenc lies prone (Tigure 7g) with one arm extended di
rectly oserhead The other arm 1s bent at the ¢ibow and with the
frce turned outward the head rests on the hand and forearm so
that the nose and month are free The operator straddles the pa
uents thughs and places the palms of s hands on the small of
the back with fingers restng on the ribs the fifth finger just
touchung the Jowest ib Wath atms straight the operator swimngs
hus body forward so that his weight 1s gradually transferred 1o his
arms and thus upon the pauent causing expiration The operator
then reheves tus pressure quickly 1nd swings backward to the
original position After a few seconds the pracedure 15 repeated
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Figure %79 Schaeler method of artifictal respiration

Here too the cycle should be repeated about 15 times per minute
‘The method can be applied unmediately and 1t requires but one
operator It has the disadvantage that the tidal volume created 1s
small since there 1s active expiration with only passive inspiration
and here also fractured ribs have been reported

c. Nielsen

The patient lies prone with hands placed under his forehead
(Figure 80) (181) The operator grasps the elbows and rarses them
to create an active mspiration The arms are released and pressure
1s applied aver both scapulae to produce exprration
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Frgure Bo Nielsen method ol artificial resprration

Advantages of this method are that 1t can be 1mmediately
stituted with one operator and a good tidal exchange 15 created
The procedure 1s fanguing to the operator and injuries have ve
sulted to the patient

d Schaefer Nielsen Dnnker

With the patient 1n the above position (Figure 81) one operator
applies the prone pressure method of Schaefer Another operator
alternately raises the patient s elbows This procedure can be per
formed 1mmediately and good tidal exchange 15 produced A dis
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Figure 79 Schaefer method of artifictal respiration

Here too the cycle should be repeated about 15 ttmes per minute
The method can be applied immediately and 1t requires but one
operator It has the disadvantage that the tidal volume created 1s
small since there 1s active expiration with only passive inspiration
and here also fractured ribs have been reported

¢ Nielsen

The patient lies pronc with hands placed under his forehead
(Figure 80) (181) The operator grasps the elbows and raises them
to create an active mspiration The arms are released and pressure
15 apphed over both scapulae to produce expiration
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Figure 8- Shaefer Emerson Iny method of artificial respiration

stone * method to be later described 1s alternated with pressure
exerted on the lower part of the thorax as in the Schaefer method
This combination of methods 1s an improvement over the Schaefer
method alone 1n that pulmonary ventilation 1s improved and but
a single operator 1s required The effort 1 elevating the hips for
a long pertod of ime however 1s fatiguing

It should be noted that 1 normal respiration nspiration 1s
active and expiration 15 produced by the elastic recoil of the pa

® Though Gird and then Thomp the hp ratsing method 1t was
later modified by Emerson
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Figure 81 Schaefer Nielsen Drinker method of artificial respiration

advantage 1s that the procedure requires two operators The
method 15 moderately fatiguing and patients have been myured

e Schaefer Emerson Ivy ~
In this method with the patient prone (Migure 82) the hft
mg and lowermng of the hips as in the Thompson Girdle
# The combination of methods was so termed by Gordon et al (Gordon A S
Famer D G and Ivy A C Artfical Respiration J.A M 4 144 17 1455-146¢ De

cemtber 23 1950)



Resuscitation 243

Figure 83 Thompson Girdlestone method of artificial respiration

of the chest The operator places hus hands under the 1hiac spines
and raises the patient s hips about 15 times a mmute The pelvis
should be sufficiently elevated oft the ground so that the patient s
back arches and the 1bdomen sags downward (Figure 83) In
hfting the hips the spmal column and abdomen act as a bel
lows Further the diaphrigm 1s drawn down by sagging of the
abdomen The combination of these two effects results in venula
tion

In 1948 John Haven Emerson (143) modified the hip ifting



24° Inhalation I herapry and Resuscitation

aent s lungs ind thornae cage In the manual methods of resusct
t1ton however expirition is accomplished by compression of the
thorrcic cage, and msprration s depandent upon elistic recoil
One of the great disadvantages to mnual methods, therefore 1s
that elastic recorl of the thoricic cage 1s dependent almost en
tirely upon muscle tone 2nd n ¢ases of 1dvanced hyposia muscle
tone may be entirely laching

f Lve

Eve (118) concerned with the madequacy of the Silvester wnd
Schaefer methods for the resuscitition of the drowned evolved the
method of resuscitition known by his name Two pieces of equip
ment are necessary, a stretcher and some form of trestle The pa
tient 15 laxd prone on the stretcher with arms extended overhead
The wrists and 1nkles are lashed to the stretcher with the prtient s
head turned to one side The mid pomnt of the stretcher 1s placed
ona trestle 1nd the stretcher then rocked go degrees in each di
rectidn about 10 times a minute By tlus means 1 tidal exchange
can be creited because the weight of the abdomnal contents
pushes and pulls the diaphrigm up and down ltke a piston

Eve states that this method 15 wn ud to the circulition He con
tends that during the head down tilt the blood will course upward
in the artertes closing shut the aortic valve and that some will go
mto the coronary circulation and some of the blood will also be
diverted to the brain Alteration of position grves an mntermittent
flow to these parts He quotes experiments of Sir Leontrd Hill
who showed that blood flow to the bramn can be muntmumned by
this maneuver

Of definite disadvantage 15 the time required to gather the
equipment Once nstituted the method needs but one operator
but 1t requires several to get the procedure started The tidal
volume obtained 1s not as large as with other methods and a great
disadvantage 1s the fact that stomach contents m1y be regurgitated
mto the pharynx and thus aspirated

g Thompson Girdlestone

In the Thompson Girdlestone method (374) suggested i 1935
the operator stands wstride the prone patient who has hd 2 folded
coat or small pillow placed beneath the clavicles and upper part
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Figure 83 Hiprasing method of artificial respiration—Emerson
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L. R

Figure 84 Hip rolling method of artificial respiration—Emerson

method of artuficinl respiration The operator stands to one side
of the prone patient ficig his head Rexching across the pattent
and plrcing hus fingers under the thac crest the operator rolls the
patient toward him at about ten to twelve times per minute (Fig
ure 84) This rolling produces a resprratory exchange If the vic

tim 1s heavy or if resuscitation 1s requured for 1 long interval of
time a towel or belt 15 passed under the patient s hips One opera

tor on each stdc grasps one end of the towel or belt and the patient
1s raised and lowered at 1bout the same rate as above (Figure 85)

1f but one operitor 15 availble one end of the support cin be
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Figure 85 Hipraissing method of artifical respiration—Emerson
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Figure 84 Hip rolling method of artificial respiration—Lmerson

method of artificinl respiration The operator stands to one side
of the prone patient ficing hus head Reaching across the patient
and placing his fingers under the thiac crest the operator rolls the
patient toward him at 2bout ten to twelve times per mmnute (Fig
ure 84) This rolling produces a respiratory exchange IFf the vic

tam 1s heavy or if resuscitation 1s required for a long interval of
time a towel or belt 1s passed under the patient s hips One opera

tor on each side grasps one end of the towel or belt 1nd the patient
1s rassed and lowered 1t 1bout the same rate 1s above (Figure 85)

If but one operator 1 avatlable one end of the support can be
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Figure 85 Hipraising method of artificial respiratton—Emerson
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looped 1bout 1 doorknob or the arm of a chur Hip-hiftng or
rolling methods are more physiologic than the prone pressure
methods since the former exp ind rther than compress the relaxed
thoracic cge

Gordon et al (181 182) compared the different methods on
warm corpses within one hour after cessatron of the heart beat
The manual methods which were designed to produce both in
spiration nd expirition produced 1lmost twice 1s much ventilh
tion as those that did not

These workers hive shown that not only 15 1t important to com
press the chest actively to cause expiration but 1t 1s further neces
sry to expand the chest actively to create 1 satisfactory inspirition
They found the Nielsen method wts more effectine than the
Schaefer as were the hip hfting mmeuvers of Thompson Girdle
stone and Lmerson When the hip hfting mancuver 1s 1dded to
the chest pressure maneuver 1 very stusfctory ndal exchinge can
be produced

Gordon et al (182) found that the virions methods of resuscitn
tion resulted 1 the following tidal exchanges

Silvester 520 CC
Schaefer 185 cc
Eve 225 CC
Nielsen 580 cc
~—  Schaefer Neilsen Drinker 575 cc
Lmerson 270 cc
Schaefer Emerson Ivy 530 cC

Motley Cournand et al (279) found the Schaefer method was
grossly mnadequate On three individunls they obtained, by this
method tidal exchanges of 728 cc 50 cc and on the last 140 cc By
the Eve method they obtained a tudal volume of but 5o to 6o cc

Eve (148) reports that the Royal Navy found the Schaefer
method to be rarely successful although 1t had been practiced by
tramed 1ndrviduals In tests on the warm cadaver Schaefers
method yielded only 30 cc and Silvester s method 200 cc On two
anesthetized individuals the Schaefer method yielded 66o cc and
the Silvester 930 cc He found the Silvester method 1s the better
of the two and should be the one to be employed 1n emergencies
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or until other cquipment ¢t he made watlable Lmploying hus
own method hie obtuncd boo cc per tift In an instance where 1n
anesthetized sndrvidunl was exposed to the various forms of rtfi
anl resprration the yicdds were Schefer 310 cc - Silvester 400 cc
and Eve 580 cc

Comroe and Drpps (98) compared the Schaefer prone pressure
method 1nd the Eve tilting method on two 1pneic individunls
They found that tidl ur produced by the Schefer method varied
from 71 5 to 117 cc and by the Eve method from 286 to 500 cc
It was apparent to them that the Schaefer method failed almost
completely to ventilate these two unconscious 1pneic individuals

hreiselman (238) correctly pomnts out that prone positioning of
patients for resuscitation 1s of disadvantage for in this position the
thorax 1s splinted by the weight of the patient This may over
balance the reported advantages of better muntenince of urway
and more ready drunnge of secretron from the lung obtained by
prone posture It 1s certainly true that under 1deal conditions s
prevail m the operating room artifictal respirition 1s best per
formed with the patient supine

The Meltzer Auer trachenl nsufflation method has been critt
cally studied (98) In this method high volumes of oxygen are
delnered by means of 1n endotrachenl catheter to the bifurcation
of the trachea In two experiments employing 1 flow of oxygen of
6 to 11 liters per mmute the arterial ovygen saturation was g5 8
and go per cent This was s good as could be expected There
was however a marked accumulation of carbon diovide with
consequent actdosis The carbon dioxide tensions m the arterial
blood rose to 314 2nd 152 muillumeters of mercury and the artenal
pH fell to 6 67 and 6 86 The pomnt 1s made agan that artifical
respiration therefore should not only serve to oxygenate the blood

but should enable the indrvidual to get r1d of accumulated carbon
dioade

3§ INTERMITTENT POSITIVE PRESSURE BREATHING
(IPPB)
Artificial respiration 1s most commonly administered by inter
muttent insuffiation of oxygen The pressure exerted to mflate the
lungs intermittently my be the result of manunl compression of
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looped 1bout 1 doorknob or the 1rm of 1 chur Hip Lifting or
rolling methods are more physiologic than the prone pressure
methods since the former expnd rather than compress the relaxed
thorcic cage

Gordon et al (181 182) compared the different methods on
warm corpses within one hour after cessition of the heart beat
The manual methods which were designed to produce both 1n
spiration nd expirition produced tlmost twice as much ventila
ton as those that did not

These workers hive shown that not only 1s 1t 1mporiant to com
press the chest 1ctively to cause expiration, but e 1s further neces
sary to expand the chest actively to create a satisfrctory inspiration
They found the Nielsen method was more effective than the
Schaefer s were the hip hfting manewsers of Thompson Girdle
stone 1nd Lmerson When the hip hfting mancuver 1s added to
the chest pressure maneuver a very satisfactory tidal exchange can
be produced

Gordon et al (182) found that the various methods of resusctta
tion resulted 1n the following tidal exchanges

Sitlvester 520 cC
Schaefer 185 cc
Eve 225 cC
Nielsen 580 cc
—  Schaefer Neilsen Drinker 575 €
Emerson 270 ¢C
Schaefer Lmerson Ivy 530 cc

Motley Cournand ef al (279) found the Schaefer method was
grossly iadequate On three individuals they obtamed by this
method, tidal exchanges of #8 cc 50 cc and on the last 140 cc By
the Eve method they obtained 1 tidal volume of but 50 to 60 cc

Eve (148) reports that the Royal Navy found the Schnefer
method to be rarely successful although 1t had been practiced by
tramned individuals In tests on the warm cadaver Schaefers
method yielded only 30 cc and Silvester s method 200 cc On two
anesthetized individuals the Schaefer method yielded 6Go cc and
the Silvester 930 cc He found the Silvester method 1s the better
of the two and should be the one to be employed 1n emergencies
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nden 1nd middle fingers cuse downward pressure on the fice
mask (Ligure 86) The operator s right hand compresses the yubber
bag rhythmically at about 12 to 15 times per nunute To pravent
overdistention of the bag by the mflowmg gases the mask 1s oc
casiomlly rused shightly off the patent s face to 1llow for lerhage
The excess flow 1s necessiry to prevent carbon dioside accumult
tion The amount of pressurc exerted should be just enough to
force oxygen nto the pitient s lungs and to produce what to the

PN
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Figure 87 hreiselman hand bellows respirator

pattent would be 1 normal tidl exchange One should be careful
not to exert too much pressure or to deliver too large quantities
of oxygen into the lungs of a child or an mfant

(2) Bellows The respirator proposed by kreiselman (23g) (Tig
ure 87) consists of an expansible bellows type bag of about 1500 cc
capacity and a mask Placed between the two 15 a one nay valve
With the bag m resting position the patient can breathe air freely
out of and mto the room The bag 15 elevated by means of a hand
strap and as 1t 15 elevated room arr 1s sucked 1nto a valve at the
top of the bag When the bag 1s compressed the arr theremn 1s
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a bag or from compressed grses Some of the apparatus which
employ compressed gses are tutomatic mn cychng performance
Most of them produce mtermittent positive pressure 1lone
wherens somc also hive a negatine pressure phase 1n the cychng
performance It has been reasonably well established (63) that 1
pressure of 15 millimeters of mercury applied 1n alternate five
second cycles can be well tolerated for periods of six hours and
that pressures of 25 millimeters of mercury during stmilar pertods

1=
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Figure 86 Bag and mask method of artificial respiration

produce a sensation of substernal distress mn relaxed conscious
adults The pressure required to overdistend the lungs of healthy
adults and thus rupture capllarses with subsequent production of
gas embolr 1ppenrs to be m excess of 3o millimeters of mercury

a Pressure by Manual Means

(1) Bag nd Mask Oxygen flowng at a rite of 4 to 8 liters per
munute 15 led by means of a rubber tube to a collecting bag which
1s ittached to a tightly fiting mask The last two fingers of the
left hand of the operator support the patient s jaw The thumb
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Figure 88 hreiselman adult respirator

mittent nsufflation be produced by depressing the valve but a
continuous flow of oxygen can be deltvered should the patient
begin to breathe on his own

(b) Kreiselman Infant Resuscitator This apparatus (Figure 8g)
15 admirably suited for mfant resuscitation The bassmette 1s
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delivered to the patient s lungs A safety valve limits to no morc
than 20 millimeters of mercury the pressure that can be built up

When the pressure of the hand agunst the bag is released at the
termination of inflation the valve leading to the bag 1s tmmedt
ately closed and the patient exhales 1bout the valve There 1s no
chance for 1ebreathing and there 1s thus no hazard from 1ccumu
Inted carbon dioxide except as the result of dead space in the mash
1self

Oxjygen 15 desirable and 1f available 1t can be admutted through
2 mipple at the top of the bag A flow of 1 to 8 liters per minute 15
adequate The bellows 1s compressed at about 15 tumes per mimute

The apparatus 1s supplied with an elbow so that 1t can be used
with the patient lymng on lus side or even prone for purposes of
dramnage The entire equipment weighs only about two pounds
Swince 1t 1s readily portable 1t has proven itself an extremely valu
able aid to resuscitatton It 1s relatively mespensive and could
replace with benefit many of the complicated and more costly
forms of appratus Its wide distribution in hazardous areas 1s
strongly indicrted

The shdmg valve as onginally designed had been considered
unsatisfactory because the inexperienced operator may block
proper functioning of the valve by getting hus hand in the way of
the sliding part This feature has now been corrected by a flange
arrangement The pressure curve produced by this apparitus 1s
shown 1n Ngure 9§ Type VI

b Pressure by Compressed Gases

The inflation mstead of being the result of manual compression
of the bag or bellows can be produced by the pressure from a cyl
mder of oxygen The delivered pressure 1n some of the apparatus
can be employed to cause intermittent insufflatton by manipula
ton of some mechanism In others the insufflation 1s automatically
cycled

(1) Non cycling (a) Arewselman Adult Resprrator (Figure 88)
This apparatus (240) 1s capable of delivering oxygen up to a pres
sure of 25 millimeters of mercury 1nd has two cylinders of oxygen
a reducing valve system a flowmeter and an electric suction An
important advantage to this apparatus 1s that not only may mnter
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may, on occision be nUcessiry Lo imtite respirition, but such 1
pressure should be dropped when the appartus s cmployed for
continued use The rhythm 1nd rate of operition re controlled by
the operitor Should the newborn begin breathing 1 continuous
flow of oxygen 1s substituted for the meermittent msufflrtion

(¢) Muller Infant Resuscatator This 1s 1 very simple and mnex
pensne mes for the ntermittent msuffiation of the newborn

Figure go Use of Muller respirator

(Figure go) Pressure control depends upon the weight of 2 metal
ball fitting 1nto 1ts seat buwlt mnto the flow lme The ball limuts
the amount of pressure which can be delivered Oxygen at a flow
of 4 to 5 liters per minute passes by the valve arrangement to a
face prece (Figure 91) By application of the mask pressure 15 bult
up within the system to a powmnt where the ball 1s ratsed from 1ts
seat Rawsing of the mask results i exhalation This procedure 1s
carried out rhythmically Of disadvantage 1s the fact that a con
t;lnuous flow of oxygen cannot be admimstered without raising
the mask The apparatus 15 well advised and properly employed
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Figure 89 hreiselman infan¢ respirator

electrically heated There 1s a tituing platform to encourge dran
age and here too an electrically driven aspirator 1s incorporated
in the equupment By applying the face piece oxygen can be de
Irvered intermittently under carefully controiied pressures The
pressure recorded on a water manometer may be regulited up to
16 millimeters of mercury A pressure of 15 millimeters of mercury
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the varous phases of respirttion tre less deleterions than others
and 1 proper pressure curse his been determined The negitne
phiase of certun of these respirtors has effects which re both
advantageous 1nd disds wntageous to circulation

TFigure g Pneumatic Balance Respirator

Both the tutomatic devices and the hand operated bellows
(hreiselman) type have been studied by Motley et al (27g) In this
magnificent study these authors determined the pressure cunves
produced by the various forms of apparatus and their mfluence
upon venuilation and circulation These authors considered the
following seven different forms of apparatus
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will produce better results than m1ny other more costly pieces of
equipment

(2) Cycling Apparatus has been designed to produce intermut
tent positive pressure breathing a1utomatically The cychng mecha
mism 135 controlled by the tank pressure Most such equipment w1ll
deliver positrve pressure only Some have a positive 1nd 1 negative
phase Although the respiritory exchange developed by all such

Figure 91 Moller resprrator showing spil vahe tubing and face prece

apparatus 15 1n general satsfactory it must be noted that several
undesirable side effects may appear

The apparatus deliver 100 per cent oxygen The continued
use of such high concentrations of oxygen has been considered 1n
the section on Oxygen Poisoning A resprratory exchange greater
than normal may be produced with consequent too great reduction
1n carbon dioxide Certain pressure relationships or duration of
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Justl conterts contimuous positive pressure from the ¢yhnder mto
intermttent positng pressure to the pinent The pressure pattern
developed 1s shown in Tigure 93

Typr 11 Pressure sensive spring loaded valve This 15 an e
permental mechamsm simlar to that of Tyi1 V, without a
Ventur: valve It 1s sitmilar to Taer Ian the brewhing pattern
produced s well 1s m s nfluence on resprration and arculition
The pressure curve determined 1s shown n Iiguic g3

Tyee 11 Flow sensttiwe  Avtation Model In this the mtcr
mittency s the result of the flow sensitive valve It was developed
by the Army Air Corps In Tigure 93 15 1 trcing of the pressure
curve produced

TyiE IV Flow sensitve 1esearch model This 1s stmular to Ty p1
III but 1t as many valuable fertures which render adjustment of
many variables possible This 1s essent1nlly 2 research tool for the
following varables can be controlled (1) Line pressure (2) In
spiratory cyching rate (3) Lxpiratory cyching rate () Inspiratory
flow rate {5) Lxpiratory flow rite and (6) Txpiratory pressure
Becuse of this large control mechamism various pressure curves
can be developed as in Tagure 93 1A 4B 4C

TyrE V Suck and blow This mechamism 1s controlled by 2
spring loaded pressure sensitive ‘ilve for the development of
positive pressure and 1 Venturt valve for producing the negative
phase Commercial examples of this form of apparatus are the
Emerson L & J and Stephenson This apparatus produces 7 nega
tive pressure 1t the beginning of inspiration which becomes post
tive up to a certain peak pressure at which point reversal takes
place During expiration the pressure decreases gradually back to
the starung pomnt as shown in Figure 93 These apparatus are
usually pre fixed so that there can be no control m varyng the
degree of positive or negative pressure The suckh and blow p
paratus studied by these authors had a fixed positive pressure at
13 5 milltmeters of mercury and a negative pressure at —11 1
mullimeters of mercury An apparatus of this general type which
needs further evaluation 1s that manufactured by Emerson (Figure
94) which develops a mask pressure of 4135 to only —=2 millimeters

of mercury This apparatus 15 readily portable mexpensive and
would seem to have a plice
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Figure g3 Mask pressure curves (After Motley H L Cournand A Werko
L Dresdale D T Himmelstemm A and Richards D W Jr Intermittent
Positive Pressure Breathing \ Means of Administening Artificral Respiration
mn Man JAMA, 137 370-382 May 22 1948)

TYPE I Pressure sensitive air balanced valve

TYPE II Pressure sensitine spring loaded valse

TYPE III Flow sensitine Aviation Model

TYPE IV Flow sensitive research model

TYPE V  Suck and blow apparatus

‘TYPE VI Hand operated slow apparatus

TYPE VII Hand operated fist apparatus

Type 1 Pressure sensitive air balanced valve This 1s an auto
matic device and administers intermittent positive pressure It 1s
controlled by a pressure sensitrve ur balanced valve It 15 hknown
as the Pneumatic Balance Resuscitator (Figure g2) This mecha
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crdine cathetar and cardine output was caleultted by applymg
the Tick formuln 1he subyects were normal truned volunteers
umnesthetized conscious subjects patients m deep comt and pa
uents m complete apnet

Influcnce of Vartous Respiritors on Ventiltion and Gas Exchange
I g

On conscious subjects thore was an mcrease m pulmonary vent
Thtion from 29 § per cent with 1111 1 to 103 per cent with Taer
IV The mcreased venulation was due to 1 mncrense 1 tidal vol
ume When employed on patients m deep comn the automatic
respiritors produced dequate vantlnon It was noted that pt
nents with 1 gaspg 1ype of respimuon required 1 very tugh
flow rite of short duriion 1hout 0 { to 0 6 scconds with 1 mix1
mum peak flow during this mterval of up to 8o to 120 iters per
minute Tyir IV the flow sensitive tesetrch model was the only
respirytor with sufficient mstintmeouns flow cipieity to ehminate
the negative phase at the begimming of mspirition due to addi
tional inspiratory effort

They found that the Pneumatic Balaince Resuscitator was the
only utomitic respiritor considered sife enough to be left for
extended perrods of time with 2 minimum of ward supervision on
patients in comn In one instince this appartus was used for 79
hours continuously with no demonstrable 11l effects m the treat
ment of a patient with barbiturite poisoning

Twenty one completely apnerc subjects were studied 18 after
death and three sull Living In all but one mstance adequate ventt
lation was sustained Failure m the one nstance was due to a
foreign body 1n the upper trichea

Some of the apparatus studied performed better m ov ercoming
breathing resistance mn the upper part of the pharynx than others
TyPes 111 and IV have this characteristic Types I and II tolerated
airway obstruction shghtly better than Txpe V. TyPE V has a
::l;l:gi:lci;x:lecl'?}?:ssr?a::::ci:si\es aud:l];le nmse(si when there 1s an
one needs aaditi erer featux e miy ehco}xlm ered desirable if
1 beng artfenlty gn ; orm one whether or not respiration

performed but too often the tripping mecha

IS starts 1n the presence of a degree of obstruction readily over
come by the other apparatus
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TypE VI Hand operated, slow Tlus 1s the kreiselman appara
tus previously described (Figure 87) As tested by these 1uthors the
valve opened when posttive pressure reached 17 5 mallimeters of
mercury When the valve opens, expiriion takes plice rapidly
and the mask pressure drops to that of the atmosphere (Figure
93)

Figure 91 Suck and blow Emerson apparatus

TyrE VII Hand operated, fast This 1s stmilar to the hreisel
man appratus In this model the expiratory pressure drops more
rapidly becruse of a change m the valve (Figure g3)

The above seven types of equipment with the exception of the
modificition of the Emerson spoken of above were studied by
Motley et al (279) Respiratory gas exchange was studied blood
samples were nalyzed for oxygen content oxygen capacity and
carbon dioxide the pH the oxygen saturanon and pCO, Blood
samples were obtained from the right ventricle by means of a
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Duning arufictl respirttion by intermittent positive pressure
breathmg there 1s an mcreise i the intrithoricic pressure durning
mspiratron The intripulmonnry pressure decreases during expira
tion During the mspirnory phase where there 1s an ncreise m
mtripulmonary pressure there 15 1 decresed output from the
nght side of the heart which 1s mide up dunng the expiratory
phase On the Ieft side of the heart the reverse occurs The authors
state quite emphatically that duning mterrmittent pressure breath
g the pressure should not only be low durning expirition but
that this phase of low pressure in the thorx should be of sufficient
length and that the total expiratory ntersval should allow 1 suffi
ciently large number of hert beats to compensate for the reduc
tion 1n output which occurs during the inspiritory period of rising
pressure In the This 1 symmetric cunve (Figure 93) with inspirt
tory and expiratory tume tlmost equal the cardie output 1s af
fected throughout the enure cycle Since there 15 an intrapulmo
nary posttive pressure throughout the respiratory cycle there 15 1
constant diminution 1n the venous return of the blood to the
night heart The gretter the incretse in the mtripulmonary pres
sure the greater will be the reduction 1n cardiac output with this
form of resprrator The Ty PE 11T cunve has a quick pressure drop
m expiration which permits the right heart early in expsration to
compensate for part of the loss mncurred duning mspimtion but
this compensation 1s not complete since the pressure does not
return to that of the atmosphere and the expiratory time 1s too
short The TypE IV curve also has a quick drop on the espiratory
phase and compensation 15 thus encouraged Tyres VI and VII
have rapid drops to atmospheric pressure ind are satisfactory If
durmng the expiratory phase the pressure 1s allowed to drop to
that of the atmosphere and 1f the expiritory time 1s long enough
complete compensation occurs

These same authors list the charactersstics of 1deal Tespirator
equipment

t They should be simple and sturdy 1n construction

2 The mask pressure curve should mcrease gradually during
nspiration up to a peak not greater than 25 centimeters of water

Upon reversal the pressure should decrease rapidly to that of the
atmosphere
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The Influence of the Various Respirators on the Circulrtion

1 Heart Rate It was noted that the heart rate mcresed more
appreciably during the period of mereasing pressure than during
the period of decreasing pressure During the pertod of increasing
pressure with an averige mean mash pressure of g § millimeters of
mercury the average increase i heart rate was 10 per cent During
the period of decreasing pressure with 1n average mean mash pres
sure of 5 1 the 1verage incretse 1n heart rate was approximtely 4
per cent With Tyre IV where the expiratory pressure 1s dropped
rapidly there w1s no sigmficant rise m the heart rate

2 Llectrocardiogram Therc was no significant electrocardio
griphic change noted

§ Blood Pressure The changes m blood pressure during resus
citation with these 1utomatic respirators were not great

4 Peripheral Vascular Resistance This was found to be n
creased with all the apparitus employed

5 Cardiac Output Tyre I produced a decrease 1n cardiac out
put of 10 8 per cent The reduction 1 cardite output with TxPE
IV was 5 g per cent With Thrc III 1t was 12 9 per cent With
TyrE V there was an nsignificant change mn cirdiac output With
especial reference to the negitne phase in Typr V there was no
striking increase m night ventricle net filling pressure There was
no evidence obtuned that negitive pressure during part of the
cycle increased cardinc output On two pattents mn deep coma how
ever 1t w1s noted that the such and blow type of respiritor did
not produce adverse circulatory effects

The authors summarize the effects of mtermittent positive pres
sure breathing beciuse of changes 1n intrathoracic pressure as
follows

t During the increasing inspiratory pressure period the ve
nous return to the right heart diminishes

2 During the phase of dimimshing expiratory pressure the
reverse takes plice and

g The more rapid and complete the pressure drop to zero
after a reversal of the peak pressure the greater the filling of the
right side of the heart during expiration



Resuscitation 261

During artificral respiriton by anternutient positive pressure
breathung there 1s an merease w the mrtharrete pressure during
mspiration The mtripulinonary pressure decreases during expir
tion Durmg the mspirttory phise where there 1s 1 anerease
mtripulimonary pressure there 1s 1 decreased output {rom the
right side of the heart, which 15 made up duning the expiritory
phase On the left side of the heart the 1everse occurs The authors
stite quute emphatcally that duning intermattent pressure breath
g the pressure should not only be low dunng expirition but
that this phase of low pressure m the thoras should be of sufficient
length and that the total expirtory nterval should allow 1 suffi
ciently large number of heart beats to compensate for the reduc
tion 1 output which occurs during the inspiratory pertod of rising
pressure In the Tyr1 1symmetric curve (Digure g3), with inspirt
tory and expimtory time almost equil, the cardine output 15 Af
fected throughout the entive (ycle Since there 15 W ntrpulmo
nary positive pressure throughout the respiratory cycle there 1s 2
constant diminution 1 the venous return of the blood to the
ight heart The greater the increase m the intrapulmonary pres
sure the greater will be the reduction m cardine output with this
form of respiritor The Tyir I curve has 2 quich pressure drop
m exprration wlich permits the right heart early i expiration to
compensate for part of the loss mcurred during mnspiration, but
this compensation 1s not complete since the pressure does not
return to that of the 1tmosphere and the expiratory tume 1s too
short The Typr IV curve also has 1 quick drop on the expiratory
phase and compensation 1s thus encouriged Tires VI and VII
have rapid drops to atmospheric pressute and are satisfactory If
durmng the exprratory phase the pressure 1s allowed to drop to
that of the atmosphere and if the expiritory time 1s long enough
complete compensation occurs

These same authors list the characteristics of 1deal respirator
equipment

1 They should be simple and sturdy 1n construction

2 The mask pressure curve should increase gradually during
Inspiration up to 1 peak not greater than 25 centimeters of water

Upon reversal the pressure should decrease rapidly to that of the
atmosphere
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g The rate of respiratton should be between 10 and 20 times
per minute

4 The pulmonary ventilation provided should be from 6 to
10 liters per mmute

COMMENT

It has been understood for some time that an increase n the
intrapulmonary pressure may be harmful to circulation It was
shown by Beecher et al (60) that mcrease 1n mtrapuimonary pres
sure 1n dogs under anesthest1 produces a great rise 1n venous pres
sure with a fall m systolic diistolic and mean blood pressure
There was also an 1ssociated decrease in blood flow through the
femoral and carotid artertes Although this situttion was well
tolerated by amimals m good condition the mcreased pressure
was deleterrous and even caused death m 1mmals who were n
poor condttion

Knoefel et al (235) demonstrited that an ncrease n mtrapul
monary pressure of 7 millimeters of mercury for three hours leads
to 1 reduction 1n cardiac output of 41 per cent This 1s substan
tiated by the work of Volpitto et al (384) who showed that m
creased ntrapulmonic positnve pressure greater than 10 to I.
millimeters of mercury 1f mamtuned for a prolonged pertod of
time may hinder venous return to the right side of the heart The
quoted work of Motley et al (279) shows why there 1s a decrease
1n cardrac output

Since altered mtrapulmonnry pressures have such important
arculatory effects 1t 1s not amuss to revien the pressure curves
produced by some of the apparatus employed for pressure breath
ing

The normal mtrapulmonnary pressure during inspiratton 1s sub
atmosphertc and exhalition 1s above atmospheric Figure gg 1s a
simphfied representanion of normal resprration That phise of
respiration 1n which the pressure 1s subatmospheric has a two fold
function (1) To draw atr mnto the lungs and (2) to draw blood
into the thin walled vessels within the chest cage and mto the
right heart Respiratory curve (Type A) (Figure g6) 1s produced
by an ncrease of pressure during inspiration alone Unless very
carefully controlled such pressure has untoward circulatory effects
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for 1t no time 1s the muapulmonary pressure negatse Indeed
1t may never even be s low s wmospheric The pressure may be
mercised durmg mspirition by mmual compression of the anes
thesia bag during mspirition alone or by the use of the Maloney,
Crfoord or Mtz apparitus The P B R and the Bennett \ 2
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Figure g, Grapluc representation of normal respiration

produce this type of respirition s do the hreiselman 1pparatus
—the hand bellows the adult respirator and the infant respirator

The development of positine pressure on expiration 1lone 15
employed primarily for its effect on circnlation Type B (Figure
97) curve 1s produced by this form of pressure Although the maxt
MM HE 770
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TYPE A
Figure 96 Graphuc representation of 1nspiritory positive pressure

mum pressure 15 1n the expiratory phase the first portion of mn
Spiration at least 1s posttive pressure breathing Unless carefully
developed 1t may be that no part of the mspiratory phase 1s nega
tve Apparatus for the dev elopment of positive pressure during
expiration have been developed by Plesch and by Poulton Barach
developed the choked disc to serve as an obstruction to expiration
nd another apparatus by which the patient exhales under a col



262 Inhalation Therapy and Resuscitation

3 The rite of respirition should be between 10 and 2o times
per imnute

4 The pulmonary venuhnon provided should be from 6 so
10 hters per minute

COMMENT

It has been understood for some time that an mcrease i the
mtripulmonary pressure may be harmful to carculation It was
shown by Beecher et al (6o) that mncrease i mtrapulmonary pres
sure 1 dogs under anesthessa produces 1 gret 1€ m Yenous pres
sure with a f11l 1 systolie distolic and mean blood pressure
There wis also m assoctated decrease 1 blood flow through the
femoral nd carotsd artertes  Although thss sstuaton was well
tolerated by anmunds m good condition, the increased pressure
wns deletersous nd even caused dewth mn ammals who were n
poor condition

hnoefel et al {235y demonstrited that an mncrerse s mirapul
monary pressure of 7 miluneters of mercury for three hours leads
to 1 reduction m carchac output of f1 per cent This 25 substan
trated by the work of Volpitto et al (384) who shoned that
creased intrapulmonic positne pressure greater than 1o to 12
mullimeters of mercury i muntamed for a prolonged perod of
ume may hinder venous return to the night side of the heart The
quoted work of Motley et al (27¢g) shous why there 15 a decrease
1n cardrac output

Since altered mtrapulmonary pressures have such important
circulatory effects st 1s not ammss to review the pressure curves
produced by some of the apparatus employed for pressure breath
ng

The normal mtrapulmonary pressure during wspiration is sub
atmospheric and exhaltion s above atmospheric Tigure g3 1s a
simphified representatson of normnal respiration That phase of
respiration in which the pressure 1s subatmaospheric has 4 two fold
function (s} To dran aw ino the lungs and (2) to draw blood
into the thin walled vessels witnn the chest cage and mto the
right hetrt Respiratory curve (Type A) (Figure g6) 15 produced
by an mcrease of pressure duning wspiration alone Unlesy very
carefully controlled such pressure has untonard creculatory effects
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to bireathe with 1 bag too ught throughout respiration, or af the
anestheuist s hand 15 hept on the bag throughout the phases of
1esption 1he weighted and imverted bag on the Coundl p
pintus 1s well as the continutous posinve pressure breathing ap
paritus of Barich accomplish the sume purpose

The commonly cmployed blow and suck tpparituses as the
ER Japprruus the Stephenson and the I merson, produce 1 cunve
as1n Type D (Figure g9)

NM HG.
reo / /\\/ /\\
f——1NSP —s—EXP—}
TYPE D

Figure g9 Craphic representation of such and blow respiration

The Drinker Shaw appartus to be lata described though 1t
causes mtermittent tripulmonary negrtive pressure 1s sud to be
1 form of intermittent positive pressure breathing The pressure
curve developed however 1s hihe the normal Thus Iatter 1s also
true of the electrophrenic respiritor (CPR) to be considered
later

Several types of respuatory curves cin be developed by the
‘arious models of the equalizing pressure chamber of Barach
Although the chest remamns stationary in thus type of apparatus one
may however sttll speak of an mspiratory and an expiratory
phase Intermuttent negative pressure by the equalizing chamber
produces Type E curve (Figure 100) At first glance then the mn
trapulmonary pressure throughout the respiratory cycle 1s negatne
(Type Ea) but 1f we were to consider the immediate atmosphere
ll;lb;VhICh the patient lives expiration 15 relatively positive (Type

Employing the apparatus 1n the positive ind negative phase we
obtamn Type T curve (Figure 101) 1n which mspiration 1s partially

[;osxme and negative and expiration 1 partially negative and
0sitive
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umn of water During nesthesin thus type of respiration can be
developed 1f the anesthetist causes the patient to exhale against
resistance, as by holding the hind on the bag during expiration

AN
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——EXP—— [—INSP—

TYPE B

Figure 97 Graphic representation of expiratory positive pressure

or requiring the patient to overcome 1 weighted or spring vilie
during expiration

Positive pressure 1s employed by some throughout the respira
tory cycle Type Ca (Figure g8) cin be developed wheremn the

MMHG.
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TYPE C Ca b

Figure 98 Graphic representation of positive pressure throughout respiratory
cycle

pressure 1ncreases with mspiration and decreses with exprration
or m Type Cb where 1t increases with expiration and decreases
with nspiration Posittve pressure throughout the respiratory
cycle may be developed during anesthesia 1f the pattent 1s required
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teristics 1 he volume flow should be suflicient to allow for com
fortable breathing for the dyspneic patient, smce such 1 subject
m1y require n mstantincous flow rate of up to roo hiters per min
ute (282) during the carly part of inspirition Should the flow rite
of the appritus be madequate, the pauent pulls or lewds the
appratus ciusing 1 sense of obstruction to breathing Records of
pittents with Cheyne Stokes resprration show 1 need of 110 liters
per minute Most pressure devices hnve 1 flow rate of but jo liters
per minute Should 1 patient whose needs are greater than this be
placed on such 1pprtus, the mspiratory phise might thus become
negative Because of nsuflicient mstantincous flow characteristics

M HO /\
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ASTHMA I1PPB ASTHMA B IPPB
Figure 102 Graphic representition of mirapulmonary pressures of asthmatic
patients normal effect of intermuttent positive pressure breathing and effect

of intermittent positine pressure breathing with msufficient volume flow on
trapulmonary pressure of asthmatic pauents

such equipment should not be employed on cardiic patients with
dyspnea or on asthmatic patients

Figure 102 shows that the asthmatic patient who 1s dyspneic
develops during nspiration a marked ntrapulmonary negative
pressure and during expiration a marked increase 1n expiratory
pressure Intermittent positive pressure breathing is ordinarly
expected to give a positive pressure on mnspiration with the pres
stre returmng to normal on expiration If we subject the mark
edly dyspneic patient to intermittent positive pressure breathing
and f the patient s flow needs during inspiration are not met by
the apparatus then the mtrapulmonary pressure will not be aided
for under this circumstance the mtripulmonary negative pressure
during mspiration 1s made more negative

There would be no objection to the use of such apparatus on
mdividuals who are making respiratory efforts and who do not
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We must not lose sight of the fact that 1bnormal mtrapulmo
nary pressures may sometimes be produced by seemungly simple
therapeutic endevors 1s for example the BT B apparatus (Fig
ures 50 and 51) wherem by requining the paient to exhale

5mn e

-5th.
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Ea Eb
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| NEG PB EQUALIZING CHAMBER
Figure 100 Griphic representation of mtermittent ncgatise pressure by
equalizing chamber

Ea—pressure within the chamber
Lb—pressure withmn the lungs
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TYPE I NEG POS PB EQUALIZING CHAMBER

Figurero1 Griphuic representttion of alternating negative and posttrve pres
sure 1n the equalizing chamber
through a sponge rubber disc the mtrapulmonary pressure 1s 1n
creased during exprration It tidal requirements are not met dur
ing mspiraton some of the trdal air 1s inhaled through this sponge
rubber disc and the intrapulmonary pressure then becomes ab
normally negative

An mmportant constderition in addition to the pressure curve
produced by the respirators 1s the magnitude of their flow charac
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tenisties T he volume How should be suflicient to allow for com
fortable breathing for the dyspnuc patent, since such 1 subject
may require  mstwtwcous flow rate of up to 100 hiters per min
ute (282) durmg the early part of msprrtion Should the flow rte
of the apparitus be mndequate, the prtient pulls or lcads the
apparatus causing 1 sensc of obstruction to brewthing Records of
patients with Cheyne Stokes respiration show 1 need of 110 liters
per minute Most pressure davices hve 1 flow rate of but {o hters
per minute Should 1 pauent whose needs are greater than thss be
placed on such 1pparitus the mspnttory phase nught chus become
negatine Because of msuflicient instintineons flow chirctenstics
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Figure 102 Grapluc representation of mtrapulmonary pressures of asthmatic

patents normnl effect of mtermittent positive pressure breathing nd effect

of ntermittent positive pressure breathing with msufficent volume flow on
mtrapulmonary pressure of asthmatic patients

such equipment should not be employed on cirdinc prtients with
dyspnea or on asthmatic patients

Tgure 102 shows that the asthmatic pauent who 1s dyspneic
develops during mspiration a marked intrapulmonary negative
pressure and during expiration a marked mncrease i expiratory
pressure Intermuttent positive pressure breathing 1s ordinarily
expected to give a positive pressure on mspiration with the pres
sure returming to normal on expiration If we subject the mark
edly dyspneic patient to intermittent positive pressure breathmg
and 1if the patient s flow needs during inspiration are not met by
the apparatus then the intripulmonary pressure will not be arded
for under this circumstance the mtrapulmonary negative pressure
during inspiration 1s made more negative

There would be no objectr
individuals who are m;\L{n‘; ‘r):s}::mt::)er “Sf;f")f e Fpparatus on

Y efiorts and who do not
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require high mstantneous flows The apparitus will cycle with
the patient s own respiritton beciuse of an mcorporited demand
mechanism

As pointed out by Motley et al (279), the suck and blow appara
tus did not show a decrease wm cirdiac outpue There w1s no esvt
dence however, that the negative pressure phise uded the arcula
tion Thompson (372) employing the suck wnd blow apparatus
used radioactnve sodium as a tracer substance to see the effect of
such respiration on the crrculation The amimals were anesthetized
by imntraperitoneal nembutal an endotracheal tube was inserted
and the endotracheal tube was then climped off to msure com
plete death The anunals were then pliced on the suck and blow
apparatus When radioactive sodium wAs used 1t was shown that
the suckh 1nd blow respiritor produced 1 forward movement of
blood which was arculated 1 the right direction without benefit
of cardiac activity Such circulation 1t 1s clumed 1s due to the
filling and emptying of the pulmonary capillaries produced by
artificial respiration It 1s 2dmatted however that such circulatory
movement 1s 1n no w1y comparable in volume or rate wath the
movement produced by cardiac activity Volpitto et al (384) how
ever state There was no evidence to substantate the theory that
resuscititors employmng positive negative ntrapulmonary pres
sures could empty or milk  enough bleod from the capillaries of
the lungs to mncrease the return of blood to the heart effectively
They state further  Any blood flow which was produced by the
resuscitators did not reach the coronary and cerebral artertes In
stead blood was pushed toward the extremities ind cutaneous
areas

The suck and blow apparatus seems to have definite disad
vantages Here also s with most mtermittent positive pressure
devices the flow charactersstics of the apparatus 1s madequate for
patients requuring high flows of oxygen Motley ef al (282) showed
that with such apparatus all of the spiratory period 1n dyspneic
mdividuals 1s 1pt to be on the negatrve side showimng leading
This leading was great and on expiration a degree of positive
pressure was produced

Because the suck and blow apparatus does not htve sufficrent
mstantaneous flow characteristics and since there 15 a tendency for
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dyspnese mdiaduals to lead  the mechamsim it s not mdictted
for such pattents Such and blow respitators e contiundieted
on indniduals who are stll making respirttory efforts sinec the
rhythm m1y be entrely out of step with the pauent s own respir
tion and thus the respiritor may opposc nd impede respirition
rather than ud 1t (207) Henderson and Turner (213) note thae the
negane pressurc phase unless hept very low, may induce over
ventilation and thus mjure the lungs Overventlton 1lso will
case an undue loss of carbon dioxide Negtine prassure may
lewd to congestion nd to 1 ncreased tendency to edemn and
hemorrbage mto the alveol (69) Schwermn and Ivy (310), how
ever employed the suck 1nd blow apprrttus for one to three hours
and found no lung drmage from us use Fmploying 1 positive pres
sure of 1o millimeters of meicury md 1 negane pressure of g
millimeters of mercury Coryllos (104) concurs with this finding
Thompson (371) believes that the negitive pressure cxerted by
the suck and blow effect 15 valuable 1n resuscitation since such
suction 1cts to set up 1 desirble reflex effect on respirtion
Drinker (128) m regird to the suck ind blow apparitus states
In reality the use of lung mnflation nd deflation to stimulate
breathing 15 1 mensure requiring medical judgment nd expert
ence and cannot be lelt to 1n entirely rutomatic device such as
the resuscitator He does believe that since the Hering Breuer
reflex 15 so resistint to oxygen deprivation the best line of attack
1s through this reflex. The intermittent positive pressure breathing
Initiates 1t as may also the such and blow effect but in regard to the
latter he states This should not be nteipreted as evidence that
the apphinnce 15 parucularly efficient and does no damage to the
Iungs 1f continued 1n use for an hour or more  He says that state
ments which suggest that the circulation 1s aided by such appara
tus are not based upon sound observation
Orth et al (293) anesthetized animals with various substances
an endotracheal tube was passed and anesthesia deepened suffi
ciently to produce apnea Eight different methods of artificial
respiration were employed He states In all groups regardless of
method duration of artificial respiration or anesthetic drug used
histologic examination showed areas of atelecta:

S1$  congestion
hemorrhagic infiltration and bronchial spasm Any gamage
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which did occun mn the lungs was reversible and 11l dogs who were
permutted to recover did so without sequelae

An appuatus not primanly designed for artificial respiration
m states of acute oxygen need the I qualhizing Pressure Chamber
previously described page 206 may here be mentioned 15 to 1ts
possible value m ventilatory resuscitition This chamber was de
used priminly to rest the Iungs m the ereatment of pulmonary
tuberculosis Smce tlns pparatus 1s sud to ciuse an effective
oxygen uptike by blood coursing through the lungs 1t may be of
value 1s a Iife saving measure No report of 1ts use for tlus purpose
has been made Study it this 1re1 1s warranted

t INTERMITTENT NEGATIVL PRESSURE BREATHING
a Chamber

In 1929 Drinker and Shaw (131) presented an apparatus m
which an individual ¢an be enclosed with the head protruding
A rubber diaphrigm 1bout the neck separates the head and upper
neck from the rest of the body By lternately producing positive
and then negative pressure within the chamber arufical pulmo
nary ventilation cain be mamtuned Later that year (350) a stmilar
apparatus especinlly designed for chuldren was presented It was
soon realized that all that 1s required 1n the presence of 1 free
airway 1s an mtermiitent negative pressute about the thorax for
the elastic reco1l of the lungs 1nd chest wnll 1s sufficient to produce
a satisfactory respratory effcct The posttive phase 1s not necessary

Figure 103 demonstrates the application of intermuttent nega
tive pressure about the body to create aruificial ventilation Dur
ing nspiration {A) by the creation of 1 partial vacuum within the
chamber to about 748 mullimeters of mercury the chest wall 1s
ratsed creating a sub atmospheric pressure within the lung with
an associated inrush of air becuse of the difference of pressure 1n
the room and within the lungs Expiration (B) takes place as soon
as the cycling mechanism ceases to function and atmospheric pres
sure enters the chamber The increase in pressure and the elastic
recorl of the chest wall creates 1 pressure within the lungs greater
than atmospheric and air 15 expelled During the restng phase
(C) betneen the termination of expiration 1nd the beginning of



Resuscitation 27

760 MM HG

A INSPIRATION ZSUCTION
760 MM HG

8 EXPIRATION AIRINFLOWZ
760 MM HG

¢ PAUSE

Figure 103 Prinaple of
t_hgamber s ple of intermittent negative pressure by Drinker-Shaw
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mspiration  the pressures withun the chamber and the lung are
equal
Although respiration 1s achieved by the creation of mtermiteent
negative pressure about the body, the inspiration thus produced 15
in effect 7 form of intermittent positive pressure breathing The
creation of a negative pressure of 12 millimeters of mercury within
the chamber 15 equrvalent to 1ncreasing the wwmospheric pressure
to the same degree 1bout the head
Regardless of the simlrrity to mtermittent positive pressure
breathing the respmrition produced by such apparatus 1s more
nearly 1kin to normal respiration than that attained by intermat
tent positive pressure breathing
In the Drinker Shaw apparitus inspiration s the result of an
mcrease 1n the intripleurnl negative pressure, whereas in intermit
tent positive pressure breithing insprration is associated with a
reversal of the normally heightened mtrapleurtl negative pressure
to a pasttaive pressure The lihelthood 1s that the effects on crcula
tion may be dinmetrically opposed under these two circumstances
It 1s probable that intermittent negitnve pressure on the body has
less harmful effects than alternately increased mtrapleural pres
sures
The apparitus has unquestioncd advantages because 1t simulates
normal respirition The fact that respiration 1s creted by 1 height
ened intrapleural negative pressure may mean however that m
the presence of 2 partial obstruction to respiration the hazard of
pulmontry edema may be mcreased It has been mentioned (278)
that the conunued use of the Drinker type pparitus predisposes
to the formation of atelectatic arcas in the lungs and loss of muscle
tone often complicated by the development of bronchopneumonia
and pulmonary edema Wilson (396) has described postmortem
changes of emphysema nd various degrees of congestion and
bronchopneumonia 1n patients treated n the respirator
As with intermittent positive pressure breathing hyperventila
tion m1y be produced The alkalosis which may be the result of
such hyperventilation because of excess washing out of carbon
dioxade must be prevented for such loss may not be offset by the
ncreased oxygen supply to tssue
In the chamber respiration 1s automatic i cyching performance
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There ts no meotpmated  danand - mechinsm nd these pateents
who are wempting to breathe on thar own may hive difliculty
fitting thewr respiritory pattern to that of the machine Some p1
tients becwse of fnght or ey cunot e nd contmue to
fight the 1espiratory ¢yede of the nchine

The Drinker and sumilar apparitus such 1s the Dmerson Iron
Tung are strongly mdicated n the presence of respiratory prml
ysis where there 1s ho obstruction to respirition. A patient who 15
mhing respiritory efforts may be pliced m the apparitus on 1
trial bass to see if the machie will take over  If the apparitus
etther does not do so or 1f the prient w 1ll not cooperate then he
should be wmmediately removed nd another form of aruficil
respirition mstituted I the patient 1s apneic and any respirtory
obstruction can be prevented by the mtroduction of 1n endo
tracheal tube the 1pparitus 1s then mdicated

Wilson {397) surveyed between oo and soo poliomyehitis pr
tients who were treated 1 the respirator during the yer 1930
One third of thus group had simple or ntercostal pralysis two
thirds bulbar and pharyngeal parlysis Of the former group
treated 1n the respiritor less than 20 per cent died Of the two
thirds of the patients who had bulbar paralysis and pharyngeat
paralysis two thirds died The respirator therefore 15 clearly
dicated only when the difficulty 1s due to wmtercostal or diaphrag
mauc paralysis The patients own effort to breathe particularly
when 1t 15 1rregular or obstructed 1s 1t may be 1n pharyngeal paral
ys1is may interfere with the respiratory cycle developed by the
Drinker type respirator

Of 1nterest here Wilson notes 1s the fact that the use of this
apparatus 1s too often limited to dire emergencies and as = last
dramatic effort to preserve life The apparatus should be used
early and before the patient feels desperately mn need of help
Under these circumstances 1t 1s apt at first trial to seem meffectyy e
but mn the presence of intercostal or diaphragmatic paralysis one
should not readily give up 1ts employment Since 1t 1s extremely
mmportant that the patient be treated early 1t 1s Wilson s feeling
that the dlﬁg:]mm of paralysts be made early Careful watch of the

atient will demonstrate earl
E shght dilwtion of the ;ost);lr]zd;lc:;;]:[::,}: e ] Capacity by

Pts 1t inspiration
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The pattent may wvord speech or talk only by stopping frequently
to take a breath Wilson suggests that 1 therapeutic test 15 to ask
the patient to count nd to see how many numbers he can repeat
with one breath One should not waut for the appearance of ad
vanced signs of oxygen wint, such as dyspnea and cyanosis for
these e symptoms of desperate need and indicate the fact that
the respiritor should have been used long before

Seemingly the problem of artuficinlly ventlating 1 patient with
poliomyelitis 1n the presence of simple diiphragmatic or mter

i o
s

: = AR

Figure 104 Use of the PB R apparatus to mamtain respiration during re
moval of pitients from respirator
costal paralysis 1s solved The problem of mamntuning ventilition
1n other forms of poliomyelitis where there 1s bulbar or pharyn
geal paralysis 1s by no means near solution

Much of the difficulty met in vennlaung this Iatter group of
patzents 1s due to the presence of respiratory obstruction The 1n
sertion of an endotracheal tube m1y make 1t possible for the
Drinker Shaw type of apparitus to ventlate such patents ade
quately An additional disturbing problem and one difficult to
handle 1n this group of indmaduals 1s the care of secretions The
frequent passage of suction catheters down the endotracheal tube
will do much to keep the tracheobronchial tree clear



Resuscitation 272

Many patents will not allow their respirtion to synchromze
with that of the apparatus They continuc to fight the respirator
sometimes to exhaustion  Although 1 hve not employed cm‘-:m
form agents for such a purpose it might be wise to consxdler v 1?1—
possible use to pinlyze the muscles of respirition so that the
respirator mty be gnena chance to work

Figure 10, Use of the Emerson Respirator Dome  to matntain respiration
dunng remosal of the pattent from the respmrator

Very often m the use of respirators the blood 1s not sufficrently
ovygenated and 1t 15 often worthwlule to supplement the resprrator
with additional oxygen This can be readily brought about if a
nasal catheter delnering oxygen 1s employed 1n association with
this form of respirator

The care of the pauent s bodily needs are often a problem with
the patient n 2 respirator Remonal of the pauent from the respl
rator for this purpose often leads to distress since during this
pertod the pattent may not be breathing To overcome this the
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P BR apparitus m1y be employed 1s 1n Figure 10y duning the
teryal of removal from the respirator so that ventilation cn be
adequately taken carc of Fmerson has «dded 1 Respiritor Dome

apparatus wlich ¢in be put into position before opening the cham
ber to care for the patient s bodily requirements or to employ hot
prcks (Figure 105) The apparatus then  breathes for the patent

taking over automatcally at the accustomed rite The use of tns

Figure 106 Chest model respirator

apparatus 15 well as the P BR as 1bove stated for this purpose
could be also employed during muscle truning trasenous ther
apy 1nd even obstetrics

b Chest Models

By Iimiting the creation of alternating negative pressure to the
are about the thoricic cage as m Figures 106 and 104 one can
create a tidal exchange which may be sufficient to carry the patient
through a pertod of emergency Such apparatus 15 more or less
readily portable and would seem to have a possible place 1n the
mstitution of hfe saving measures under emergency conditions
A great sphere of usefulness would be the continued care of pa



Resuscitation 277

uents who have gone through the zcute phrse of mtercostal paral
ysis duc to poliomyelitis md who contnie to have some residual
degree of paralysis

5 ELECIROPHRLNIC RESPIRATION (EPR)
Electrical sumulanon of the phreme nerse to crette dinphrag
matre contraction and thus 1 respiratory effort had been recom

: T
L P

- - PSP
Tigure 107 Chest model respirator

mended as far back as 1881 (266) Swrnoff et al (328 329 330)
and Whittenberger et al (3q1) 1n recent umes have succeeded in
demonstrating the effectiveness of this method The type of resps
ration produced by artificially crusing the draphragm to contract
1s more nearly phystologic than that produced by the mtermttent
positive pressure breathing apparatus Such resprration 1f properly
induced and mamtained avouds the adverse crculatory effects of
the elevated ntripulmonary pressures common to the use of the
mtermittent posttive pressure breathing methods

Sarnoff developed an apparatus (Figure 108) for this purpose
By the use of a Grass stmulator 1md a rotating potentiometer
electrical 1impulses at 40 per second with a duration of two milh
seconds each are applied over the phrenic nerve With each surge
of impulses the diaphragm contracts It contracts smaothly and 1ts
ction resembles thit seen during spontaneous resprration The
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Figure 108 Eleurophremc respiritor (K1 R)

degree of contraction controls the amount of ventilation and 1s
directly proportional to the peak voltage 1pphied By such means
normal minute volume exchange arteral blood oxygen 1nd blood
carbon dioxide tensions of both the experimental animal and man
can be duplicated with sub maximal stimulation of one phrenic
nerve 1n the absence of spontineous respiration Maximal stunula
tion of one phrenic nerve can produce overventilation and thus an
alkalosis With bilateral maximal phrenic nerve stimulation one
can produce a further decrease 1n artenial carbon dioxide blood
tenston and can triple the animal s spontaneous minute volume




Resusaitation 279

Lien n the presence of spontancous breathing clectrophrenic
stumulation cm ke over 1spirition with 1 cessaton of such
spontancous efforts This snhubizon has two components The first
1s due to the fact that 1 sustuned diphrigmatic contriction re
flexly mhilnts resprration The second component 1s mhibitton
of spontineous respratton becawse of the change in blood ¢hem
1stry brought about by electrophirenic yespirtion Not only may
the tidal volume 1nd minute volume be regulrted satisfctortly
but the ratio of the length of mspiriton to the length of the totl
cycle can be varied from g5 to 72 per cent ‘The respiritory pattern
¢ be regulated at will By prolonged expertments Sarnoff ¢t al
have shown that the neuromuscular mechamsm 1s capible of sus
taining prolonged electrical stimulation and thus the method 15
capable of muntaiming artificial venulation for long periods of
time

The authors are convinced that the method has great potential
1ty because the apparatus 1s portable and of low cost A munimum
of nursing care 1s required and there 1s maximum freedom of
movement on the part of the prtient Further there 1s the thera
peutic effect of heeping a partilly paralyzed diaphragm active
Because the mmpulse descends through the phrenic nerve 1t can
he employed only on patsents whose phrentc nerves are intact as
patients with bulbar depression or paralysis or patients with ligh
spwnal anesthesia

When first employed experimentally the electrode was placed
directly on the exposed phrenic nerve As a result of contimued
experience with the appiratus one ¢in now employ a fingertip
electrode which can be placed directly over the phrenic nerve and
the current passed through the intact skin to cause satisfactory
venulation The method has great value It 15 mteresting to see
how great 1s the control over respiration even through the con
traction of but one side of the diaphragm The ventilation pro
duced can be made fully equal to that of normal respiration It 1s
a piece of equipment that those who are called upon to ventilate
patients should Leep at hand for it has two unquestioned ad
vantages First its great portability and second 1ts production of
nearly normal physiologic resprration

‘With the use of the EP R apparatus one should be especially
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careful to remove any possible obstruction to respiratron In
creased diphrigmatic descent produced by the use of the EP R
will 1f there 1s interference to the ingress of ur produce 1 very
marked mtrapulmonary negitine pressure Under such circum
stances pulmonary edema m1y be developed

DISCUSSION

Artificial respiration has been repeatedly shown to be effectine
and hife saving Such ventilation, 1n the presence of wdequate cir
culition cin be mamntamed for long periods of tune with assur
ance that 1f the respiratory mechamsm 1s v1ble a fivorble result
may be expected This assurince 1s repeatedly demonstrited mn
the operating room The well truned anesthesiologist does not
hesitate to render the patient completely apnerc and to actively
breathe for the patient when such a course 1s indicated Success
depends upon making certun that there 1s no serious depression
of resprration until ventilation 1s 1dequately maimntamned There
can be thus no delhy i guiranteeing the pauent 1 suflicient vol
ume of ar or oxygen to lus pulmonary tree Whenever 1n mdrnid
ul cannot adequately venulite lmself venulition should be
immediitely mstituted by some one present 1nd the means em
ployed should be those which are 1t hand

The anesthesiologist knows that attempts 1t resusctition are
doomed to failure if the 1urway 1s nadequate Oral nasal or endo
tracheal airways are commonly employed The one responsible
for carrying out artificial respiration must muntain ¢ clear pissige
for air If no airways are mvulable the tongue may be pulled for
ward with the patient prone or on his side If he 1s supmne the
tongue may be pulled out or the angle of the jaw pushed forward

In the operating room the patient s entire needs are cared for
Undue heat loss 1s prevented and fliids are admmstered mtra
venously By the same tohen an accident victim on the beach or
street should be cared for He should be kept warm and dry He
should be handled gently Resuscitative efforts should not be trau
matic If the pitient 1s making respiratory efforts these should be
arded Resuscitative maneusers should be synchronized 1f possible
with the paent s own efforts

So many means and methods for ventilation have becn advo
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cted that one m1y hne difficutty in deading upon the proper
procedure It 1s the author s fecling that Red Cross workers fire
men, and life s;ang guards 1t beaches should be twght and en
couraged to use the Beecher modificuson of the Silvester method
(p1ge 237) or the hip rollng method of Thompson Girdlestone
(page 242} If rescue teams can carry wath them n 1pparatus to
deliner oxygen the two methods can be used rogether Such oxy
gen delnery apparatus wnhaltors do not attempt to force the
patient to breathe Respintion ts performed by the mnual
method above described When inh1lators are used the gas ad
mnistered should be 100 per cent oxygen Carbon dioxide 10 Te
peat s no place n artrfien resprrition

Rather than pliang dependence upon any ol the automatic
cychng desices for field use my personal preference would be
for the hand bellous type of respiritor as recommended by hreisel
man This has been recently improved by the plicement of a flange
to prevent mnterference with the valve actton This appritus 1
smll readily transportable and 1s of low cost Rescue worhers
can be tiught to use this simple apparatus 1n 1 1very short time—in
less me 1t face than it takes to teach 1y of the manual methods
of arttficial yespiration In the box carrying the npparatus are air
ways which should be used The respirators are mespensne
enough to be sown around n areas where they may be needed
They should be kept at rescue stattons and carried in ambulances

In hospuals respuratory accidents often occur n operating
rooms Here the greatest reltance shonld be placed upon the mod
ern gas machine It 1s one piece of apparatus which should always
be 1n functioning order There should always be a cylinder of oxy
gen on 1t which has not yet been opened Airways and endotracheal
tubes are immediately 1vailable and should be employcd

Emergency umts contamning the equipment. for immediate use
1n resuscitation should be Lkept i strategic areas throughout a hos
pital In exch of these units should be kept 1 Kreiselman bellows
respirator virious sized atrwiys—oral nasopharyngeal and endo
tracheal—and a laryngoscope with adapters to fit the endotracheal
tubes to the Rrets¢ Iman apparatus

Respiration can be institnted with the above equipment If arez
ficsial respiration 15 needed over a prolonged period of time the
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pattent can be transported with the apparitus stll i use to a
Drinker type respiritor Respirttion ¢an be muntauned while the
ptient 1s placed 1n this apparitus The hreiselman apparitus may
momentrily be discontinued while the patients head 1s drawn
through the rubber collar Respiration can be manttuned by the
use of the kreiselman apparatus until the Drinker appritus 1s
started 1nd 1s propetly functioning

The problem of infnt resuscitation 1s sufhiciently important to
be handled by aself and will be considered 1n the section on
Asphyx11 Neonatorum

E ASPHYNIA NLONATORUM

The need for venttlatory resuscititzon cnnot 1lwys be mntict
pited Accidents may occur in homes on the street ind mn places
where there may be no special equipment wulible and where
there m1y be no truned personnel to employ 1t In hazardous ares
where 1ccidents may be anticipated as batlung beaches swimming
pools and 1t fires there has been some attempt made to have equip
ment wnd personnel available to carry out ventiltory resuscitation
The number of acadents which may occur mn such areas though
large however does not begin to compire in number with the
sitnations which call for resuscitation in delivery rooms Eastman
and kreiselman (136) state that the number of babies that die 1t
birth n the United States approximates 8o 0ooo annutlly Since an
additional 30 coo die during the first day of hfe from ciuses which
are almost all natal 1n onigm the total infant mortahty conse
quent upon a change from mtr to extra uterine life 1s tbout 110
ooo yerrly Approximately 4 per cent of 2ll fetuses 1nd newborn
children reaching a size and development compatble with ex
trauterine existence die before during or soon after birth (274) In
spite of the fact that there has been 1 stexdy improvement 1n neo
natal mortality during the past 20 yers there his been almost no
decrease 1 the denths during the first 24 hours after birth (132)

There 1s almost unamimuty that many of the deaths within 24
hours are due to hypoxia of the fetus (156 271 398) It 1s also ap
pirent that many of the physical and mental 1berrations of Ixter
Iife are due to the sxme cause Biggs (66) states A Iarge portion of
mental 1nd motor mmpairment 1n later ife 1s due to wmsufficient
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ovygenatton of the brun mmmedntely after birth Windlc (398)
believes that there is reasen to suspect that many spastc children
are so because of brun damage from oxygen want during Inbor
and birth Windle feels also that although some individuals may
escape clearly defined or persisting symptoms of organic neurologic
damage, they may mdeed suffer {rom unpurment of mentd func
tions Too mny 1re content to ssume that 1 significant percentage
of the population 1s born defecttve mentally when chimecal evs
dence suggests 1 close relttionship between oxygen deprisation 1t
birth and later neurological defects Windle determined expert
mentally the effect of oxygen deprivation on 1nimals Using con
trols and litters of two or more offspring one fetus was delivered
by section before aspliyxiauon of the remunder by clamping the
uterine or the umbthcal vessels The fetus delivered first served
s a control After cessation of intrauterine respirition one or two
fetuses were delnvered nd resuscitated by various means The du
ration of the pertods of oxygen deprivition varied from 414 mm
utes to 23 minutes Resuscitation required various intervals but
varted 1n proportion to the durtion of oxygen deprivition His
topathological studies were made n 8o brams of asphyviated ant
mals and 6o of the normal controls All experimental animals that
were rendered hypoxic exhibited symptoms of 1 neurological n1
ture after birth Generally the more prolonged the oxygen depriva
tion the more marked were the signs of centrl nervous system 1n
volvement There were however instances of mirked imparrment
of nervous functions 1fter brief oxygen deprination and slight mm
pawrment after very prolonged hypoxir Some animals died after
resuscitation In these animnls were found hemorrhages in the me
dulla oblongata m the region of the respiratory centers Others
who lived for a day or more showed marked motor disturbances
Those that survived were halled for histopathologic studies This
latter group showed 1 very great variety of neurologrcal symptoms
Bram pathology was found 1n nearly all amimals that had been
rendered hypoxic for eight minutes or more Ammals which had
been rendered hypoxic at birth and winch survived four to eight
weehs were together with therr normal litter mates subjected to
tests for their abihity to learn = sumple alternation type of maze
problem The normal ammals or those which w ere not rendered
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hypoxic learned thts problem promptly and easily At the conclu
ston of the tests 1l animals were hilled for histologic studies of the
brain Forty eight had been asphyxrited during birth and 4o had
not been Thirty one of the cxperimental animals showed struc
tural brain changes attributed to hypoxin Of these 31 27 were
inferior to the hitter mate controls i learning the maze problem
Windle showed clearly that oxygen deprivition 2t birth had pro
duced changes 1n brun function 1s well as i 1ts structure Windle
concludes his ess1y with the following statement  We are prone to
blame inferior human mentalitics on poor emvironment or defects
1 the germ plism Can 1t be that asphyxia at birth 1s partly re
sponsible?

In the normal fetus there are several mechnisms which nsure
an 1dequate oxygen supply, for the oxygen capacity of fetal blood
1s greater than that of the mother n the later stages of gestation At
the time of birth the oxygen cipacity of blood 1n the umbilical
vemn 15 about 21 5 volumes per cent Windle notes however that
there 1s one factor which tends to impair the efficziency of oxygen
of the newborn infant s blood 1nd especially that of the premature
mfant There 1s a defictency in the newborn of the enzyme car
bonic anhydrase which accelerates the relese of carbon dioxide 1n
the lung The amount present in the newborn 1s less than one half
that 1n the adult blood Under normal conditions the oxygen
valable to the fetus 1ppears to be more than adequate to meet
his needs 1f the wdvent of birth 1s not long delayed The resersorr
of oxygen 1s tbout 40 cubic centimeters If oxygen deprivation oc
curs the fetus can survive for a period beyond that in which the
blood oxygen 1s gone Amimal expersmentation by Himwich et al
(221) has shown that survival ume of a newborn rat during com
plete oxygen deprination 1s 2bout 50 mimutes compared with the
1dult survival time of 3 minutes By presventing the newborn fetus
from utilizing his blood sugar the survival tme 1s made to ap
proach that of the adult It would thus seem that anaerobic glycol
ys1s 1 a device arding the survival of the newborn

‘The fetus 15 capable of performing respiratory movements 1t an
erly age Whether wny fetus normally exercises its respiratory
mechanism 1 utero 1s unknown Rosenfeld and Snyder (311) be
lieve that active respiratory movements occur throughout a large
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part of intrauterine hife The adnunstration of carbon dioxide ox
ygen mixtures or wterference with oxygen supply to the muernal
ammAl will cuse the fetus i utero to respond to such stimulition
by respirition Windle (398) has shown that there 1re two types
of respiritory moyvements which may be observed experimentally
Weak movements produce no wspirition of immotic flnd but of
the oxygen deprivation to the maternal ammal 1s great 1 marked
stimulation of respiritory movenmient occurs with aspirition of
amniotic flurd nto the pulmonary tree Studies with rdiopaque
materil show that hypoxic antmals aspirated sufficient ammotic
flud to fill their lungs Davis and Potter (116) suggest that aspira
tion of amniotic fluid my be a normnl phenomenon Windle and
Becker (399) question the 1dequacy of their controls It 1s Windles
contention that aspirition of amniotic fnd 1 not 2 normal phe
nomenon but occurs under conditions of asphyx1t Tortunately for
the fetus 1 wide mirgin of safety 1s provided agunst the danger of
drowning 1n 1ts ammotic flud  Rosenfeld and Snyder (314)
have shown that with continued oxygen deprination to the ma
ternil amimal respiratory movements cease
Respiration begins at birth because of increased sensitnity of
the respirtory center from hypoxia the result of placental separa
tion plus the effect of afferent external stmult from 2 change m
emvironment If the respiratory center has been rendered less sensi
tive because of advanced oxygen deprnation or because of the ef

fect of narcotics and anesthetics regular respirttion will not be
mtiated

ETIOLOGY OF FETAL DEATHS

Death of the newborn 1s attrsbutable to factors which occur dur
ng the intrauterine the intrapartum or the neonatal period Of
the fetuses which perish before birth 1t 1s said that one fourth
show evidence of oxygen want (274) Oxygen deprivation may have
been due to such factors as partral separation of the placenta ma
ternal pneumoma cardiac decompensation anemia or prtuitrin
stimulation Because of the hazard of ovygen deprivation to the
fetus one must not neglect the danger of high alutude flying by
the pregnant mother The cause of oxygen pauctty during the in
tripartum penod may be the result of obstetrical factors—compres
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sion of cord operative procedures, or nesthesia In the neonatal
period death may be due to these factors continumg on to death of
the newborn Almost one half of the total fetal wastage occurs after
birth, although the genesis for most of these deaths occurs during
lIabor (274)

Biggs (66) divides the factors which may be responsible for the
death of the newborn into anitomic obstetric and physiopatho
logic Under anatomic factors he hists malformation of the crreu
Intory and respiratory organs diiphrigmatic hermin hypoplasta of
the mandible 1nd abnormal mobility of the tongue Under obstet
r1c factors he stites  The preponderance of the opinton of the most
careful observers mndicates that the incadence and severity of 1s
phyxia neonatorum 1s dircctly proportional to the amount of op
eraitive work done, also that 1t 1s directly proportional to the
amount of 1nesthesia used 1 delnvery and to the amount of nar
cotics given to the mother a short time before delnvery  Under
physiopathologic factors one must consider prematurity ntra
craml hemorrhnge prolonged Inbor 1nd compresston of the cord

ROLE OF ANESTHLSIA AND SEDATION

Henderson (206) stated  More or less prolonged apnet zppears
in 3o per cent to Go per cent of babies born to mothers who hive
recenved narcotics 1n order to soften the curse of Eve  Pharma
cologists ind wnesthetists agree with Beck (53) thit most of the
methods which have been recommended for the relief of pun dur
ing labor may causc the death of the child if they 1re not given
with cautton  With the possible exception of alcohol apomor
phine and scopolrmine all the agents employed for sedation 1re
respiratory depressants All the genera] anesthetic agents also will
produce depression of the mother s respiratton It 1s important to
note that the fetl respiratory system during intrauterine life 1s
peculiarly sensitive to narcosts 1nd the reaction to a particular an
esthetic cnnot be predicted from the response of the maternal
amimal (314) In fact the fetal respiratory system seems to be more
sensitive than that of the mother to the depressant action of anes
thetics and narcotics It 1s then because of the use of 1nalgesics and
sedatives for pain relief that we face the great problem of oxygen
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deprivation 1n the fetus Such drugs mcrease the hypoxi of the
newborn 1 direct proportion to the amounts given (95)

[ he barbitnates have long been commonly employed for pun
reliel The barbiturtes are not wnlgesics In order to obtun the
effect which many obstetricians promise their patients— You will
not know 1nything thout 1t —it 1s necess1ry to usc these drugs in
too Inrge doses The burbiturates are powerful respiritory depres
snts It 15 this class of drugs which has been more responsible than
Any other sigle group for the hegh morbdity of the newborn It s
true that while under barbiturite medication the mother may re
act to pun nd may thrash about md mon with respirations not
seemngly depressed but careful observation between labor puns
will howeser, reseal that respirttion my mdeed be very much de
pressed

Nttrous oxide oxygen, 1n concentranons sufficient for operative
obstetrics occastonilly reduces the oxygen content of the umbilical
blood to extremely low levels (134) Beciuse of tlus 1t has been
recommended that at no time should nitrous oxide be given with
less than 20 per cent oxygen concentrition n the inhaled 1tmos
phere and that this misture should be given 1n sufficient volume
It has been found however that natrous oxide oxygen even mn
8o-go muxtures will produce definite maternal and fetal hypoxin
(359)

Ether carefully administered will not mterfere with oxygen
availability It must be noted however that following its admims
tration there 15 often 2 very long peried of depression for 1t 15 nec
essary that the fetus eliminate this drug

Cyclopropane oxygen Under this anesthesia the blood of the i
fants 1s better oxygenated than under nitrous oxide oxygen (359)
With cyclopropane 1nesthesit the youngster can desaturate rapudly

Rosenfeld and Snyder (314) evaluated the anesthetic agents by
determiming their effect on fetal respiritory mosements They
found that pentobarbital sodium paraldehyde chiorl hydrate and
morphine had ciused 1 striking depressant action The volatile
agents—mitrous oxide and oxygen——had no effect 1f the ovygen
percentage n the wnhaled muxture was satisfactory However if
there was mn msufficient amount of oxygen breathed there was
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defintte hypoxia nd respirttory depression These authors nlso
found that ether caused a marked depression by the tune surgical
qnesthesin of the maternil anunal was reached Cyclopropane oxy
gen they determined even wath full surgical nesthesta had no
depressant action on the fctus They conclude  Because of the pe
culinr sensttavity of the fetal respiratory system to depression by
anesthetics the fact of anesthesin must be regarded as an 1mportant
one m the pathogeness of respiratory fulure at birth

The use of neive block technies eprdural, caudal and spinal an
esthesin for delineries has reverled how promptly and effectively
the newborn will breathe 1f his respiritory center his not been de
pressed by the analgesics and anesthetic 1gents mentioned above
The proper use of these latter methods will undoubtedly lexd to a
marked mmprovement m neontal morbidity The use of the re
gional epidural caudal and spinal anesthesia technics however 15
not without danger In themselves these procedures may produce
ovygen want m the mother and thus mn the unborn fetus Epidural
and spnal 1nesthesit m1y cause intercosttl paralysts The regional
technies mry because of diosyncrasy to the mesthetic agent or be
cuse of overdosaige produce convulsions In careful hands the
dangers m these procedures can be hept sufliciently low 1s to make
the technucs pracuical

To decrease the morbidity of oxygen want 1n the newborn one
must anticipate 1ts occurrence Better obstetrics 1s but part of the
picture Improved anesthesta and better attention to the mother 15
a great part ol the problem Any occurrences of fetal bradycardia
must be mterpreted as 1 possible response to hypoxin It has long
been demonstrated that 1admnistration of oxygen to the mother be
tween contractions will correct to a lurge degree the bradycirdia
of the fetus during Inbor pains (46 263 387) This simple therpy
should be nsututed 1n sitwations m which neonatal mortality 15
especially Ingh  that 1s prematurity multiple births 1ind toxemias
of pregnancy In the admmistration of the 1nesthesia the skill and
judgment of the anesthetist 1s of paramount importance The
obstetrical floor 1s usually at some distance from the operating
room Too often obstetrical anesthesia 1s relegated to the newer
nurse technicians Supervision of nesthesta on the obstetrical
floor approximating that in the operating room 1s long overdue In
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mny ways westhesit of the obstetrical prtient 1s more difficult
than that of the pauent who comes to the operitng room The
paticnts who come to the operttng toom re usially well preparcd
Too often mothers come to delivery with full stomachs In ob
stetrics the anesthetist assumes the responsibility for the oxygen
tion of two mdniduals the mother and the chuld The obstetrical
patient 15 often not cooperatine 1nd may be more difficult to han
dle Very few delinery rooms m this country are 1dequately sup
phied with proper gis machines ord urways endotricheal wr
w1ys suction appiritus laryngoscopes bronchoscopes ete Too
few of the mothers m labor recenve wdequate flutd theripy Blood
admumistration 1s too often delryed To correct this state of affrs
there should be mcreised cooperition between the departments of
obstetrics anesthesta tnd pedntrics

ROLE OF RESUSCITATION IN ASPHYNA NLONATORUM

Slapping thumping tubbing nd swinging the newborn chnld
1s traumatic Triuma has no place in resuscitatton The same prin
ciples hold true for mfant as for adult resuscitation Respiratory
stumulants s noted 1 the section on resuscitation have no place
m this endeavor Carbon dioxide as a respiritory sumulant s fully
as hazardous for the newborn s 1t 1s for the adult The reader 1s
referred to the previous section on Carbon Diowide and to the
work of Eastman 1nd hreiselman 1 this regard  As the administra
tion of anesthesia has often been relegated to the poorest of the
nurse technictans or to the mternes so has the resuscitative en
deavor been the lot of the junior member of the obstetrical texm
Very rarely 1s this individual mnstructed 1 the proper means of
effecting ventilatory resuscitation The use of resprratory stimu
lants carbon dioxide madequate or mproper resuscitative meth
ods not only does no good but indeed may do harm The role of
ventilatory resuscitation in the newborn 1s like that of the adult—
the admumstrition of oxygen creation of a satisfactory tidal ex
change and elimination of carbon dioxide

RESUSCITATIVIL. PROCEDURE

The procedure to be employed depends upon the status of the
newborn baby Under all circumstances the pharynx should be
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definite hypoxia nd respirutory depresston These authors also
found that ether caused 1 marked depression by the time surgical
anesthest1 of the maternal animal was reched Cyclopropine oxy
gen they determmed even with full surgical 1nesthesia had no
depressant 1ction on the fetus They conclude  Because of the pe
culinr sensitivity of the fetal resprratory system to depression by
anesthetics the fact of anesthesta must be regarded as an important
one m the pathogenesis of respiratory farlure 2t birth

The use of nerve block technics eprdurtl caudal and spinal an
csthesia for delivertes has revealed how promptly nd effectively
the newborn will breathe 1f his respiratory center has not been de
presscd by the analgesics and anesthetic agents mentioned above
The propcr use of these latter methods will undoubtedly lead to a
marked 1mprovement m neonatal morbidity The use of the re
gional epidural candal and spinat anesthesia technics however 15
not without dinger In themsehves these procedures may produce
oxygen want 1n the mother and thus m the unborn fetus Ipidural
1nd spinal 1nesthesia may cause intercostal paralysis The regional
techmics may because of 1diosyncrasy to the anesthetic aigent or be
cause of overdosage produce consvulsions In careful hands the
dangers 1n these procedures cin be kept sufficiently low as to m1ike
the technics practical

To decrease the morbidity of oxygen want n the newborn one
must anticipate 1ts occurrence Better obstetrics 15 but part of the
picture Improved anesthesia and better attention to the mother 1s
1 great part of the problem Any occurrences of fetal bradycardia
must be mterpreted as 1 possible response to hypoxia It has long
been demonstrated that administration of oxygen to the mother be
tween contractions will correct to a large degree the bradycardia
of the fetus during labor pains (46 263 387) This ssmple therapy
should be wmstituted n situations m which neonatal mortality 1s
especially high that 1s prematurity muluple births and toxemias
of pregnancy In the administration of the anesthesia the shill and
judgment of the anesthetist 15 of parimount importance The
obstetrical floor 1s usually at some distance from the operating
room Too often obstetrical anesthesin 1s relegated to the newer
nurse technicinns Supervision of anesthesiz on the obstetrical
floor approximating that in the operiting room 1s long overdue In
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there 1s no store of gis m the system The constant appheaion of
the Milter Mask will not only meeifere with the youngster taking
1 breach on s own but will wdvarsey dfea circubiion because
of contmued mtripulmonty positve pressure

The hrusddimm Infant Resuscrtator (Fiure 8g) will produce
MtErNULent PosIIve Pressire 111 propa pressure curve reliton
shup and does not mterfre with the haby s breatlhng on his own

Figure 10y hrascdman tube for mfint endotracherl oxsgen mmsuffihion

for 1t serves 15 both 1 respiritor md an mhaltor  The pressure
employed 15 rexdily contiollnble

When endotricheal msufftion 1s necessary the trachen should
be gently aspirited with electricnl suction through a soft catheter
An endotracheil tube 15 then pissed which should be of rubber
and shaped as 15 the kretselman tube (Migure 109) As noted from
the figure there 15 W 1cute merease mn the dinmeter of the tube
5o that the tube cannot be inserted beyond this point and thus
damage 15 prevented The proximal end of the tube should be
connected to an apparatus such as the kreiselman Infant Resuscy
tator for intermuttent insufflation of oxygen Tligg recommends
the use of 1 night ngle shaped appirtus as i Figure 110 for ¢n
dotracheal msufflation The pomnt at which the diameter of the 1p
Pparatus increases 1s to be placed down upon the cords It Iimats the
extent to which the apparatus enters the trachea The apparatus
functions well The single hazard 1s that the tip 1s metal and rather
sharp ponted Unless the mstrument 1s passed with the head fully
extended 1t 1s possible that the metal tip will impinge upon the
bosterior wall of the trachea and there ciuse damage
ne‘:blc);:ﬂ:glgsze?:::t{:s has been especally designed for the

e 1 swinging away from this type of ap

Paratus (66) If 1t 15 available one should not hesttate to employ 1t
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aspirated by some gentle means Postural drunage by the obstetrt
am for 1 short period of time 1s mdwated The youngster should
be placed on a warm plitform with head shightly dependent and
extended Aspuation of the mouth and pharynx through a catheter
by mouth suction 1s not always sauisfactory It 1s recommended that
mechanical suction be employed nd the degree of negative pres
sure be adequitely controlled If the newborn 15 but mildly de
pressed and 1s moderttely active sumple aspiratton of mucus and
amniotic flmd usually suffices If the nenwborn 1s moderately de
pressed with decreased muscle tonus 1nd offers no resistance to
opening of his mouth oxygen should be applied by some simple
means If respirition does not tike plice withun 1 minute or two
very careful direct Iaryngoscopy should be performed If the cords
arc 1 medioduction or if the patient rercts to Inryngoscopy, the
Inryngoscope should be remoted nd oxygen again applied to the
face If the cords are in fateroduction the trichea should be gently
aspirited by catheter or by nigid tubce The nigid tube 15 more
easily inserted than s the catheter Care should be tahen whenin

serting this tube for the distance betw een the glottis ind the bifur

cation 1s less than two mches 1f the newborn makes no respiratory
movement or does not retct then oxygen under controlled pres

sure should be wsuflited intermuttently If the respiratory depres

sion has been due to hypoxit and this hypoxii has not been too
long protracted the youngster will begin to breathe spasmodically
at first 1nd then regularly He will continue to show mmproyement

1f the respiritory depression 15 the result of continued effect of the
anesthetic agent admimstered to the mother then some meins
must be 1t hand to mamtun respiration until the youngster ¢in

elimnate the drug which lie has recenved through the plicenta

APPARATUS

Here too 1 for adult resuscitinon mtermiteent positive pres
sure breatlung 1s the most dependable Intcrmittent positive pres
sure breatlung m1y be mstituted by the Miller apparitus in which
the compressed gases arc delnered through 1 face piece The
amount of pressure deliered 1s controlled by a steel ball resting on
7 seat This apparitus 1s effectuve in producing inspirition The
mash should however be intermittently applied and removed, for



Resuscrtation 299

Gellis ¢ al postultted that the fetus swillowed amntouc flurd
winch was Itter regurgated and aspirated  Gastric suction re
vealed that the stomachs of mfants of dibetic mothers delivered
by caesarean section contuned 1n nerage of zo cubic centimeters
and the stomachs of mfants botn by ciesirean section of non dn
betic mothers yielded an merwge of 11 cubic centimeters Aspiri-
tion of stomachs of infants deivered by low forceps gave but two
cubic cenumeters It 1s thus possible that regurguation and aspira
tion m1y account for the apperance of the delyed hypoxit Gellis
etal stie  The mereased amount of flusd n the upper respiritory
tract of these mfnts must necessarly be inhaled with the first
breath unless removcd by the physician Aspirated matennl at first
hies loosely distributed 1 the alveolar spaces but each successive
breath packs the debris agunst the alveolir walls formung the
asphyxial membrane composed of 1mniotic detritus mecontum
lanugo and vermix Delayed respiratory obstruction 1s dependent
upon an increasingly impervious alveolar membrane

Of 25 infants who recenved gastric suction at barth by these
authors four showed respiratory embarrassment that was present
at birth and none developed respiritory difficulty Of 25 nfants
mn whom suction was not performed 15 developed resprratory dif
ficulty In six 1t was present 1t birth but nine of the 15 showed a
delayed onset of obstructive signs Because of the above findings 1t
1s recommended that gastric suction at birth be ¢arried out 1n 1n
fants delivered by caesarean section

TECHNIC OF SUCTION

‘Within one or two minutes after the extraction of the mnfant
oxygen 1s administered and gastric suction carried out by means
of a #10 French catheter passed through the oropharynx The cath
cter connected to a suction apparatus 1s slowly passed down the
mouth 1nto the esophagus with constant suction apphed and with
slow rotating movements of the catheter between the fingers When
the catheter reaches the stomach gentle pressure 1s applied on the
abdomen to facilitate the greatest yteld of flud The catheter 1s
withdrawn slowly with suction still apphied Oxygen 1s then ad
ministered for approximately one or two mnutes after which time
the gastric aspiration 1s agamn performed This procedure 15 re
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when a long period of artificial ventilation 15 required to maintain
the oxygen supply to an infant who has been depressed because of
narcotics and anesthetics

Here one should not overlook the possibility that the electro
phrenic respiritor of Sarnoff might be of value As previously
stated 1t 15 designed to produce diphragmatic contraction The
respirition 1t produces 1s more nerly physiologic than ny other
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Figure 110 Infant liryngoscope catheter for phiryngenl aspration rnight
angled Flagg apparatus for endotracheal msufflation endotricheal aspirator

up

forms of resuscitatton we hnve mentioned Adequately ind care
fully handled 1t should be of vrlue

ROLE OF GASTRIC SUCTION

It had been noted by Gellis et al (171) that infants born to
diabetic mothers delivered by caesarean section were prone to de
velop severe hypoxia erther immediately or several hours after
birth It 1s agreed that the mcidence of resprratory difficulty and
the mortality rite are higher 1n infants born by caesarean section
than those delivered through the pelvis for delivery by caesirem
section 1ncreases the likelthood of asprration of 1mmiotic fluid
Such asprration may explain the immediate respiratory distress
but does not explaimn the occurrence of obstructive hypoxia which
may be seen sev eral hours Iter
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pulsition 1s lost Others (1) agree that shen ¢pinephrme 1s em
ployed m the presence of nsystole the heart may ndeed start beat
g but msted of the rhythm being normal the ventricles may be
thrown nto fibrillation  Cpwephrine, however 1s recommended
s of vilue under certun circumstanees (55 322

The ncedling of the heart for the purpose of mtroducing ep
nephnine 1s sud to be harmful of 1tself Such an njection wounds
the heart and produces 1 small arer of myocardial damage which
m1y lewd to the development of what 1s termed an mjury current
(226) Such trauma af mstitured very soon after the heart has
stopped may generite M cctopic beat m the heart muscle with
favorable results If such 1 procedure 1s not nstituted within go
seconds lLiowever the threshold for stmulition 1s increased and
the ectopic beat when produced will be followed by 2 series of
extrasystoles with fatlure of the normal prcemker to be followed
by fibrillation Since aurtcular fibrillation 1s more compatible with
life than 15 ventricular fibrillaton 1nd since the 1wuricles 1re more
sensitive to mechanicl stimulation all mtricardiac mjections
should be by way of the auricles

1t 15 generally agreed that attempts 1o revinafy 2 heart winch 1s
fibrillating or asystolic should be more direct Cardiac compres
sion now stands as the procedure more likely to result favorably
than any of the above alone Regardless of the procedure employed
1t 1s absolutely necessary that efforts 1t cardiac resuscitation should
be accompanied by efforts to improtve and muntain good pulmo
nary ventilation preferably with lugh oxygen concentrations 1n
the breathed atmosphere

As previously stated manipulation of the heart 1tself may cause
fibrillauon or asystole Beck and Mautz (54) feel that this may be
the result of exposure manipulation or surface stumulation of the
heart Simple exposure of the heart may result disastrously because
of a change from the subatmospheric pressure which normally sur
rounds it to atmospheric pressure This may be the final straw
that stops the heart Manipulation such as local pressure angula
tion of the heart from 1ts normal axis and torsion on its long axis
may also have deletenous effects Sumple surface stimulation may
lso result disastrously

Bech and Mautz (54) describe the methods for control of such
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peated two or three times until flurd from the stomach ¢ no
longer be obtaned It 1s then wise to place the mnfants in an oxygen
atmosphere and suction of the nares nasopharynx mouth and
oropharynx should be carried out 1t three hour mtervals

I CARDIAC RESUSCITATION

The very grent majority of mstanees of cardiac cessation re not
remediible because of the disease processes underlying their pro
duction It 1s however apparent that cardre staindsulf under cer
tun crcumstinces ¢ be reversed with survival (242, 322, 873
878) The heart will respond by fibrillation or standstll to certam
forms of nsult which m1y occur during anesthesia wnd surgery
This condition 1s sud to occur mn a busy operiting room 1bout
twice 1 yerr (18, 322)

Incrensed sensitization of the heart to epinephrine by the anes
thetic 1gents chloroform ethyl chloride and cyclopropane may
precipitate this emergency Hypoxia not only mncretses myocrdial
sensttivity to epinephrine but increascs its production Parisympa
thetic sumulstion by the barbiturates nd cyclopropane may in
hibir cardiac 1t aty Reflex vagal cffects due to surgical manipula
tion may produce cardsac standstill

I contrast with the resuscitatiy e snterval i acute deprivation of
oxygen by mefficient ventiltion the resuscitate meerval of cute
cardiac fibrillation or asystole 1s exceedingly small It behooves
those who 1re responsible for the care of pauents during anes
thesta nd surgery to recognize the catastrophe readily and to be
prepued to handle 1t effectively

Efforts to revinify the heart m asystole have been mwy nd
varted Pressuve on the thoraaic cage thumping the area over the
precordium  peedling the heart and the intracardiac 1mjection of
drugs have been reported Hyman (226) describes a technic for the
mtroduction of drugs mto the right auricle through the mtrct
chest wall and for years epmephrine was so employed Drinker
(129) states There 1s no practical procedure winch affects the
fibrillauing heart muscles and an intracardiac mjection of ept
nephrine can be rehed on to do but one thing namely make fibril
tation worse so that any chance ot spontineous shift to normal
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successfully defibitlited the vanttacdes i the human heart i two
paents bath of whom 1ecovered

Cardine standsull or fibnllitton may ocur 1 the operating
room when the chest has not been entered Here oo, cardiac com
pression 15 ndicated Vartous approaches for this hnve heen dvo
cated Thesc may be divided 1nto three groups (1) trinsperitoneal
and subdnphrigmitic  (2) transperitonel trinsdiphragmatic
and (3) trinsthoracte The transthoracic is the most direct 1nd most
sitisfactory route The appronch should be made quickly through
a trmsverse tcaision m the left third or fourth mtersprce The ribs
should be widely retracted and with the heart under direct vision
cardiac compression should be applied 1t the rate of 1bout jo per
minute Warm siline solution should be poured over the heart at
frequent 1ntervals to prevent dehydruon The effectiveness of
such cardiac mssage was demonstrated by Gunn (188) He showed
that a dye mjected mto the night ventricle of 1 heart winch has
ceased beaung tppeared tn the lungs and caroud artery after but
1 few compressions of the heart

Burstein (84) demonstrated the successful use of procame ntrt
venously in pauents who have deseloped cardine arrhythmras dur
ing operative procedures within the thoracic cage Procune as
previously stated has been shown to be effecttve in the treatment
of ventriculnr fibrillation Ruzickt and Nicholson (322) combimed
procaine and epmephrine intravenously or mtracardnally They
administer o 5 cubic cenumeters of epinephrine and 95 cubic
centimeters of 1 per cent procaine Although there 1s very sertous
question about the use of epmephrine most of the authorities
recommend repeated use of procamne should 1t be indicated

There have been sufficient complete recovertes by cardiac com
Pression to requure that every operating room should be thoroughly
equipped to handle this emergency There should always be avail
able 1n the operaung room the proper mstruments to enter into
the thoracic cage separate the ribs and expose the heart so that
cardiac compression can be done 1n the shortest possible 1nterval
after cessation of cardic action
m;‘:;&:;::ies?:::hmem of the heartbeat any one of three things

e may be complete recovery of the heartbeat
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fibrillation Physiologists (223 392) have contributed two meth
ods for defibrillation of the ventricle One 1s to bring the heart
to 1 complete and absolute standstill by a solution of potassium
chloride 1nd then to restore 1ts action by solutions of calaium
chloride The authors feel that the potssium calcium method was
superseded by sending an electrical current through the ventricles
stopping fibrillation and then restoring the normal rhythm by
mtermittent compression This method was described m 18gg by
Prevost and Battelli (305) In defibnlition of the heart Beck and
Mautz {51) muntamn adequite 1eration of the lungs expose the
heart and massage the ventricles about 50 times 1 minute An
electrode 1s then pliced on each side of the heart 1nd an electric
current 1s run through the ventricles The current 1s ordinary cur
rent of 6o cycles and of 1 to 1 5 amperes Its application 1s short
from o 5 to 2 0 seconds If such procedure fails to stop the fibrilla
tion procune 1s mndicated They applied two cubic centimeters of
5 per cent procune upon the auricles and sentricles with contnua
tion of massige Every vestige of fibrillary movement must disap
per before there 1s any hope of success
Beck and Rand (55) stress the fict that there 1s no urgency
restoring the heartbeat If the vennilation of the lungs 1s andequate
preferably through an endotrachenl tube and if the heart 1s slowly
compressed the urgency for the restoration of the beat 1s not great
When the heart stops 1t 1s etther 1n ventricular standstill or ventric
ular fibrillation It 15 sometimes extremely difficult to distinguish
one from the other The treatment for each 1s different however
Because from the stindpoint of treatment 1t 1s important to dis
unguish between them 1n electrocardiogrim s advisable ind
time can be tiken for this Massige alone may correct ventricular
standstill or asystole If cardiac compression alone fails Beck and
Rand feel that epinephrine may then be used They employ o5
cubic centimeters of 1 1 1000 epinephrine solution diluted 1n 5
cubic centimeters of sodium chloride In the presence of ventric
ular fibrillation they employ 5 cubic centimeters of 1 per cent pro
cune solution part of which 1s applied to the surface and the re
mainder of which 1s 1njected 1nto the right ventricle These authors
too employ electric shock to defibrillate the hewt They hnve
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successTully defibnllated the ventrickes i the human hart m two
pitients both of whomceovaed
Cardtre standstll o fibnllatton may occn m the operting
room when the chiest has not been entared Here too cardie com
pression 1s mdicated  Vartous approaches for this have been wdvo
cited These my be divided into three groups (1) transperitonenl
and subdnphrgmitic () winsperitoncal trnsdiphragmaac
and (3) transthoracic The transthoricie 1s the most direct aind most
satisfictory route The approach should be made quickly through
a trinsverse inctsion 1 the left third or fourth mterspaice The nibs
should be widely retracted and with the heart under direct viston
crdinc compression should be apphied at the mite of about 4o per
mmute Warm s1line solution should be poured over the heart at
frequent intenvals to prevent dehydrtion The effectiveness of
such cardite massige was demonstrated by Gunn (188) He showed
that a dye njected mto the night ventrecle of 1 heart which has
ccased beatng 1ppeared n the lungs wnd caroud artery after but
2 few compressions of the heart
Burstein (8 1) demonstrted the successful use of proctne mtra
‘venously i pauents who hive developed cardine arrhythmias dur
ing operatinve procedures within the thorac cage Procame as
previously stated has been shown to be effective in the treatment
of ventriculir fibrillation Ruzicka and Nicholson (322) combined
procaine and epinephrine mtravenously or mtracirdially They
admimister o cubic centimeters of epinephrine and 9 5 cubic
centimeters of 1 per cent procaine Although there 1s very sertous
question about the use of epmnephrine most of the authorities
Tecommend repeated use of procune should 1t be indicated
There have been sufficient complete recoveries by cardiac com
Pression to require that every operating room should be thoroughly
¢quipped to handle this emergency There should aluays be avail
able n the operating room the proper mstruments to enter nto
l:’:d‘l:sl;d:;: cage separite the nibs and expose the heart so that
pression can be donc mn the shortest posstble interval
after cessation of cardrac action
m:f‘:;;ics’?:llrshmem of the heartbeat anmy one of three things
e may be complete recovery of the heartbeat
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respiration and cerebral function The heart may function prop
erly respiration may be satisfictory, but because of 1dvanced oxy
gen deprivation to the brun there may be altered cerebral func
tion On occasion the heart may recover but respiranion will not
be resumed with ultmate death of the patient Often 1 patient
may linger unconscious but breathing well with seemingly good
heart action and die after a protracted period of one to fifteen days
These pauents exhibit the characteristic brun dimnge of cerebral
hypoxia

A rather important detatl to consider in the handhing of these
emergencies 1s wnother means to improve the state of myocardial
oxygenation by increasing the head of pressure within the coronary
vessels To accomplish this intra artenal transfusions wre adminis
tered Negowslhy (284) has shown n experiments on dogs that
arter1nl infusion of blood plus epinephrine wnd glucose together
with powerful 1rtificial respirition constituted the most effective
method of revival Hale (196) has demonstrated that the intra arte
r1al injection of blood mn a peripheral artery will cause 1 sufficient
back pressure within the aorta to improve effectively the flow of
blood mto the coronaries 1nd to the brun This procedure has
been employed chinically for some time with extremely good re
sults It has been employed particularly in the presence of acute
falls 1n blood pressure beciuse of hemorrhage or shock Since the
method has been so sausfactory 1t would seem indicated 1n the
presence of cute cardiac standstill because of the improved coro
nary and cerebral blood flow 1t provides



BIBLIOGRAPHY

1 Anratson HO A Improsed Inhalwion 1heripy of Asthm Arch
Phys Therapy, 21 G12-61, 1910
2 Ameavson H A Prnaples wd Practce of Acrosol Therpy of
the 1ungs and Bronchs dnn Allergy 4 y10-156 November-
December 1916
3 Amrawson H A ind hois L ' Combined Hydrogen Peroxide
and Pemallin Acrosol Therwpy of the Lungs Ann Allergy,
4199 1916
4 Apavi | € and Nienotis A G Prncples of Pathology Vol
ume . Philadelplin Lev 1goz 7i0-713
5 AtLen LV The Lmergency Treatment of Vascular Occlusions
JAMA 135 15-17 September 6 1647
6 Autsciurr M D wd Zanicemrek N The Effects of Pleural Effu
ston on Respiration and Carculation it Man J Clin Investiga
tion 23 3 525-331 M7y 199
7 ALARez W C A New Treitment for Migraine Proc Staff Meet
Mayo Clin 14 v7g March 15 1939
8 Awvarez W C Sich Headaches Rhode Island M ] 27 451 Sep
tember 1544
9 Awvarez W C and MasoN A Y Results Obtuned 1n the Treat
ment of Headche with the Inhalation of Pure Oxygen Proc
Staff Meet Mayo Clin 15 39 616 September 25 1940
10 Anprews A H Jr and Rotn L W Simplified Oxygen Analyzer
for Oxygen Tents | Lab and Clin Med 2710 1846-1348
July 1942
11 ArcAr V Oxygen as a Supportsve T herapy m Fetal Anoxia Bull
New York Acad Med 267 474-478 July 1950
1z ArsstRone H G Principles and Practices of Aviation Medicine
Baltmore Williams & Wilkins 1939 p 284
15 Arwvsrrone H G and Helv J W Effect of Flight on the M d
dleEar JAMA I09 417-421 August 7 1937
4 Arvstrone H G and Hrng J W Effects of Repeated Daily Ex
posure to Anoxemia J szz;iwn Med 9 9296 June 1938



307

16

47
48

49

s0

57

2]

5

59

6o

Inhalation Therapy and Resuscitation

BarcrorT ] hramir hond Muimen G A Oxygen in Ca
rotid Blood 1t Birth J Physiol 94 571 1939

BARKER M H  Subcutaneous Oxygen Therapy Modern Hosp
49 6 December 1937

Bascy, I' P Houmnerr I and Poncuer H G Physical and
Chemical Properties of Sputum 1 T'ictors Determiing Vara
tions 1n Portions from Different Parts of the Tracheobronchial
Tree dm ] Dis Cluld 62 981 1941

Bascu F P Houmnerr P oand Povcner H G Physical and
Chemicnl Properues of Sputum 11 Influence of Drugs Steam
Carbon Dioside wnd Oxygen Am J Dis Child 621149
1941

Bywuv W S Marvo R B and Sievers, R F A Comparative
Study of the Effects of Exeraise and Anoxin Upon the Humn
Llectrocardiogram J Awiation Med 16 {22 December 1945

Baveau R Linsuffisance Respiratorre qux tres hautes Alutudes
et s1 Correction par les Injections sous cutanees d Oxygene
Compt rend Acad Sct 172 291 and 1388 1921

Bayeww R L Absorpuion sous cutanee de 1 Oxygene dans les As
censions en Montagne et en Avion Compt rend Acad Sct
173 937 1921

Brca A G The Obstetriciin s Responsibality for the Hazard of
the First Few Days of Life with Specinl Reference to Anoxit
and Prematurity Am J Obst & Gynec, 57 173-183 February
1946

Brek C S and Mautz F R The Control of the Heart Beat by
the Surgeon inn Surg 106 § p25-537 October 1937

Bren G 5 and Rano H | Cardiice Arrest During Anesthesia
and Surgery JA M A 141 17 1230-1233 December 24 1949

Breker Z E A Comparnison Between Action of Carbonic Aad
and Other Actds Upon Living Cell Protoplasma 25 161-175
1936

Broker FrRrysEnG H and Cramany H G Zur Frage der Sauer
stoffvergiftung  Alin Wehnschr 18 1382-1385 October 28
1939

Brecurr H Kk The Effects of Carbon Dioxide Hyperventilation
on the Aeration of the Lungs mn Patents After Operation Surg
Gynec & Obst 59 731-737 November 1934

Bercuer H K Euwrly Care of the Seriously Wounded Man
JAMA 1454 193-200 January 27 1951

Brecuer H K BennETT H S and Bassert D L Circulatory



6

63

64
63

66

Bebliozraphy 33

Effects of Incretsed Pressure i the \irwn  inesthestolom
4 6 612-618 November 1943

Beiacrr I Cawsuy and Ricnrr Co Jr - Modificitions Ther
muquies observees sur le lypan Soumts a In depression atmosphe
nques Compt rend Soc de biol 96 766-768 1927

Brinak o R Hogh \tmosphenic Pressures Phystologicl Effects
of Increased and Decrersed Pressures Application of These
Findings to Chimel Medicine Ann Int Med 13 2217-2228
June 1940

BemnkF A R Certun Phystological Prinaples Underlving Re
suscitation and Ovygen Therpy  Anesthesiology 2 3 245-260
May 194t

Bert P La Pression Barometnique Pans \Masson 1878

Bickervan H A and Beck G ] Pressure Breathing with Oy
gen and Helwum Oxyvgen tn Pulmonany Edema and Obstructive
Dyspnea Bull \eu Yorkh dcad Med 266 g10-423 June 19,0

Biccs A D Pediatnic Aspects of Asphyxin Neonatorum
JAMA 126 1070-1071 December 23 1944

Binger C A L. The Construction and Management of an Oxy
gen Chamber Modern Hosp 24 2 186-193 Februany 1ge3

Binger C A L. Fatianer J M and Moorr R L. Oxgen Por
somng mt Mammnls J Exper Mled 455 849-864 Mav 1 1927

Boravp E. W\ Oxsgenin High Concentrattons for Relief of Pain
1 Coronary Thrombosis and Severe Angma Pectorts J.A M.A
114 1512 Apnil 20 1940

Bootrey W M Oxygen Therapy J.A M A 99 2026 1932

Boornmy W M Lunon G and Herusowz H F - Jr. Gaseous
Mitrogen Elmnmnation Test to Determine Pulmonary Efficency
Proc Soc Exper Biol & Med 67 358-,61 April 1948

Boorney W M Maio C W and LoveLace W R One Hun
dred Per Cent Oxygen Indications for Its Use and \lethods of
Its Admumstratton J 4 M A 113 477-482 August 1939

BorpEn D L Wapoir, J F and Grier G S I Staustical
Study of 26, Cases of Heat Disease J A M[.A
August 25 1943

Bourne, G and S\ttt R G The Value of Intravenous and In
traperitoneal Administratson of Oxygen Am J Phystol
82 328 1927

Brecueneice C G and Horr H E  Pontne and Medullary
Regulation of Resprranion m the Cat 4m J Phystol
160 2 38,-394 Februarv 19,0

128 17 1200



9

50

5

e
S

57

58

59
6

=]

Inhalation Therapy and Resuscitation

BarcrorT ] hranrR K oand Mintiken G A Ovygen in Ca
roud Blood 1t Birth J Physiol, 94 571 1939

Barner M H  Subcutineous Oxygen Theripy Modern Hosp
49 6 December 1937

Bascu F P Hounerr P nd Poneurr H G Physical and
Chemucl Properties of Sputum I Factors Determuning Varia
trons m Portions from Different I'irts of the Tracheobronchial
Tree Am J Dis Ciuld 62 981 1911

Bascn, I P Hormerr P oand Povener H G Physical and
Chemical Properues of Sputum II Influence of Drugs Stewm
Carbon Dioxide and Oxygen Am ] Dis Child 621149

1941

Bauv W S Maryvo R B and Sievrrs R F A Comparatine
Study of the Lffects of Exercise 1nd Anoxia Upon the Human
Llectrocardiogrim J Awviation Med 16 422 December 1945

Bavcw R Linsuffisance Respiratoire aux tres huutes Alttudes
et sa Correctton par les Injections sous cutanees d Oxygene
Compt rend Acad Scr 172 291 1nd 1388 1921

Baseau R L Absorption sous cutinee de 1 Oxygene dans les As
censions en Montagne et en Avion Compt rend Acad Sct
173 937 1921

Bresn A C The Obstetricran s Responsibility for the Hazard of
the First Few Days of Life with Speanl Reference to Anoxs
and Prematurity dm J Obst & Gynec 51173183 February
1946

Bech C S and Maurz F R The Control of the Heart Beat by
the Surgeon dnn Swig 106 § 52,-537 October 19,7

Becn G 5 and Rano H ] Cardiac Arrest During Anesthesia
and Surgery J 4 M A 141 17 1230-1233 December 24 1949

Brcker Z E A Comparison Between Action of Carbonmic Aad
and Other Aads Upon Living Cell Protoplasma 25 161-175
1936

Becker FREYSENG H and CLamany H G Zur Frage der Sauer
stoffvergiftung  Alin 1) chnscln 18 1382-138, October 28
1939

Beecuer H K The Effects of Carbon Dioxide Hypersentilation
on the Aeration of the Lungs 1in Patients After Operation Surg
Gynec & Obst 59 734-737 November 1934

Beecner H h Early Care of the Seriously Wounded Man
JAMA 145 1193-.00 January 27 1951

Beecuer H R Bensemn H S and Basserr D I Circulatory



6

63

64
GD

66

6

~

68

69

70

7

72

73

7

N

Bibliography 303

I'ffects of Increised Pressure m the Awwiy  Anesthesiology,
4 G 612-618 Novembar 1913

Beiwcur P Carsaon nd Ricurr C Jr - Modificwons Ther
miques observees sur le 1ynn Soumis t 1 depresston ttmosphe
riques Compt rend Soc de ol 96 766-768 19.7

Brinke A R High Atmospheric Pressines Physiologieal Effects
of Incrersed nd Decrevsed Pressures Applicition of These
Findings to Climicnl Medicine Ann Int Med, r3 2217-2228
June 1950

Bennkk A R Certun Plysiologicnl Prinaiples Underlying Re
suscitation and Oxygen Theripy Anesthesiology =z 3 215-260
M1y 1911

Bert P [ a Pression Barometrigue Panis Masson 1878

Bickrrvas H A and Bech G ] Pressure Breathing wath Oxy
gen 1nd Heltum Oxygen 1n Pulmonary Edemn and Obstructine
Dyspner Bull Neu Yorl dcad Med 26 6 fro-g23 June 1950

Bices A D Pedintric Aspects of Asphyxin Neonatorum
JAMA 126 1070-1071 December 23 1944

Binger C A L The Construction ind Management of an Oxy
gen Chamber Modern Hosp 24 2 186-194 February 1925

BingFr C A L Faursanir J M and MookF R L. Oxygen Por
somng m Mammnls J Exper Med 45, 849-863 May 1 1927

Boranp E W Oxygen in High Concentrations for Rehief of Pun
n Coronary 1hrombosis ind Severe Angmnn Pectoris J A M A
1141512 April 20 1940

Bootnsy W M Oxygen lherapy JA M A 99 2026 1932

Bootasy W M Lunoiv G and Heevmnuorz H F Jr - Gaseous
Nitrogen Elimination Test to Determine Pulmonary Efficiency
Proc Soc Exper Biol & Med 67 558-561 April 1948

Bootuay W M Maxo C W and Loverace W R One Hun
dred Per Cent Oxygen Indications for Its Use and Methods of
Its Admumistration JAM A 11, 477482 August 1939

Boroen D L Wappiat ] F and Grier G S III Statstical
Study of 26, Cases of Heat Diseise JAMA
August 25 1945

BOurRNE G and S\t R G The Value of Intravenous and In
traperitoneal Administration of Ovygen dm | Plysiol
82 328 1927

BRECRENRIDGE C G and Horr H E Pontine and Medullary
Regulation of Resprrauon n the Cat Am J Physiol
160 2 38,-394 February 19,50

128 17 1200



304
76

77

78

8o

8

82

83

84

85
86

87

88

89

5]

9

[+13

Inhalation Therapy and Resuscilation

BrrchivkigF C G Horr, H E and Ssitn H T Effect on
Respiration m Midpontine Animal of Chemictl Inhibition of
Faliatory System Am J Physiol , 162 1 74-79 July 1950

Brices B I Personal Communtcation

Brison V Sansovt E and Laskin S Aerosolization of Pent
ctllin Solutions Science 100 33-35 1944

BurokTtE W J and Witnrinvt A E - Respirition of Heart Mus
cle Slices from Rts 1n Termunal Stage of Hemorrhagic Shock
Proc Soc Lxper Biol & Med 61 f11-113 Apnil 1916

Burcrss A M Oxygen Theripy—A Modificition of the Box
Method for Gnving g, Per Cent Oxygen New I'ngland | Med ,
216 11 467-468 March 18 1937

Burcess A M and Burcess A M Jr A New Method of Ad
mimstering Oxygen New Ingland J Med 207 24 1078-1082,
December 15 1932

Burcess A M and Burekss A M Jr  The Adminmistration of
Oxygen According to @ New Principle dnesthesia & Analgesia,
September-October 1933

Burctss A M Brices A S and Burcess A M JrR  Oxygen
Therapy by the Open Box Method New England J Med
210 5 2p4-259 February 1 1934

Burstrin C I Treatment of Acute Arrbythmis During Anes
thesia by Intrivenous Procaine Anesthestology, 7 z 11g-121
March 1916

BugsTElN C L Misuse of Adrentlin and Cormine Am J Swrg
73 1 102-103 January rgyy

CameBrit A 1nd Pourton E P Oxygen and Carbon Diovide
Therapy London Oxlord Univ Press 1934

Cannon W B and Hoswins R G The Effects of Asphyxin Hy
perpnoea wnd Sensory Sumulation on Adrenal Secretton Am J
Plysiol 29 274-279 1911-1912

Carvov L Tracheobronchial Aspiration with a Urethral Cathe
ter JAMA 14214 1036-1044 April 8 1950

Caruiste J M Pulmonary Edemr J A M 4 723 947 December
111943

Castex M R CarpeouraT E L and Lavarero A Nuevo
Tratamiento de las Supuraciones Bronchopulmonares Accion
curativt de un Preparado Sulfamidico nebulizado Rev Assoc
med argent 55 85-89 February 15-28 1941

Carrere M and Civiy H  Influence of Asphyxia and Other Fac



93

9

9o

&

9

9

5

@

9

103

104

Mibliography 305

tors ont Serum Potassium of Cus J Biol Chem , 126 633-614
December 1938

Cuavntrs L A Harris T N Senuvass Toand Frreusos
L KR Use of Microcrystrls of Sulfathivole in Surgery
JAMA 119 321-327 1942

Curistiastn, B M Urry A € amd Cutres § € Alveolar and
Attenal Osygen Contents During Oropharyngeil Oxygen
Therpy Anesthesiology, 7 399-101 July, 1916

Correr A and Gitrworn L Lapernmients on the Interaction of
Hypoglycemia md Anoxir dm ] Plhysiol, 126 3 167 July,
1939

Cote W C C Knvusser D C and Daanrts L E - Euologic I'ae
tors in Neonrtal Asphyxia J A M A 133 2038-2016 December
2 1939

Couvror | H Jr Buinson L R and Covres £ O Jr Mental
Changes Occurring 1in Chronically Anoxemic Patients During
Oxygen Therpy JAMA 14312 1014-1048 July 22 19,0

Covroe J H Jr nd Borrruio § The Unrelinbility of Cyanosis
m the Recogmtion of Arterinl Anoxemir Am ] Med Sct
214 1-6 July 1947

Couvroe ] H Jr and Drirts R D Artificial Respiration A
Comparison of the Schafer Lve and Meltzer Auer Methods 1n
Two Apneic Asphyctic Patients Am J Med Sci 217 124 Jan
uary 1946

ComroE ] H Jr and Driers R D The Phystological Basts for
Oxygen Therapy Springfield 111 Thomas 1950

Covroe | H Jr Driers R D Dumike P R and Demine M
Oxygen Toxiaty JA M 4, 128 710717 July 7 1945

Covroe ] H Jr and Scuruior C F The Part Played by Re
flexes from the Carotid Body 1n the Chemical Regulation of
Respiration 1n the Dog Am J Physiol 121 1 7597 1938

Conference on Therapy Treatment of Pneumoma Am J Med
4 3 423 March 1948

ConcooN P and Burcess A M Clinical Expertence with 95~
98% Oxygen 1n the Treatment of Abdominal Distention and
Other Conditions New England | Med 221 8 299 1939

CoAR:l;xl.?i: :C;\xﬁi};?::glg‘esuscnauon 1 Advanced Forms of

perimental Study of the Different

Methods of Resuscrtation §
e urg Gynec & Obst 66 698 Aprl



306 Inhalation Iherapy and Resuscitation

10, CourNAND A and Ricuarps D W Jr  Pulmonary Insufficiency
(v 1 Discusston of a Physiological Clustfication nd Pres
entation of Chmical Tests Am Rev Tuberc,
44 1 26-11 July 1941
(b) 11 The Effects of Various Types of Collnpse Therapy
upon Cardiopulmonary Function 4dm  Rev
Tubere 44 2 123-172 August 1941
(c) II Cases Demonstrating Advanced Cardiopulmonary In
sufficiency Following Aruficzal Pneumothorix and
Thoracoplwty Am Rev Tubere, 3 272-287
September 1911
106 CourviLLe C B Pathology of the Central Nervous Sysiem Ed 2
Mountun View Calif Pacific Press Publishung Assn 1915
107 CourviLLte C B Cerebral Anowin ind Its Residuals Medical
drts and Seiences 11 Apnil 1917 1 2 July 1947 13 October
1947 2 2 April 19¢8
108 Courvitti C B and Marsu C Neonatil Asphyxia Its Ence
phalic Restdunls and the Mechamsm of Their Production Bull
Los Angeles Newrol Soc g 121 September-December 1944
109 CrossonN J W Jones R R and Siayrrs R R Helium Oxygen
Mixtures for Allevtation of Tubal and Sinus Block m Com
pressed Air Workers Public Health Reports 55 33 1487 Au
gust 16 1g10
110 CuLteNn § C WER L F and Coos E The Rauonale of Oxy
gen Therapy Durning Fever Theripy Anesthesiology 3 2 123-
130 March 1942
111 Danierororu D The Pathology and Surgical Treatment of An
gina Pectoris Brit M ] =553 1924
112 Davenport H W The ABC of Acid Base Chemusiry Ed 3 Cin
cago Univ of Chicago Press 1950
113 Davies C E and Mackinnov ] Neurological Effects of Oxygen
in Chromc Cor Pulmonale Lancet 2 883-885 November 12
1949
114 Davies H W and Girennist A R A New Outfie for Oxygen
Admnstration Lancet 1 916 1925
115 Davis H A Shock and tlhed Forms of Tailure of the Circula
tion New York Grune & Stratton 1949
116 Davis M E and Porizr E L Intrauterine Resprration of the
Human Fetus JAM A r13r 11931201 1946
117 Davisov F W Acute Laryngotracheobronchits Further Studies
on Treatment Arch Otolaryng 17 455-464 April 1948



118

119
120

129

180

13

132

133

Bibliography 307

Din1on R Adaptaton of the Burgess Oxygen Tent for Infants
JAMA, 142 11 80, March 18 19,0

Dt 1anars G Seereference 2274

Diit R § and Hoktovy, B T Ihe Lifects of Various Agents on
Pulsations of Iluman Brun Proc Cental Soc Clin Research
19 58~,9 November 1946

Dotwcoror, V. B Chinges in the Brun in Pertussis with Consvul
sions Arch Neurol & Psycluat, 46 177 1941

Dovate kW Neurological Effects of Oxygen (Correspond
ence) Lancet 2 10,6-1057 December 3 1949

Douctas C G Hawownr J S and Hawoae J B § The Laws
of Combunation of Hemoglobmn with Carbon Monoxide nd
Oxygen [ Plystol, 44 275 1920

Drasticit L Apiyus W E Hastines A B and Comrerr C L
The Effect of Exercise on the Acd Base Balance and Oxygen of
the Blood Following Atelectasis aind Pneumoncctomy J Tho
racic Suig, 3 341 1934

Drever N B TIffect of Anoxiemia on Circulation Canad
M 4 ] 16 26-2g January, 1926

Drinker C k' The Efhaiency of the Oxygen Carbon Diovide
Treatment of Carbon Monoxide Poisonng J Indust Hyg
7 539 19275

Drinker C K Application of Pulmonary Phystology to Thera
peutic Procedures New England | Med 231 477-482 Octo
ber 5 1941

Drinker C Kk Pulmonary Edema and Inflammation Cam
bridge Mass Harvard Univ Press 1945

Drivuer C ko The Use of Drugs in Resusatation from Electric
Shock JA M A4, 128 g 655-656 June 30 1945

Drivker C K and Snaveunessy, T ] The Use of 7 Per Cent
Carbon Dioxide and g3 Per Cent Oxygen n the Treatment of
Carbon Monoxide Possoning ] Indust Hyg 1r 9 301-314
November 19 g

Drivner P oand Suaw L A An Apparatus for the Prolonged
Admunistration of Artificial Resprratton I A Design for Adulis
and Children ] Chn Investigation 7 229 1929

Dusuin L and Seiecerman M The Control of Disease and
Death 1n Infancy and Childhood The Record Am Institute
of Actuaries ,0 28 June 1941

EasTLARE G Jr Aerosol Therapy m Sinusttis Bronchiectasis

and Lung Abscess Bull New York dcad Med 260 423 June
1950



308
13

135

13

5]

137

138

139

140

14

113

14

14

14

4

5

6

Inhalation 1herapy and Resuscitation

EsstvuaN N ] Fetal Blood Studies V The Role of Anesthesia in
the Production of Asphysin Neonttorum Am J Obst &
Gynec, 51 4 563 Apnl 1936

LastvuaN N J Duny R B and Rrisservan | The Relatne
Value of Pure Oxygen nd of Carbon Dioxide Mixtures in Ex
permmental Resusatation Am | Obst & Gynec, 36 1 571-577
October 1938

EsstyiaN N J and RresseLyan ] Ireatment of Ixperimental
Anouin with Certun Respiratory and Cardire Sumulints Am
J Obst & Gynec 41 2 260-.67 February 1941

Lehenniorr J E Harnenscmiet §J H oand Laspuisser C M
The Coronary Circulition of the Dog Am ] Physiol 148 582~
596 1947

Ecneanorr J E Harrenscrirt J H and Harvrr M Cardiac
Oxygen Metabolism nd Control of Coronary Circulrtion Am
J Physiol 149 034-619 June 1947

Ecrhenporr J E Scuviior € T' Drinis R D and Remy S 8
A Status Report on Analeptics JAMA 139 12 780-785
March 19 1949

Louv J 5 Bourowrtz I D Sarrorv I KR Jr and BUTLER
I S Promin Inhalation Therapy mn Pulmonary Tuberculosis
Am Rev Tubeic 50 543-555 December 1944

Lyerson G A and VAN LiFRe L ] Adremin Content of Ad
renals of Cats Subjected to Anoxin Proc Soc Exper Biol &
Med ,8 soo-5og Moy 1938

Extrrsov H  Arnfictal Respiration m the Treatment of Edema
of the Lungs Arch Int Aed 3 368 1g0g

EvEersoN | H  Personal Communicanon

Encer F L Wintov M G and Loné € N H Biochemical
Studies on Shock Metabolism of Amino Acids wnd Carbohy
drate During Hemorrhagic Shock 1n Rat J Lxper Med
77 397-410 May 1 1943

EnceL ¥ L Harrisov H G and Loné C N H  Biochemtrcal
Studies on Shock Role of Liver ind Hepatie Circulation 1n
Metabolic Changes During Hemorrhagic Shock i Rat and Cat
J Exper Med 79 9-2. January 1 1911

EnceL G L Ferris E and Locan M Hyperventillation Analy
sts of Clinical Symptomatology Ann Int Med 27 5 683-~704
November 1947

Evans | H The War ind Oxygen Theripy New York State J
Med 44 2443-2451 November 15 1944



Bibliography 309

148 Lai T € Resusatwon of the Drowned Todny JAMA,
124 11 964-967 Apnl 1,191

149 Lxinbit on Bulba Poltomyelitis Unnersity of Mmnesotr Medi
¢l School

150 Freovan M Jr Roosarp § and ka7 1 N Relative Distr1
bution of Crrdinc Output 1 Acute Hypoxemin 4m J Plystol
154 3 391-390 September, 1948

151 Fesscv ] Intestinal Oxygenttion m Idiopathue Ulcerune Co
Ntss Arch Int Med 48 786 1931

152 Tenoer F A Nerr W B nd Braerr G Comvulsions Produced
by Tetal Anowin Enpenimental Study Anesthesiology 7 10-13
January 1946

158 FErrRer M 1 Harviy R M Catnexrr R 1 WensTir C A
Riciarps D W Jr nd Cournane A Some Lifects of Digoxin
Upon the Heart and Circulanion m Man Girenlation 1 2 161~
186 Februuy 19,0

154 Fiest F A Hinsuaw C H and Terpvan W H  Treatment of
Tuberculosis of the Larynx with Streptomycin Report of Crse
Proc Staff Meet , Mayo Clin 2r 127-130 1916

155 FinpEisEN W Uber das Absetzen Klewner in der Luft suspendier
ter Terlchen mn der menschlichen Lunger bei der Atmung Arch
f & ges Physiol (Pflugers) 236 367 1935

156 Tine J Banwns B M and Hemmanson L The Treatment of
Gaseous Distention of the Intestine by the Inhalation of 95%
Oxygen Ann Surg 103 375 1936

157 Fine ] FredaninGg § and STARrR A Lxperimental Observations
on Effect of 9,5 Oxygen on Absorption of Air from Body Tis
sues | Thoracic Surg 4 G35-G42 August 1935

158 Fiscuer A L Inhalational Therapy i Acute Resprratory Infec
uons Measles Whoopng Cough and Pneumomia Bull New
Yorl Acad Med 267 468 July 1gy0

159 FLacc P J Pneumatology Am J Surg 44 2 373-379 May
1939

160 FripEvanNy T E HauceN G E and haiecian T C Pyruvic
Aad Level of Pyruvic and Lactic Aads and Lactc pyruvic
Ratio 1n Blood of Human Subjects Effect of Food Light Mus
cular Acimity and Anoxia at High Alutude J Biol Chem
157 673689 February 1945

161 Furton J F Robert Boyle and s Influence on Thought 1n the
Seventeenth Century Isis 18 77-102 1932

162 GAERTNER G Ueber imntrvenose Sauerstoffinfustonen  TVien
klin Wehnschr 15 691 1902



310

163
164

1635

166
167

168

Inhalatton Therapy and Resusciiation

GarrisoN, I' H  An Introduction lo the Hislory of Medicine
Phildelphia Saunders 1921

Garct W D and Barrerssy ] S The Two States of Bowel
Distention Arch Swrg .14 108-118 194.

Giirnorn E  The Lffectiveness of Carbon Dioxide 1n Combat
mg the Changes i Visual Intensity Discrimmation Produced
by Oxygen Deficiency dm J Phystol, 117 1 7578 September
1936

GrLenorN E Oxygen Deficiency Carbon Dioxide aind Tempera
ture Regulation Am J Plystol 1201 190-194 1937

Crregory L Climical Implications of Recent Studies on Anoxia
and Asphyxin Proc Inst Med Chucago, r3 3 March 15 1910

GriLworN L Tundamental Principles in the Adjustment Reac
tions of the Organism to Anoxir Ann Int Med, rf g 1518
1532 March 1901

CeLenorn L and Lavisrrt L H  The Vasomotor System 1n
Anoxia ind Asphyxia Urbana, Il Unn Ilhinos Press 193g

Crurnorn E and PickrR A Comparison of the Influence of
Anoxia and Asphyxia on Blood Sugar Proc Soc Exper Biol
& Med 42 47,-477 1939

Griuis § § Wmite P nd Prrrrrr W Gastric Suction A Pro
posed Addinonal Technic for the Prevention of Asphyxit mn
Infants Delivered by Caesaren Section New Lngland J Med,
240 5337537 April7 1919

GrseL. R The Chemical Regulation of Respiration Phystol
Rev 5551 1975

GestLr R Respiration and Its Adjustments Ann Rev Physiol
7 185-216 1939

GrseL,. R Brair E and TrotrER R T Relation of Blood
Volume to Tissue Nutrition Effects of Hemorrhage on Circu
Ixtory and Respiratory Response to Changes in Percentage of
Oxygen and Carbon Dioxide i Respired Air 4m | Phystol
61 399-411 August 1922

Gese. R KRrurceR H GornaMm G and BerntHAL T Regu
latton of Respiration Study of Correlntion of Numerous Fac
tors of Respiratory Control During Altered Pressures of Alveolr
Oxygen Am J Physiol 94 300-338 August 19,0

Gresitt R KrueceR H Goruant G and BerntHAL T Regu
lation of Resprration Study of Correlation of Numerous Fac
tors of Respiratory Control Following Admimistration of HCI



186

187

188

189

190

19

Bibliography 81t

of CO and Stmultancous Admimstration of CO_ and Sodum
Bicarbonate Am J Physiol 94 jo2-1206 August 1930

Gws ' A Guns E 1 Levvon W € and Ninvs T T The
Value of Carbon Dioside in Counteracting the T'ffects of Tow
Onygen ] Awiation Med 11 250 1913

Gupty E T andCosn S “1he Lifects of Antnna on the Cerebral
Cortex of the Cat Aich Neurol and Psychiat, 23 876 Mny
1930

Giracossintz G and Suspstrocyt Lo Cortico adrenal Insuf
fictency in Rats Under Reduced Pressure Proc Soc Liper
Biol ¢ Med 36 132-131 My 1937

Goprrex L Poxo H S and Woon T' C The Use of the Mills
kan Oxmmeter 1n the Recogmition and Ireatment of Anoxemin
m Chinical Mediaine Am ] Med Sex 216 Goz-618 1948

GorooN A § TAner D C and Ivy A € Aruficn] Respirition
JAMA rp417 1435-1461 December 23 1950

Gorpov A § Rayvov T Sworvr M and vy A € Manual
Artificial Respiration JA M A ryg v7 14471452 December
23 1950

GraY ] § Pulmonary Ventilation and Its Physiological Regula
tion Springfield 11l Thomas 1950

GrewaL R § Treatment of Some Abdominal Cendrtions with
Inflation of Oxygen Gas Indiwana M Gaz 60 421 1925

Gropins F § Iy A C and Apter H F Intrunenous Ad
munstration of Oxygen J Lab & Clhin Med 28 1009 1943

Gropins F § LeEw A and Apter H F Changes i Blood
Aad Base Balance During Asphyxit and Resusatition dm ]
Physiol 147 433-416 November 1916

Guess H € Concluston After Four Yewrs Use of Subcutaneous
Oxygen for Trewtment of Prursus At Trans Am Proct Soc
42 188 1942

Gunn J A Massage of Heart and Resusatation Brit Med ]
7 g January 1 1gz1

Haccarp H W The Ehmination of Carbon Monoxide and 1
Method of Accelerntion Proc Soc Exper Brol & Med 17 20,
1920

Hawpane J B § The Dissociation of Oxyhemoglobin in Human
Blood During Partial Carbon Monoxide Posoning J Physiol
22 45 1912

HALPANE ] S and PRIESTLEY J G The Reg

ulition of the Lun,
Venulation J Physiol 32 az5 190y ¢



192
193
194

195

196

197

198

Inhalation Therapy and Resuscitation

Hapae J § The Theripeutnc Administration of Oxygen Brit
Med J,r 181 1917 and 2 517 1918

Harpane ] § Symptoms Causes and Prevention of Anoxaenna
Bt Med J 26, 1919

HAlpaNe ] S Resptration New Huen Conn  Yale Unny
Press 1922

Haupsve J § Ktrras A S and Keanawax I L Ixperiments
on Acclimatisation to Reduced Atmospheric Pressure J Phys
10l 53 181 1919-1920

Hate D L Artenial Infusion Cleveland Clinie Quart 16 4 216~
.22 October 1949

Haviks R J Nebulized Pentallin m Treatment of Respiratory
Infections Texas State | Med , 41 253-254 1945

Harpy G C and Baracit A L Posttrve Pressure Respiration m
the Trewtment of Irritnt Pulmonary Edema Due to Chlorine
Gas Possonuing J A M A 128 5 359 June 2 1915

Harris A § Ventricular Fibrillation and Standstill 1n Coronary
Occlusion Federation Proc 5 41 1946

Harwis J W Use and Abuse of Forceps Postgrad Med, 2 81~
83 August 1947

Harrison' T R and Brarock A Regulition of Circulation
Effects of Severe Anoxemia of Short Duration on Cardrac Out
put of Morphimzed Dogs and Truned Unnarcotzed Dogs
Am J Physiol 8o 169-178 March 1927

Hart V k and Davis § W Oxygen Tent m Postbronchoscopic
Care of Children Arch Otolaryngol 16 5.6-531 October
1932

Harmvan F W Pathology in Anoxia Unpubhished paper pre
sented before the Am Heart dssn June 1940

Henperson Y Inhalation Treatment of Angina Pectonss and
Intermuttent Claudieation Am Heart | 6 548 193t

HrnNpERSON Y Adventures in Respiration Baltimore Williams
& Wilkins 1938

Hrnpersov Y  Narcotic Asphyxin the Newborn Am J Obst
& Gynec 37 n21-52. March 1939

Henperson Y The Return of the Pulmotor as a  Resuscrtator
A Backward Step Towards the Death of Thousands Science
08 2556 547551 December 24 1943

Henperson Y and Haccarp H W Respiritory Regulation of
the Carbon Diovude Capraty of the Blood High Levels of CO
and Alkall J Biol & Chem 33 333 1918



215

216

0
~r

218

219

~20

1”2
IS

Bibliography 313

Hiaperson Y nd Hiccarn H W Noxtons Gases Chemical
Catnlogue New York 1927

Heaperson Y Hiaceskn H W oind Cosurs R € The Ther
peutic Use of Crbon Dioxide After Anesthesit wnd Operation
JAMA 741920 1920

Hisorrson Y Prisce A L and Hsecwrp H W Observations
on Surgical Shock—A Preliminary Note J A4 M 4, 69 965-966
1915

Hzgn:akso\ 1 and Ranrorr £ M Chemtcal Control of Breath
1ng as Shown 1n Aad Base Balwnce of Blood Under Progressise
Decrese of Oxygen Am J Physiol 101 617-666 September
1932

Heaprrsoy Y and Turstr ] M Arufianl Respiration and In
halwtton JA M A 116 14 1508-1515 April 5 1911

Heary J P hrary I Movitt E and Mrruaw ] P Effects of
Anoxa on the Capillary Permeability of the Human Arm
T'ederation Proc 5 14 1916

Herne E  Die Selbsteuerung der Athmung durch den Nerius
vagus S B Alad Wiss Wien, 57 (2) 672-677 1868 See also
Brever ] Ibtd 58 (=) gog 1868

Hesse W Untersuchungen uber das Bild der vakuoligen De
generition 1n der Leber 1m menschhichen Sektionsgut Bertr z
path Anat w z allg Path 107 173-186 1942

Hexwans | F and HEyvans G Actinvate du Centre respiratorre
de 11 tete 1solee du Chien Arch Int Pharmacodyn 33 2473
371 1927

Hire L A Simple Oxygen Bed Tent and Its Use m 1 Case of
Oedema and Chronic Ulcer of Leg J Physiol 55 20 1921

Hi L and MacLeoo J J R The Influence of Compressed
Arr on the Respiritory Exchange J Phystol 29 492 1903

Hivtov R and Etcanortz F o Influence of Chemical Factors on
Coronary Circulation ] Physiol 59 4183-425 March 1925

Hruwicn H E Fazenas ] F and Avexsnoer F A D Effects
of Cyanide and Jodoacetate on Survival Period of Infant Rats
Proc Soc Exper Biol & Med 46 553-554 1941

Horr H E and Brechevringe C G The Medullary Ongin of
Respiratory Periodiaity in the Dog dm J Physiol 158 2 157-
172 August 1949

Hooner D R and hemar N D Carbohydrate Metabolism of
the Heart Dunng Ventriculwr Fibrillation A4m J Plysiol
705 246-249 1933



N4 Inhalation Therapy and Resuscitalion

224 Houssvy A B, Marrnzi A D and Girscivan R Potissium
sangun et mecanusme  sympathique rdrenaline hepatique
Compt rend Soc de biol 124 382-38¢ 1937

.25 Hurrnu H R and Cour, V. 'V The Effect of Humidsty and
Temperature on Oxygen Toxiaaty J Lab & Chn Med
29 11 1134-1138 November 1944

226 HimaN A S Resusatation of Stopped Heart Arch Int Med
46 533 October 1930 50 283 August 1932 Am Ther Soc
Trans 341 1934 U S N Med Bull 331 July 1935

227 Jacoss M H The Production of Intracellulir Acidity by Neu
tral 1nd Alkaline Solution Contuning Carbon Dioxide Am
] Plysiol, 53 157 1920

2271 Jrsstk J H and D Tanats G The Bronchuial Factor m Pul
monary Embolism Surgery, 12 4 511-552 October 1942

228 haunrrz ] Lffect of High Oxygen Tension on Resprritory
System J Mt Sinat Hosp , 12 411-415 May-June 1945

22g hrerrr C and Ressin W H o Angina Pectorss A Syndrome
Caused by Anoxemia of the Myocwrdinm Areh Int Med
47 769 1928

230 Rriuin D On Cytochrome 2 Respiritory Pigment Common to
Ammnls, Yeast \nd Higher Plants Proc Royal Soc London B
99312 1925

281 hrry § § and Scuntint G F The Lifects of Active nd Passine
Hypervenulation on Cerebral Blood Flow Cerebral Oxygen
Consumption Cardiac Output nd Blood Pressure of Normal
Young Men J Chin Investigation 25 107 10916

232 KFry S S and Scuyupt C F The Effects of Alterations in the
Arter1tl Tensions of Cirbon Droxide and Oxygen on Cerebral
Blood Flow and Cerebral Oxygen Consumption of Normal
Young Men Iederation Proceedings 5 55 March 1946

233 hriy § S and Scidupr C F The Effects of Altered Arternnl
Tensions of Carbon Dioxide and Oxygen on Cerebral Blood
Tlow and Cerebral Oxygen Consumpuon of Normal Young
Men J Clin Investigation 27 484 1948

294 hisci P Influence of Volume and I'requency of Respiration on
Oxygen Saturation of Arterial Blood and Blood Qutput from
Heart Alin Wchnschr 5 1227-1229 July 2 1926

235 KNOEFEL P h Hoitr J P Qunw C Amerose A M and
Suore R Some Effects of Positive Pressure Respiration During
Anesthesin Anesthestology 6 4 349-354 July 1915

236 homun J L and Frsciter A £ Medical Management of Whoop



-146

25

w

Bibliography 315

g Cough mn Infmts Postgrad Med 51 20 Jamury 1949

Krasno L, hart M md Ruows P 5 Inbhalwon of Peniallin
Dust JAMA, 13%5 311-318 October 2 1948

RResFivay ] Resusation Personil Communictition

KresFrvas J A New Resuscitation Apparatus dAnesthestology
4 6 Go8-611 November 1913

krrisreaan | The Treument of Asphysir Conn State Med
J,9 294 February 194,

kroci A The Anatomy and Plnsiology of the Capnllaries New
Huen Yale Univ Press 1929

Launson R S Scenwrirr W C and Tincous J R Acute
Circulntory Arrest J 1M A 13718 1575-1578  August 28
1948

Lasois L M Mhcro mjection Stuches of Capallary Permenbilsty
11T The Lffect of Lack of Oxygen on the Permeability of the
Capillary Wall to Thnd and to the Plisma Protens Am [
Physiol 83 ,28-512 1928

Leare C D and Wharrrs R M The Anesthetic Properties of
Carbon Dioxide Anesthesta and Analgesia 8 17 1929

Lennov W G The Effect on Epileptic Seizures of Varying the
Composition of the Respired Air J Clin Investigation 6 23
1928

Levy R L The Anoxemit Test 1n the Diagnosts of Coronary
Insufficiency Am Heart J 21 6314 1941

Ly R L Duagnosts of Coronary Insufficiency From Stroud
Diagnosis td Treatment of Cardiovascular Diseases p 431

Ly R L Oxygen in Cardinc Infarction Bull New Yorl Acad
Med 26 6 394-401 June 1g50

Ltvs R L BruenN H A and Russett N G Uses of Electro
cardiographic Changes Caused by Induced Anoxemit as 1 Test
for Coronary Insufficiency dm J Med Sct 197 241 1939

LEwis R A TuorN G W hoerF G F and DORRANCE § S
The Role of the Adrenal Cortex in Acute Anoxia J Chin
Investigation 21 33-46 January 1942

Li C H 1nd Hereing V.V Effect of Adrenocorticotropic
Hormone on Survival of Normal Rats During Anoxia Am J
Physiol 143 548-551 1945

Lm R K S Necnerrs H and Nt T G The Vasomotor Re
z:;lzl;)ns of the Vivi perfused Stomach Chin J Physiol 1 394

Linoquist J L and Leroy G V Studies of Cerebral Oxygen



1o
-
”

Inhalation Therapy and Resuscitation

Consumption Tollowing Lxpertmental Head Injury Surg
Gynec & Obst 75 28-33, July 1912

Lirree W ] On the Natwe and Treatment of the Deformuties
of the Human I'rame being a Gowrse of Lectures Deltvered at
the Royal Orthopedic Hosputal in 1843 1 andon Longmans
18,3

Lirree W ] On the Influence of Abnorml Parturition Diffi
cult Labor Premature Birth and Asphyxii Neonatorum on
the Mental 1nd Physical Condition of the Chuld Lspecinlly m
Relation to Deformrties Lancet 2 378 1861

Lockey S D Inhalation of Oxygen wnd 1 100 Lpmnephrine
Hydrochlorude Plus 5 Per cent Glycerin for Relief of Asthmatic
Attacks [ Adllegy 14 382-385 1913

Lors L Mechanism n the Development of Pulmonary Edema
Proc Soc Fxper Biol & Med 25 321 1928

Lorveasart A § Lorrnz W P and Waters R M Cerebral
Stmulation J A4 M A 92 880 1929

Loonex ] M and Borwovic £ J The Changes Produced on
the Oxygen and Carbon Dioxide Content of Arteril and
Venous Blood of the Bramn During Diwthermy Therapy for
General Paresis Am ] Physiol 136 177181 March 1942

Lovetace W R Mwo C W and Bootusy W M Aero otitis
Media Its Alleviation or Prevention by the Inhalation of
Helium and Oxygen Proc Staff Meet Mayo Clin, February
8 1949 91-90

Luckt B Lower Nephron Nephrosis Military Surgeon 99 471
146

Luvspen T The Regulition of Respiriuon J Physiol 58 81
111 1923

Lunp C ] Prevention of Asphyxia Neonatorum Am J Obst
& Gynec 41931 1941

Luno D W and Lawrence ] H  Studies on the Cause of Pain
1in High Alutude Bends TI'ederation Proc 566 1946

Lutz B R and Scunemrr E C The Reictions of the Cardinc
and Respiratory Centers to Changes 1n Oxygen Tension Am
J Physiol 1228 280 327 1919

LamaNn H M Artifictal Anaesthesia and Anaestheties New
York Wood 1881

Marnow H Jacomt M Rascorr H hocutr B and AUERBACH
R W Lifect of Intravenously Adminsstered Oxygen on Symp



[

Bibliography 317

toms wnd Vital Capaaity n Bronchil Asthma Ann Int Med
29 Go7 1948

Mastik A M Ihe TwoStep Lxerasc Electrocardiogram A
Test for Coronary Insufficiency Ann Int Med, 32 {82 May
10,50

\avrer ' W The Effects of \noxemitr Due to Carbon Mon
oxide 1nd Low Oxygen on Cerebrospmal Fluid Pressure Am
] Physiol 133 1 180188 May agq1

AMcehver H A Repriewp A € and Bineprer £ B Gaseous
Exchange between the Blood and the Lumen of the Stomach
and Intestines Am J Physiol 76 9. 1926

Meousa L] Carbon Dioxide Therapy Springfield 11
Thomas 1950

Mettzer S ] Simple Device for Effectise Artificial Resprration
Jd M4, 601107 May 10 10913

Merrzer $ ] Therapeutic Value of Oral Rhythmec Insufflation
of Oxygen JAM A 69 1150 w7

Mescert W F Fetal and Neonatal Mortality  Causes and Pre
sention Am | Obst & Gynee 355 4 660-608 Aprl 1948

Moo\ V H Shoc! and Related Capillary Plenomena London
Oxford Univ Press 1938

Moox V H The Ongins and E ffects of Anoxta Bull Neu Yor!
Acad Med 266 361 June 1950

Mosso A Itfe of Man in the High Alps London Fisher 189y

Momiey H L The Use of Oxygen m Comatose States Bull
New York Acad Med 267 479-494 July 1950

Mortey H L Coursanp A Werko L Drespare D T Hiu
MELSTEIN A and Ricxaros D W Jr Intermuttent Positive
Pressure Breathing—A Means of Admiunistering Aruficial Respr
raton n Man JAMA 137 370-382 May 22 1948

Moriey H 1. Goroon B Lang L P and Turooos P A
Imparrment of Pulmonary Function mn Anthracosilicosis Arch
Indust Hyg & Occupational Med 11431557 February 1gzo

Moriex H L Lane I P and Goroon B Use of Intermuttent
Posunve Pressure Breathing Combined with Nebulization m
Pulmonary Disease Am J Med 56 8,3-8,6 December 1948

Moriry H L. Wirso L Cournand A and Ricuarps D W
Jr  Obsenvations on the Clinical Use of Intermattent Positiye
Pressure | Awiation Med 18 5 415-435 October 1947

MouseL L H and Essex H E An Experimental Study of the



418

284

.8,

286

287

288

Inhalavton Therapy and Resuscitation

Lifects of the Respiratory Sumulants in Anmmals under
Pentothal Sodium Anesthesiy Anesthesiology, 2 3 272, May
1941
Nrcovshy VA Agonal States and Climicnl Death  Problems m
Revisal of Orgrnisms
(a) dm Rev Souvtet Med 2 go3-gr5 \pril 194,
(b) Resprration wnd Circulation During Death and Revival of
Lxsanguinated Ammnal Am Rev Souvtet Med 2 408-448
June 1945
(¢} Llectrocardiogram During Death and Resial Am  Rev
Souvtet Med , 2 491-199 August 1945
(d) Metabolism During Exsanguination and mn Subsequent Re
vival Am Rev Soviet Med 3 g,-59, October 1945
(e) Resistance of Central Nervous System to Local Anemia Am
Rev Souviet Med, 3 117-167 December 1945
() Re establishment of Circulation Resprration and Functions
ol Central Nervous System 1n Newborn Dying Irom
Asphyxia Am Rev Sowet Med 3 243-2,4 February
1946
(g) Summary dm Rev Soviet Med 3 339-355 April 1945
Nicrorson H G The Respiratory System Ann Rev Phystol
9 429-456 1947
Nictoux M Nersos H Stanc J and Wenr ] Sur lelimma
ton de 1oxyde de cwrbone apres mntowcation grave Influence
de la respiration de lair ou de loxygene additionnes de 5 p
100 d wade carbomique Compt rend Soc de biol, 92 148 1925
Nicopemus R E  Oxygen Tent Therapy 1n the Treatment of
Lclampsit [ 4 M A rr7 15 1238-1239 October 11 1941
Nysten P H  Recherches de Physiologie et de Chimie Patho
logique Paris Brosson 1811
Omsson W T L\ Study of Oxygen Toxiaty at Atmospheric
Pressure Supplement 19o to Acta med Scaindmay  Lund Swe
den Hakan Oblssons Boktrycker: 1947
Orsen A M Nebulized Pemcillin Preluninary Report of Its
Role in the Man igement ot Surgical Bronchuectasis Staff Meet
Mayo Clin 20 181-191 June 13 1945
Oustn A M Streptomyan Aerosol 1n the Treatment of Chronic
Bronchiectasts  Prelununary Report Proc Staff Meet Mayo
Chn 213 33 Tebruiry 6 1946
Osen A M Nebulizatton Therapy in Broncluectasts J A M A
134 11 047-95° July 1o 1937



93

296

47

299

300

Y
I

302

303

304

(%Y
]

el

2

306

5]

307

308

Mibliography 319

Orit O 5 Winrty R T oand Warers R M The Question
of Pulmonary Dunage with Artificinl Resprrition ] Thoacic
Surg, 14 3 ~20-.31 June 19¢,

Pytirrsoy I 6 John Mayow in Contemporiry Setting A Con
tribution to the History of Respirmon nd Combustion Isis
15 47796 ,04-516 193

Psuuine 1 Woon R B oand Sturonast | H o An Instrument
for Dotermmming the Partal Pressure of Ovygen in a Gos
Science, 10, 338 Much 13 1946

Pevers ] P omd Vs Stant D D Quantitative Clinical Chem
ity Baltumore Walloims & Wilkans 193 Volume 1X

Prerrrr C C Trcatment of Periodic nd Common Headaches
Modein Hosp 70 85 June 1948

Pirrs R F Organization of the Neural Mechamsm Responsible
for Rhythme Respuation The Textbool of Physiology 16th
ed Philndelphit Squnders 1919 b 833

Prrrs R F Macousn H W and Ranson S W Localization of
the VMedullary Respiritory Centers in the Cu Am ] Phystol
126 673-688 1939

Presci E P Funkuonelle Gelassdiagnosul. Beziehung, zwischen
Schlagrolumen und Gelnsssystem Ztschr f Thn Med 123 208
1933

Porar I B and Apvvus B H Traumatic Air Embolism 1n Sub
marine Escipe Truning U § N Med Bull ;02 1932

Porrer I, L The Lessons to be Lewrned from a Study of Infant
Deaths JAMA 1246 336 Februwy 5 1944

Pourron E P Local Tissue Anoxia and Its Trewment (with
Oxygen) with Specinl Reference to Rheumatic Myocarditis
Lancet 2 30, 1939

Prestov M 1 Late Behavioral Aspects Found 1n Cases of Pre
natal Natal ind Postnatal Anoxia J Pediat 26 353-366 April

1945

Prevosr ] L and Barterutr F o Sur quelques effets des decharges
clectriques sur le coeur das mammferes Compt Rend Acad
Sct 129 1267 December 26 18g9

Pricat § J  Studies with Medicated Aerosols Ann Int Aed
28 4 814-825 April 1948

PricaL § | McGavacs T H Speer F D and Harris R
Aerosol Pemicillin JAM A 134 11 g32-938 July 12 1947

Ressth W H Observations on the Effects of Anoxaemia on the



309

310

31

81

313

314

315

317

318

319

320

o
v

322

Inhalation Therapy and Resuscitation

Heart 1 Aurtculoventnicular Conduction J Chin Investiga
tion 2 g3 1925

Ressin W H  Observations on the Effect of Anoxaemra on the
Hewrt II Intrnventricular Conduction J Clin Investigation
2117 1925

Rissik W H  Observations on the Lffect of Anox1emit on the
Heart III Changes 1 the Auricles with Partuculir Reference
to the Relntionship between Anosremin and Aurtcular Fibrrd
latton J Chn Investigation, 2 125 1925

Riciaros D W Jr  Cardine Fadure Bull New Yorl Acad Med,
26 G 384-891 June 1g50

RiNGsTED A 1nd ANDERSEN J K Expertments on Oxygen Ther
apy 1n Expertmental Metcorism Acta Clur Scandinav , 9o 529-
546 Tebruary 1945

Roscnretp L and I'ine | The Lffect of Breathung 95% Oxygen
Upon the Intraluminal Pressure Occasioned by Grseous Disten
tron of the Obstructed Small Intestine Ann Surg 108 6 1012-
1021 December, 1938

RoseNreLb M and SNyoFr, F T The Factor of Anesthesia mn the
Pathogenests of Asphyxi1 Neonatorum dm J Obst & Gynec
38 § 124-430 September 1939

Rosevtiat | Athembewegungen und Innervation Derselben
Lewpzig in L Herman s Handbuch der Phystologie 1880

RossiTer F & Carbon Monoxide Gas Poisoning Carnegie Steel
Company 1928 p §8

Rost E Treatment by Inflinon with Oxygen of Tuberculous
Affections Byt Med J 2978 1921

RorascHip M A and Rissin' M Induced Generalized Anoxe
ma Causmng §T Deviauon n the Electrocardiogram  Am
Heart ] %4945 1933

RovensTINE E A Rewvivtficaunon Operating Reom Procedures
Surg Clin North Am  February 1937

Rovenstive E A TaxrLor 1 B and Lemamer K E Oropharyn
geal Insufflauon of Oxygen Gas Tensions m the Bronchus
Anesthesia & Inalgesie Jauary-Febrnary 1936

Russek H I Rrcan F D and Naecre C F One Hundred Per
Cent Oxygen in the Treatment of Acute Myocardal Infarction
and Severe \ngini Pectoris J 1M A ry4 378-375 September
30 1950

Ruzicka E R and Nicnouson M ] Cardiac Arrest Under
Anesthesia J 1M A 135 6.2-627 November 8 1947



373

3°

330

33

o

33

33

Y

33

5g

38y

336

337

Mblingraphy g1

Suntap M ond Buresss A M A New Appartus for the Ad
mumstrtion of g3 Poar Cent Ovygen JA M A, 124 831-832
March 2, 194y

Santap M Cutrstn N v nd Rovissuse LA Inhalon
Therapy— 3 Method for the Collecunn ind Amalysts of Sta
tisties Anesthestology 5 1 5,0-,09 July 1944

Swiap M oand Sertvian PP Stitnucal Systerus - Anesthest
ology fnesthestology 7 . 146-160 Murch 196

Sutrs J B and Isor 1 M Intr nenous Oxygen and Pulmo
nary Lmbolism  Inn Swrg 126 o o8-214 August 1947

Sanps J amd DrGrarr A G I fects of Progressive Anoxemia on
Heart and Circulwnon  fm ] Physiol 74 116-135 October
1925

SARNOFF § | Hawptssrrcn L nd Wantressererr J Lo Elec
trophrenic Resparation  Im ] Phystol 155 1 1-9 October
1948

Sarvor1, & | Hawroesorrent E and Wanrressrroer J Lo Elec
trophrenic Respiration  Science, 108 280g 182 October 29
1948

SArnoFF, § ] Wititrensererr ] Loand Hiroensercn E Elec
trophrenic Respiration 11 Mechanism of the Inhubition of
Spontaneous Respirition Am J Physiol 155 2 203-207 No-
vember 19¢8

SawyeEr M E M Schrosssrré T and Bricut E M Studies
of Homeostasis m Normal and Sympathectomized Ammals
Eftect of Anoxenin Am | Plysiol 107184189 April 1933

Savers R R and YAnt W P The Lhimination of Carbon Mon
oxide from the Blood by Ireatment with Air with Oxygen
and with a Mixture of Carbon Dioxide and Oxygen U S
Public Health Report 33 20,3 19.3

Schtoviovitz B H Rovzone E and Scurovovitz H H Oxy
gen Consumption During Repeated Shght Hemorrhages Am
J Physiol 69 465-476 August 1924

Scont C F The Cerelral Coculation in Health and Disease
Springfield I Thomas 1930

Scuvior C F and Cowvroe J H Jr Funcuons of the Carotid
and Aoruc Bodies Phystol Rev 20 115157 January 1940

ScHNEDORE J G Muvston R A Crawrorp A S and Mc
CLure R D Anoxia and Oxygen Therapy i Head Injury
Surg Cynec & Obst 70 G2g-631 March 1940

Scisinort ] € and Ore T G The Effect of Distention of



338

339

340

34

343

34

-

345

316

347

349

350

Inhalation Therapy and Resuscilation

the Small Intestine, Anoxemi1 mnd Oxygen Therapy Upon the
Tlow of Bile and Urine m the Dog Surg Gynec & Obst
74 446-148 February, 1942

Sciutze L Rohlenoxyd und Sclulddruse Arch f exper Path u
Pharmalol 180 639-618 1936

Scuwas, R § I'me ] and Mnaer W J Reduction of Post
encephalographic Symptoms by Inhalition of 5% Oxygen
J Nerv & Ment Dis, 84 310-321 1936

Scnwerma H and Iy A C  Safety of Modern Alternating
Positine and Negative Pressure  Resusatitors  JA M 4
r29 18 1256-1261 December 29 1915

scHwERMA H Ivy, A C Triepvwan H and LaBrosse E A
Study of Resuscitation from the Nearly Fatal Effects of Ex
posure to Carbon Monovide Occupatronal Med , 5 2448 Janu
ary 1948

ScuwerMA H Worvasn W Swwetr A E Jrand In, A C
Eliminatton of Carbon Monoxide from the Blood of Acutely
Posoned Dogs | Applied Physiol, 15 350-363 Norember
1948

SecaL. M S Progress in Inhaltion Therpy Modern Med,
April, 1946

SecaL M S Tacts and Fancies in the Management of the Sen
ously Il Patient with Bronclual Asthma Dis of Chest 14 6 795
November-December 1948

Sewar. M S, Levinsov L and Bearey, J F A Demand Vahe
for the Administration of Aerosols of Pemallin and Strepto
mycn Dis of Chest 14 g 386 May-June 1948

SeaL M § Lrvinson L and MiLer D Pemallin Inhaltion
Therapy 1n Respiratory Infections JAMA, 7,7 762-777
June 28 1947

Secat. M 5 and Riper C M Pemcillin Aerosol in the Manage
ment of Lobwr Pneumoma Bronchieetasrs Lung Abscess and
Infecttve Bronchial Asthma Bull New Lngland Med Center,
7 279-286 December 1945

Secar M S and Ryper C M Pemallin Aerosolization 1n the
Treatment of Serious Respiritory Infections New England |
Med 233 747-756 December 20 1945

SecErBERG H L and Sturuiné R G Acute Craniocerebral
Trauma JA M 4 ryr 6 g71 October 8 1949

Suaw L A and DriNker P An Apparatus for the Prolonged
Admmistration of \ruficinl Respirition II' A Design for Smal]



Bibliography 323

Cluldren and Infnts with m Applimee for the Admimstr
uon of Oxygen wd Cwbon Diovide J Chin Investigation,
81 33-16 Deccmber 1929

g5t Smorr E  ZwriFicH, B W and ILurcncorr R I' On the Oc
currence 1nd VModes of Origin and Destruction of Princples
Affecung the Compensatory Vascular Mechanisms sn Expen
mental Shock Scrence 102 189-198, November 16 1945

3> S1Mon O B Subcutincous Oxygen Therapy Clin Med and
Surg, .40 § 135~157 March, 1953

358 Stos O B Subcutineous Oxygen Therapy Anesthesia & Anal
gesta November-December 1954

354 Simeson T Papilloedemn in Emphysema Brit Med [, 2 639~
641 October 2, 1918

325 Smveson, T and Barskr M H  Subcutaneous Administration
of Oxygen Arch Int Med, 61 198-20, Februry 1938

356 Smom I Absorption of Oxygen from the Subcutaneous Tissues
Quart | Lxper Phystol 22193 1932

357 Snen 1 and Swwn M ] Intruenous Injection of Oxygen
Lancet 1 922 1910

3,8 SincLETov A O Rocers T and Houston F G The Problem
of Intesunal Gases Complicating Abdominal Surgery Ann
Surg 1156 g21-934 June 1912

359 SmitH C A The Effect of Obstetrical Anesthesia Upon the
Oxygenation of Maternal and Y'etal Blood with Particular Ref
erence to Cyclopropane Suig Gynec & Obst 69 ,84-593
November 193g

360 Syvurk € A The Continued Use of Oxygen for Premature In
fants Bull New Yorl Acad Med 266 430 June, 1950

361 Swrrn ] L The Pathological Effects Due to Increase of Oxygen
Tension 1n the Air Breathed J Plysiol 249 18gg

362 Sracey J W Inhalation of Nebulized Solutions of Sulfonamides
in Treatment of Bronchiectasis Dis of Chest 9 503-306, 1943

363 STAx R W and Wiirrnorn WV The Comparative Sus
tc;epubxlu) of Cats and Dogs to Anoxia Federalion Proceedings,

~10 1947

364 STADIE W C and Martv A A The Ehmmation of Carbon
Monouide from the Blood A Theoretical and Experimental
Study J Ghn Investigation, 2 77 1925

365 Standardization of Defimtions and Symbols 1n Resprratory Physt
ology Tederation Proc ¢ g 6oz-6os September 1g50

366 Standards of Effectine Admimistration of Inhalational Therapy



372

®

33

339

340

31

(]

34

343

344

345

346

347

o

34

o

34

©o
o
)

Inhalation Therapy and Resuscitation

the Small Intestine Anoxemi and Oxygen Therapy Upon the
Tlow of Bile and Urine n the Dog Surg, Gynec & Obst,
74 416-148 February, 1942

Scuurze E - Kohlenoxyd und Sclulddruse Arch f exper Path u
Pharmakhol , 180 639-618 1936

Scuwas, R S Tine, J and Mixtir W ] Reducuon of Tost
encephalographic Symptoms by Inhalwuon of 935 Oxygen
J Nerv & Ment Dis, 84 316-521, 1936

Scnwrrma H and Iny, A G Safety of Modern Alternaung
Positive 1nd  Negitive Pressure Resusctators [ A MA
129 18 1256-1261 December 29 1945

Scuwerva H Iny A C TriepvaN H oand LABrosse E A
Study of Resuscitation from the Nearly Fatal Effects of Ex
posure to Carbon Monoxide Occupational Med , 5 24-18 Janu
ary 1948

Scuwerma H Worman W Siowrin A E Jr and Ivy, A C
Elimination of Carbon Monovide from the Blood of Acutely
Poisoned Dogs J Applied Plysiol, 1 5 g50-363 November
1948

StgaL M S Progress in Inhalation Therapy Modern Med
April 1946

SrGaL M §  Facts and Fancies in the Management of the Sert
ously I Patient with Bronchial Asthma Dis of Chest, 14 6 79,
November-December 1948

Srear M 5 Levinson L and BEanry J F A Demand Vahe
for the Admmistration of Aerosols of Penicllin and Strepto
mycn Dis of Chest, 14 3 386 May-June 1948

SceaL M S Levinsovy L and MitLer D Pemallin Inhalation
Therapy in Respiratory Infections JAMA, 134 562-777
June 28 1947

Secar M § and Ryper € M Penicillin Aerosol 1n the Manage
ment of Lobar Pneumomia Bronchiectasis Lung Abscess and
Infective Bronchual Asthma Bull New England Med Center
7 279-286 December 1945

Scear M 5 and Rypck C M Peniallin Aerosolization in the
Treatment of Serious Respiratory Infections New England
Med 233 717756 December 20 1945

Secereere H L and Sturiine R G Acute Cramiocerebral
Trauma J A4 M A 1416 371 October 8 1949

Suaw L A and DRINRER P An Apparatus for the Prolonged
Admimstration of Artficial Respirauon II A Design for Small



Mibliography 32,

81 VanIuwm 1 | tnoxua—lts I flect on the Body Chicago, 11,
Uniy Chaewgo Piess 104,
$%> Van Loo A Surisiin A wd Ry TN Nuure of the Iwo
Pressor Responses to Acute Hyposemit with Some Obsers t
uons on the Role of the Adrenals s Hypoar dm J Physiol ,
154 3 397-101 September 1918
983 Vervuar H N Acrosol Pematlin 1in General  Practice
JAMA 129 .p0-257, 10945
384 Vourrro P I' Woopnury R A and \mkiu Bk Influence of
Different Forms of Mechmcal Aruficial Respiration on the Pul
monary nd Systenic Blood Pressure JAMA 126 17 1066~
1068 December 23 1914
38, WarLton D C Iiorinct W A Arten M S and Wirsterst oo
M G Cubon Monoxiud Poisomng A Companson of the
Present Methods of Trewtment Arch Int Med, 37 398 1920
386 WatErs R M The Relwon of Anesthesin to Hypoxia and
Anoxin JAMA 126 17 1068-1069 December 23 194
387 Waters R M and Harris | W Carbon Dioxid and Oxygen
Problems 1n Obstetric Anesthesin  Anesthesia & Analgesia,
10 59 1931
388 Werew W H  Zur Pathologie des Lungenodems Virchow s
Arch | path Anat 72 37, 1878
389 Wrisu D C Subcutineous Injections of Oxygen and Carbon
Diovide with Oxygen Bnit Med J 2 147 1932
390 WHITEHORN W V EpeLvany A and Hrtcucock F A The
Cardiovascular Responses to the Breathing of 100 Per Cent Oxy
gen at Normal Barometric Pressure Am J Physiol 146 61-63
1946
391 WHITTENBERGER ] L SARNOFF S | and HarRpENBERGH E  Elec
trophrenic Respnation II Its Use it Man J Clin Investiga
tion 28 1 124-128 January 1949
392 Wiceers C J Studies of Ventricular Fibnllation Caused by
Electric Shock T The Revival of the Heart from Ventricular
Fibrillation by Successive Use of Potassium and Calcium Am
I Physiol g2 223-240 1930
393 Wiceers C ] Cardiac Adaptations in Acute Progressive Anoxia
Ann Int Med 141237 1911
394 Wiceers C J Piysiology in Health and Disease Philad,
Lea pthed 1949
39 (@) WiHEIMI A E Russett. ] A Encer F L and Losg

elphia



3%t

367
368

369

370

374

375

Inhalation Therapy and Resusctlation

JAMA 121 555-759 March 6 1949 and 1y . ,-51 Sept -
1950

STEIv A Oxygen Insufflations of Peritonetl Cavity in Tubercu
lous Exudauive Perrtomitis JA M A, 78 718 1922

TaraN L M and Szitacyt N Oxygen Theripy in Acute Rheu
matic Carditss 1n Children Am ] Med, 5 3 379-391 Septem
ber 1948

TAraN L M and Szitacvi N Effect of Oxygen Therapy on the
Tlectrical Sequence of Events m the Cardirc Cycle in Chuldren
with Acute Rheumatic Carditis Am ] Med, 5 3 362-401
September 1948

TArRAN L M and Szitacyt N Oxygen Therapy i Acute Rheu
matic Carditis 1in Chuldren Bull New York Acad Med
26 7 461~467 July 1950

TuoomresoN, § A Comparative Values of Vanous Methods of
Resusaitation dnn Surg, 120 1 94-98 July 1944

TuovresoN S A The Effect of Pulmonary Inflation and Defla
tion Upon the Circulwion J Thoracic Surg 17 3 323-334
June 1948

Tnovrson § A and Birspavv G Cardiac Resuscitation
JAMA, 11918 1476-1485 August 29 1942

Tuovurson T C A Method of Artiftatl Resprration Especiilly
Useful for the Paralyzed Patient JAM A rog 4 307-309 J1n
uary 26 1935

ThorN G W Forsuan P H Frawiey T F Hit R 5 Jr
RocuHrF M STAEHELIN D and Wisoy D L The Clmucal
Usefulness of ACTH and Cortisone New England | Med
242 20 783793 May 18 1950

Trunsere T The Barospirator A New Machme for Producing
Aruficial Respiration Skandinav Arch [ Physiol 48 80 1926

ToreiN R The Care of the Fetus During Labor JA4 M A
124 6 343 February s 1944

TouroFF A S W and Aperuan M H  Resusatation After
Forty Minutes of Cardinc Arrest JAMA 13913 844-817
March 26 1949

TrowELL O A Experimental Production of Watery Vacuola
uon of Liver J Physiol 105 268-297 December 6 1946

TunNICLIFFE F W and Streeine G F The Intravenous Injec
uon of Oxygen Gas as 1 Therapenuc Measure Lancet 2 321
1916



Mblingraphy 320

$81 VaxIuwe 1 | dnoxia—Its & ffect on the Body Chlicrgo 11,
Ui Clucago Press 192

38> Van Loo A Surrsitis A nd hyiz TN Nature of the Two
Pressor Respanses to Acute Hypoxemit with Some Observa
tions on the Role of the Adrenals in Hypown dm [ Phystol
1543 397-101 Stptember 198

483 Virvumve H N Acrosol Pemathn in Ceneral  Practice
JAMA 129 2,0-257 1945

384 Voreitro P ' Woopnurs, R A and Anrey B E Influence of
Different Forms of Mechanical Arttficin] Respiration on the Pul
monary and Systemic Blood Pressure J A M A, 126 17 1066~
1068 December 23 1944

38, WaLton D C Lwvrincr W A Arrrs M S and Witirrsroon
M G Curbon Monoxid Poisoming A Comparison of the
Present Methods of Treatment Arch Int Med 37 398 1926

986 Waters R M The Relition of Anesthesin to Hypoxin and
Anoxia JA M A 126 15 1068-1069 December 23 1911

387 Warers R M and Harwis ] W Carbon Dioxid and Oxygen
Problems 1n Obstetric Anesthesia  Anesthesia & Analgesia
10 59 193[

388 WeLcn W H  Zur Pathologie des Lungenodems Iirchows
Arch f path Anat 72 37, 1878

389 Wrisit D G Subcutancous Injections of Oxygen 1nd Carbon
Dioxide with Oxygen Brit Med J 2 147 1932

390 WaITEHORN WV Epstaany A and Hitcncock ¥ A The
Cardiovascular Responses to the Breathing of 100 Per Cent Oxy
gen at Normal Barometric Pressure Am ] Physiol 146 61-63
1946

391 WHITTENBERGER J L Sarnorr S ] and HarbenvercH E  Elec
trophremic Respiration 11 Its Use in Man J Chn Investiga
tion 28 1 124~128 January 1949

392 Wiceers C J Studies of Ventricular Fibrillation Caused by
Electric Shock I The Revval of the Heart from Ventricular
Fibrillauon by Successive Use of Potassium and Calcum dm
J Physiol 92 223-240 1930

393 Wiccers C J Cardiac Adaptauons m Acute Progressive Anoxia
Ann Int Med 14 1237 1941

394 Wiccers C J Phystology in Health and Disease Philadelphia
Lea yth ed 1949

395 (@) Witnetny A E Russerr | A Encer, F L and Lovc



36

396

307
398

399

401
02

Inhalation Therapy and Resuscitation

C N H Effects of Hepatic Anoxia on Respiration of Liver
Slices 1n Vitro Am J Physiol 144 669-G73 October 1945
(b) WineLmr A E Russeel J S and Encrr M G Effects of
Anoxit 1nd of Hemorrhnge Upon Met1bolism of Cerebral
Cortex of Rat Am J Phystol, 144 683-692 October 1915
() WieneLnmr A E Russery, J A, Encer M G and Lonc
C N H Some Aspects of Nitrogen Metabolism of Liver
Tissue From Rats in Hemorrhagic Shock dm ] Physiol
144 674-682 October, 1945
Wison J L The Use of the Respirator in Poliomyelitzs Pam
phlet Nauonal Foundation for Infantile Paralysis 120 Broad
way New York N Y, 1940
Wison J L The Use of the Respiritor JAMA , 117 4 278-
279 July 26 1941
WinoLe W T dsplyxia Neonatorum Springfield 111, Thomas
1950
WinoLe W F and BEchkiR R F Letter to the Editor JAM A,
133 125 1947
WInTERSTEIN H  Die Regulierung der Atmung durch das Blut
Pfluger's Arch | Physiol 138 167 1911
Waoop P M Personil Communication
ZieLEr E E  The Intravenous Admimstration of Oxygen J
Lab ¢& Chin Med, 27 223 November 1941



INDLEX

Acapnea 13
\apma 10 13 140
effect of crrbon dionude on
m aaters 1,0
Acarbia 1y
Aond ta e balamee §7
cfleat of enrbon dioande on 38
cffect of yponia o 5,
\adosis
etfeet of hjh ovigen concentrations
o 59
effect on avygen disoaition cune 27

o

metabolic 21
respintory 3% 36
\drenal cortical hormone 53
Adrenal ghnd
effect of hypoxia on 40,4
\drenocorticotrope hormone 156
\eroembolim v 5
T atiuude 128
\ero-otis mediz 1 9
\erosol
uints
ammophylline tgo
lLionchodilater 130
epmephnne 130
hydrogen peroide 14y
nweosynephnoe 130
pemallin 130
provun 131
prontesil gy
propylene glycol 143
streptonvan 134
sulldine gt
sulfulrole a3
Voeconstrictor 1ge
appanuus gy
don e of v
1 ttcle sire i 1ge 13y

Aerenol {Continued)
pencillin
allergic tesponse 1o 135
indications for 133-13,
untonard effects lrom 13,
Atr enceplialography
mdications for inhalition therpy 143
\irnay
araficnl =y
endotracheal g+= 1¢
nasopharyngeal +=1
oral g0 2™
Alcohol N6
porsomng
\lcobolem 2 §
carbon hovide 1 17y
\limentary tract
cifect of hapovta on 5,
Alldosis @ 0 5 57
compensation for 37
efect on oxypen disochition cury

effect of pressure biewthing, on 272

i coronary dicerse 1t

respiratory 3% 149
Alphatobeline 2 g 231
\tustudle high

cflects of on hyponn
Alveolir Hypman =9 4

ttood valuesin g0

29
41 57 =83

clfects of iLh evigen concentritions
on 7y
mdicitions {or nhalation therapy 100
onygen dissountion cune m 7y
Alheol
effects of hypovia on g3
Ammonin spiats of 2og
Analepties
m yeatltory resusatition w2y
Anitonucal dead space 12



326

397

=)

39

399

401
402

Inhalation Therapy and Resuscitation

C N H Effects of Hepatic Anoxaa on Respiration of Liver
Slices 1n Vitro Am J Physiol 144 66g-673 October 1945
(b) Winetmy A E Russert J S and Ence M G Effects of
Anoxia ind of Hemorrhage Upon Metabolism of Cerebral
Cortex of Rat Am J Physiol 144 683-692 October 1945
(¢) Winemr A L Russtnt. J A Encir M G and Lone
C N H Some Aspects of Nitrogen Metabolism of Liver
Tissue From Rats in Hemorrhagic Shock Am J Physiol ,
144 674-682 October 1945
Witson J L The Use of the Respirator in Poliomyelitis Pam
phlet National Foundation for Infantile Paralysis 120 Broad
way NewYor\, N Y 1910
WisoNn J L The Use of the Respirator JAM A, 11y 4 278~
279 July 26 1941
Winpte W F  dsphyxia Neonatorum Springfield 1 Thomas
1950
WinoLe W F and BEcktk R ' Letter to the Edritor JAMA,
133 125 1947
WINTERSTEIN H Die Regulierung der Atmung durch das Blut
Pfluger’s Arch f Physiol, 138 167 1911
Woop P M Personil Communication
ZicLEr E E  The Intravenous Admimstration of Oxygen J
Lab & Clin Med, 27 223 November 1941



IND

Aapnez 13
\cpnz 10 1y (X1:]
eflect of carbon diovide on 150
n avixors no
Aarbia 1y
\ad base balance §;
effect of carbon dionsde on 38
effect of hypoxta on 5,
Aadosis
effect of high oxygen concentrations
on 79
effect on oxygen disoniation curve 27
52
tabolic 29
Tespiratory 39 56
Adrenal cortcal hormone 57
Adrenal gland
eflect of hypowia on 39 54
Adrenocorticotropic hormone 156
Aero embolism 127
Iigh alutude 128
Aero otitis media [
\eroso}
agents
aminophylline 130
bronchodilator 130
cpinephrine 130
hydrogen peroxide 133
neosynephnine 130
pemallin 130
promun 131
prontosil 131
Propylene glycol 133
streptomyain 141
sulfadiazine 131
sulfathiazole 131
‘asoconstrictor 130
apparatus 137~ 41
dosage of 141
Particle size 1n 13

g
me

133
3.7

CX

Actowl (Continsied)
penicillin
allergic tesponse 10 195
indications for 13313,
untoward cllects from 13,
Alr encephalography
mdicitions for inhalition therpy 127
Nirway
araficanl 221
endotracheal 222 ~23
nasopharyngeal =1
oral 2 0 28t
Alwoho) 286
poisoning 32
\lcoholism 22y
carbon dioxide 1t 153
Alimentary tract
cffect of hypovia on 5,
\lkalosts g 10 55 57
compensation for 37
effect on ovygen dissoaaunon curve

27
effect of pressure breathung on .72
n coronary disease 116
respiratory 38 149
Alphalobeline 209 231
Alttude hugh
effects of on hypoxia g
Alveolar Hypoxia 29 4~ 41 87 233
Bblood values in 3o
effects of high oxygen concentrations
on 74
indications for inhalation therapy 100
oxygen dissocation curve i 74
Alveolr
effects of hyposia on 3
Ammonia spirits of 2.9
Analeptics
i ventlatory resusataton 2 7
Anatomical dead space 12



328 Index

Anemia
chronic 107
cyanosis in 67
pernicious 107
Anemic Anoxia 29
Anesthesta
agents
avertin 47
cyclopropane 47
ether 47
ethylene 47
nitrous oxide 47
pentothal 47
caudal 288
effect on respirrtory threshold 36
epidural 88
Histotoxic Hypoxia by §2
hypoxia as result of 47 9~
obstetrical .86 88
poisoning by 30 32
posthypoxic residuals
blindness 49
decerebrate states 48
hyperkinestas (8
parkimsoman syndrome 48
psychoneuroses 48
psychoses 38
role of i asphyxia neconatorum 86
spmal g .88
daphragm tic paralysts 1n 47
mtercostal paralysis i 47
Anoxemia 14
test for coronary isufficiency 116-118
Anoxa (See Hypoxia) 15
classification of g
Anoxic Anoxma 29
Anterior poliomyelitis g8
Anthr icosslicoss
pressurc breathing mn 106
\asoconstrictors i 106
Aortic body 3 35 41
Apnea 13
carotid body 24
epm:phrme 23
Apneusis 19 -0
Apomorphine ~86
Artersal oxygen
percentage saturation tn varous lorms
of hypoxia 33

Arterial oxygen (Continued)

volumes per cent 1 various forms of
hypoxia 33

Artificial respirition

apparitus

Barospirator .3,

Bennett \~2 2063

chest models 276

Crafoord 263

Drnnker and Shaw 23, 26, 270
271 28>

ER ] o5

Electrophrenic respirator  »77-279

Fmerson 257

mmportance of flow characters tics
In 66 67

Rresselman adult respirator =50

Rreiselman bellows respirator 49
255 7,8 ~G3 ~81

Kreiselman infant resuscitator 51
g

Maloney 63

Mautz 63

Muller infant resuscitator »53 °go
291

Ineumatic Bnlance Resuscitator
256 259 263 °76

Stephenson Respirator »57

Suck and blow apparatus 266 267

Thunberg 235

methods

comparison of ~46 °47

intermuitent negative pressure
breathing 270

mtermittent posiiné pressure
breathing .47

John Hunter 34

manual
Fmerson 213
Eve 235 238
Nesen g, 238
Schacfer 231 237
Schaefer Emerson Ivy 40
Schaefer Netlsen Drinker 239
Silvester 234

Beecher modification of 237 281

Thompson Girdlestone 235 =236



Index 329

Attifioal yeqpration (Continued)
methids (Contenied)
Meltrer \tter 297
mouth o motith inalllatien
236
Aplyxia 1y
Asphvaia neomatorum g0 g 282
ancsthesta tole of in 286
apparatus resusatine
Drinker 298
Flectrophrenic respreator 292
Rrewelman 2,1 26y
Rreiclman tube 201
Miller 2,3 200 2q8
barbwurates sole of 1 297
arbon diovide tole of in 28
caudal anesthesit in 288
vclopropane role of m 287
epidural anestheua in 2R8
ether role of in 287
gastnie suction an 202
mdications for inhalation therapy 92
narcotics role of in 286
nitrous ovide rale of in 287
pressure breathing in zgn
Tesusatative procedures in 28g
sedation rale of 1 86
spinal anesthesia 1n 2g9
Asthma 267
aerosols in 13,
bronchnal g4
carbion dioxide 1n 153
helum 1n g, 153
pressure breathing in o6
Atelectasis go 233
carbon dioxide in 101 151
effect of hypoxia 43
Tesult of igh oxygen concentrations
152
Atmospheric Hypoxia 29 232
blood values in 30
effect of arculation 38
effect of hypersentilation on £
effect of high axygen concentritions
on 74
ndications for mhnlaton therapy 89
oxygen dusootion curve m o7y
Tespiratory response to 38

“

Mmophetic prevase
comltfons due to altertion fn 127
Atropine 228
Aumicular sentrianlir conduction
eflect of hypmiton o
\verim
clfcet on resplration g7
Wiatton miliary g1
\vators acipnit e 150

n

BB mask Ry g a8
Barblrue
effect on respirniory threshold 36
in asphyxi neonitorum 287
pousoning s0 g0 a1 20
Barcrolt Van Slyke chwification of an
o 2g
Barometnic pressure deareased
effect on carbon dioxide tension g6
Barospirator 206 ~35
Bends The a2y
Bennelt \ 2 apparitus 263
Benzednine 229
Blindness as result of hypoxia g9
Bload
changes in chronic hypovia 68
dyscrasias gz
effect of hypoxia on 55
gascs
discovery of 8
Blood pressure
effect of carhon dtoxide on 38 41 71
effect of hypoxia on 38-10 42 61 6,
Yl
hypoxemic depressor phase g
hypoxemic pressor phase 3g
posthypoxemic phase 39
effect of respirators on 260
Dlood sugar
effect of carbon dioxide on 57 58
effect of hypoxia on 57
Blood values
effect of high oxygen concentrations
on 73
Blood vessels
effect of high oxygen concentrations
on 79



3°8 Index

Anemra Artenial oxygen (Continued)

chronic 107
cyanosis in 67

volumes per cent 1n vanous forms of
hypovia 33

pernicious 107 Artificial respiration

Ancmic Anoun zg
Anesthesty
agents
avertn 47
cyclopropane 47
ether 47
cthylene 47
nitrous oxide 47
pentothal {7
caudal ~88
effect on respiratory threshold 36
epidural »98
Histotoxic Hypoxia by 3
hypoua as result of 47 g~
obstetrical 286 288
poromng by 30 3
posthypoxtc residuals
blindness 49
decerebrate states {8
hyperkinesias 48
parkinsonian syndrome {8
psychoneuroses 48
poychoses 48
rale of 1 asphyxia neonatorum 86
spinal g~ .88
diaphrigmatic piralysts in {7
mtercostal paralysis i 47
Anoxemia 14
test for coronary msufficiency 116~118
Anoxia (See Hypoxia) 15
classificition of og
Anoxic Anoxia g
Anterior poliomyehis 98
Anthracosihicosis
pressure breathing in 106
1as0CONStrICtors 1 106
Aortic body 3 35 q1
Apnea 13
carotid body 24
epmephrine 23
Apneusts 19 -0
Apomorphine 286
Artental oxygen
percentage stturition n various forms
of hypovia 33

apparatus
Barospirator 23,
Bennett \~2 .03
chest models 256
Crafoord 263
Dninker 1nd Shaw 23, 26, .70
271 28
ERJ -57
Electrophremic  respirator  277-°,9
Emerson 257
wmportance of flow charactenstics
m .66 .67
hreselnin adult respirator  °50
263
Rreiselman bellows respirator °49
55 258 °63 =81
Kreiselman infant resuscitator .t
_63
Maloney 263
Mautz 203
Muller 1nfant resuscitator °53 °go
291
Preumatic Balwnce Resusctytor
256 <59 2063 .76
Stephenson Respirator 257
Suck and blow apparatus 66 67
Thunberg 23,
methods
companson of 246 247
mgermittent negatine pressure
breathing .70
ntermuttent positine pressure
treathing 47
John Hunter =234
manual
Emerson =3
Eve 235 238
Neisen .35 238
Schaefer 231 ~37
Schaefer Emerson Ivy 210
Schaefer Neilsen Drnker 289
Silsester 234
Beecher modification of .37 281
Thompson Girdlestone 23, 236



Index 831

Catbon dionide (Continued)
tenuon n cmphysemy 97
toxlc effects of 1m0
transport 28
effeet of high ossgen toncentrations
on 54
Carbon mopantde poroning ¢1 52
blood vatues in 32
qanous i Gy
cileet of cathon dunide in o7 1,4
pathologic changes fu btum ¢b
readuals 43
symptomatology of 7
Carboxyhemoglolin 16 67 107
Cardiac
conduction 117 118
cffect of hypouinon fo §2
falure ya 109
indications for carbon doxile 110
mechanism of praduction 110
fibrillation 40
hypoxia
compensatory mechamsms in g9
musculatyre
effect of hypoxia on 39
effect of severe hemorrhage on (o
autput
effect of carbon dioxide on 38
eflect of hemorrhage on 40
effect of high oxygen concentrations
on 83
effect of hypovia on 38 42
effect of pressurc breathing on 110
effect of respirators o 6o -Gi
effect of suck and blow apparatus
on 267
n arculatory fatlure 40
rate
effect of carbon dioxide on 38
effect of hypoxia on g8 4»
resusatation 293
defibrillauon 1n 296
by potassium chlorsde 96
sensitzation by anesthetic agents g4
standsull 4o
epinephrine 10 g7
Potassium chloride i g6
procane 1n 297

Catdiocirautatory insefficseney Go
Catdiepulmonary mailhiency 59
Canditia thenmatic g0y
cifeet of Ingh oxygen concenty stions
on 1o
Carotid bads 23 3, 38 50
apney 24
Carotid unus 29
Camoma
arlon dioxide an 1y,
Catheter nasal gt
Caudal ancsthene 288
Centrl neryons system
cffect of hypovia on (=16 61
Cerchral BHlomd vessels
cllect of high ovigen concentrations
on 59 81
Cerebral aranlation
cffect of airbon dioxade on 41 58
cffect of hypositon g
Cerchiral cortex
effect of high evygen concentrations
on 81
Cerebral lesions
effect of hypoxia on 45-17
Cerebrospinal fuid pressure
effect of Ingh oxygen concentrations
on 81
cffect of hypoxia on g0
Cerebrovascular acadents 224
Chambers
equalizing pressure 20, 26, 250
low pressure 36 149
oxygen 11 202
Chemoreceptors
discovery of g
cffect of carbon dioxide on g -3
effect of hypoxia on g 23
effect on respiranon 23 23
Chloral hydrate »87
Chlorate porsoning 31
Chlonde stuft -8
{hlonne
effect on pulmonary endothelum 104
Chronc anemuia 107
Chronic hypoxia
effect of high oxygen concentrations
on 8o
symptomatology of 68



330 Index

Blood volume flow
effect of carbon dioxude on g8
effect of hypoxia on 38
Body temperature
effect of carbon dioxade on 151
Bohr effect .6 7 72
Bradypnea 13
Brain
edema of 51
effect of hypovia on 45
pathologic changes i cathon monox
1de poisoning 46
pathologic phisiology as result of In
poxia 46
tummor of 2 ¢
Breathing reqmirement 59 6o
Breathing resene 6o
Bronchial asthma g4
Bronchtectasts 134
Bronchodilator agents 130
Bulbar poliomyehitis 224 278
Burgess box closed 198
Burgess box open 143 19,

[

Caisson discase 10 128
Cafferne . 8 231
Capacaty
functional ressdual 16 17
nspiratory 16 17
total lung 16 17
sital 16 17
Capillanes
effect of hypoxia on 41
lung
effect of high oxygen con entnitions
on 8o
effect of hypoxia on 4
permeability 42
pressure
effect of carbon dioxide on 38
Carbetha apparatus 11
Carbhemoglobin .8
Carbon dioxide
absorption 8
accumulation 69
adminstration of 11
disconery of 7
effect of 1n cyanosis 67

Carbon dioxide (Continued)
eflect on zad base balance 38
effect on blood volume flow 38
effect on blood pressure 33 4t 71
effect on blood sugar 57 58
effect on body temperature 151
effect on capillary pressure 38
effect on cardnac faillure 110
effect on cardiac output 38
effect on cerebral arculation 43 51
effect on chemoreceptors g 23
effect on airculation 38 151
effect on coronary disease 116
effect on heart rate 38
effect on lymph flow 38
effect on oxygen dissoation cune =6
27 38 52
effect on respiration 8 21 =* 3; 38
151
effect on sympatheuc system 150
effect on vasomotor center 41
excess
effect of psychic, 6g
effect of sensory 69
effect on color 7t
effect on muscle tone 51
effect on pulse rate 71
effect on respiration 69 70
symptomatology of 68
ndications for
acpnia 1,0
alcoholism 153
asthma 153
atelectasts 10t 151
carbon monoxide poisoning
109 153
ctatoma 155
epilepsy 154
hiccough 144 153
hypnoxia 150
mental conditions 154
postoperatively 152
1n sentilatory resusatation 2-6
narcosss 81 g7
physnical charactenistics of 1,6
retention 3, 37 38 4t 56
1 pressure breathing 19,
role of 1n asphyxi2 neonatorum =8
technie of administration 151

107~



Index 331

Catbon dionide (Continued)
tension i empineemy v,
touc effects ol 1t
transport 29
effect of high evigen contentranons
on 19
Carbon monoxide petsomin, 30 52
blood values tn 32
aanous in 67
effect of carbon dinide g 1y 153
pathologie changes 1 brun (6
eudinte g5
symptomatolegy of 47
Catboxyliemoglotbnn ¢F t§ g
Cardaac
conduction 137 118
cffect of hypoua on fo g2
fulure yo 109
ndications for carbon dioude 110
mechanism of producuen 1o
haliasen g0
hypoxia
ompensatory mechanisims 10 39
musculature
eflect of hypoxta on 39
citect of severe hemorthage on go
output
elfect of carbon diovide on 38
cllect of hemorrhage on g0
effect of high oxygen concentrauons
on B3
effect of hypoxiz on 38 42
effect of pressure breathing on 1o
elfect of respiratots on 2zba .61
effect of suck and blaw apparatus
on 267
mn arculatory failure 4o
rate
effect of catbon dioxide on 38
effect of hypoxia on 38 42
Tesusatation 294
defibrillation 1n g6
by potasssum chlonide 266
sensitization by anestbetic agents  py
standstill 4o
epinephrine in 297
potassum chloride i 296
procaine in 297

Cardioaratlatony ansuffiaency 6o
Catdhopulmomars anwihaengy 54
Canditis thenmatic 204
clfcct af lugh oxvgen concentrations
oy 3o
Catotd bondy 23 3, 38 0
apnea 24
Catotdd sty 24
Catytoma
artwn dionide oy,
Catheter wial 1y
Cada] anerthiea 299
Cawtral nervous \)“cm
effcct of hypovia on {4-46 61
Cerebral Dlood vessels
ctfect of high oxygen concentratrons
on g 81
Crrebral areutation
cffect of carbon dioxade on 49 0
effcet of bypovia on 3
Cerebral costex
effcct of gh oxygen concentrations
on B
Cerebral Testons
effect of hypoxsa on 3,47
Cerehirospinal M pressuse
effect of high oxygen concentrations
on Bi
effect of iypoxa on 5o
Cerebrovascular acadents 2 ¢
Chambers
cqualizing pressure 20, 26, 270
low pressure sb 149
oxygen 131 20z
Chemoreceptors
discovery of g
effect of carbon digxide on g 23
effect of hypoxia on g 23
cffect on respiration .2 23
Chloral hydrate 287
Chiorate poisoning gt
Chlonde shift 28
Chlonne
effect on pulmonary endothehum 104
Chronic anemia 107
Chronic hypoxia
cffect of W1 h oxygen concentrations
on 8
symptomatology of 68



352

Circulation
coronary 39 40
effect of carhon dioxide on 38 151
effect of high ovygen concentrations
on 79
effect of hypoxia on 50 Gy 68
eflect of intrapleural negitive pressure
on g
effect of intrapleural positine pressure
on 2z,
effect of negative pressure on 68  Gg
effect of nitrous oxide on 17
effect of pressure breathing on 26~
effect of respirators on 262
fulure
ctfect of pressure brerthing on 10,
190 19,
mixed types of hypoxia in 110
Careulatory nsufficiency 6o
Compressed air 1ilness 128
Continuous positive pressure breathing
193
Comvutlsions 130
Coramine . 8
Coronary
arculation {0
effect of hypoxia on 38 39 42
disease
alkalosss in 116
effect of carbon dioxide on 116
effect of high oxygen concentrations
on 13 114
wndications for inhalition therapy
-3
wsufficiency
anoxemia test for 116-118
‘Master two step test for 114 118
Craloord apparatus 263
Cyamde posoning 32
cyanosis m 67
Cyanosls 59
effect of carhon dioxide on 7
n anemia 67
1 carbon monoxide poisoning 67
n cyanide posomng 67
1n shock 67
vanables 1n 67

Index

Cyclopropane

effect on respiration 47

role of 1n asphyxia neonatorum 287
Cychinder content of gases 157
Cylinder size of compressed gases 157
Cylinders gas

duration of delivery from 158
Cytochrome 156

cffect of cyamde on g2

D

Dend space
anatomecal 2
elfectne 12
mechanical 13
physiological 13
virtual -
Decerelrate states as result of hypoaa

Demand flow apparatus 11
Demand Hypoxia 29 87
blood values in §»
effect of high oxygen concentrations
on 58
indications for inhalation therapy t20
oxygen dissociation curve 1n 78
Demtrogentzation 199
effect of lgh oxygen concentrations
on 1z4
Desoxyephedrine . 9
Dexednine 2 9
Diabetic coma z24
Diaphragmatic paralysis 47 273
Drinker Shaw apparatus .35 65 271
282
1n asphyxia neonatorum g1
mechanism of 270
Drowning ~j2
Drug poisoning 233
Drug, therapy
i ventilatory resusctation 2 6
Dyspnea 64
effect on Iymph fow 2

r

¥ & J Respurator 57
E I R (See Flectrophrenic Respirator)
Far block 1 g



Inden

Felampan 11,
ndications far inhatiion therapy 148
Hdema
brain 51
pulmonary 11 q7 {4 f2
cffect of mtermittent negiive prey
sure on 224
cffect of presane hicathing on 1o,
19,
pathogeneus of 10y
Filednve dead spwe 12
Hfiusions pleural o z3%
pathologic physoloy of 102 103
Flettrocardiogram
effect of respurators on 260
Flectrophrenic Resparator 277-259
1 asphyxit neonatorum 92
Embohi pulimoniry 144
Fmerson method of artificial vespiration
243
Emerson Respirator 2,7
Emphysema pulmonary o
catbon dioxide tension i g7
mdications for snhalation therapy 97
130
Emphysema subcutancous
effect of igh oxygen concentranons
on 126
Endotracheal
atrway 222 223
tube 222
mdications for 274
Ephedrine »2g
Epidural ancsthesia 288
Epilepsy
as result of hypoxia 19
carbon dioxide 1n 151
Epinephrine 229
apnez 23
m cardiac standstill zg7
Equaliing pressure chamber =06 26,
10
Ether
effect on respiration 47
role of 1n asphyxia nevnatorum 87
Ethylene anesthesia 90
effect on respiration 47
Expuratory center 18
Expiratory reserse volume 16 17

393
tyes
clfect of lypoxia on 68

1

Tectus

ctiology of death 286
Libtiltation ventricular g0
Lire harrds in inhalation therpy 150
Tnod air 8
THow meters

Bourdon type 168

Linetic type 163

Thorpe tube type 168
T balince

cllect of hypov on 42
Tumrte 23

funcional seadul cipraty a6 ag

c

Cas gphinders
banks of 159 160
contents of 157
durition of delivery from 158
handhing of 16»-106y
storage of 162
Cases
delisery of 16§
exchange of
clfcct of respiritors on 2,9
physical charactenistics of 158
posomng 11
Castric suction n asphy\ia neonatorum
92
Gauges regulator 16,
Crades of hypova 6.

H

Haldane mask n
Head hoods tg,
Head njuries
effect of high oxygen concentrations
on 147
Heart
defibrillation of 296
rte
effect of respirators on .60
Heat exhaustion
effect of high oxygen concentrations
on 147



832 Index

Circulation

coronary 39 4o

effect of carbon dioude on §8 154

effect of mgh oxygen concentrations
on 79

effect of hypouiz on 50 G4 68

effect of intrapleural negative pressure
on 2,

effect of mtrapleural positise pressure
on 2,

effect of negatine pressure on .68 .Gg

effect of nitrous oxide on 47

effect of pressure breathing on 26>

effect of respirators on 26.

failure
effect of pressure breathing on 10,
190 19,

mixed types of hypoxia n 110
Circulatory insufliciency Go
Compressed air illness 128
Conunuous posttne pressure breathing

193
Comnvulstons 130
Coramine 228
Coronary

arculation 4o

cffect of hypoxiz on 33 39 42

disease

alkalosis in 116

effect of carbon dioxide on 116

effect of high ovvgen concentrations

on 13 114
sndscations for inbalation therapy
1m-113
msufficiency

anovemia test for 116118
Master two step test for 119 118
Crafoord apparatus 263
Cyanide poisonng 3
cyanosis it 67
Csanoss 59
effect of carbon chovide on Ay
n anema 67
n carbon monoxide poisoming 67
1n cyamide posomng 67
n shock 67
vanables 1n 63

Cyclopropane

effect on respiration 47

role of 1n asphyxia neonatorum 28,
Cychinder content of gases 157
Cylinder size of compressed gases 157
Cylinders gas

duration of delnery from 158
Cytochrome 1356

effect of cyamude on 32

D

Dead space
anatomical 12
effectie 12
mechanical 13
phystological 13
wirtual 12
Decerebrate states as vesult of hypoxia
48
Demand flow apparatus 11
Demand Hypovia -9 87
blood values g2
effcct of high oxygen concentrations
on 78
mdications for mnhalation therapy 120
ovygen dissociation curve in 7
Denitrogenzation 199
eflect of high evygen concentrations
on 124
Desoxyephedrine 229
Dexednne 2 o
Diabetic coma 224
Diaphragmatic paralysis 47 273
Drnker Shaw apparatus °3, -6, °71
28~
1 asphyxia neonatorum 291
mechamsm of 270
Drowning 242
Drug poisoning 233
Drug therapy
1n sentiatory resusatation z 6
Dyspnea 6y
effect on lymph flon 4

£
E & J Respuator 757
E P R (See Electrophrenic Respirator)
Ear block 1 g



Index

hpovia (Continued)

Demand (Continted)

indications for jnhalstion therapy
1*0

ongen disacdition unve in 7,

effect of atelectanss on g3

effect on aad base balwee 5,

effect on adrenal gland 49 51

effect on adrenal cottical harmonie 57

effect on alunentany tract 5,

effect on alieol: 43

effect on auncular ventrculir conduc
tion 40

effect on Blood 5, 68

cffect on blood pressure 48-g0 2 64
6,

effect on blood sugar 57

effect on bload volume fow 38

effect on capillanies 41 4=

effect on cardiac muscufature 39

effect on cardiac output 38 4+

cffect on cardiovascular system 38

effect on central nervous system {4~
46 61

effect on cerebral arculation 43

eflect on cerebral vessels 3% 59

effect on cerebrospinal flusd pressure
50

effect on chemoreceptors 9 23

effect on arculation 38 42 6y 68

effect on color G6

effect on conduction mechamism of
heart 40 11y us

cffect on coronary arculation 38 39

4
effect on eyes 68
effect on flund balance 42
effect on heart 68
effect on intracranial pressure 5o
effect on ladney 54
effect on lactic acid 58
effect on lner 52
effect on lung capillarses 4~
effect on metaholism 8
effect on muscle tone 66
effect on non protemm nitrogen 58
effect on P R interval 40
effect on potasaum 58
effect on psychological processes go

33

Mypanda (Contenned)

cffect on prlmonaty tree 42
effcat on pulee gate g% (2 66
cffect on pannde add 18
effect on sespiration 22 24 3,
effect on reypratory theieshold 5, 3%
cffect on sino auncular node 0
eflect on sxliim chlotide 58
efleet on spleen v,
cflect on sympathetic systems 51 57
effect on temperature 58
effect on tisue perfuvion 39
effcct on urinary output 5q
cffect on \asomotor center {t 50
effect on somiting center g0
epalepsy as renlt of 4o
grides of 62
Hemoglolic 29 32 87 234
Blood values in g1
cffect of hugh oxygen concentrations
on 7, 100
mdictions for inhalation therapy
106
axigen dissoaiation cunve 75
Histotoxac 87
blood values in g2
effect of high oxygen concentratio 1s
on 57
ndications for inhalation therapy
1o
oxygen dissoaation cunve n 77
hyperhinesias as result of 48
mixed types 83 37
n arculatory failure 110
myocardial 4o 111
neonatal 49
neuritis peripheral as result of 32
oxygen cpacty m 33
oxygen content 1 33
oxygen tension 1 g3
parhinsonian syndrome as result of 48
pathologic considerations m 35 46
psychoneuroses as result of 48
psychoses as result of 17
residuals of 48
Fespiratory response to 3,-38

Stagnant zg 53 87 109 =234
blood values 1n EL



334 Index

Heat retentton
effect of mgh oxygen concentrations
on 147
Helium
m aero otitis media 179
n asthma 153
1n Casson discase 1 8
physical charactenstics of 156
Helium oxygen mistures
conversion table for 16g 170
Hemoglobic Hypoxia g 87 °34
blood values 1n 31
cffect of high oxvgen concentrations
on 75 109
indications for inhalation therpy 106
oxygen dissociition curve 1 7y
Hemoglobin
discovery of 8
percentage saturation -G
tole 1o carbon dioxide transport 6
o8
role 1n oxjgen transport 26
Hemorrhage 234
blood values in 31
effect on cardiac musculature fo
effect on cardiac output 40
indications for inhalation therapy 107
intracramial g3
oxygen consumption 1o 59
Hering Breuer reflex g 18
Hiccough
carbon dioxide 1n 144 153
High altitude aero embolism 1.8
Histotoxsc Anoxia .9
Histotoxsic Hypoxia .g
blood values in g2
effect of high ovgen concentrations
n 77
indications for inhalation therapy 10
oxygen dissociation citrse an 77
Hydrogen 1on concentration
effect on respiration @1 .2
regulafion of 8
Hurmdafiers
Jet type 170
space type 170
Hypercapnea 13
Hyperlanesias as result of hypoxia 48

Hyperoxcrmia 14
Hjyperpnea 13
Hyperpyrexia 3
effect of high oxygen concentritions
on 120-1.3
ndications for mhalation therpy 1 »
Hjyperventilation
effect of 10
effect on Atmospheric Hypoxin g
effect on carbon dioxide tenston 37
symptoms 149
Hypocapnea 13
Hypopnea 13
Hypoxenua 14
Hypoxemic depressor phase 39
Hypoxemic pressor phase 39
Hypoxi1 15 16
acute symptomatology of 61 et seq
alutude effects of 29
Alveolar 29 43 41 87 2
blood walues 1 go
effect of high oxygen concentrations
on 74
ndicatsons for inhalation therapy
100
oxygen dissoaiation curve in 74
anesthesia effects of g 30 47 92
arteriovenous difference 1n 33
Aumospheric 29 31 38 55 87 24~
blood values 1 30
effect of high oxygen concentrations
on 71
wndications for inhalation therapy
89
ovygen dissocration curve in 74
biochemical effects of 58
blindness as result of 49
blood values in summarized 33
carbon dioxide 11 150
cardiac conduction mechanism mn 4o
chrontc symptomatology of 68
dassification of
Barcroft Van Slyke 29
Saklad et al 29
decerebrate states as result of 48
Demand <9
blood 1alues in g»
effect of high oxygen concentrations
on 78

w2

3



Index

Hiponia (Continuied)
Demand (Continued)
indiations for inhalation therapy
1o
owgen disociation canve in 5,
effect of atelectasis on gy
effect on aad hawe balwee o,
cflect on adrenal gland 39 7y
effect on adrenal cortical hormane 57
effcct on alimentary tract ¢,
effect on alveoli 43
effect on auncular ventticular conduc
tion 40
effect on Bloed 5, 9
effect on blood presnre 3%-g0 2 £

eflect on Llood sugar r7

effect on blood volume flow 49

effect on capitlanies 1 ¢~

eflect on cardiac musculature 39

effect on ardiac output 39 g2

effect on cardiovascular system 38

effect on central nervous svstem (4-
46 61

effect on cerebral arculatson 44

effect on cerebral vessels 38 %9

effect on cerehrospinal Ruid pressure
50

effect on chemoreteptors 9 23

effect on arculation 33 12 61 G3

effect on color 66

effect on conduction mechanism of
heart g0 117 118

effect on coronary airculation 38 39
42

effect on eyes 63

effect on fluid balance 42

effect on heart 63

effect on sntracramal pressure 0

effect on kidney 54

effect on lactic aad 58

effect on liser P

effect on lung capillaties 4>

effect on metabolsm 53

effect on mule tone 65

effect on non protemn nitrogen 5%

effect on ¥ R interval 4o

effect on potawium &

effect on prycholomseal processes o

330

Hsponia (Contentied)

cffect on pulmontry tree (2
eflcct on pulwe 1ate 38 42 66
cffcct on pynnic acd 58
cffect on respivation 32-2q 3,
effect on respiratory thicshold g, 38
efleet om sino quncenlar node {0
effect on soxiim chlonde 58
effect on spleen 1,
cftect on sympathetic systems 51 57
effect on temperatute 58
cffect on tisue pesfusion 39
effcct on urinary output 5
elfect on vasomotar center {1 50
cffect on vormung center 5o
epilepss s result of 49
goades of €2
Hemnglobic 29 3~ 87 23¢
blood values in 3t
effcet of igh oxvgen concentrations
on 5,1
mdications for inhalation therapy
106
oxigen dissociation curse in 5,
Histotoxse 87
bload values 1n 32
effect of high oxygen concentrations
on 57
indications for inhalation therapy
120
oxigen dissociation curve in 57
hyperkinesias as result of 48
mixed types 33 37
1n arculatory failure 1o
myocardial 40 11t
neonatal 49
neuntis peripheral as result of 32
oxygen capaaty in 33
oxjgen content 1o 33
oxygen tension 1in 33
parkinsonian syndrome as result of 48
pathologic considerations i g, 46
psychoneuroses as result of 48
pevchoses as resnlt of g7
residuals of 48
respiratory yesponse to 3,-33
Stagnant 2q ,3 87 109 34
blood values 1n 34



336 Index

Hypoxi1 (Continued)
Stagnant (Continued)

Inhalation therapy (Continued)
indrations for (Continued)

effect of high oxygen concentrations
on 76
wmdicanons for nhalation therapy
109
oxygen dissociation curve 76
susceptibility to 3,
Tidal .g 87 go o1 -33
blood values in go
effect of high oxygen concentrations
on 74
ndications for inhaliton therapy
90 g3
oxygen disociation curve 74

I

Incubators zoy

hiccough 144

Histotoxic Hypoxia 120
hyperpyrexa 1 o

hypoxia 89 et seq

mtercostl paralysis 96 %
intestinal distention 124
intracrantal hemorrhage 93
Iaryngotracheobronchitis 146
migraine 14

morphine poisoring go gt
neonatal asphyaa g°
paradoxical resprration g7 99
paralyuc ileus 126
permcious anemia 107
pleurl effusion 107
preumonia g 100 13%

Ingenhousz mask 10

Inhalavon therapy
fire hazards 1n 170
indications for

prematurity g3 145
pulmonary edema ro3
rheumatic cwrditis 110

aero embolism 1 8

acro otatss media 129

arr encephalography 127
Alveolar Hypoxia 100
anterior poliomyelstis 98
anthracosilicosis 106
asphywia neonatorum gz
asthma g1 130

atelectasis 101

Atmospheric Hypoua 8g
barbiturate poisomng go 91
bends the 1 ¥

Caisson disease 1.8

carbon monoxide poisoning 107
chronic anemia 107
arculatory failure 10,
coronary disease 111-113
Demand Hypoxia 120
demitrogeniziuon 89 1°3 199
eclampsia 45 148
emphysemna pulmonuy 97 130
emphysema subcutaneous 1 6
head njuries 147

heat exhaustion 147

heat retentron 147
Hemoglobic Hypoxia 106
hemorrhage 107

shifting medinstinum g8
shock 119
Stagnant Hypouia 109
thyrotoxicosts 123
Tidal Hypoxia go g1
whooping cough 14.
methods of adminstration 171

Burgess box closed 198
Burgess box open 143 19,
Carbetha apparatus 11
demand flow apparatus 11
equalizing pressure chamber °o6
head hoods 19,
mcubators .oy
masks 1,9

B LB ng 8t

Haldane 1

Ingenhousz 10

meter 11 183

O E M positive pressure mask

193

Resp a1d 186

Scott 187
nasal citheter 11 172
oral insufflation 11
oropharyngeal nsufflatton 17
oxygen chambers 11 70"



Index

Inhalation therapy (Contimtied)
nethoxds ((‘nnlmurd)
Pocumatic Bilmee  Resnsatator
190 2,6 2,0 264 2,0
losiive prosite 1go
pressure breuthing continuons 1a3
tents 11 199
Wadhantages of 200
Insprratory capraty 16 1y
Inspiralory center 18
Inspiratory teserve wolame 36 17
Insuflauon orl 1
Intercostal paratyais go 273
n spinal anesthesia g7 98
Internuttent negative pressire breattng
2,0
Tntermuttent pastine pressure lrentlung,
247
Tntestinal distention
effect of lugh ovygen concentrations
o o1z,
Intra arteral admimstration of oxygen
14
Intra artenial transfusion %
Intracranial hemorrhage
mdications for inhalation therapy 93
Intracranial pressurc
effect of hypoxia on 50
Intrapleural pressure negative
effect of
Intrapleural pressute postite
effect of 5
Intrapulmonary pressure negitive
effect on pulmonary edema 2-3
Intrathoracic pressure
mtrapleural 23
intrapulmonary 24
Intravenous admunistration of oxygen
211

K

Kidney
blood flow 1 shock 53
effect of hypoxia on urmary output

oxygen utilization by g5y
hreiselmn adult respirator 50 63
hreiselman bellows respirator »4g 255
58 263 81

"7

Rrcisclman infint resnsatator 2,1 263
hrewelman tnbe i asplynit neona
torum 2qm

Tactic aced 3%
effect of hyporia on 58
Laryn otrachcobronchitis
Indiewtions for inhahtion therapy 146
Tiver
cffect of hypoxiton 52
Low pressure chambers 86
Lung cypilnes
cflect of hypox on g2
permeatnlity g2
Tung solumes 16
Iynph flow
et of carbon diovide on 38
clfect of dyspnea on g2

\Y
Maloney apparatus 63
Masks 179
B I B 83 11y 18t
Haldme 11
Ingenhous? 1o
meter 11 183
O F M posatne pressure 193
Resp mud 186
Scott 187
Master two step test for coronary msuffi
caency 11y ng
Mautz apparitus 263
Maxmum breathing capacity 59
Mechamcal dead space 13
Mediastinum shiftuing g0 98
NMedullary paralysis gt
Meltzer Auer method of artificial res
piration g7
Menmingitis g0 244
Mental changes
effect of high oxygen concentrations
on 8o
Mental conditions
effect of carbon dioxide on 154
Metabolic acidosis 21
Metabolism
effect of hypovia on 58
Meter mask 11 183
Methemoglobim 67



338 Indev

\etrazol gt =8 ~30
Migraine
effect of hugh oxygen concentrations
on 142
Military avaation gt
Miller infant resusatator yn asphywa
neonatorum °.3 “go g1
Mrnute volume exchange 12
Morphine 287
effect on respiratory threshold 36
poisoning 30
mdications for inhalation therapy

90 g1

Mortality neenatal 8

Mountain sickness 5 9

Muscle tone
effect of carbon dioxide excess on 71
effect of hypova on 66

Myasthenia gravis 2

Myocardral hiypoxia fo 111

N

Narcotics
role of 1n asphyxia neonitorum 286
Nasal catheter 11 177
Nasopharyngeal arrway . 1
Neonatal (See Asphyxia neonatorum)
asphyxia 49 -8~
indications for inhalauon therapy
92
hypoxia
restduals of 49 50
symptomatology of 49
morbidity
effect of high oxygen concentrations
on 145
mortahty 28>
Neosynephrine  °g
Neuritis pertpheral
as resuit of hypoxa 5~
Nikethamide .28 230
Nitric aad porsoning o,
Nitrite posoning 31
Nitreaeral spirst 6
Natrous oxide anesthes:a go
effect on cerebral tissues 47
effect on arculation 47
effect on respiration 47
role of in asphyvia neonatorum 287

Nen protein nitrogen
effect of hypoxia on 48

o

Obstetrics
anesthesta 1n 268 288
barluturates 1n .87
cyclopropane mn .87
ether in 287
narcotics 1n 286
nitrous oxide 1n 287
O ¥ M meter mash 183
O E M positive pressure maskh 193
Oral urway z°0 . 1
Oral msufliation 11
Orophiryngeal sufiation 172
Ovmmeter 67
Oxycytochrome
effect of alcohol on g~
Oxygen
banks of 159
alarm systems 1n 1Go
chambers 11 20~
constmptson 1 hemorrhage 59
consumption in shock 58 59
discovery of 7
dissociation curve
effect of acrdosis on .7 7.
effect of alkalosts on 27 7
effect of carbon dioxsde on »6 27
38 72
effect of temperature on 7
n Alveolar Hypoxia 74
i Atmospheric Hypoxia 74
1 Demand Hypoxia 78
n Hemogloie Hypoxia 75
mn Histotouc Hypoxa 77
1n Stagnant Hypoxia 76
m Tidal Hypoua 74
effect on cerebral blood flow 41
effect of high concentrastons on
aadosts 79
Alveolar Hypoxia 74
atefectasss 152
Atmospheric Hypoxnt 71
blood values 73
blood vessels 4
cubon dioxule tension 1n by sues 7q
cirhon @roxide transport 79



Index 330

Orygen (Continued)
effect of high concentiations em (Cont}

cardinc ontput 8y
corehral Blood vevels 59 Bt
cercbral corten By
cerebrospinal flurd prewsure i
chronic hyponsa 8o
arcglation 59
coroniry discise iy 1y
Demand Hypoxiz 58
demtrogenizition 12
head injunies 1¢7
heat exhanstion 147
heat getention 197
Hemoglobic Hyposia 7, 109
Histotoxic Ilyporta 59
hyperpyrexia 1~-12y
wtestinal distention azq 1=,
mental changes 8o
migrane 142
neonatal morbsdity vy,
prematunty 146
pulmonary capilaries 8o
pulse rate 79
respiration 20 g
rheumatic carditis 110 111
shock 119
Stagnant Hypoxa 76
subcutaneous emphysema 1.6
symptomatology from 8; 8,
Tidal Hypoxta 74
whooping tough 143

Y routes of 463

L
ton °og
wnhalation effects of 72 et seq
summary 87
ntra artenal adminsstration of =1y
intravenous admimstration of 11
local effects of 210
manufacture of 10 11
methods of analysis 214
physical characteristics of 156
plant 161
poisoning 82 251
subcutaneous adminstration of ~11
transport 25 6 7
utihization of by Midney 54
want 15
Oxygen therapy (See Inhalation therapy)

r
1 aradonical tesphration 3o
{ndications for inhalstion therapy o,
94
Taldehyde 297
Tatlyse
Lulbar 229 273
diaphsagmatic 17 273
wtercastal 3o 47 o8 233
maldutlary so
pharyngeal 273
Landvie aleus azh
tuedone z29
1 arkinsaman syndiome as roult of hy
poxaa (8
1 B R (See Fncuminic halance resusa
tator)
Tendilin acrosol
allergic Tesponse to 13,
indications for 133-18,
untoward cflects from 135
Fomallin dust anhalanen of 136
1 entobarhntal sodunn 287
Tentothat
cffect on respiration 47
1cripheral vascular Tesistance
effect of respirators on 260
Termicious anemia 107
tharyngeal paralysis 273
Ehlogiston theory 6
Phosgene
effect on pulmonary endothelium 10y
1 hysiological dead spice 12
Picrotoun g1 228 229
Pleural effusions 30 »33
pathologic physiclogy of 102 103
Pneumatic Balance Resusatator
2,6 259 263 256
Pneumatic Institute 10
Preumonia go 37
ndications for inhalation therapy g
100 134
Pneumotaxic center 19
Poisoning
alcohol g2
anesthetic go 32

190

barhiturate 30 90 g1 = g



338
Metrazol g1 28 230
Migratne
effect of high oxygen concentrations
on 14

Military aviation 31
Muller infant resusatator m asphyxia
neonatorum 2,3 -go "gi
Minute volume exchange 12
Morphine 287
effect on respiratory threshold 36
poisoning 30
indications for inhalation therapy
90 gt
VMortality neonatal 282
Mountain sickness 5 g
Muscle tone
effect of carbon diovude excess on 71
effect of hypoxia on GG
Myasthera gravis °24
Mjocardial hypoxia 40 111

N

Narcotics
role of 1n asphyxia neopatorum 86

Nasal catheter 11 177

Nasopharyngeal airway 221

Neonatal (See Asphyxia

Index

Non proten nitrogen
effect of hypoxia on 358

o

Obstetrics
anesthesta 1n 268 288
barbiturates in 287
cyclopropane n 287
ether 1n 287
narcotics 1n .86
mitrous oxide 1n .87
Q E M meter mash 183
O E M positine pressure mask 193
Oral airnay 220 2 1
Oral msufflation 11
Oropharyngeal insufflation 17~
Oximeter 67
Oxycytochrome
effect of alcohol on g~
Oxygen
banks of t59
alarm systems 1n 160
chambers 11 ~o0°
consumption 1 hemorrhage 59
consumption 1n shock 58 59
discovery of 7
curve

um)
asphyxta 49 282
indications for inhalation therapy
9z
hypoxia
residuals of 49 50
symptomatology of 49
morbidity
effect of high oxygen concentrtions
on 145
mortality 282
Neosynephrine ¢
Neuntis peripheral
as result of hypovia g5~
Nikethamide 8 230
Nitric aad poisoning 10,
Nitrite poisoming 81
Nitroaerial spint 6
Natrous oxide anesthesia go
effect on cerebral tissues 47
effect on arculation 47
effect on respiration 47
role of 1n asphyia neonatorum 87

effect of acrdosis on .7 7°
effect of alkalosis on =7 72
effect of carbon dioxtde on 6 7
38 72
effect of temperature on °7
n Alveolar Hypoxia 74
mn Atmospheric Hypoxia 74
m Demand Hypoxia 78
m Hemoglobic Hypovia 75
in Histotoxic Hypoxia 77
n Stagnant Hypoxia %6
n Tidal Hypoxia 74
effect on cercbral blood flow 44
effect of high concentrations on
acdosis 79
Aheglar Hypova 74
atelectasis 15>
Atmospheric Hypoxin 71
blood values 73
blood vessels 79
carhon droxide tension 1n tissues 79
carhon dioxide transport 79



Index

Tulmonary endathelivm
cffect o f chlotine on a0y
cflect of plimgene o 10y
Lulmonary inlatation 19y
Pulmonary inwthiaena 50
Tulmonany tuberantons
treated th equalinng pressure cham
ber 250
Pule rate
ellect of catbon dioide exees on 71
clfect of haponia on 43 g2 i
cffect of high ovigen eoncenteitions
on 59
Pyrnate 231
Byrnic aad
effect of hypovia on 8

R

Raynaud s Discase q1
Regulator gauges 16,
Reserve volume
espiratory 16 15
mspiratory 16 17
Residual solume 16 17
Resp aid mask 186
Resparation
altered dynamics 29 30
apneusis 19 20
artfiaial (See Artfianl vespiration}
center of 3,
effect of anesthesia on 47
effect of avertin on 47
effect of carbon dioxide on 21 2° 35
38 151
effect of carbon dioxide excess on Gg
70
effect of chemoreceptors on z 23
etlect of cyclopropane on 47
effect of ether on 47
effect of ethylene on 47
effect of high oygen concentrations
on 2z 79
effect of hvdrogen 1on concentrition
on 21 ~.
effect of hypoxia on —ay4
effect of nitrous oxide on 47
effect of pentothal on 47
effect of pressoreceptors on 3
effect of spmal anesthesia on 47

31

Respitation (Continued)
clleet of stimnlation on 2y
ellect of temperature on 22
cifeet ol sagal section on 0
eypitaton conter 18
fetal
clfcet of anesthetic agents en 2%,
inspisatory «entes 1B
tinnte salume 12
ol tuction of 29 0 g3
clictt of anifial reguitoss on 2,9
pndmial o g7 o8
penidicty of 19
prcumotasic center 19
tepulinon of
chemical direct B 20
cthemical 1eflex g 22
neural 1o 8
voluntiry 2
1esponse to lypenia 3,
stiges of depresion of 232
Respirator
dome 276
FRJ 257
effect on blood pressure 260
effect on cardiac output 260
clfect on arculauon 260
effect on electrocirdiogram 260
effect on gas exchange .59
effect on heart rate 260
effect on penipheral svascular resist
ance 260
effect on respiratory obstruction 259
effect on venulation z59
Electrophremic 277-°79
Emerson 257
1mportance of flow characteristics of
°66-267
Kreiselman adult 250 263
hreiselman bellows 249 »55 258 63
81
Stephenson .57
Suck and blow apparatus 267 268
Respiratory 1adosis 38 56
Resplramry alkalosis 38 149

effect of high oxygen concentrations
on 110 111

Respiratory msufficiency 59 60



310

Poisoning (Continued)
carbon monoxide 81 32 46 {7 5 67
effect of carbon dioxide tn 153
effect ot oxygen mn 107
chlorate 31
chlorine 104
oamde 32 67
drug 233
gas 11
morphine 40 go g1
mtric aad o5
nirite 31
oxygen 8 5y
phosgene 104
1 oliomyelitis g0
anterior 9%
bulbar ~24 273
Posttive pressure 190
mdicauons for g6
Posthypovemic phase g9
Potassium effect of hypoxia on 58
Fotassium chlonde
1n cardiac defibrilation 296
m cardiac standstill .97
Poulton tent 11
I R interval cffect of hypox1a on 4o
I'regnancy toxemias of 288
Prematurity 288
effect of high osygen concentrations
on 136
Pressoreceptors
effect on respiraton 23
1ressure breathing 1go-19, °3, 2{7
alkalosts produced by .7.
apparatus for
Bennett X2 .6
CTratoord 203
Equalizing pressure chamber -o6
hreiselman 63
\aloney ~Gg
NMautz 63
Miller °53 290 gt
O E M posttive pressure mash 193
P B R 1go -50 %59 63 &
carbon dioxide retention in 19,
contintious 193
contraindications {0 19,
effect on blood pressure 260
effect on cardiac output 110

Index

Iressure bteathing (Continued)
effect on arculation 19, 26
effect on electrocstdiogram  2bv
efiect on heut rate 6o
cffect on penipheral vasculwr resist
ance 260
n 1sphywia neonatorum g4
1 pulmenary edema 19,
ndicauons for
anthracosilicosis 106
asthma g6
arculatory falure 1o,
pulmonary edema 10,
n peripheral creulatory falure 10,
i shock 19,
intermittent negatne .0
mtermittent positive 247
mtermittent POSI["E ncgzlnc 2()3
Pressure ntrapulmonary negatine
effect on oiremlauon W68 b9
effect on pulmonary cdema - 3
Pressure positive 190
wndications for g6
Procaine 1n cardiac standstill 297
Isychological processes
effect of hypowua on 50
pathologie physiolo,y of 5t
symptomatology of 5o
Psychoneuroses as result of hypoxia 48
Isychoses
as result of hypoxia 48
effect of anesthetrc agents 48
effect of carbon monoxide poisoning
47
Tulmonary capiliaries
effect of high oxygen concentrations
on 8o
Tulmonary edema 11 37 41 8
eftect of pressure Lreathing on 103
19 73
mdicattons for mhalation therapy 103
prthogenesis of 103
tulmonary emboli 144
L ulmonary emphysema
carbon droade tension i g7
indications for inhvlation therapy g,
130



Index

Tidal Hypoxia 9 87 233
blood values in 3o
effect of Tugh oxygen concentrations
on 7y
wdications for inhlation theripy go

q
m spinal ancsthesiv 37
ovygen dissoaation cune an 74
Tidal volume 12
Tussue perfusion
cffect of hypoxin on 39
Total lung capaaity 16 17
Transfusion 1intra arterial 298
Tuberculosis pulmonary
treated by equalinng pressure cham
ber 270

v

Uremia 229
Unnary output
effect of hypoxia on §¢

Vag section of

effect on respiration g
Vale

needle 16,

sleeve 16,
\ asoconstrictor

agents 130

314

\ woconstrictor (Continued)
in anthrcoulicons 100
nebuhization of 197
Vaudepressor maternl 52 g3
A\ moerator matennl ny
\asomolor center
effect of carbon dioxsde on 42
effect of hypoxia on 11 50
\ criouts oxygen
pereentage satarition in varous forms
of hypoxia 43
volumes per cent n vanous forms of
hypoxia 33
Veitilauon effect of respirators on 259
\entilatory snsufiaency 50
\entilatory resusatation 218
analeptics in 227
cirbon dioxide in 2 6
drug therapy in 2 6
\entilorespiratory insufficiency 59
Ventnenlar fibrllaton 4o
Ventricular standstill 4o
Virtual dead space 2
Vil apaaty 16 17
Vomiting center cffect of hypoxia on 5o
"
Whooping cough 221
effect of tugh oxygen concentrations

on 143
andicatrons for inhalation therapy 14>



342 Index

Resprratory threshold
effect of anesthesia on §6
effect of barbiturates on 36
effect of drugs on 36
effect of hypoxiz on 35 38
effect of morphine on 36
Respratory volumes
minute volume exchange 1.
minute volume respiration 12
tidal 12
Resuscitation cardiac o9
Resusatation sentilatory =18
analeptics 1n .27
carbon dioxide in 226
drug therapy mn . 6
role of 1n asphyxia neontorum 289
Resusatators
Rreiselman infant 251 203
Muller infant =53 <90 g1
1necumatic Balance 190 256 59 03
276
Rheumaue cardttus »0y
effect of high oxygen concentritions
on 110 111
Rooms oxvgen 202

s

Scopolamine 286
Scott mask 187
Sedation
role tn asphyvia neonatorum 86
Shifng mediastinum
wndications for inhalation therapy ¢8
Shock 31 5z
blood flow to kidney in 53
cyanosts in 67
effect of high oxygen concentrations
on 119
mduations for snhalation therapy 119
oxygen consumpuon tn 58 59
pressure breathing in 19,
Silicosis 130
Silvester method of aruficial respiration
231
Reecher modification of 237 .81
Sino auncular node
effect of hypoxia on 4o
Sodium chlonide
effect of hypovia on 58

Soditm succinate 91
Spinal anesthesia 273
diaphragmatic paralysis w47
eflect on respiration 47
1 obstetrics =88
wntercostal paralysis in 47 ¢8
Stagnant Anoxm 3t
Stagnant Hypoxia g 234
blood values in 3t
effect of high oxygen concentrations
on 76
indications for inhalation therapy 10y
oxygen dissociation citrve 1 76
Stahlian theory 6
Stephenson resperator 257
Strychnmne 278 230
Subcutaneous admunustration of oxygen
a1
Subcutaneous emphysema
effect of high oxygen concentrauons
on 1.6
Succinate 231
Suck and blow apparatus
effect on cardiac output 267
effect on crrculation .68
flow characteristics of -68
Sulthemoglobin 67
Sympathetic system
effect of carbon dioxide on 150
effect of hypoxsa on 67
Sympathomimenic amines 231

T

Tachypnea 13
Temperature
effect of hypoxia on 58
Tents 199
disadvantages of o1
Poulton 1t
Tetanus 2 §
Thiourea 156
Thiourial 156
Thompson Girdlestone method of aru
fictal respiratron .3, =242 281
Thyrotoxicosis
ndscations for inhalatien therapy 1og
Thyroxtne 156



1 hes Book

INHALATION THERAPY
AND
RESUSCITATION

By MLYER SAKLAD, M D

was set, printed and bound by Ringsport Press Inc  of
Kmgsport Tennessee The engratngs were made by Capy
tol Lngraving Company af Springfield lhnois The page
trm stee 15 614 x 914 anches Lhe type page 15 26 x 43 prcas
The type face 15 Baskeruille set 11 point on 13 pont The
text paper 1s 7o pound Mead machme coated The corer s
Roxtte IS Vellum s175 10 M Tuotone Black

With THOMAS BOOKS careful attention 15 gien to all

detals of manufacturing and destgn 1t s the Publisher's de

sire to present boohs that are satisfactory as to their physical

qualities and arlistic possibilities and appropnate for therr

particular use THOMAS BOOQRS w1l be true to those laws
of quality that assure a good name and good will






I hu Book

INHALATION THLRAPY
AND
RESUSCITATION

By MLYLR SAKLAD, M D

uas set prnted and bound by Rngsport Prese Inc of
Amngsport Tennessee The engravigs uere made by Capn
tof Engraveng Company of Sprangfield Winos The page
trim stee 15 614 x 914 inches The type page 13 26 x g3 prcas
The type face 1s Baskeruille set 11 pont on 13 pont The
text paper 1s ;o pound Mead machine coated The coter is
Roxtte LS Vellum 5175 10 M Tuotone Black

Trith THOMAS BOORS careful attention 13 given to all

details of manufacturing and design It 1s the Publisher’s de

sire to present books that are satisfactory as to therr physical

qualities and artistic possibilities and appropriate for therr

particular use THOMAS BOORS will be true to those lans
of guality that assure a good name and good will



