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Preface

This book !s intended for physiclans who wlsh to undetstand the
physlologic basls as well as the technics of inhalational therapy  Nu
merous studies have been made on the pathologic physiology of respl
ration but they are not readily avallable ns a background for the
administration of oxygen hellum carbon dioxide positive pressure
alternating and equalizing pressure, and the vaporized solutions of
varfous drugs such as epinephrine neosynephrin and some of the
sulforamides. It must also be admitted that the advantage of under
standing disturbances in respimtory function s not brought to the
patient unless the technical procedures employed are carried out by
an informed and practiced personnel.

During recent years the practice of Inhalational therapy has become
so widespread as to call forth the {ollowing statement of the Commit
tee on Public Health Relations of the New York Academy of \Medi
cine “The importance of inhalational therapy {n modern medical
practice Is shown by its use in cardizc fallure, coronary artery disease
post-operative atelectasts atelectasts of the langs of the pewbom
poeamonta  pulmonary edema, emphysema, and cerebral thrombosls
A proper understanding of the technique of application fs especially
necessary at this time becawnse of {ts value fn the treatment of war
gas polsoning severe hemorrhage acute altitude sickness and shock " *

A handbook on inhalatlonal therapy s therefore presented in the
bellef that it may prove useful to those who are responsible for the
therapeutic use of guses in dinical medidne and in many phases of
war medicine as well

The pathologic physiology of the clinical entlties considered will
serve m & gulde both to the specific indication for treatment as well
as the method of inhalational therapy selected In a survey of the
application of the therapeutic use of gases, a wide range of subjects
was inevitably encountered. Greater emphasis was given to those
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vill FREFACE

syndromes in which inhalationsl therapy itself played an mportant
rdle or in which the pathologic phystology of the conditron was espe-
cully {fuminated by the inhalation of the various gases employed
A complete program of treatment for each disease was naturally not
mtended The present and future state of the therapeutic use of gases
n clinical medicine is described more fully in Chapter 33 Some Con
siderations Concerning Research in Respimtory Functlon and Inhala
tiomal Therapy

The methods of nhalational therapy are presented in considerable
detall in order to afford the physician In charge the opportunity of
making an intelligent selection of apparatus and to onderstand the
most efficlent metbod of usmg §t, as well as to provade those who are
actually engaged in carrying out the varjous technics in inhalational
therapy with a practical gulde to the operation of the equipment.
Technicians and nurses trained i inbalational therapy rmay also wish
to read the clinical chapters to acquaint themselves with the physiologic
basls on which the treatment depends A Lpowledge of the principles
as well as the practice of inhalational therapy may on thls account,
be found useful both to physicians and to technical personnel

A LB
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1

Historicnl nd Physiologic Backgiound of
Inhalavional Ihcrapy

In the poamal man breathing tales place with ro little con<clous
effort that he i« gencrally unanare that the body mechanl m is more
thissty for a precious molecule called oxygen than it i« for any other
element por Is he apt to remember that complete deprivation of
oxypen recults in unconclou ne<s within 60 seconds and death in
less than ten minutes  There are times however when breathing is
conducted with great difficulty, in which the individual may de<cribe
his sen<ation by saying be f« short of breath™ Our first challenge
at birth §s the attempt to breathe and the most manifest sign of
death ks the ces<ation of re<piratory movement Derhaps no malady
flls the human being with alarm to much as that which interferes
with comfort In breathing.

A brief history of dicoveries In the ficld of respiration is offered
1t the beginning of this volume in the belef that it will add to our
understandmg of the afms and methods of fnhalational therapy itself
Our pain concern will be to Inquire how the varlous gases In the alr
vete found out what their functlon was and how they were eventu
Ally made wse of in the relief of suffering and in the saving of life

In the carly histary of the human race air was regarded as one of
the four chief elements of which the earth was composed  Fire earth
nd water were the other three  As a child of today thinks of alr as
2 thing In ltsel{ an fndivisible entity o the anclents concened it
believing that air was in es<ence a spint  In 350 nc Aristotle con-
ducted the first recorded experiment In respiratory physkology He
‘[wpt Antmals in alr-tight boxes untll they died observed thelr panting

o7 breath and concluded that thelr death was due to the fnabllty to
E‘Ollbeﬂtmscl\u Although it Is true that one of the results of breathing

elimination of heat by evaporation of water from the lungs the
1



2 BACKOROUND OF INHALATIONAL THERAPY

primary reason that caused man to breathe was not discovered for
the following Z 000 years. Although it had been recognuzed that air
was necessary for life, as in the Bible story In which Elisha restored
to life the son of ¢ Shunammite woman by breathing into the mouth of
the child, scientists continued to agree with Aristotle that the obect
of breathing was to cool the inside of the body

It was not untll 1666 that a young Englishman Robert Boyle, made
the following revolutionary statement “The schools teach the air to
be a warm and molst element and consequently a smple and homo-
geneous body  Our atmosphere in my oplnion, consfsts not wholly
of pure aether but of numberless exhalations of the terraqueons
globe the difficnlty we find in keepmg flame and fire alive
without air renders it susplcious that there may be dispersed through
the rest of the atmosphere some odd substance either of a solar astral
or otker forelgn nature on account of whereof the #fr Is 5o necessary
to flame.

Boyle determined the reciprocal relation between volume and pres-
sure of air and capducted experiments n & decompression chamber in
which he demonstrated that aero-embolism could take place in & rare
fied atmosphere, and surmised that lack of axygen was also & destruc
tive factor Medical history affords no better testimony of profound
gemuny than bls pote in the PhAosophical Transactions for September
12 1670

Note, that the two foregoing Experiments were made with an
Eye cast upon the inquiry that I thought might be made Whether
and how far the destructive operation of our Engin upon the inchaded
Anfmal might be imputed to this, that upon the withdraming of the
Air besides the removal of what the Afry presence contribates to life,
the Iittle Bubbles generated upon the absence of the Air in the Bloud
jiuyces and soft parts of the Body may by thelr vast number and
theic conspicing distention, varfously strerghten in some places and
siretch in others the Vessels especially the smaller ones, that convey
the Bloud and Nourishment 2nd so by choaking up some passages,
ard vitiating the figure of others disturbe or hinder the due clrculation
of the Bloud? Not to mention the pams that such distensions may
cause 1n some Nerves and membrapeous parts, which by irritating
some of them into Convulsions may hasten the death of Anfmals and
de:.tmythﬂnwmcrbyocmsmnofthatixﬂmdm,thantheywun!d
be destroyed by the bare absence or kus of what the air [s necessary
to supply them with, and to shew how this production of Bubbles
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rraches even to very minute parts of the Dody, T shall add on this
occasion (hoping that T have not prevented my<clf on any otber )
what may scem somewhat strange what I once observed In a Viper,
furously tortured In our Fxhausted Recciver namely that it had
manife«tly a comepicuous Bubble moving to and iro in the waterish
humour of onc of fts kves

In 1628, Willism Harvey «howed that the heart circulated blood
and fn 1670 Mayo found that the dark blue blood In the velns Lecame
changed into a scatlet red blood In the arterles  He guested that
something of a precious nature was taken up fn the hmgs which he
called the nitro-nerdal spirdt and finally in 1775 oxygen was discov
ered by Joseph Priestley  Having heated the red oxdde of mercury
he noticed that a substance (oxygen) came off which was of special
valee His subsequent remarks concerning his new gas which he then
called dephlogisticated air are characteristic of his engaging person
ality

“3y reader will not wonder that having ascertained the superior
goodness of dephlogisticated air by mice Iiving in It and the other
tests mentioned above 1 should have the curiosity to taste It myself

I have gratified that curiewity by breathlng it drawing it through
a glass siphon and by this means I reduced a large Jar full of it to
the standard of common air but I fancled that m) breath felt pecu
Larly light and easy for some time afterwards. Who can tell but
that in time this pure air may become a fashionable article in luxury
Hitherto only two mice and myself have had the privilege of breath-
fng 1"

However Priestley fafled to understand the significance of what
be had found He belleved that the newly laolated gas ‘dephlogist]
ated air ” was air In which the phlogiston, or the spark which was
thought necessary for combustion had been removed In the mean
time another Englishman, Joseph Blackh had mentioned carbon diox
ide but it was the brilllant French sclentist Lavolsier who during the
years 1775 to 1794 lald down the fundamenta! principles of breathing
He demonstrated that oxygen Is absorbed through the lungs carbon
dioxide and water are given off daring expiration and that an Inert
substance nltrogen is left  He proclalmed that oxygen s butned in
the body in a manner simflar to the way fire burny material substances
outside the body  Lavoisler was studying an accessory form of respi-
ration, namely perspiration when he was gulllotined In 1794 It Is
of some Interest to realire that Priestley s discovery was what stimu
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lated Lavoister to clarify the chemistry of breathing  Priestley made
the following remarks

“Having made the discovery some time before I was in Parls in
the year 1774 I mentioned it at the table of Mr Lavolster when most
of the philosophical people of the ity were present, saying that
was & kind of air in which a candle burmmed much better than fn
common air bat I had not then given it any name At thiy all the
company and Mr and Mrs Lavokfer as much as any expressed
great surprrse.

The discovery of axygen excited physicians everywhere and in 1800
Thomas Beddoes established & pneumatic Institate at Bristo] where
he gave inhalational treatinents of axygen for heart disease and asthma,
He made breathing bags and face-pleces of offed silk, but the technic
of administering axygen was far from adequate to grve him the suceess
that be boped far

In 1862 Glaisher and Coxwell made a balloon ascent to an altinde
of about 29 000 feet. Glaisher noticed a serkes of untoward symptoms
such a3 loss of vislon paralysss of the legs, and fipally unconsclous-
ness his report of this fight simulated the great French physiologist,
Paul Bert to study the effects of decreased and increased pressures
on the buman organfsim. As a result of his famous “La Pression
Barometrique " a book consisting of 1168 pages, 1t was shown that
the principal effect of high altitude was due to the decrexsed partial
pressure of oxygen, and that the loss of both mental and physical
powers was due to lack of oxygen i the blood and tlasues of the body

Since that time many mvestigators have studed the réle of oxygen
and carbon dioxide 10 animal and human organisms. Zuntr, Haldane
Barcroft, Krogh, Bohr \an Siyke Henderson Campbedl, Poultoo—
these names represent but a few of the many sclentists who provided
additbonal insight into the mechanism of breathing A crucial experl-
ment was made by Barcroft in 1920 when he lived for five days m 2
chamber In which the oxygen percentage of the mside air was reduced
from 21 to 15 per cent, thus simulating & conditfon on the tops of
high moantams where the pressure of axygen Is dminished becamse
of the rarefied atmosphere. He became sick with namen headache,
visual disturbances rapid pulse, and lassitnde. Halddne exposed him-
self to an even more severe deprivation of oxygen with the result that
his mind became completely disoriented. The directions to his aslst
ant, had they been followed would have ended In his desth.

These experiences of the harmful effects of a deficdency of axygen
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fn normal individuals were now <cen to occur In the filnesees from
which patients suffered  In pneumonia heart faflure asphyxia of the
newborn and a varety of other diwcases it was found that the capacity
of the lung to diffuce ovygen or of the heart to circulate blood became
damaged to such an extent that individuals suffered from a serious
degree of oxygen want  The term for a lowered pressure of otygen
In the tissues mnsuffient for normal function was calied anoxia, and
more recently, hypoda.

THF THERAPEUTIC USE OF O\YGEN

The physiologic basts for the therapeutic use of oxygen was put on
a more solid basis Ly the demonstration that the pressure of oxygen
1 the arterial blood might be critlcally diminished, and by studles
which resealed that the Inhalatlon of ovygen-enrkched otmospheres,
containing 40 to 60 per cent oxygen ralsed the oxygen saturation of
arterial blood to or near the normal value in patients with preumonla
and cardiac insufficiency

The gasometric methods developed by Van Slyke and by Haldane
were of great importance in conducting these physlologic studies in
clinical disturbances of respiration and were used by Stadie Vleakins
Barach and Binger to apprale the results of oxygen therapy  The
development of efficlent methods of administering oxygen was required
for the further advance of inhalatonal therapy

An efficlent mask was devised by Haldane, and a rubber catheter
mserted in the nostril was used by Captain Stokes In the treatment
of pulmonary edema due to gas poisoning In the First World War

Oxygen chambers in which the patient could reside without any
appliance to his face were devised by Barcroft in England end Stadie
at the Rockefeller Institute in these chambers air drculation was ac
complished by mator-driven blowers At the Presbyterian Haosphtal
in New York Barach developed rooms in which the oxygen-enriched
atmospbere was clrculated by the use of pipes contalnlng circulsting
fce water or brine on one skde of the room and a steam radiator on
the other  Thls ventilation by thermal menns accomplished cooling
and drying of the atmosphere and air movement without nolse motors
of any electrical contacts  Oxygen chambers were built by Boothby
and by Bullowa both of whom carried out Important investigations
on the dinical use of orygen.

In 1920 an oxygen tent was made by Leonard Hill which fitted over
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the patient in bed, but It coatained no provis Qliminating
heat aad molsture glven off by the patfent. Ati::n‘;:smmd@d:
coolln, t
gmechanhmsmmxdcbyﬂmwdgmmdbym
mdhmnﬂprnuimlmcthodoimum]hhingmb described
by Barach In which the oxygen-enriched alr e
was blown in direct con-
tact with chunks of ice contained In & refrigerating cabinst. Doe to
the large surface area of fce In this form mstantaneons cooling and
drymg of the feut atmosphere was achieved, and patients were thr
pmvidedwitheﬂccﬂvcmdmm!uﬁnh!euxygmthenpymghnhk
atmosphere in respect to temperature and humidity

Otbcrtypuofoxygent:nuhambemnhcedevduped,bdndm
thermal-circulation tents employing ice (Tayloc), carbon-droide e
(Cohn), and liquid oxygen (Hartman) as refrigerating madhums, and
an open-top hood tent (Burgess) In recent years an effective mask
apparatus was devised by Boothby, Lovelace, and Bulbulian for the
administration ol oxygen in concentrations up to {00 per cent. Ths
cansists of & comfortably Attlng mask, a small rebreathmg bag wd
sponge-rubber disks through which afr is drawm when the bag 1 cof
lapsed during inspiration, And through which air is expelied dutlng
expiratlon when the rebreathing bag is distended. Barach and Eck
man described an injector-mask apparatus (the Aleter mask) in which
instantaneous and accurate provision of the oxygen concentration de-
sired was made possible without rebreathing end with little rexlstance
in the operation of the valves In the mask.

Although axygen therapy was at first used in acute disturbances of
fung function such as pncumonta, atcfectasis of the lungs of the new
bom, masshve collapse of the lungs and aythma, the extension of its
use to other conditfons was soon put on a firm basks.  Boothby estab-
Iished Its fmportance in postoperative conditions, especially broncho-
preumnonla.  Barach Richards, and Levy described the specific vatue
of continuous inhalstion of cxygen in congestive heart {aflure and
coronary thrombesis. Poulton called attention to the vital réke which
inhnlation of oxygen may play n cerebral thrombosis preventing fm-
pairment of cerebral function and perhaps braln damage by focrease
of the axygen pressure in the collateral bivod supply Richards and
Cournand developed accurate methods of determinlng long fnction
in pulmo; emphysema aod puimonary tuberculosis,

Rm:::yudbonmedmgeofuxyxmthemwhm-d‘mw
Ing on current medical practice In order to rasse the concentration
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of oxygen In the arterial blood to a level near that of the normal the
percentage of oxygen gencrally required has been found to be 50 per
cent. However, in certain patients who suffer from severe anoxia such
as shock, higher concentrations have a definlte advantage. Although
continuous tnhalation of pure oxygen has been hnown to produce
edema of the tungs of small animals expo<ed to It for periods of three
to five days it has become evident largely as a result of the investl
gatlons of Evans and of Boothby that the human being may tolerate
for at least two days and probably for four days the inhalation of
pure oxvgen without harmful cffects It must be stated that the ad
ministration of these high concentrations of oxygen has been made by
the mask method in which there is a certain amount of Interruption
of therapy for fecding and washing  Uninterrupted inhalatlon of 90
to 100 per cent oxygen for more than one or two days may however
result In oxygen poisoning.

A fundamental rule in the therapeutic application of oxygen based
on the fact that any abrupt decrease in the pressure of oxygen In the
thyues of the body produces harmful contequences Is the administra
tion of oxygen-enriched atmosphberes In such concentratlons as will
overcome the anoxc state  The value, Indicatlons and choice of the
varlous procedures employed in oxygen therapy will be presented under
the dinical entities for which its use bs intended and In the description
of technical methods in the latter half of the book.

THE THERAPEUTIC USE OF CARBON\ DIO\IDE

The history of the therapeutic use of carbon dioxide has been
marked by considerable controversy In 1885 Mlescher showed by
experiments on man that a small Increase In the percentage of carbon
duxide in the air increased the volume of breathlng conslderably
Haldane then proved that the volume of breathing was precisely regu
lated by the pressure of carbon dioxide in the alveolar alr of the Jungs
1t had long been Lnown that lack of oxygen stimulated breathing and
In recent years this has been shown to be largely due to the stimulation
of & perve center near the carothd artery the carotld sinus In the neck
Carbon dioxlde however stimulates breathing through a center In the
brain the respiratory center It Is now belleved that It {s because of
Its acid nature that the volume of breathing s augmented by inhalation
of carbon dloxtde The acld base equilibriom in the blood under con
ditlons of health and disease was clarlfied by studles by Gesell L. J
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Henderzon, Means Van Slyke, Peters Bock, Yandel Henderson and
Haggard Krogh, Lindhard and many othem,

Although Paul Bert convincmgly proved that the symptoms which
occurred after residence in high mountains were the result of the de-
creased pressure of axygen In the rarefied atmosphere Mosso still
maintained that mountaln sfckness was due to a loss of carbon dioxide
from the blood as a direct result of the dimunished arr pressure ke
termed this condition acapaes  Althaugh the incrensed breathing which
axygen-want produces is followed by a diminutlon in the carbon-diox
ide content of the blood It fs the result of anaxa and not a primary
conditfon caused by the lowered barometric pressure itself Some
years later Yandell Henderson stressed the Importance of the loss of
carbon diaxide from the blood which might take place in various con-
ditfons in which increased breathing occurred, rot only anoxla but
the induction phase of anesthesfa and mental exciterment. When it
was found that the lowered carbon dioxide was followed by an ap-
proximately proportional decrease in the alkaline bicarbonate in the
blood Importance was attached to the loas of bicarbonate which was
called acarbiz.

Oxygen want was considered by Henderson and Haggard as the first
stage of asphyxia. This was followed by an Incrensed volume of
breathing which lowered the carbon-dioxide content of the blood and
finally by a compensatory decrease in the blood blcarbonates which
mugrated to the tissues Henderson and Haggard believed that it
was valuable to inhale mixtures contalning 5 to 10 per cent carbon
diande in order to recall alkah from the tissues into the blood. They
showed that anlmals which had been p ly expased to hesi.
were benefited by this type of therapy  However Van Slyke, Peters,
Austln Cullen and others revealed the mechanism of the acid-base
equilibrium of the blood in anesthesra in such a way as to cast con
siderable doubt on the theoretical concept of carban-dioxide defidency
as a frequent or mgnificant occurrence in clinical fness,

In respect to the effect of anesthesia the fall in bicarbonate was
found to be due not to overventilation but rather to acidosis 1n which
the bicarbonate in the blood was displaced from combination with
base by other acuds.

In certain clinical conditions & slight lowering of the carbon-dsaxide
content of the arterial blood may take place doe to oxygen deficiency
or a3 a result of disturbed proprioceptive reflexes from the Jung  How
ever oxygen therapy 1s indicated for the treatment of anoxemic dysp-
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nea since the carbon diovide of the blood Is generally promptly ele
vated as the pulmonary ventilation decreases  Barach and Richards
have shown that a characteristic and at tImes marked elevation of
the carbon-diotide content of arierial blood takes place In patients
wth congestive heart faflure and pulmonary emphy<cma treated with
ovygen and that this retention of earbon dloxide represents a homeo-
statlc mechanism  There k& therefore no xecure argument for the
adminltration of carbon dwtide in the dy<pnea of either respiratory
or cardiac discate except as shall be referred to later

In the treatment of bables born in asphyxia the inhalation of
carbon-dlovide—onygen mixtures has been oppoted Uy Eastman who
found an Increaced carbon-dioside content In the blood as well as a
more acid shift In the hydrogen ion concentration in these conditlons
Althoagh inhalation of carbon dioxide has been advocated In atelec
tasts of the lungs of the nemborn this investigator and hane and
Krefselman regarded the use of carbon dioxide In asphyxia neona
torum as not only superfluous but probably harmful and recommended
smmply oxvgen-enriched atmo<pheres and the establishment of a patent
alrxay

~ The most evident response to the inhalation of § to 10 per cent
carbon dioxide s the Increased volume of breathing  As was ordginally
shown by Haldane Prestley nnd Douglas, the volume of breathing
in the pormal man is controlled in o precrse way by the percentage
of carbon dloxide in the alr within the lungs the so-calied alveolar afr
Whenever there is good reason to Increase the depth of breathing
arbon-dloxide jnhalatlon In the concentrations referred to may be
employed such as in postoperative atelectasis hfecough and acciden
tal asphyxfa.

In the treatment of carbon-monoxide polsonlng Henderson and Hag
gard have shown that there is & swifter elimination of carbon monoxide
from the blood when the ventilation Is increased by the stimulating
effect of carbon diexkde on the respiratory center  Although Sayers
and Yant are of the opinion that the Inhalation of 100 per cent axygen
Is preferable the work of Haldane and Stadle showed that the affinity
of hemoglobla for carbon monaxide Is decrensed by carbon dioxide

v The unquestionable value of carbon-dioxide-oxygen mixtures in
the treatment of hiccough will be discussed Iater Henderson also
stated that inhalation of carbon dioxide after operations bs follawed
by an improvement In vitality in the circulation and fn muscle tonus,
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increasing the venous return to the heart, but that its main value &
in increasing ventilation of the lower Iobes of the lungs tending to
prevent atelectasis. Desp-breathing exercises or Inhalation of carbon
dioxde are now frequently employed to stretch the bronchial tubes
and to stimulate cough and the expectoration of mucns as prophylactic
therapy for postoperative atelectasis.

RARE GASES IN THE ATMOSPHERE

Untll 46 years ago the world believed that the atmosphere cou-
sisted only of 21 per cent oxygen and 79 per cent nitrogen with a
trace 003 per cent, carbon dloxide. In 1896 two English sclentists,
Lord Ralefgh and Lord Ramsay announced to an almest focredulous
world that they had found a new gas in the alr which amounted to
almoat 1 per cent by volume The discovery came about after poo-
dermg over 2 very simple fact namely that when nitrogen was pre-
pared from air jt was distinctly beavier than s stmilar volume of this
gas produced from ammonia or any other chemical  Since chemically
prepared nitrogen was lighter than the same substance fsolated from
air jt seemed to them that nitrogen must be contaminated by another
gas whuch was heavy  Because the new gas would not go into chemical
union with amy other substance they cailed it argon, meaning ldte.

On March 24 of the same year Ranmsay wrote to his wife that he
had isolated from the nuneral cleavite another new gas which was
exceptionally lght, to which he gave the name ‘helium.” His letter
contained the following remarks “T bottled the new gas fn a vacuum
tube and arranged it so I could see its spectrum and that of argon
in the same spectroscope at the same time  There §s argon in the gas
but there was a magnificent yellow line beilllantly bright, not cofna-
dent with but very clase to the sodium yellow line You may
wonder what it means Helum Is the name given to a line in the salar
spectrum, known to belong to an element, but that element has hitherto
been unknown to earth ?

Theee years later Ramsay and Travers discovered three other [nert
rare gases in the atmosphere krypton neon and xenon. The five
rare gases discovered within a period of four years are a monument
to the genius of Ramsay whose maginative mind was able to grasp
from relatively simple facts deducttons of profound significance.
These gases are Inert—that is they do not under ordlnary clream-
stances wmake binations with other el such as oxygen, car
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bon or hydrogen For that reason they were not thought to have
significance as far as animal existence was concerned.

The further developments of Ram<ay s wark were of great signif
ance With Dr Frederich Shoddy he showed that the emanation
from the radium salts diccovered by Madame Curle contained helium
Ramsay speaks of this production of helium from radium emanation
as the first ob<erved cace of “transmutation’ for radium and Its ema
nation as well as helium must be comddered among the substances
Loown as “clements ¥ Ramsay concluded in a memoir on the subject
that four atoms of helium separate from one atom of radlum

In 1926 Sayers and Yant made us<c of the fact that helium has a
coefiicient of solubllity In blood approximately half and a diffusibility
approvimately twice that of nitrogen In the decompression of animals
from ten atmospheres, demonstrating that animals could be relensed
from helium-oxygen mixtures in from one-third to one-fourth the time
necessary for nitrogen-oxygen mixtures. In 1938 Behnle and Yar
brough pointed cut that the remarkable stupefaction experienced by
decp-sea divers at depths below 100 feet could be eliminated by sub-
stituting hellum for atmospheric nitrogen in the diver’s air supply
It was shown that narcesis at high pressures was due to the nitrogen
molecule and that a smaller atom less soluble in fatty tissne, namely
belium prevented this unusual type of mental impalrment.

In 1929 Hershey reported that animals did not survive in atmos-
pheres In which the rare gases were excluded and considered that they
were easential to the proper biologlc functionlng of the organism
However in careful testing of this hypothests, in which rigid exclusion
of all rare gases was accomplished, Barach showed that animals were
m 00 way Influenced by living in an atmosphere of 21 per cent pure
axygen and 79 per cent pure nitrogen for perfods as long as 42 days
Furthermore, muce lived for two months In chambers contalning 21
Per cent axygen and 79 per cent hellum without noticeable change
in their condition. Following this confirmation of the biologic Inert
ness of the rare gases the conception of employing helium as a vehicle
for axygen in the treatment of obstructive dyspnea was advanced

THE THERAPEUTIC USE OF HELIUM

The introduction of belium as a therapeutlc gas was made by Barach
In 1934 Since helium is the lightest of all the elements except hydro-
€en and has a specific gravity one-seventh that of nitrogen a respirable
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gas mixture of 20 per cent oxygen and 80 per cent belum was made
which bad a specific gravity approximately one-third that of ar or
oxygen. Stnccmo‘vemcntofngupasumtnctedoriﬁcekmvtndy
proportianal to the square root of fts molecular welght the inhalation
of hellum-oxygen mixtures decreased the physical effort and therefore
the dysprea of patlents with severe asthma and those with obstructrve
lesions in the larynx and trachea. Hellum-oxygen therapy was then
shown to be at times a life-saving measure in the treatment of status
asthnmticns, and also a valuable therapentic procedure in 2 program
of repeated bronchial relaxation used In cases of intractable asthma.
The benefichal cfects of helium in patients with severe asthma have
been confirmed by AMaytum, Pnckman and Boothby Schwartz Metz,
Wearner and Evans, and in obstructive conditions encountered
anesthesia by Eversole,

Ahthough hellum-oxygen therapy may be given by a mask, the oxy
gen tent cannot be employed for this purpose since the mixture lesks
out too readlly Barach and Eckman developed & helmet hood winkch
surrounds the head and makes closure at the neck they also found
that greater benefit was obtained if the belum-arygen mixture was
administered under & positive pressure of 2 to 6 cm. of water Bamch
and Swenson then demonstrated that the small bronchi showed lesy
constriction In expiration during an attack of asthma when patlents
breathed under positive preasure. Stodres of Barach, Eckman and
Martin revealed the fact that pathalogically elevated pegative pres-
sures in obstructive dyspoea were diminished by positive-pressure res-
puation, and a special use of this form of inbalational therapy was
established pamely for the treatment of severe asthma obstructive
dyspnea, and pulmonary edema m which oxygen-air as well as helfmn-
axygen mixtures could be employed.

THE THERAPEUTIC USE OF POSITIVE PRESSURE

The administration of gases under positive pressure has a long al
though neglected history In 1878 Oertel employed 100 Inspirations
of alr compressed to Y of an atmosphere excess preasure in the treat
ment of severe asthma. Haven Emerson fn 1909 demonstrated that
artificial respiration under pressure was capable of abolishing edems
of the hungs when It had been previously produced in rabbits by the
mtravepous administration of adrenaltn, These results were confirmed
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and amplified by Aucr and Gates In 1917, and by Johnson Both
Locb and lesch believed that an Increased pressure in the alr passages
of the lungs would be valuable in the treatment of pulmonary edema,
Tonlton reported bencficial results in the use of positive pressure In
some caces of cardiac and bronchial asthma  Narach employed posi
tive pressure in the treatment of patients with <evere asthma In com
bination with helitm-oxygen mixtures and very shortly thereafter
found that the inbalation of cither hellum-oxygen mixtures or pure
oxygen under a preseute of approsimately 5 am of water produced a
remarkable clearing of edema in certaln patients with edema of the
lungs occurring as a consequence of elther enrdlac or resplratory
fadure,

A study of the phv<iologic eflfects of posithe pressare made by
Barach Martin and Echman indicated that Inhalation of oxygen under
positive pressure resulted In a decreace in the helghtened negative
pressure during the inspiratory cytle and consequently a cessation of
the suction action which like dnv cupping tended to canse exndation
of serum from the capillarjes In the alvcolar wall  The administration
of positive pressure exerted a direct opposing pressure on the outside
wally of the pulmomary capillaries and thereby counteracted the in
ternal hydrostatic pressure which Is partly responsible for serous exu
dation. In addition positive pressure within the lung retards the
entrance of blood nto the right heart [n cardiac patients manl{ested
by a rize In venous pressure and a prolongation of the circulation time.

Carlisle has recently treated a serkes of patients with varying degrees
of pulmonary edema due to the Inhalation of the fumes of chlotine
and nitric acid with & remarkable cleatlng of the pulmonary edema
Ineach case  The importance of this procedure fn the preventlon and
treatment of those war gases that are apt to create irritant pulmonary
edema Is evident.

It s interesting to note that Norton in 1897 had reported a case
of advanced edema of the lungs due to carbolic acid polsoning (fumes)
i which rapid clearing of the edema and prompt recovery took place
with the wse of the Fell-O'Dwyer respiration apparatus which made
possible breathing under positive pressore.

A simple mask apparatus that provides positive pressure in expira
tion hay been developed by Barach Eckman and Molomut which
may be used with the inhalation of elther axygen or air
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THE THERAPEUTIC USE OF RESPIRATORS

In patients with paralysis of the respiratory muscalature, the arti-
ficial maintenance of respiratory function has been employed In the
bope that recovery of function of the impaired organ will ultimately
take place In 1926 Thunberg devised a mechamally controlled
apparatus for artifictal respiration which consisted of a box in which
the entire patient was enclosed The pressure wrthin this chamber
called the barospmrator, was alternately rafsed and lowered one-twelith
of an atmosphere, namely 55 mm. Hg above and below the atmos-
phenc pressure 25 times & minute This varation In pressare was
found to be adequate fo result in the removal of carbon dioxide and
the proviskon of axygen to the alveoll In the lung In a serles of cases
of respiratory paralysis due to drug powsoning and infantile paralysis
the function of the lung appeared to be reasonably maintained by
this method. (For contrary experimental resalts, see page 184 )

In 1929 Drinker and his collaborators developed an spparatus in
which the patient s body was enclosed in an aur-tight chamber but
the head extended into the atmosphere through an air-tight rubber
collsr which fitted around the meck. When the pressure withm the
bax is alternately lowered and restored to that of the atmosphere by
means of an electrically driven suction blower or motor-driven bel-
lows, the chest is expanded and the dlapbragm lowered thus causing
an inspiration of air With restoration of pressure to that of the
atmosphere expiration takes place.

Aore portable types of apparatus have been developed recently In
which the suction pressure s applied directly to the chest wall by &
metal encasing that surrounds the anterdor chest without the patlent
being totally enclosed within a box.

An apperatus originally called the pulmotor employed positive and
negative pressure to the lung by means of a mask attached to the face
and a motor-blower conpecting unit. Excessive pressures during both
artificially induced inspiration and explration have now beea pre
vemcdbymimblemhulnthenemtypachppamusonhhund
called resuscitators.

In the treatment of various types of msphyxia due to accidental
causes or {lness, the artificial maintenance of respiration may be of
life-saving value.
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THE THERAIPFUTIC USE OF FQUALIZING CHEST
PRESSURF THFRAPY

The use of & room in which alternating pressure was applied to
pathents with chronk pulmonary discise resealed that an Initial com
pression of the chest wall took place during the positive phase and
an expansion of the chest at the start of the negative cycle  Barach
found this to be due to the resistance Interposed by the tracheo-
bronchial tree to the pasxage of air in and out of the lungs  To over
come the comtricting effect of the tracheobronchlal tree a similar
resttance to the alr pressure applied to the chest wall was produced
s0 that the pressure on the inner and outer surface of the thorax was
made approximately equal as well as on the upper and lower surfaces
of the diaphragm  Under these circumstances patients with pulmonary
tuberculowis were able to suspend completely voluntary breathing and
to achieve a degree of local lung rest not hitherto possible

Although an adequate pulmonary ventilation is maintained by this
type of equmhzing-pressure therapy no discernible movement of the
ribs or diaphragm can be detected by direct observation or by fluoro-
scople or roentgenographic examination  The beneficlal effects of
physical immoblliration of the lung for a period of three to four
months in patlents with advanced pulmonary tuberculosls have been
sufficiently striking to lead to the view that the healing process may
be Initiated and accelerated by this therapy in patients previously
unresponsive to other treatment The future of this kind of inha
lational thernpy which depends upon & supply of a pormal volume of
breathing without lung movement, cannot be accurately foretold at
this time but the early results are decidedly favorable

THE THERAPEUTIC USE OF VAPORIZED SOLUTIONS
OF EPINEPHRINE AND NEOSYNEPHRIN

Although Inhalatlon of various solutfons has been known for & long
time through the studies of Hilber and Lageder an important advance
m practical therapy was made by Graeser and Rowe In 1935 with
the Introduction of a more concentrated 1 100 solution of epineph-
tine  This was recommended for use In patients with asthma, em
ployed with a hand bulb nebulizer that produced a fine vapor suitable
for Inhalation For the majority of cases employment of & hand-bulb
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nebulizer is of great value and enables mamy patients with severe
asthma to do without hypodermic injectron of adrenalm.

For patients with severe intractable asthma Richards, Barach and
Cromwell advocated the continnous administration of vapotired sotu-

tions of 1 100 epinephrine and 1 per cent neosynephnin, employing
a pressure tank of oxygen with the usnal reducing valve to regulate
the flow instead of the hand bulb attached to the nebulizer In this
way 0.5 cc. of the epinephrine solution may be vaporized m a period
of 10 to 15 minutes the patient holding the poxzle of the nebulizer in
the open mouth. The value of nebulizing chemotherapentic drugs in
the Iungs, such as a 25 per cent solutfon of promin and the 2.5 per cent
sulfadiarine in ethanolamine solution the former in pulmonary tuber
culosts and the lstter in nontuberculous infections of the bronchi and
lunge is now under investigation (Barach)
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Acute Alttude Sickness, Acute Anosia

DEFINITION

Acute altftude sickness x5 the term employed by Schneider and
Armstrong to designate acute axygen-want occurring in amplane flight
at moderate or hugh altitudes. This syndrome s justifiably differen-
tiated from mountaln sickness since physiologic adaptation gradually
takes place &s a result of continuons exposure to a rarefied atmosphere.
No acchmatiration has been shown to develop after repeated exposure
to short periods of altitude anoxia, This entlty Is, therefore, a good
Mustration of the effect of axygen want without other complicating
features At extremely high altitudes aero-embolism may take place,
but up to a height of 18 000 feet the decressed partial presmmre of
oxygen in the hngs and consequently in the arterfal blood affords an
example of what is called anomc or arterial anoxia or a mose accurate
designation recently used hypoxia, Since many clinical distarbances
of respiratory and clrculatory function produce acute anoxia which fs
the essential indwcation for oxygen therspy the syndrome of acute
altitude sickness {s now presented.

ETIOLOGY

Acate altitude sickness is the result of {nspiring air under decreased
atmosphenc pressures In civil and mflitary aviation. Symptoms of
oxygen want begm at an zltitude of 9,000 to 10,000 fert become more
definitely evident at 12,000 feet and are well marked at 15,000 feet
and above. The effects of a decreased partial pressure of orygen have
been observed expenmentally by withdrawing air from stee] chambers
until the pressure within them has been lowered to that which exists
at various altitudes Studies have also been carried oat at sea level
in which subjects have breathed mixtnres containing decreased axygen
concentrations a3 a result of addihg nitrogen to air

-
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In dinical flinee  such as preumonia and edema of the lungs, the
pre< ure of oxveen n atmospheric air may be Insufficlent to accomplish
diffuston of oxygen through swollen alvcolar walls at the normal veloc
ity with the result that n lowered supply of oxygen Is given to the
arterial blood pas ing through the lungs  Acute oxygen want may
al<o take place as a result of circulatory failure and other conditions
which will be deecribed later Whatever the cause of acute anoxia,
the svmptomatology I+ characteristic, It may become the dominating
frature in clhinkal diccnse or may be ndded to symptoms that may
come from tovemia or infection

PATHOLOGIC PHYSIOLOGY

The disturbance in the phy siology of the human being during ascents
to high altitudes & primarily due to the decrease in partial pressure
of oxygen as the total barometric pressure Is lowered At an altitude
of 18,000 feet the atmo<phere pressure 380 mm Hg fs one-half the
sea level baromitric pressure of 760 mm Hg. At this altitude o liter
of gas would have expanded In a free state to two liters of gas and
the expranded volume then hold the same number of oxygen and mitro-
gen molecules but each molecule would be separated from each other
by a greater distance. Since the volume of the chest s constant the
msprred air would st first glance contain one-half the number of ovy
gen molecules which were in the inhaled air st sea level However
the pressure of oxygen in the lungs is somewhat less than one-half
the sea-level pressure because of certain additlonal factors which re-
quire consideration  As air  taken into the lung it becomes saturated
with water vapor which has a pressure of 47 mm Hg at body tempera
ture  There Is also a constant evolution of carbon dioxide in the
alveoli from the pulmonary capiilaries The pressure of carbon dioxide
under normal circumstances is 40 mm Hg. In order to determine
sccurately the pressure of oxygen in the lungs at 18 000 feet Le
380 mm. Hg the following calculation s undertaken (380 — 47) X
209 the percentage of oxygen in a saturated atmosphere —40 or 29 6
mm Hg the alveolar oxygen pressure  Subtraction of 47 mm Hg rep-
resents the pressure contributed by water vapor and 40 mm Hg that
of carbon dioxide  Since an individial at 18,000 feet would greatly
crease the volume of breathing due to want of oxygen the carbon
dioxide in the Jungs would be blown off to a varlable extent and the
Prasure of carbon dioxide would be replaced by an equivalent pressure
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of oxygen The actual alveolar oxygen pressure might then be [ (380 —
47) X 209] — 30 (the lowered carbon-dfoxide pressure) or 39 6 mm.
Hg In these calculations the respiratory quotient of 1 is assumed.
In the normal individua! at sea level the alveolar oxygen pressure
is ebout 108 mm. Hg This fs sufficient to saturate the hemoglobln
in the red cells to 95 per cent of its potential saturation. Arterial
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blood ts thus 95 per cent saturated with oxygen under normal condl-
tions It will be readily seen that a pressure of 39 6 mm. Hg of axygen
will ot adequately saturate the hemoglobin in the red corpusdes.
The blood then passes to the tissues with a defictent content as well
as pressure of oxygen and it i3 because of this circumstance that the
normal function of the various organs is not preserved The charc
tertstic decreasé in the oxygen saturation of arterial hlood with decreas-
ing pressure of oxygen in the atmosphere and therefore In the lungs,
is Mustrated In the accompanying charts. These twro curves illastrate
the reason the hemoglobin in red blood cells at high altitudes s sup-
plied with oxygen at a lower pressure, with the consequence that the
arterial blood carties axygen at a lower pressure to the varlous orgens
and therefore the condition of oxygen want In the tissues, or anoxiz,
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A. During ascent to an altitode of 20,000 feet there bnurogrﬁdw
fal In the pressure of nitrogen and ovyxen in the alveolar alr whereas
the carbon-dioxide pressure is only slightly lowered and the pressure of
water vapor remains constant.

B Ahhough 100 per cent oxygen s breathed during ascent from
30,000 to 42,000 feet, the alveolar ovygen pressare {s redoced to that
wkich occurs [n & subject breathing air at 14,500 feet. The sum of
water vapor and carbon-dioxide peesvure 83 mm Hg constitutes at an
shtitode of 42,000 feet & far larger proporilan of the total barometric
pressure, 128 mm. Hg than at the lower altitudes. Thus, the necessl
tons evolution of carbon dioxide and water vapor from the lungs limits
more and more the quantity of oxygen that can be inhaled as progres-
dvely higher altitndes are reached.
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takes place The higher pressure of oxygen in blood exposed to o
creasing carbon-dloxide pressure will be discussed below

Inhalation of oxygen-enriched atmospheres up to 100 per cent oxy
gen will compensate for the diminished partial pressure of oxygen In
the atmosphere until an altitude of 34 000 feet 18 obtained. At this
altitude corresponding to & barometric pressure of 187 mm. Hg the
arterial blood of a man breathing pure oxyges bs saturated with oxy
gen in the same degree that takes place In & pormal indivadual at sea

o Mz
0, 5% =N IR
HO 7%
SEA LEVEL 42000 FEET

F1a.3 Percentage by vohmne of oxygen, carbon
dioxide, and water vapor In the lungs, at ses, level
(760 mm. Hg) and at 42,000 feet {128 mm. Hg)
when breathing 100 per cent oxygen.

level breathing arr namely 95 per cent oxygen satnration At 2
altitude of 42 000 feet, 128 mm. Hg the blood has become markedly
less saturated even during tbe inhalation of pure oxygen Reference
to the accompanying chart will Mustrate the mechankm of this. A
barometric pressure of 128 mm. Hg must bave subtracted from it the
pressure of water vapor (47) and carbon dionde (40 mm. Hg) to
obtain the pressure of oxvgen fn the lungs during the inhalation of
pure oxygen  Although some byperventilation takes place lowering
the alveolar carbon-diaxide pressure to 36 mm. Hg there still must
be subtracted the sum of 47 plus 36 mm from 128 or 45 mm. Hg
whfchdoanotprovidewa.dcquamoxygmmmmdono{themrhl
blood.

The sitnation may be expressed differently by remembering that
the percentage by volume of carbon dloxide and water vapor in the
lungs is much greater at 42 000 feet than at sea level since theso gases
have expanded many times their seaevel volume fnasmuch a3 the
preasure at this aliftude I3 ope-alxth the barometric pressure of 760
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mm Hg as< een in the fllu tration on p 24 The ovygen concentra
tiom of the alveoltr alr during the inhalation of 100 per cent oxygen
I« thus reduced becauce of the increasing percentage of lung volume
occupicd bn carbon dhoxkle and water vapor at 42 000 fect

The fact that water vapor Is pre<ent in the lungs In <uch an Increaced
percentape t illustrated by mea uring the volume of the gases in the

50 L 297 L.
T=98 6°F T-400°F
Fic. 4 Decrease in volume of gases of the lang

when callected in a gasometer at 40 F at an alti
tude of 52,000 feet 75 per cent of the decrease Is
due to precipitation of mofsture

lung when collected tn a gasometer at 40 F at an altitode of 42 000
feet. Asseen In Fig. 4 the apparent vital capacity has diminished
from 50 t0 297 liters due in large part (75 per cent) to precipltation
of molsture as the expired air Is transported {rom 2 temperature of
99 F 1040 F  No true loss in vital capacity has occurred.

The easrly signs of disturbance [n the physiology of the human
omganism begin at an alutude of 10 000 feet This corresponds to an
0xygen concentration In the insplred alr of slightly below 14 per cent.
The artersal oxygen saturation at this degree of anoxi fs approxi-
mately 88 to 90 per cent only slightly lower than the usual normal
level of 95 per cent saturation  The cyanotic color which Indlviduals
exposed to high altitudes or patlents suffering from disturbances in
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cardigrespiratory function frequently show ks due to the reduced hemo-
globin and Is not generally observed until the arterfal axygen safura
tion bas fallen below 85 per cent, which would be producad at &n alti-
tude of 12,000 feet. It should be borne fn mind that the blaish color
fs formished by the amount of reduced hemoglobin and not by the de-
gree of sataration of the hemoglobin with oxygen. In other words,
an anemic patlent who has enly S Gm. of hemoglobin may not reveal
a cyanotic coloc even If he suffers from a very serous decrease in
arterfal oxygen saturation on the other hand a patlent with poly
cythemts who has seven million red blood cells Instead of five million
may have an arterlal oxygen saturation of 93 per cent and yet Jock
definitely bluish, since 7 per cent of lus relatively larger total bemo-
globin fs In a reduced state However in petients with pnemonm
who are pot anemlc the degree of cyanosm frequently paralely the
extent of lowering of the arterial oxygen saturation. Excepthons to
this are (1) shock, in which a graylsh pallor s present with serfous
anoxis, (2) local tissue anaxia due to thrombosis of an artery (3)
histotaric anaxia, due to agents which Impair the oxidative enrymes,
and (4) hyperventilation which results in alkajotic constriction of the
cerebral and coronary dreulation,

The first effects noted at an alutude of 10,000 feet are an increase
in the volume of breathing and a more rapid pulse rate. The Increase
in pulmonary ventflation, more pronounced above 12 000 feet, results
1n a blowing off of carbon dioxide from the blood. The alkaloss
which s produced by exposure to high altitude s gradually compen
sated for by a corresponding reduction in the sodium bicarbonate level
of the blood a lessened excretion of acld In the urine and a compensa
tory increase of chloride jors in the blood

When notmal mdividuals or patients are exposed to acute severe
anoxta, such as occurs durmg the inhalation of 10 per cent oxygen for
a persod of 20 minutes or abrupt ascent to an altitude of 18 000 feet
an actual shift in acid-base equilbbrium toward the alkaline side takes
pla.u:wh}chmlya.umm:ttoumudluadnnge[mmlpHofHZ
to 7.52 This &5 due to & relatively more rapid elimination of carbes
dioxide 1n proportion to the adaptive reduction 1n the total base fons
in the blood However 1n extreme severe experimental oxygen-want
an acdosis takes place with low carbon-dloxide content and capacity
Hyperventilation accentuates the anoxia and sdd products, due to
deficient axidation, shift the pH to the acld side.
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In prolonged exposure o Jow oxygen pressures which occurs dur
Ing residence in mountainous regions or In chronkc clinical anoxia an
focrease in the hemoglobin and In the red cells takes place  The Initial
reronse of this natare is duc to diminution of the plasma blood vol
ume and alwo to contraction of the pleen which <ends red cells into
acthve circulation At the end of six days the blood volume returns to
pormal and there fs then an actual increae in the total numlbser of red
corpuscles in the circulating blood due to stimulation of the bone mar
row  Another compensation to acute oxygen want Is the increase In
the amount of blood delivered by the heart. It appears that this
Increase In cardiac output takes place when the anoxia is of such a
degree as to be represented by an artedal oxygen saturation of 82
per cent or below  Apparently mild degrees of oxygen want do not
result In an increare In carduc output although an Increase in pulse
rate takes place  When anoxia has persisted for a relatively long time
excessive carbon-dloxide ellmination from the blood Is compensated
for by such a decrease in baskc fons as to result in no change in the
acid-base equilibrium in the blood

The undue loss of carbon diaxide which occurs as a result of Inltial
oo has been discuseed by many physiologlsts at times with the
suggestion that carbon dioxide be administered to overcome this con
diion. It has become increasingly clear that the best physfologic
approach to treatment of increated excretion of carbon dioxide is the
inhalaton of oxygen-enriched atmospheres in order to overcome the
anoxla. By restoring the oxygen saturation of the arterial blood to
the normal range the stimulus for an increased pulmonary +entilation
and therefore the loss of carbon diaxide s prevented. There s at the
present time no valid reason for the administration of carbon dlaxide
eitber to aviators or to most patients sulferlng from dyspnea in clinfcal
medicine It should always be borne In mind that contintous inhals
thon of Increased percentages of carbon dioxde may result in fatigue
of the respiratory musculature

It has been indicated that inhalation of oxygen-enriched atmospheres
9P to 100 per cent oxygen will overcome the anoxin of increasing alti-
tude up to 34,000 feet and that sbove this level the oxygen per
centage of the arterial blood progressively falls. At an altitode of
42,000 feet 128 mm. Hy the Increnssd volume of breathing lowers
the carbon-dioxide pressure in the lung from 40 to 36 mm. Hg and
the actual oxygen preasure to which the caplllaries of the hungs are ex
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posed s decreased as discussed above by the sum of water-rapor
pressure and carbon-dioxide pressure (47 + 36) subtracted from 128
mm, Hg, or 45 mm. Hg.

As will be observed in the accompanying table the average arteral
oxygen saturation at 42,000 feet Is BO 6 per cent, which I slightly

TABLE 1

ALVEOLAR AND ARTERIAL #C02 AXD $02 AKD AXTERIAL OXYOEN SATCRATION
OF SUBJECTS BRraTADNG Ame 02 OXYGEN AT VARIOUS ALTITODES
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higher than the arterial oxygen saturatlon at 15000 feet In & subject
breathing air namely 786 per cent. The lowered oxygen pressures
availshle at an altitude of 15000 feet in the absence of oxygen and at
an altitude of 42 000 feet during the wnhalation of pure oxygen are both
apt to result In serious disturbance in the physlology of the organism.

Oxygen s present in the blood mainly in loose chemical combination
with hemoglobin but a small amount namely %o of the total content,
exists in physical solution in the plasma.  After axygen enters the
pulmonary capillaries from lung awr it i dellvered by artenes and
capillaries to the tissues which first take up the physically dissolved
axygen and then additional oxygen denved from the hemoglobln, which
speedily increases its supply to the plasina as the oxygen rs coasmoed
by the cells. The carbon dioxide produced in the tissues passes 10to
the caplllary blood and because of its acid nature facfltates the un
loading of oxygen from the hemoglobin. The return venous blood 1s
exposed to a high concentration of axvgen in the abveolar alr and the
mogioblnlnmdcmpusddth:nm:tﬂpercmzsnnutdwﬁh
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owygen  The carbon dioxkde which has been taken up In the venous
blood pases outward Into the alvcolar alr becau e of the relatively
small tenshon of catbon dioxkde in the atmosphere ie 003 per cent
Since hemoglobin when combined with oxygen Is a stronger acld than
when it 1s In the reduced «tate §t alds In the elimination of carbon
diotide as the blood Is exposed tn a higher oxygen concentration in
the lungs

Carbon dionide Is {teelf tran poried partly by hemoglobin but its
functlon In cau ing an ncreated delivery of oxygen to the tissue is
important as shown In the ovwgen dicwociation curves of Fig 1 It
will be reen that at a glven <aturation of hemoglobin such as 60 per
cent, a greater pres ure of ovygen exists H the blood is In contact with
40 mm. carbon dioxide than with 20 mm carbon diodde namely
approumately 9 mm It is al<o true that a more acld blood will take
up le<s oxypen in the lung but the actual diffusion of oxygen Into the
tissues as a result of an increa<ed carbon-diodde tension (or a more
adid state of the blood) Is more significant In the phystologic behavior
of oxygen  The effect of a marked increace In the alkalinity of the
blood s that the hemoglobin holds on to oxygen more tightly as it
passes through the tI uves and thus under certaln circumstances aggra
Tates anotla. It may be polnted out parenthetically at this polnt that
allalosis also tends to constrict capillaries especially in the coronary
od cerebral airculation which still further enhances tissue oxygen
nnt

SYMITONMS

The earliest signs of axygen want are, then an increased volume of
breathing and a more rapid beating of the heart, regularly observed
&t an altitude of 10000 feet. After several hours of exposure to
bigher altitudes such as between 12,000 and 15 000 feet characteristic
Symptoms appear namely headache, nawsea, and lassitude There is
increased difficulty in mental concentration and in more than 50 per
cent of normal {ndividuals exposed to these altitudes a definite impalir
ment of emotional control takes place which Is very similar to that
produced by aleoholic intoxication. Feelings of overconfidence and
euphoria are apt to be present together with fevitable impatrment of
Judgment and reason In some cnses bolsterousness Is accompanied
by writabihity and pognacity In slightly less than half of the individ
tals 50 exposed & depressed state tending toward sleep takes place from
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the start. This disturbance in affectrve behavior is the most significant
sign of Intolernnce to altitude anaxia and s of very real importance
in both civil and military aviation

TABLE I
Ewotroxar, REACTIONS T0 INHALATION oF 13 Prx Crarr Oxrorx rox TeREE
Houzs
DULLNESS DULLNESS
IRRITABILITY
41 H4% IRRITABILITY
LETHARGY %o 4 D AB
FATIGUE RO
ELATION PROLONGED
OVERCONFIDENCE EXCITEMENT
FOLLOWED BY | so07,  s6%, LACK OF
DULLNESS INHIBITIONS,
DROWSINESS OVERACTIVITY
A I
17 MEDICAL 9 PSYCHONEUROTIC
STUDENTS PATIENTS

Since mental impairment frequently takes place at an altitude of
12,000 feet when exposure bas lasted as long a3 one to four hours,
there s reason to believe that ‘pllot error is in part caused by lo-
paired judgment due to axygen-want when oxygen Is not breathed by
the pilot at this increased altitude. At the present time the civil aero-
nauties authority has entered the following amendment in fts regub
tlons of May 1 1941 “Post 61 743 Oxygen Apparatus and Its Use.
No air-carrier afrcraft shall be operated In scheduled air transports
tion at an altitude exceeding 10 000 feet above sea level continnomsly
for more than thirty minutes nor at an altitude exceedlng 12 000 feet
above sea level for any length of time unlews such aircraft is equipped
with an effective axygen apparatus and an ample supply of oxygen
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available for the couvenlent use of the operating crew and proper
use Is made of such apparatus.’

In many individuals an inftial response of exuberant boisterotisness
and euphoria changes to a state tending toward sleep or depresyion
Whmlnckofuxygcnhvu‘yscvue,uuexuemdyhfghdﬂwdes
in the absence of oxygen, the pulse rate becomes rapld and fecble,
breathing is greatly accelerated, consclousness Is rapidly impaired and
finally fost, and death takes place due 10 excessive damage 1o the cen~
tral nervous system, heart, and other organs

T recent years the appratsal of the effect of anoxia bas been clanfied
by the concept that certain trisues are more sensitive to axygen-want
than others. Thus the arms or legs may be deprived of oxygen for
pertods of one and a half hoars by complete closure of the arterial
blood supply but may be used thercaiter vith completely normal
function  On the other hand, » guinea pig dropped in an atmospbere
of nitrogen dies in convulsions within 60 ssconds. Homan beingy
may dle when expased to camplete asphyxa for periods of 10 minntes
ang probably leas  The braln is the organ mast seositive to anode
and pathologic changes appear in the cortical cells accompanied by
hemorrhage as a result of asphyxia. The beart is swiftly impaired in
its function when the axygen pressure supplied to it is lowered, aod
the adrenal glands are alsq probably quickly impaired by anozh.

There are othar disturbances created by anoxda which are justifiably
not emphasized in clinical medicine but which are of great importance
in aviation Thus »t o altitude of 12 000 feet, corresponding to an
arterial oxygen saturntion of 85 per cent, which is the level a1 which
cyanosis appears the performance of same af the special senses and
neurcmuscular oficiency are impaired. Changes o visual function
take place as shown by impairment i dark adaptation and enlarge-
ment of the blind spot  Ove of the most convincing Mustrations of
the advantage of breathing axygen for pllots is to expose them to a
slmulated altrtude of 15000 feet in a low-pressure chamber for one
hour and then allow them to breathe pure oxygen through a mask

The subject remarks that the roo nly becomes light, & o
also that the dixxivess from whi aguely suflering ~
Not all the special senses are to oxygen-wan
Hearing 18 pot disturbed antil ¢ reached whi 4
thase where consclousness [s los tween 18 000

feet However there Is defin ot in equbi d

petirony control at more tudes, obs
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ability to petform the Romberg te t or to carry out tests designed
1o mea ure this functon  uch a< putting pegs Into appropriate holes or
pilmg them up carcfully one on top of the other

Although determination of renwry motor function is of no signifi
cance in the anaxia of clinical iliness te ts of thix character In flying
pessonnie]l have been emploved 1o determine altitude tolerance  In
the attempt to di tingui h the <afe from the un«afe flycr, it appears
bowever that Jots of emotional control difiiculty in concentration and
the tendency to slecp are the more Important criteria in the attempt
10 weed out the wnsefr flyer

Although the Lrain i the organ who<e function ks most significantly
frapaired by acute anosia the effects on the heart are of considerable
importance  Although an increase in pulwe rate Is one of the carlier
stens of acute anoxia produced either In clinkal fliness or at altitude
1t does pot necesarily repre<ent an increaced blood flow unless the
degree of oxygen want ks equivalent to an arterial oxygen saturation
of 82 per cent or below at which time the elevated pulse rate is accom
panied by an increa<e in cardlac output  In normal individoals ex
poted 1o an altitude of 15 000 feet or to inhalation of a 12 per cent
oxygen muxture the electrocardlogram frequently shows characteristic
changes such a3 a depression of the T wave  In cases with coronary
artery diseace the inhalation of low ovygen mixtures for example 10
10 12 per cent oxygen, has been used as a test of coronary Insufficiency
When the electrocardiogram res eals not only depression of the T wave
but depression of the S-T segment presence of disense in the coronary
artery 1 suggested. In these patients the Inhalation of low oxygen
fmuxtures or alrplane flights above 12,000 feet may reproduce not only
ekectrocardiographic changes but attacks of angfnal pain.

INHALATIONAL THERAPY

The treatment of acute anoxia in disorders of the heart and lungs
generally Involves the use of oxygen or an allied form of inhalational
therapy It is of primary Importance In clinical mediaine to malntain
the function of respiration in order 1o offer the patient an additlonal
Opportunity to recover from his filnexs It &s of no {mportance that
ks vision or judgment may be transiently Impaired However acute
Altitude sickness in civil and miluary aviation is a conditon which
should be prevented it possible because the aviator generally carries
the responsibllity of plloting a plane in which his own Life and the
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lives of others may be involved. For this reason dfminution in peure
muscular efficiency, vision emotional control, and mental concentss
tion as well as the appearance of bodily symptoms of nausea, heac
ache, and lassitnde, should be avoided wherever possible. Due t
the circumstance that moderate anaxix, such as occurs between 10,00
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and 15 000 feet, frequently induces a enpboric and overconfident state
pilats are apt to believe that such relatively low altitades do pot affect
them unfsvoeably but on the contrary in some instances think that
they feel better than they do at sea level. “However It is now gen-
mﬂymmpiwdwuuuthybelslguiﬁnntfacwrinpﬂmm
and Inhalation of oxygen should in general be recommended at all alth
tubes above 10,000 feet in civil fiying. It also seems desinable to
mamntam the combat fiyer at the peak of his efficiency by Inhaling
oxygmnthmcﬂdmdalnwhlchmmmlfunujouhegimmbcmme
impaired, In the accompanymg fllustratlon the percentage of oxygen
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In the inspired air required to maintain a sea level oxygen pressure at
varlous altudes s depicted as well as that necessary to oblaln a
pressure comparable to aa altitude of 8 000 fect, at which the symp-
toms are slight for most normal young ndults.

There is little necd for a young man to Inhale oxygen because of an
mcreased heart rate  In the abeence of coronary disease, no damag
ing effect Is produced on the heart of a young rman by moderate anoxla
The aviator Is engaged in a sedentary occupatlon and it ls the dis-
terbance i braln fanctlon that fs of crucial Importance. Lack of
knowledge of the damaging effect of acute anoxia on brafn function is
dangerous slnce it allows an inexperienced or an overconfident pilot
the oppoctunity of making mistakes in judgment which may be the
cause of fatal mecidents When ample opportunity is provided per
eonally to experience the effects of acute altitude sickness most pllots
will be persunded that declsive advantages follow adequate oxygen
nhalation It should be emphasized that no true acclimatization de-
velops in the aviator as a result of repeated exposures to altitude
anoxia, Although the man who has become a resident of a moun
tainous region as bigh as 14,000 feet will in a perod of a week gen
erally become comfortable as a result of a compensatory increase in
red blood cells and hemoglobin and by other mechanisms of this kind
the aviator {s not In the air long enough to develop any of these re-
spomses.  On the contrary there Is some evidence that repeated expo-
sare to acute anoxia results in fatigue and at times in @ nervous atate
that tends to unfit him for further flying Although Van Liere and
Emerson showed that red corpuscles and hemoglobin do Increase after
exposare of six to nine hours each day to simulated altitudes of be
tween 12,000 and 18,000 fect, aviators are pot lkely to fty daily for
such long periods of time. Thete Is good reason therefore to inslst
on the inhalation of axygen by both the civil and the mfitary fiver
whenever it is possible to do so both to preserve his own bealth and
to ensure the safety of his mivslon

\The inhalation of 40 per cent oxygen I8 adequate to overcoms alti
tude anoxia up to approximately 18000 feet, as seen In Fig 5§ If
bigher altitudes are reached the oxygen concentration may be fn-
creased to that of 100 per cent, which protects the individual from
andxia up to 34,000 feet. In order to overcome anaxla above ths alti-
tude pressure cabins have been employed in the military services, in
which air b admitted to small chambers enclosing the pllpt under
incressed pressure In civl aviation the pressure of cabin alrplanes
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has been that which corresponds to an altitude of § 000 feet. Another
method }s the pressure suit in which axygen {s supplied to the aviator
at & pressure approximately two and one-half pounds per square Inch
inum.ltwh!che.ndasaweenumbody/
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Pnecumonia

DEFINITION

Lobar pi ia {s an infl lon of the lung in which one or
mote lobes become filled with purulent exudate  The disease ks caused
by a micro-organism, generally the pneumococcus  The main clinical
features are chill fever, pain in the side cough and expectoration of
rusty blood-tinged sputum. Tn some cases headache nausea, vomit
ing lassitude and lrratlomality are present during the disease

Bronchor nonia 1s an infl y disease of the lung which
generally beglns in the terminal bronchloles and extends to the adja
cent alveolar cells It may be caused by a variety of micro-organisms
and wunlly follows another disease or occars after operations A
primary form of bronchopueumonta has been described in recent years,
tbought to be due to a virus In the latter condition Inflammation
and constriction of the small bronch{ are characteristic, and constitute
a contributing factor to the disturbance in respiratory function which
takes place In many patlents,

PATHOLOGIC PHYSIOLOGY

In the early stage of lobar pueumonia circulation of blood through
the diseased lobe results In unoxygenated blood flowing Into the aorta
later there is little or no circulation of blood throngh the consolidated
lung as the blood vesaels to the involved area are closed In areas of
the lung that border on the consolidated region edema of the alveolar
walls prevents the normal rate of diffusion of oxygen through the pul
monary capillaries. Shallow respiration which fs characteristic of
pneumonia accomplishes a washingout of the dead space between
the pharynx and the alveoll but allows a relatively smaller amount of
freah air to be drawn into the alveolar cells themselves. Another fac
tor in the production of anoxia is swelling of the small alveolar ducts

»
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Pneumomna

DEFINITION

Lobar p {a is an ind lon of the lung in which one or
rmfeloba become filled with purulent exudate  The disease Is caused

by a micro-organism generally the pneumococcus The main clinlcal
(cuures are chill, fever pafn in the side, cough and expectoration of
rusty blood-tinged sputum  In some cases headache nausea, vomit
ing lassitude and irrationality are present during the disense

Bronct ia is an Infl y disease of the lung which
genenally tx-g\m tn the terminal bronchioles and estends to the adfn
cent alveolar cells, It may be cansed by a varlety of micro-organisms,
and usually follaws another disease or occurs after operations. A
primary form of bronchopneumonis has been described In recent yeass,
thought to be due to a virus  In the latter condltion Inflammation
and constriction of the small bronchi are characteristic, and constitute
2 contributing factor to the disturbance in respiratory function which
takes place In many patlents

PATHOLOGIC PHYSIOLOGY

In the early stage of lobar pneumonia circulation of blood throagh
the diseased lobe results in unoxygenated blood flawing nto the sorta
later there is little or no circulation of blood through the consolidated
fung as the blood vessels to the Involved area ave closed. In areas of
the lmny that horder on the consolidated reglon edema of the alveolar
walls prevents the normal rate of diffuslon of oxygen through the pul
monary capillaries  Shallow respmation, which i characteristic of
pneumonfa, accomplishes & washing-out of the dead space between
the pharynx and the alveoli but allows a relatively smaller amount of
fresh air to be drawn into the alveolar cells themselves  Another fac
tor {n the product{on of anoxia is swelling of the small alveolar ducts
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Pneumonia

DEFINITION

Lobar 1 ia Is an infl ion of the lung in which one or
more Jobes become flled with purulent exudate  The disease Is caused
by & mkro-organism generally the pneumococcus.  The main clinfenl
features ate chill, fever paln in the side cough and expectoration of
rustvy blood tinged sputum. In sotme cases, headache nausen vomit
rng, lamludt and frrationality are present during the disease

ia bs an infi y disease of the lung which
gen:rnlb heg;lns in the terminal bronchioles and extends to the adja
cent alveolar cella. It may be caused by a varlety of micro-organisms,
and nsmally follows another disense or occurs after operations. A
primary form of bronchopneumonia has been described in recent years,
thought to be due to & virus. In the latter condition infiammation
and constriction of the small bronchi are characteristic, and constitute
a contributing factor to the dsturbance in respiratory functlon which
takes place In many patients.

PATHOLOGIC PHYSIOLOGY

In the early stage of lobar pneumonia circulation of blood throngh
the diseased lobe resnlts in unaxygenated blood flowing into the aorta
later there is little or po circulation of blood through the consolldated
lung as the blood vessels to the involved area are closed In areas of
the lung that border on the consolidated region edema of the alveglar
walls prevents the normal rate of diffusion of oxygen through the pul
monary capillaries  Shallow respiration which Is characterile of
pneumonla, sccomplishes a washing-out of the dead space between
the pharynx and the alveoli but allows a relatively smaller ameint of
freah air to be drawn into the alveolar cells themselves. Another fac
tor in the productfon of anoxia is swelling of the small alveqlar ducts

»



40 PNEUMONIA

and bronchi leading to the alr cells, which may intermittently close
the passageway to the respirstory eplthelium. Ay a result of inade-
quately ventflated areas in the lungs blood in the pulmonary capl-
lnnupassuthmushﬂrceﬂswhhhhavchn}cornoc\ygm. Pent
bronchial swelling is of #pecial significance m bronchoprenmonts and
fn virus pneumonta, in which some of the smaller bronchi may be
entirely occluded

v Cyunosis is the outstanding sign of anoxta In pueumonia ocrurring
when the srterial oxygen saturation falls below 85 per cent. How
ever, ft cannot be relfed on as a sure guide as it may be absent in
patients with anemia and fn those suffering from shock. This is of
clinrcal importance, smce many patents who sbow dellrium tachy
cardla dyspnea or imsomnia are benefited by oxygen lnhalation even
though cyanasis Is entirely ahsent, aspecially when they present 2
grayhh pallor which is indicative of a grave form of anoxia.

There Is no Interference In the eclimination of carbon dioxide in
the majority of cases of lobar or bronchopneumonia. In a fewr cases
with extensive involvement and widespread edema in the Jungs the
content of carbon dioxdde in the blood Is elevated. In dyspoeic pa
tients the carbon-droxide tension of the arter;al blood may be Jess
than pormal and gradually increase as convalescence takes place
There s no significant deviation of the acid-base equilibnum in the
blood in most patients with pneumnonis.

The circulatory systetn 1n the classic case of lobar or bronchopnet-
monla reveals merely an increase In its function namely a swifter
circulation velocity of the blood and a compenutory dilatation of
the heart. The venous pressure fs normal, and in the absence of
pre-exusting beart disease there Is no cardiac embarrassment. In ot
tain patients peripheral circulatory falture takes place in which
the venous return to the heart is markedly diminished without actual
fmpairment of the beart muscle.

The volume of breathing s notably fncreased due to toxemls,
gnoxg, and stimulation of proprloceptive reflexes In the lung  The
v(mlcnpndtyhshup*yrcducedcvenuthnometofthedwse
and the total lung capacity and the functional residial alr are also
diminished

INDICATIONS FOR TREATMENT

From a phbysiologic polnt af view the primary purpose of oxygen
treatment Is to prevent or overcome anoxia. A decressed mortality
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rate in oxygen-treated cases of pneumonia, as compared to control
scries, has been shown by several investigators. Furthermore there Is
a close relation between mortality rate and a lowered saturation of
the arterinl blood with oxygen. It has been shown in certaln care
fully studled indhidual patlents that Inhalation of oxygen-enriched
atmospheres Is re<ponsible for prolonging life, which affords the fn
dividual an increased opportunity to develop an immunity to his
diseace.
/ The Inhalation of atmospheres containing 50 per cent oxygen not
only raises the arterial oxgen raturation to or near the normal value
in the majonty of cases of p ia but accomplisbes a clinkeal
mprovement characterized by (1) slowing of the pulse rate (2) dis-
appearance ot decrease of cyanosis (3) diminution of delirium (4)
increased sleep and (5) a lowered [ﬂtrmsommchﬂndmnm
Is frequently lessened although it is not completely relieved The
rate of breathing is lowered in about one third the cases but it is
probable that the total volume of ventilation Is decreased in almost
all instances of anoxemic dysprea
V'The purpase of axygen treatment in p ia Is then to maintai
function of the lung in respect to absorption of oxygen and in that
way prevent damage to the various organ systems until the patient
himself is able to overcome the infectiop,~ Although cyanosls itself
s the classic sign for beginning treatment, there are other indications
which are of greater Importance These are a rapld pulse especially
if it Is Increased out of proportion to the temperature delirium difR
cult or shallow breathing abdominal distention persistent cough
high fever peripheral circulatory faflure, and evidence of widespread
molstare in the lungs.
V1n the presence of masshve pulmonary involvement it may be as-
sumed that the patlent is in a state of anoxia. After extensive
abdominal operations, the prompt nstitution of axygen therapy tends
to prevent the development of pocumonta. As a result of splintlng
of the duphragm after surgery in the upper abdomen movement of
the lower part of the lung may be diminished absorptlon of air may
take place In the mventilated alveolar cells and areas of atelectasts
dflvelop which become a source of h'xftctlon:,

Certain procedures which alm to ventilate the lower portions of the
lungs have been found helpful In preventing postoperatlve atelectasts

and br min, Avoldance of unnecessarlly tight
abdominal bandaging allows more excurslon of the diaphragm. In
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halations of carbon dioxide or deep-breathing exercise at the end of
theoperlﬂunmduintuvnlsuftamrdmﬂwbmmhhlm
way, promote coughing and expectoration of retained secrstlons.
H[mhaﬂngmu&ebcguamdmmoxygwpmtupenﬂvdyby
breathing helium-oxygen mixtures, or carbon dioxide In afr have been
advocated to substitute inert gases for those which 2re soon absoched,
In order to prevent localized atelectasis,/

INHALATIONAL THERAPY

When the dedsion to institute inhalational therapy has been made
Lhoﬁ:stmmﬁenﬁmnhmudbetbedwgcurconcmmt}ono!axygm
In tho atmosphere to be provided for the patient. The second_fs
selection of the method of treatment which will provide the concen-
tration of axygen desired and be best suited to the individual patient.
Vhysdologically, the oxygen-enriched atmosphere should contain that
concentration of oxygen which will overcome arterlal anoxiz, It b
obviously not feasible to check the oxygen saturation of the arterhl
blood from day to dey and the physician must therefore determine
in his own mind the degree of oxygen want from the dinfcal state of
the patlent. Studies have been made which are helpful in this respect
since they revesl that arterial anaxemia s overcome in a majoity of
patients with ppeumonia by the {nhalation of an atmosphere contain-
ing 50 per cent oxygen.\/Patients with mfld anoxemia may be treated
by lower axygen concentrations such as between 40 and 50 per cent
oxygen In the insptred alr  In cases that have moro serloos anosla
the oxygen saturation fn the arterigl blood will not be elevated to &
normal level untfl concentrations betoeen 60 and 100 per cent are
employed, Peripheral drculatory failure and edema of the Jungs,
which would benefit from {nhalation of the higher oxygen concentrs
tions will be discussed later under these headmgs

When narrowing of the bronchi takes place eltber as a result of
swelling of the mucous membrane or spasm of the circular bronchisl
murecle inhalation of oxygen under positrve pressure or of helfmm-
oxygen mixtures or both may be Indicated, as will be described In the
sections on asthma and obstructive dyspaea. ‘One of the indlcations
for fnhalation of 95 to 100 per cent oxygen s severe distention, siace
{ntestinal gases diffuse into the clrculation and are removed throagh
the lungs by diffusion when the alveolar air contalns ro nitrogen
The removal of nitrogen could be secured by Inhatation of a mixture
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of 50 per cent oxygen and 50 per cent hellum, which would avold the
theoretical dlisadvantage of possible lrritative effect taking place in
the lung following prolonged administration of pure
Altbough animals regularly develop edema of the himgs after three
to four days inhalation of atmospheres contalning 80 to 100 per cent
arygen, human beings appear to be able to tolerate these high concen-
trations without harm for at least two days and possibly for as long
as ope week  However, the evidence on the administration of 95 to
100 per cent oxygen in patients has been obtalned with the employ
ment of the mask method of administering oxygen In which periodic
removal of the mask for eating and bathing the face interrupts the
treatment to some extent, Wibe administration of oxygen in concen
trations under 79_(5: cent may be continued Indefinitely, ~
The selection of equipment to be used depends on the preference of
the physician, on the trainlog of the personnel in charge of adminis-
tration, and on the patlent himself A rubber catheter introduced
into the nasal pharynx s the simplest and least expensive effective
method of providing axygen-enniched atmospheres in the Inspired air
Although the oxygen concentration achleved by this method varles
with the total volume of breathmg belng less in patients who have a
large volume of ventilatlon due to dilution of oxygen with atmospheric
alr a flow of 5 liters per minute of oxygen will provide 35 per cent
oxygen in the inspired air in the average adult patient. Slower figws
than this are geerally not Indicated In the treatment of pneumonka.
When & flow of 7 liters per minute of oxygen Is employed an axygen
concentration of between 40 and 50 per cent Is obtained A double
catheter may be wsed but is rarely necessary
f the rubber catheter is placed In the oral pharynx opposite the
higher concentrations of oxygen are obtained for similar rates
of flow  MMore cate Is necessary in utilizing the oral-pharyngeal post
tion of the catheter in order to prevent gas from going into the stom
ach. When flows of 7 liters per mlnate are used with the pharyngeal
placement of the catheter the axygen concentration of the inspired
alr s between 55 and 65 per cent. Drylng of the back of the throat
may be avolded by employing humbdified oxygen and maibtalning the
patency of the small boles In the terminal one Inch of the cathe
The most comfortable method for most patients of administering
oxygen concentrations between 40 and 60 ccnlh!heaxyEuunL
When a canopy fs largely or entirely composed of transparent plio~
flm or plastocele, the patlent has no sense of claustrophobla and the
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doctor and nurse may readily inspect his condition. One of the dis-
advantages of the earlier types of canoples was that extensive rubber
ued canopies created a darkened atmosphere inside the tent which
wnterfered with close observation by the nurse In patients with fever
especially when the weatber 15 warm or humid, the cool dry atmos-
phere mamtained Is a distmet advantage. An atmosphere hyglenic
in terms of temperature hunudity and ar movement Is provided by
an axygen tent with motor-blower cireulation and direct passage of
the alr over chunks of fce the size of a grapefroit. The thermal drents
twon tent Is apt to give a higher oxygen concentration at comparable rates
of axygen flow but it 15 smaller and does ot possess a wide control
over temperature humudity and afr movement. Furthermore soda
Hme must be used at flows below 9 liters per minmte or preferably
an 1njector may be attached to the regulator to draw in suffickent afkr
with the oxygen to wash out carbon dioxide. The open-top temt may
be used both in adults and iz children but appears to have more
advantages in the treatment of Infants and small children. It may
be employed with a self-contained rce compartment, or used withoat
ice for infants in whom the provision of & high temperature and hu-
midity is desirable. Other methods of refrigerating the tent have
been developed, such as the employment of dry fee or liquid axygen,
but for most hospitals these methods are more expensive and less
practical thap the employment of ice.

The oxygen room has the advantage of comfort and a contintomsly
mamtained oxygen-ennched atmosphere even during the carrying-out
of complicated procedures and exammations. The fnitlal greater ex
pense as well as the cost of upkeep of arygen rooms has Hmited
thelr use to those patients in whom special indications exst. Inp2
tients with chronlc cardlac or respiratory disease who are treated over
long perods of time, or in whom surgery fs comducted during the
coutse of Miness such as an empyema operation the use of an axvgen
room has certin advantages, In very delinous and restless patlents
nnrsing attention and medical oversight are obtained with a mintmmn
fnterruption of axygen treatment.

The double or forked pasal tube may be employed for conditons
smilar to those 1n which the rubber catheter is used, although oxygen
concentrations obtained by this method are generally pot so high a3
can be provided by the masal catheter especially If inserted Into the
pharynx.  Furthermore the metal canouls may intite mouth

breathing
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A mask apparatus may be sclected for the administration of low,
moderate, and high oxygen concentrations up to theoretically 100 per
cent oxygen  ‘The mask may fit around the nosc (the nasal mask})
ot it may enclose the hose and mouth (the oronasal mask)  Although
many paticnts tolerate a mask without complaint, there are a good
number who find the close application of rubber to the face distress-
ing ‘This Is more apt to be evident when long-continued therapy Is
carried out or when Attempts are made to strap the mask too tightly
to the face. Il the patient manifests discomfort In wearing the mask
and makes frequent attempts to take it off it is desirable to shlft to
rome other method of treatment, elther the nasal catheter which is
generally accepted better when oxygen administration Is carrled out
for long periods of time or the oxygen tent {f jt is available The
special advantage of the oxygen mask is Its capacity to provide very
high concentrations of oxygen such as 70 to 100 per cent. In the
treatment of severe distention shock hemorthage or cardiac faflure
these higher percentages of oxygen are of greater value than the ad
minsstration of 30 to 50 per cent oxygen

Two types of masks are available the BL.B and the Meter mask,
both of which are comfortable and efficient in supplylng an axygen
enriched atmesphere in the inspired alr  In the BL.B mask 2 re-
breathing bag allows a cettaln amount of rebreathing with the devel
opment at low axygen flows between 2 and 4 liters per minute, of
Increased percentages of carbon dloxide in the inspired alr, ranging
from 2.0 to 2.5 per cent. At the higher axygen flowrs between 6 and
10 liters & minute this xccumulation of carbon dioxide Is washed out.
Sponge-rubber disks creating a slight resistance during inspiration
and expiration serve as valves In expiration and insplration In
obstructive dyspnea the degree of resistance which is produced by
Inhalation through the sponge-rubber dlsks at low flows of axygen
i1 100 great to allow Its use under these conditions  When high fows
of axygen are admitted Into the mask 6 and 10 liters a minute, this
inspiratory resistance Is diminished or disappears. The desived con-
centratfon of oxygen fs obtained by regulating the flow of axygen from
the regulator but the Inspired air may vary as much as 15 per cent in
its oxygen percentage at a given flow depending upon the volume of
breathing of the patlent. 1t ahould be borne in mind that a flow of

§ liters per minute (n a small child may give a relatively high con-
uenundmmdh:nhrgemanindyspmtrehdvelylawuxygen
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concentration because of the ditutlon effect of atmospberic air enter
ing the mask through the sponge-rubber valve.

In the Meter mask there is attached to the regulator a hollow eylin-
der with variable-sized orifices which operates as an infector, like a
Bunsen burner As oxygen passes through the Injector Into the con-
necting rubber tubing a negative pressure is set up which draws n 2
variable amount of air depending oo the size of the ordfice. These
apertures have been calibrated so that an fustantaneous provision of
any concentration between 40 and 100 per cent may be provided with
an error of approximately —2 per cent  An Inspiratory valve at the
bottom of the mask prevents rebreathing and accumulation of carbon
dionde, the light latex bag serving simply as an oxygen-collecting bag.
In this apparatuy various axygen concentrations may be securately
provided with minmal respmatory resktance, both fn fuspfration and
expiration and with less than 0.2 per cent carbon dionde under all
circumstances  If rebreathing fs desired the insplratory valve may
be removed from the mask, However [t must be polnted out that
carbon dioxide m percentages as high as 2 per cent Increases the
volume of breathing appruximately 40 to 50 per cent, which by gen-
erally undesirable In dvspnea of cardloresplratory orgin.

In patients who have had operations on the upper respiratory tract
or in any patlent with a tendency to pulmonary edema or with the
slightest degree of obstruction jn the respiratory passageway, the vol
ume of breathing should be kept as fow as possible and particular
care should be exercised to keep the concentration of carbon diadde
below 1 per cent, as both Boothby and Barach bave emphasized. The
reasan for this is that an increase in Intrapulmonary negative pressare
tavars the production of pulmonsry edema, as will be discussed in
that section. It Is therefore necessary to polnt out that the BLB
mask should pot be used with any flow of oxygen below 6 Liters pet
msmite, and preferably well above this level, if there Is any possh
bility that edema of the lungs may be present or If there bs obstroc
thon to breathing.

Since, n the Meter mask, oxygen from the cylinder is diluted with
nir befoce 1t enters the collecting bag resistance to insplration §
avoided even with low flaws of axygen provided the bag s pot ak
jowed to collapse completely at the end of inspiration. Jn severe
dyspnea, pegative pressures are prevented by employing high fiows
of oxygen-enriched afr For example, when the meter bas been set
at 40 per cent oxygen with & flow of 3 Lters per minute, there will be
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an intake of air into the rubber tube leading to the mask of approxi
mately S liters per minute, when the flow is increased to 6 liters a
minute with the meter still kept at 40 pet cent, there will be an {ntake
of twice that amount of air with a provlsion of 6 liters of oxygen and
10 liters of alr thus 16 Liters of the combined mixture will be offered
to the patfent durlng Inspiration witbout resistance. In the B.L.I
apparatus, when 6 liters of axygen pass through the regulator, the
ventilation requirement of the patlent above 6 liters per minute s
obtained partly from the rebreathing bag and when it has collapsed
through suction of air through the sponge-rubber disks. Dilution of
the oxygen with air is thus carrled out by the patient’s effort rather
than by the pressure of exygen from the cylinder

When there is widesprend mofsture in the lung or when pulmonary
edema has actually developed 2 high flow of an oxygen-coriched
atmosphere into the mask should be used to prevent the slightest
degree of pegative pressure developing during Inspiration  Under these
direumstances the Meter mask with the metered positive pressure de-
vice may be employed as will be discussed shortly

When oxygen treatment has been instituted it Is important to main
tain the coocentration of oxygen prescribed to determine that the
appanatus is functioning efficlkently and finally to make the patient
as comfortable as possible during the treatment. When the axygen
tent is used the concentration of oxygen should be tested at least terice
dally and in very fll patlents more often.

The duration of oxygen treatment in prneumonin depends on the
condition of the individual patlent. In general ft may be said that
when the temperature has returned to normal and the pulse rate has
declined it is safe to terminate oxygen therapy abruptly However
in patients with widespread consolidation, especlally If there fs evi-
dence of moksture in the lungs & gradual lowerlng of the oxygen con-
centration is advisable, If interruption of oxygen treatment brings
on a state of dyspoea and cynnosls adminlstration of oxygen is re-
sumed and continued until there Is substantial clearing of the disease
process in the lung. In patients with peripheral drculatory fafture
Interruption of oxygen treatment should be undertaken for only very
short intervals in order to avold cardlorespiratory faflure as a result
of abrupt discontinuance of inhalation of axygen There Is no Indl
caton for gradual reduction of the oxygen percentage In the atmos-
phere in preumonia provided that the lungs have substantally cleared.
If coexistent congestive cardiac fallure should be present  graduoal
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reduction of the oxygen concentration in the atmosphere may be car
ried out, as will be described in the section on heart disease
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Edema of the Lungs

DEFINITION

Edema of the lungs produces suffocation as a result of transudation
of serous fluld from the pulmonary capillaries into the alveoll of the
lungs It is one of the most frequent and serbous causes of anaxic
(arterial} anaxia. Pulmonary edema when fully developed presents
& characteristic clinfcal picture manifested by bubbling riles in the
lungs and sodible gurgling in the throet.

PATHOLOGIC PHYSIOLOGY

Although exudation of serum from the blood in the pulmonary
capillarses into the alveol] is characteristic of all types of pulmonary
edema, the physiologic factors involved depend on the undertying
disease as will be Hustrated below

1 Heart Disease. In this group of cases left ventricular faflure
Is the precipitating cause of the condition frequently ay a result of
coronary artery or hypertensive vascular disease. In attacks of
paraxysmal cardiac asthma, which often occur at night, the amonnt
of blood in the lungs Is increased and it has recently been shown
that the total blood volume is also Increased during aleep  An addi-
thonal influence fs that of the prone osition which promotes a freer

flow of blood into the right be vital capacity is also
when the patient is lying down hragm relatively o
The combination of these vari tances may result
ventricular fablure with a damm in the lungs |
hydrestatic pressure In the pulmo Jes and conseq

ing of serum Into the alveoll explanation

w ulmonary edemsa occur ative weakn

1 took place because b n accumul

] adily increasing p ame tm
s
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right ventricle, the function of which was not Impaired, continued to
pour blood into the pulmonary capillaries

Experimental fnvestigation has shown that this type of pulmonary
edema can be produced in rabbits by the Intravenous injection of
adrenalin  The left ventricle umder these circumstances fafls to dis-
charge the customany amount of blood into the norta nnd congestion
of the lungs takes place at first with exudation of red blood cells and
then with outpouring of fluid Into the alveoll. When breathing is
coaducted under positive pressure, pulmonary edema originating In
this way Is efther prevented or cleared The mechanism appears to
be a direct physical force cxerted on the external wall of the capil
larles counteracting the Increased Internal hydrostatic pressure in the
capillaries and at the same time the elevated intrapulmonary pressure
retards to a variable extent the flow of blood Into the lungs

2 Lobar and Bronchopneumonlia The development of pulmo-
nary edema In preumontia appears to be largely caused by an increase
m capillary permeablility induced by inflammation toxemia, anoda
and, at times left ventnicle insufficlency

3. Peripheral Circulatory Faflure. The lungs may swiftly be-
come edematous in both medical and surgicel shock A marked re-
duction In otygen consumption is characteristic of the severe anoxia
present in this condition Increase In capillary permeability s un
doabtedly Involved but there may also be other etiologic influences
such as eflerent impulses from the central nervous system.

4 War Gas and Industrial Gas Polsoning  The fumes of chlo-
rive phosgene and nitrkc acld exert an irmtant effect on the lungs,
directly increasing the permeability of the pulmonary capiilaries to
serum  The aaplilary permeabllity of the lungs may also be altered
by severe toxic states which may occur in glomerulonephritis and
other disenses.

5 Asthma, Obstructive Lenons In the Tracheobronchial Tree
and the Post tracheotomy State. During obstructive dyspnea due
to asthma (in the absence of pulmonary emphysema) or to lesfons in
the upper respiratory passages which produce resistance to the passage
of air a high negative Intrapulmonary pressure develops which makes
possible the entrance of alr past the polnt of constriction A direct
suctlon action on the pulmonary caplflaries may result In transudation
of serum Into the alveolar cells as well as production of mucus from
tbe intrathoracic bronchial mucous membrane. The heightened negn
trve pressure during the Inspiratory cycle also tends to draw blood Into
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the right heart and at the same time hinders the passage of blood Into
the left beart and Into the extrathorack sorta. Experimental studies
have demonstrated that prolonged pathologically elevated negative In
trapleural pressures are followed by congestion and edema in the lang

An interesting example of the effect of altered pressures in the
mechanism of pulmonsry edema fs found in the behavior of certain
patlents who bave been subjected to trach y for long: dh
laryngeal obstruction  Although no cough or expectoration Is gener
ally present prior to tracheotomy a profuss outpouring of serous and
mucous fluld Into the bronchial tree often necessitates aspiration after
tracheotomy at frequent intervals for days and sometimes weeks It
would seem likely that the pulmonary capillaries previously accus-
tomed to 2 posttive pressure during expiration against resistance de-
velop an increase in capillary permenbillty when positive pressure
suddenly withdrawn. This probably applies to the secreting glands
in the trachegbronchial tree as well The existence within the hung of
consfderable congestion due to high intrapulmonary negative pressures
during the Inspiratory cycle prior to tracheotomy probably &s ah add:
tional factor in predisposing the caplllaries to a change in thelr per
meability

In patients with severe asthma excess{ve repeated infection of mor
phine appears to produce a similar result namely a sudden outpour
ing of fluld Into the alveolar cells due to abrupt lessening of the effort
of breathing which was formerly accompanied by a sustalned positive
pressure during the expiratory cycle exerted on the pulmonary capll-
Iaries However moderate doses of morphine are at hmes very help-
ful by decreasing the volume of breathlng and hence the helghtened
pegative intrathoracie pressure as well as by lessening spasm of the
bronchial constrictor muscles.

A similar sequence of events takes place following the withdrawal of
a large amount of fluld from the chest namely an altered permeablity
of the capillaries which were formerly exposed to a pressure very near
that of the atmosphere and which suddenly become exposed to 2
heightened negative pressure during Inspiration to which they were
not accustomed.

INHALATIONAL THERAPY

The treatment of edema of the lungs depends on the underlylog
coadition but fn so far as the application of inhalational therapy b
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concerned, the eswentlal basis of treatment Is to proyide a positive
pressure_on the walls of the pulmenary capilaties and directly oppose
the tendency for <crum 1o Jeak outward

o In patients who have developed edema during obstruction of the
alr passages the inhalation ofvégygcn-cnr{chcd atmospheres under
positive pressure is indicated, c effect of positive pressure Is to
Jower the pathologically clevated negative pressure present durlng the
inspiratory cycle, decreasing thereby the suction action en the pul
monary capillaries as well as diminishing the d\*pnmr)/ Oxygen ltself
by lowering the total volume of air breathed not only combats anoxla
but also decreases the negative Intrapleural pressure during insplration
because of the diminished volume of \'emlhtkm/ In patients with
asthma or with leswons in the respiratory passagewny which produce
1 constricted orifice the pressure s best adminbstered dunng both in
spiration and explration. o harmful effects have been noted as far
23 dyspnea is concerned by breathing out against a positfve pressure
under these circumstances. In fact, positive-pressure respiration tends
to mafntain a more patent lumen during expiration in the intrathorackc
bronchi,

Posftive pressure during the inspiratory cycle gently blows the oxy
gen-enriched atmosphere Into the lungs past the point of obstruction
thereby decreases the effort of breathing and Interrupts the serjes of
pathophysiologic events which were Instrumental in causmg the edema.

Vin these cases the misture of hellum mth ovgen is of special value
because the lighter-than alr mixture [s itself capable of belng breathed
with almost one-half the physical effort required for the inhalation of
either oxygen or air_ However positive-pressute respiration with pure
oxygen considerably decreases the dyspnen,, Further discussion of the
function of helim will be given under the section on Asthma -

The belium-oxygen hood has been designed to give positive pressure
during inspiration and expiration and may be used with 100 per cent ™~
Qrygen qr A ruxture ol_Bllum and oxygen. Uthe Ppressure at first
employed s between 4 and S cm of water After the edema has
dn:td"whkhmybemnpcﬂcdcime(oimhwn,theplamn
b gradually lowered, generally | gm. every three to four hours ‘The
rapldity with which the pressure s lowered may be varied depending
upon the condition of the individual patlent

In cases who have developed oozing from the tracheobronchlal tree
after tracheotomy it Is deslrable to Introduce a special tracheotomy
tube which projects %~ outward so that & Y-tube may be attached
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toh,umpartcnnnectcdwﬂhmlmpimtorymlvethmaﬂmhupfn
tion to proceed unchanged and the other side connected to a glass tube
inserted into an approprate bottle of water 1 to 5 . as prescribed.
The patlent exheles at first under & pasitive pressure of 5 cm. of water
with @ gradoal 1-cm lessening of the pressure every thres to four bours
until it fs entirely withdrawn. If a tracheotomy tube of this character
is inserted immedtately zfter the operation and explration conducted
under pressure of 3 to § cm of water, there is little lfkelibood that
pulmonary edema will develop or that oozing from the tracheobron-
chial tree will be g burdensome as it generally {s. A special apparatus
may be obtained for this purpose in which & motor blower mnft main-
the desired pressure!

In cases of pulmenary edema duoe to increased permeabllity of the
pulmonary capillaries such as s induced by industrial or war gas
polsoning lober and bronchopneumonia the inhalation of 40 to 100
per cent oxygen with a positive pressure of 3 to 6 an. of water i
indicat Although a postrve-pressure helmet hood is the more com-
fortable and effective method of applying positive pressure the Injec
tor Meter mask metered for positive pressure m expiration has been
successfully employed In these conditions. Even advanced cases of
pulmonary edema due to mhalation of the fumes of chlorine or nitnc
acid bave shown relatively prompt clearing of edemn, and recovery
sfter continugus administration of positive pressure. (See sectlon on
War Gas Polsoning ) In these conditions also the pressure is gener
ally begun at a higher level and then gradually lowered to that of the
atmosphere  When the pressure mask fs employed it Is customary to
begin with 4 cm. pressure for o brief perfod of 10 to 15 minutes If
this pressiure Is uncomfortable to the patient, it may soon be lowered
to 3 cm. positive preasure. In actual practice it is probably more
desirable to begin with that pressure which the patient will find not
too uncomfortable. The postive-pressure meter may therefore, be
set at 3 cn untll the edema fs moatly cleared, and then lowered lo
2 cot and at two- to four-hour intervals decressed (o that of atmos-

phere.
Intbemmpanyingﬂlmu-udau the clinscal response of & patient
with broackop and pul y edema Is fllustrated The

patient was a muddle-aged woman with primary atypleal bronchopneu-
monia in whom the development of acite edema of the lung appeared

This fs made by Pilting and Soos, Philadeiphia, Pr.
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to Indicate a fatal owtcome  Gurgling riles were heard in the throat
and there were widespread molst riles throughout both lungs  The
pulse was 154 when positive pressure was applied with a helmet hood
apparatus—at first 4 em of water with gradual reductlon during the
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Fio. 6 Effect of positivepressure respiration In a case of broocho-
pacamonta,

following 36 hours to 1 cm. of water when it was discontinued. Al
though a mixture of 50 per cent oxygen and 50 per cent helium was
employed, the swift and favorable outcome could be traced to the
positive pressure rather than to the helium. During the first four
bours followmg the application of the hood a dramatic improvement
took place characterized by a fall in pulse rate with increased volume
a marked lowering of the respiratory rate and a clearing of the major
portion of the algns of pulmonary edema. The betterment In the sub-
lective state of thoe patient was equally pronounced dysprea was re-
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to it, one part connected with an inspiratory valve that allows inspira
tion to proceed unchanged and the other side connected to a glass tube
inserted into an approprate bottle of water I to S cm. as prescribed.
The patient exhales at first under a pasitive pressure of 5 cm. of water
with & gradual 1-an. leasening of the pressure every three to four hours
until it s entirely withdrawn. If a tracheotomy tube of this character
Is inserted immediately after the operation and expiratlon conducted
under pressure of 3 to 5 cm of water, there is little likellhood that

)} y edema will develop or that ogzing from the tracheobron-
chhlueewﬂ]beubm‘dcmomcuitgmcmﬂyh A special apparatus
may be obtained for this purpase In which a motor blower unit main-

the deaired pressure.!

In cases of pulmonary edema due to increased permeability of the
pulmonary capillanes, such as is induced by indostrial or war gas
pobsoning, lobar and bronchopneumonia the inhalation of 40 to 100
per cent oxygen with a positive pressure of 3 to 6 com. of water b
indlaug/ Although a positive-pressure helmet hood bs the more com-
fortable and effective method of applying positive pressure the injec
tor Meter mask metered for pomitive pressure 1n expiration has been
succesafully employed in these conditfons Even advanced cases of
pulmonpary edems dte to inhalation of the fumes of chlorine or ntric
acid have shown relatively prompt cleanng of edema, and recovery
after continuous admintstration of positive pressure  (See section on
War Gas Polsoning ) In these conditions also the pressure s gener
ally begun at a higher level and then gradually lowered to that of the
atmosphere. When the pressure mask iy employed it is customary to
begin with 4 cm pressure for a brief period of 10 to 15 minates. If
this pressure Is uncomfortable to the patient, ft may soon be fowered
to 3 cm. positive pressure  In actoal practice it n probably more
desirable to begin with that pressure which the patient will find not
too uncomfortable. The posftrve-pressure meter may therefore, be
set at 3 an. untll the edema is mostly cleared and then lonered to
2 cm,, and at two- to four hour Intervaly decreased to that of atmos

phere.

Inthcuccompnny'h:gﬂ]uamﬂon the clinwal response of a pathkent
with bronchor and p v edemn s Dlustrated. The
patient was a middle-aged woman with primary atypleal bronchopoew-
monla fn whom the development of acute edema of the lurg appeared

1 Th Is made by Pilling and Sons, Philedelphis, P
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to indicate a {atal outcome  Gurgling rales were heard in the threat
and there were whdespread molst riles throughout both lungs, The
pulte was 154 when positive pressure was applied with a helmet hood
apparatis—at first 4 em of water, with gradual reduction during the
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Fio 6 Effect of positive-pressure respiration in a case of broncho-
paeumonla,

following 36 hours to 1 cm of water when It was discontinued. Al
though & mixture of 50 per cent oxygen and $0 per cent helium was
employed, the swift and favorable outcome could be traced to the
positrve pressure rather than to the hellum., During the first four
bours following the application of the hood a dramatic improvement
took place characterized by a fall in pulse rate with Increased volume
2 marked lowering of the resplratory rate and a clearing of the major
portion of the sign of pulmonary edema. The betterment in the sub-
jective state of the patlent was equally pronounced dyspnea was re
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lieved, the patfent rested during the day slept soundly at night, and
following day was apparently out of danger

In patlents with p Ia, clearing of pul y edema may be
followed by recovery in 2 period of 12 to 48 bours, In other cases
the toxemia of the disease may result 1n cardiorespiratory faflure even
after the lungs have been cleared of mowsture It mast be understood
that many of the underlylng conditions responsible for the develop-
ment of pulmonary edema are soch that a fatal outcome may take
place. In this category is the edema which follows severe glomerulo-

tis, cerebral thrombosis or injury to the beain.

When acute pulmonary edema occurs as a complication of left
ventricular faflure, the inhalation of 100 per cent axygen under a posi-
trve pressore of 2 to 4 cm. of water may be followed by disappearance
of the condition. / The eflect of positive pressure in patlents of this
type Is to the entrance of blood Into the right heart, resulting
in & marked increase fn systenuc venous pressure and a prolongation
of the circulation time. The heart thus deals with a smaller volume
of blood, and the procedure is comparable to tourniquets applied to
the ithes and to phleb y In addition the positive pressure
exerts 2 physical efiect on the pulmonary capillary wall as it does In
the conditions mentioned above In 2 norma! individeal inhalation
of gases under the pressure described results in a moderate Increase
in venous pressure but in little or no retardation of the circulation
velocity
VThe development of pulmonary edems in sbock is to be treated In
s manper different from what has been described up to this polnt.
In peripheral dirculatory failare there Is already a deficlent return of
blood to the right heart and the presence within the lung of an -
creased intrapulmonary pressure may further retard the flow of blood
into the right auricle. Although positive pressure has been applied
during expiration to a few cases of this type Inspiration belng con-
ducted wrthont positive pressure, cautlon must be exerted In the treat
ment of pulmonary edema in the presence of shock. The blood pres-
sare should be taken at 10-minute Intervals in order to be certaln
that the degree of pressure employed is not such as to cause an aggra
vatron of the cireulatory fallure already present. Very few cases of
pulmonary edeme in shock have been treated but there Is suffichent
physlalogic evidence at hand to warn agalnst its use except wmder
very earelully controlled conditions and close clinical observation. In
these patlents the intravenous injection of blood or plasma and the
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l:\(l?hlion of 100 per cont oxy gen arc ol bously emergency indications v’
t may be mentloned that two cases of pulmonary edema following
xevere hemorthage from the lung have been successfully treated with
postive pressure applied during expiratiop,” When posithe pressure
Is administered in the helmet hood apparatus the preesure s exerted
during Inspiration and expiratton  Care should be exercheed regularly
to determine that the sytolle blood pressure does not fall more than
15 mm Hg as a re<ult of the pre~sure used  From presvious exp~ lence
it may be <aid that very smail Increases in pressure such as 3 em of
water may be followed by clearing of pulmonary edema when used
over a longer period of time Instead of the application of pressures of
6 cm. of water  When the mask is employed po<itive pressure is ex
erted on the lung only during expiration  During the inspirntory cycle
there is therefore a free flow of blood into the lung.

The function of posithe pressure in expiration may be compared
to the mechanism of the expiratory grunt in lobar pneumonia  Obeer
vations made on a tracheotomized subject who slmulated grunting
repiration revealed that pressures as high as 20 to 40 cm of water
were obtained 1n a manometer connected to the larynx from the trache-
otomy tube It seems reasonable to accept the hypothesis that there
are physialogic edvantages to grumting in certain resplratory conditions
such as lobar ppeumonfa asthma and emphysema An additional
functlon of positive pressure duning explration is seen n patlents with
bronchial asthma in whom it tends to prevent constriction of the intra
thoracke bronehi at the end of expiration

Another form of inhalational therapy that is at times of considerable
value in the treatment of pulmonary edema Is the inhalation of the
vaporized spray of 1 100 epinephrine and 1 per cent neosynephrin
Although these substances may be inhaled by squeering the hand buib
attached to the ordinary nebulizer a more effective and prolonged
effect 1 obtained by vaporizing the solutions through the passage of
2 stream of oxygen, 4 liters per minute from a high-pressure oxygen
tank  The end of the nebulizer s held in the open mouth and the
pebulin Iy graduafly inbaled over a perfod of 5 to 15 minutes depend
ing upon the dose In patlents with bronchlal spasm such as may
occut in asthma in virus preumonta or in certain forms of war gas
Paisening the Inhalation of the spray of 05 cc. of 1 100 epinephrine
is of considerable value tn relieving bronchial spasm. In other cases
where there {3 congestlon of the mucous membrane of varkous parts
OIlheundmbmnchhlumthch\hnhﬂounfltchc,o(lpcrcmt
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neosynephnn is also of help In some cases 2 mixture of 1 cc. of
each I employed. The patient inhales the vapor of these two sub-
stances at Intervals of two to four hours depending upoa the indi-
vidual requirements of his condition Neosynephrin is an efficknt
vasoconstrictor but it is not considered a good bronchodilator
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Congestive Heart Faillure

DEFINITION

In congestive heart failure there is a damming back or congestion
blood in the lungs or In the peripheral organs due to fallure of
: heart to maintain Its normal output of blood This impalrment
the function of the heart may take place as a result of rheumatic
cer syphils hypertensive vascular disease and coronary sclerosts,
wrdnac faflure may develop as a result of hyperthyrordism pulmonary
mhveema, pericarditis as well ns infectlons of the beart vahe and
her dlscases Dyspnea, cough and edemna are the dominant clinical
atures
PATHOLOGIC PHYSIOLOGY

1f the function of the right ventricle s mpaired there is a damming
[ blood in the extremities and abdomen as 2 result of faflure of this
rgan to discharge its customary allotment of blood into the lung
his may be due to Increased resistance In the lungs themselves for
mmple by pulmenary fibrosis or to valvular right heart disense or
> a disturbance 1n the heart muscle {tself In failure of the left ven
ncle there i a congestion of blood in the lungs, and 4 is in fact this
ongestion which results from left ventricular insufficiancy that is the
wst common cause of right ventricular fallure since under these cir
umstances the right heart is forced to deliver blood into the lungs
mder increased pressure

As a result of inefficlent contraction of the left ventricle there is an
ncomplete emptying of this chamber with restdual blood under in
Teased presyure remaining in {t. The left auricle then delivers less
slood into the ventricle until a pew equilibrium Is reached at a high
evel of auricular pressure  The lungs become engorged with bloc
23 the Increased anricular pressure fs reflected backward into the pu
monary capfllanes. If the pressure of blood In the capMaries becomy

9
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sufficlently incressed, serum then passes through ther walls s de-
scribed in the section on pulmonary edema. Since an increased amount
of blood s present in the pulmonary capfllaries the valume of the air
spaces {s correspondingly diminished with the result that the amonnt
of air that can be taken Into the lung 18 decreased This is determined
by measurement of the vital capacity

The velocity of the dreulation through the Iungs 1s also dimmithed.
The axygen saturation of arterial blood falls below the normal range
due to impalrment of diffusion through swollen alveolar membrans »3
well as through an unequal and efficoent distribution of afr in the
alveoll of the lung. It is probable that small alveolar ducts may be
in places markedly swollen so as to prevent entrance of air into the
alveoll of some sections of the lung  Blood in the palmonary capll
Iarres may thus be exposed to & Jowered oxygen pressure as it passes
through these alveoli and hence become Iadequately axygenated

As a result of the prolonged time of arculating blood through the
tissues a proportionally large amount of oxygen is taken from the
blood by the tissue cells with a consequent fowering of tissue axyges
pressure. The type of oxygen want due to slowed circulation is termed
stagmant amoxsa In left ventricular insufficency, however the body
suffers from a combination of anexic or arterial anaxia and stagoant
Anoxia, since pulmanary congestion with at times areas of edemd
results ;m a lowered asterial oxygen saturation as well as 2 lowered
venons saturation. The volume of breathing s Increased Ip the pres-
ence of Impairment of function of both the crrculatory and respiratory
systems and 1t i because of the events just related that the symptoos
of cough and dyspnea are produced.

When the right ventricle falls to empty itsel{ completely there b
2 damming back of blood Into the systemic organs, such as the splees,
Iiver Lidneys and into the extremities The velodity of the circnls
tion from the extremities to the lungs 1s diminished and the veoots
oxygen saturation Is lowered. Since right-alded heart faflure s gener
ally accompanied by some disturbance in Img functlon the arterhal
oxygen saturation is generally Jowered also.

The cause of shortness of the breath in congestrve heart fafture bas
been extensively studled The filling of the pulmonary capiliaries
blood results in an impairment of the elastic quality of the hung
Explration becomes m part an active muscular effort, as shown by !
positive or pearly positive intrapleural pressure during the explrator]
cyde. In addibon to impaired diffasion of oxygen through the edema
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tous or congested nlveolar wall the decreased elasticity of the lung
re<tlts in unequal ventflation of the lung and the peripberal alveoli
may be hyperventilated at the expenee of thowe more deeply sltuated
The duTusion of carbon dioxide i< however not jmpaired since this
fas {s 30 times as <oluble in tiscue fluld as oxygen  In fact there ks
a dminution of the alveolar carbon-dioxlde percentage durlng the
tage of congestive heart fallure in many cases  This is due to the
Increase in volume of breathing which Is fteelf cauced partly by anoxia
and partly by proprioceptive reflexes that emanate from the engorged
Tung.

A caute of cardiae dyspnea may be found In the increased breathing
requirement  the increased volume of ventilation which the patlent
Is forced to employ in the presence of an engorged and heavy lung
Although the sensation of dyvspnea ks transmitted from afferent nerve
fmpulees which Jead Into the tentral nervous systems from the alr
passages, lungs and moving framework of the chest, the important
phy~lologic factor is contributed by anoda. The presence of tissue
oxygen-want is doe In part to a slight or modemate lowering of the
arterlal oxygen saturation and to a condition of stagnant anoxia In
which the partial pressure of otygen in the cell falls below the normal
Jesel  Emphasis on the fmportance of the respiratory exchange is
required since there has been an overevaluation of the factor of pul
monary engorgement in the causation of cardlac dyspnea.

Although ft is achnowledged that shortness of breath in beart faflure
s often proportional to the diminution of vital capacity the increased
volume of breathing fs not primarily due to proprioceptive reflexes that
emanate from the congested luny but rather to the state of tissue
anoxha which engenders an elevated ventflation This has been con-
clusively proven In certaln cases of congestive heart faflure fo which
the shortness of breath was relieved 48 hours after restdence in an
OGTen room at which time the vital eapacity was unaltered or lower
than it was priof to treatment,

The decreased dyspnen in the presence of elther no change or even
an increase in congestion of the lungs furnishes striking evidence of
the fmportance of chemical factors in both the causatlon and the treat
ment of cardiac dyspnea and equally good evidence for the thesis
that proprioceptive reflexes play a secondary réle in the maintenance
of dyspoea in those patients fn whom Inhalation of high concentrations
of oxygen ks followed by a decremse in the volume of breathing
Patlents with left ventricular failure are dyspneic as a result of an
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increased ventllation which mantains an arterial oxygen saturation
that fs 20 near the normal level as to have aroused in some Hvest!
gators the erroneous opmion that arterial anoxia was too slight to be
a factor In the etiology of cardlac dyspnea It may be mentoned
bere that a lowered pulmonary ventilation is less apt to resuht from
oxygen imhalation in patfents with rhemmatic valvular diseass than In
cardinc faflure due to coropary scleross or hypertensive vascular
disease.

Additional evidence that propriceeptive reflexes have been over
emphasized in dyspnelc states has been submitted In connectlon with
the Increase in breathing praduced by exercise in men and animaks.
Although the heightened pulmonary ventilation after exercise had been
ascribed to reflex causes, studfes on normal men have proven that the
effective stimulus was chemical and not reflex. When subjects walked
on a treadmill total schemin of both legs resulted in a marked fall
in pulmonary ventilation, even though the nervous pathways were
intact. Release of the {schemia was followed at once by a marked
hyperventflation

The complete cessation of volantary breathing with arrest of lung
movement produced in the equalizing-pressure chamber s additiooal
testimony toward the mportance of the chemfeal regulation of breath-
ing as opposed to the emphasis on proprioceptive reflexes streaming
from the lungs.

Even the presence of a normal artenal axygen saturation does not
indicate that the patent Iy not snffering from anoxia. In a reported
case of congestive heart faflure due to hypertensive vascular disease
the arterial oxygen saturation was found to be 96 per cent. Thb
patient nevertheless regained compensatfon as a result of contlnuous
axygen therapy for a perod of four weeks although previomly em-
ployed bed rest and routine measures had accomplished little or mo
improvement. It must be remembered that during the drawing of
arterfal blood patients frequently hyperventilate to such an extent 23
to increase the oxygen concentration of alveolar alr  This temporasy
elevation m the axygen concentration of the alveolar air may be re-
spoasible for & rise of the oxygen saturation of arterlal blood as much
as 10 per cent above the patlent s basal level. Excitement and &
translent stimulation of the respiratory center account for some ol
the tugh ohservations reported on the arterial ovygen saturation n
paﬂ@y_.wn_hhnndiscue but they do not reflect in many instances
the degree of anoxis present when the patfent b resting quietly
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The tesponse of the paticnt referred to above will flustrate a
tecently discovered phy<hologic mechanlem nvolved in cardlac dyzp-
ner  On the tenth dav folloning inhalation of 45 per cent oxygen the
arterial oxypen saturation had rien from 96 to 99 per cent with an
marease tn the carbon-dioxsde content of the arteral blood from 46
to §7 volumes per cont  The ovygen capacity decreased from 18 6 to
15 6 volumes per cent  The drop in hemoglobin was lacger than that
wually found as a result of inhalation of oxygen.

The behavior of carbon dioxide in the blood is one of the most
lateresting physiologic conwequences of otygen therapy in patients
with chronic anotemic dvapnea and will be additionally discussed in
the chapter on Pulmonary kmphy<ema  The immediate cause of the
increase In carbon-dioxide content in the blood fs the lowered pul
monary ventilation which {s initiated by inhaling a hizh oxygen per
centage In the atmotphere  The resultant higher pressure of carbon
dwnide in the blood accomplishes a faster rate of diffusion through the
palmonary capillarfes into the alveolar afr and therefore a corre
sponding increase in the ehimination of carbon dioxide per unit of air
breathed. A gradual replacement of chlonne Ions in the blood by
carbon diaxide occurs which ultimately malntains the acid-base equi-
librjum of the blood within the normal range

The increased blood content of carbon dioxide during oxygen treat
ment contintes as long as the lungs are congested with blood and
edem,  Despite the high carbon-dioxide pressure, the dyspaer is pro-
gresstvely relieved In fact the increase in carbon-dioxide content in
the blood during the early stages of oxygen therapy makes passible an
eficient excretion of carbon dioxide 1n the presence of & lower volume
of breathing  Thus when the pulmonary ventilation falls from 12 to
6 lters per mmute at the end of the first two weeks of axygen treat
ment, the eliminatlon of carbon dioxide continues in the same gwanzity
because there has been an mcreased percentage of carbon diaxide in
tbe expired a;r  When the lungs finally clear the carbon-dioxide con
tent of the blood and of the alveclar air returns to normal even durlng
cootmued residence in & high oxygen atmosphere since free diffusion

of carbon dioxide is sow possible throngh unimpaired pulmonary
capillarses.

In Fig 7 the effect of tnhalation of 50 per cent oxygen for a two-
weel persod is fMustrated 1 a patlent with congestive heart fallure.
The fall in pulmonary ventflation from 119 to 6.2 liters per minute
*23 accompanted by a decrease 1n basal metabolic rate from +29 to
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ceptive refleses In mantmming cardiac dyspoea. In other words
when the volume of breathing is lowered foward the normal level
there 13 relief of dyspnea, and at the same time n lessened sthmuhue
to the afferent nerve endings In the lungs and moving framework of
the chest wall.

The explanation of the druresis that develops in patrents who re-
spond favorably to axygen trentment fs at least in part due to more
efficient functioning of the heart moscle. The fact that there Is 2
fall in blood chloride suggests that this may play some part In facli-
tating the increased urinary output That the diuresis Is specifically
due to the inhalation of axygen has been repeatedly shown by the
withdrawal of oxygen during the early stage of treatment, and the
demonstration that unnary eutput then promptly falls,

Another instance of the effect of anana in maintaining cardiac
dyspnea occurs in Cheyne-Stokes dyspnea {n which inhalation of 100
per cent oxygen generally terminates perfodic breathing immediately
whereas mhalation of 50 per cent oxygen relieves the dyspues more
gradually as compensation is regained.

INHALATIONAL THERAPY

VIn acute cardiac msufficlency the mbalation of axygen-ennched xt
mospheres between 50 and 100 per cent Is Indicated, irrespective of
the cause Oxygen therapy should be continued until the patient 1
no longer suffering from acute anoxta. /

“n patlents with ckromc cardiac lnsufficiency the decision to eoploy
oxygen therapy depends on the cause In cases with valvalar heart
disease with evidence of rheumatic activity inhalation of cxygea
does not generally produce a striking result. The relief of dyspoea
and the betterment of cardiac function are apt to be temporary How
ever in patients with arteriosclerotic heart disease coronary scleroshs,
and bypertenshve vascular disease, continuous inhalation of 50 per
cent oIygen may restore coap fon when other have
proved unavalling, In carrying out a program of oxygen therapy
routine procedures should also be employed Mt is of especial tmpor
tance to restrict sodlum chloride and sodum bicarbonate since it bas
been found that the ingestion of salt will prevent the duwresls whih
would otherwise take place as 2 result of oxygen therapy, Totake of
fruids without sodium need not be diminished » When oxygen therspy
bas been decided uwpon m the treatment of congestive heart fallure
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the aim should be complcte restoration of cardlac functlon A program
which will consume between three amd six weeks may be described
as follows/
vihe ovygen concentration in the atmosphere prosvided the patlent
should be pot texs than 50 per cent since it has been found that lower
concentrations may be Insufficient to achieve the improvement desired,
There {s reason to believe as a re<ult of clinleal studies that higher
ovygen concentrations of between 60 amd 70 per cent may be addi
tionally valmable because of the increace in phy<ically ditsolved oxy
gen The patient will then inhale as continuously as possible an
oxypen-enriched atmosphere consisting of 50 to 70 per cent oxygen
vDuring the first three days dyspmca restlessness and apprehension
generally <how 2 marked Improvement, During the following three
davs, Increasing rellef of dv<pnea and orthopnea occur, and the din.
Tesis bcmn:/ The increated output of fluld §s generally manifested in
a rise in urinary output although the total decrense In body weight
1s frequently much larger than can be accounted for by the difference
between intake and oatput of flutd The output of salt In the urme
Increases to & maximum and then is gradually lowered paralleling
the urinary secretion
Vfhe carbon-diaxide content in the arterial blood Is apt to reach its
belght at the peak of diuresis and gradually fall as the lungs become
less congested,, *During the <ccond and third week of Inhalation of
50 per cent oxygen there is additional improvement, manifested by
an elevation i the vitnl capaclty and dectense in edemn of the ey
tremities VAV the signs of congestive fallure have disappeared or
have 1y decreased the patient is prepared to breathe atmospheric
a+ G¥adual lowering of the oxypen concentration during the follow
mg week fs demrable in order to prevent the possibility of recurrence
of cardiac faflure v*The oxygen concentration bs therefare lowered to
40 per cent for two days and 35 per cent for three days.” When the
percentage of oxygen has been reduced to this level the nasal cathster
may be employed {or an additional two to five days & flow of § liters
Pet minute bewng gradually lowered to 2 liters per minute followed
by complete cessation of oxygen treatment. An alternate procedure
1 to dispense with axygen completely when the concentration has been
bwuedmbetm}OlndSSpcrctutcmwe&nﬁerthodgmui
dyspnea and edema have disappeared, v~
In selecting the method of treatment comfort of the patient should
becunsid,ﬁtd:hxethedundmuiuxygenmhnlathnh-bngcrom
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than that employed in preumonia. Although the oxygep _room pos-
sesses real advantages in this respect, because of its roominess and
nbsence from any appliance to the face a large well ventilated ovygen
tent with a completely transparent pliofilm or plastocele canopy camses
1o feelmg of claustrophobia and appears to be the most comfortable
method. In cases in which adequate technlcal supervision Is ot avai-
able or in which expense of treatment Is a consideration, the simpler
appliances to the face may be employed. Vihe rubber catheter with
placement in the nasal or oral pharynx or an axygen mask may be
used. Mf the BLB apparatus is employed oxygen should be ad

ered at a flow of not less than 6 liters per minute and preferably
7 or 8 liters In order to avold accumalation of carbon dioxide.

If the Injector Meter mask s used the flow of axygen may be
adjusted to that which Is required to keep the collecting bag from
completely collapsing at the end of Inspiration The meter shodld
be set at the oxygen comcentration desired. If the dyspnea is pot
excesalve 5 to 6 lters per minute of oxygen administered from the
regulator will keep the collecting bag sufficlently full and also peo-
vide & concentration of 50 per cent oxygen The carbon-dioxide per
centage is always 0.2 per cent or lower due to absence of rebresthing.
In regulating the flow of axygen from the regulator it Is important to
spend a few mmutes at the start of treatment to determine the cffect
of the oxygen-enriched atmosphere on the pulmonary ventilation. A
patient may at first requre 8 to 10 liters per minute to fulfill the
requirement of his ventilation. After he accustoms himself to the
apparatus the volume of breathing will decrease, in part due to ks
sened stimulation of the respiratory center because of excltement and
also because of the relief of anaxia. At the end of two to three
minutes it may be found that a flow of § to 6 liters per mintte b
zdequate fe. to prevent the collecting bag from collapsing at the
end of inspiration.
~During the period of cxygen treatment it should be remembered
that digltals and the mercurial dmretics should be employed in tbe
same manner as would be indicated In the absence of oxygen treatment/
There 13 little or no indication for restriction of fluld but compete
elimination of sodlum in the form of salt and sodium bicarbonate B
essential for restoration of compensation In cases of chronk congesthee
beart faflure treated with oxygen. The duration of Improvement d¢
pends upon the condition of the individual patient and the local e
vtrunmcnt!owhk:hheretums,butlnscmclnmnce!oflhh!w‘d
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crapy compensation has lasted for perfods in excess of one to two
ars  In other patients, recurrence of cardiac inwufficiency has taken
ce at a shorter Interval and necessitated another course of ovygen

erapy
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Coronary Thrombosis and Coronary
Sclerosis

DEFINTTION

In coronary thrombosts an acute obstruction of & branch of ooe
of the coranary arterfes takes place genernlly due to the development
of a thrombus which results in infarction or death of the heart moscle
supplied by the occluded artery It occurs most frequently o casss
of hypertension and arterlosclerosis especially in patients who bave
previously suffered from the syndrome called angina pectorls. The
outstandmg symptoms are severe paln over the heart or In the upper
abdomen, followed by shock and at times collapse in some cases by
cangestive fafiure.

Coronary sclerosis 1s generally manifested by perfodic attacks of
pain in the reglon of the beart or epigastrium with or without radiation
to the arm or the jaw Pain of a simflar nature may be dus to aortic
stenosls or to syphilitic aortitls In which there is an obstruction to
the flow of blood at the mouth of the coronary artery When the
coronary artery has been narrowed by plaques of sclerosis a resistance
to the flow of blood is present which is apt to produce cardiac pain
under conditions of exertion sclerosis is also a predisposing cause of
thrombatic occlusion of the affected vessel

PATHOLOGIC PHYSIOLOGY

In patients with narrowing of the coronary artery due to sclerosls
or spasm, cardlac pain fs generally produced by circumstances which
incrense the oxygen consumption Physleal exercise eating, and emo-
tional excitement are frequent causes of pain over the fure.
The concept that anoxia of th nuscle I8 respons” "
pain has been strengthenec’® made in tecent
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it has been found that inhalation of 10 to 12 per cent oxygen for a
perdod of 20 minutes will frequently result in paln over the chest as
well as a characteristic alteration In the electrocardiogram, especially
depression of the T wave and the S-T segment  Conversely, the relief
of precordial pain by inhaling high concentrations of oxygen 1s alw
evidence that the precipitating cause of angina fs anoxia and the
resultant metabolic products of deficlent oxidation in cardiac muscle
In many patients inhalation of 100 per cent oxygen results in an
devation of the T wave in one or more leads. In many cases of
coronary thrombosls inhalation of 100 per cent oxygen results in
prompt telief of severe pain cven when previaus injection of morphine
and aminophy liln have not relieved the condition

The «eventy of coronary thrombosts depends wpon the diameter of
the obmtructed artery  Although agonizng pain is characteristle, there
are other patients who complain of only moderate distress. In some
patients a state of profound shock develops quickly charcterized by
& progresshe fall in blood pressure a cold clammy skin and marled
anxlety If a large area of the heart muscle has been affected con
gestive heart fabute may take place as a result of the Inability of the
beart to delrver its customary volume of blood At times edema of
the hogs follows with even more severe generalized anoma. The
beart muscle is pot only deprived of oxygen in the Infarcted area but
may ako sbow impairment In its function as a result of a lowered
arterial oxygen saturation due to pulmonary congestion or edema in
the lungs.

Inhalation of 10 per cent oxygen has been employed as a test of
cotonary lnsufficdency  since it frequently produces paln in pathents
with coronary sclerosis and shows electrocardiographic changes quali
tatively and quantitatively different from those which are seen in
normal indniduals during inhalation of low oxygen mixtures  Phvsio-
logic studies made during the Inhalation of a 10 per cent axvgen mix
ture have revealed that the heightened volume of breathing induced
by ancxia by followed by & marked loss in carbon dloxide with a shift
m the acul-base equilibrium to the alkaline side. When the alkaline
shift has been prevented by inhaling 10 per cent oxygen with 2 or 3
per cent carbon dloxde there is genernlly absence both of the symp-
toun of anginal pain and of the electrocardlographic changes sald
to be characteristlc of anoxia except in patients with narrowing of
the mouth of the coronary artery such as In luetic sortltls  This
finding {ndicates that alkalosls §s significantly valved in the produc
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tfonofmrducp&ln,rmﬂthgluspumoflhewm:)m
probably also In jschemic contraction of the smaller blood V:sye::
the coronary drculation. The result of alkaloals Is Increased tissme
anoxia, in additon oxygen s more firmly bound to hemoglobin when
it ts alkaline, Thchxhalaﬂuuuflawoxygmminnmdoanaum
ally produce the signs of coroary wnsufficlency when alkalosis ko
been prevented by the sirnultancous inhalation of small percentages
of carbon dicxide which admittedly also duninishes anoxis.

INHALATIONAL THERAPY

u the treatment of patlents with coronary scleross who have re-
peated attacks of angmal pain, the ichslation of pure axygen is a
measure of considerable value It may be used not only for the
reltef of paln 1n those patients in whom nitrogtycerine produces head-
ache but it also may be employed as a measure which diminsshes the
frequency of attacks In patrents who have two to ten aftecks of
anginal pain dafly the Inhalatlon of 100 per cent oxygen fot a period
of 30 minutes twice a day at times results In a siriking decresse In
the number of attacks of anginal pain and an increase in exercise
tolerance However this improvement does not take place in cases
of luetic aortitis or aortic stenosis

~\Vhen patlents with coronary occlusion reveal elther the symptom
of shock or cardiac faflure the inhalation of oxygen in concentratioms
between 50 and 100 per cent Js urgently indlcated, Even tn cases n
whick relatively few symptoms are present the provishon of oxygen
therapy at the bedside should be instituted fmmediately since & pro-
gression of the thrambus may result in shock aggravation of anetd
and in death due to cardmc fosufficiency Rest In bed, warmth aed
morphune are madequate therapy In the majority of cases of coronary
occluslon.  The results of continuous oxygen treatment, described fa
a sufficlently large series of cases revenls unmistakabie Iroprovement
beginning within one to three hours after the adminlstration of onEeL
Relief of pain is striking the breathing Is less labored restlessness
duminkshed cyanosls s decressed or abolished  Other {festations
of the value of oxygen treatment are the disappearance of Cheyne:
Stokes breathing if present, a slower heart rate, and aa ncreast in
the volume of the pulse When oxygen treatment is discontinued be-

3 Uspublished cbaervations of Barach, A. L, and Steiner Allred.
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fore an adequate readjustment of the circulation has taken place, there
may be a recurrence of the symptoms of the conditlon
“Although the Injury to the heart muscle may be so extensive as to
make recovery Imposible it has been decisively demonstrated that
the fnhatation of high concentrations of oxygen is responsible for the
saving of life when no other measure could accomplish the same result -
VEven though the oxygen waturation of the arterlal blood may be nor
mal, #t hould be borre in mind that the inhalatlon of 100 per cent
ovygen is accompanied by a slgmificant increace in the physically dis-
solved oaygen of the arterial blood leading to the collaterals of the
occluded blood vessel, This results in a subdtantial increase in the
pressure of oxygen avaflable to the heart muscle which may maintain
the function of the circulation as a whole even In the preeence of a
con<iderable area of infarcted and functionless cardiac muecle In
“vere cases osvgen treatment should be continued for approximately
five davy after on<et of the attack.

Although the axygen tent Is generally the most comfortable method
of providing concentrations of oxygen of 50 to 60 per cent, the catheter
interted in the oml pharynx may be employed to achweve a similar
result  When the condition of the patient Is grave with shock or
congestive falure an oxygen concentration of 100 per cent is desir
able. A mask ovygen apparatus may therefote be employed with a
high flow of oxygen in excess of the pulmonary ventilation of the
patient, namely between 12 and 15 liters per minute  If the condition
of the patlent shows impros ement after the first day or two the oxygen
percentage may be gradually lowered to that of SO per cent and

finally ciscontinged after a perlod of 4_to 6 days depending upon the
chinical state of the patient.
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Shock

DEFINITION

The term shock Is commonly uted to describe fallure of the circu
latlon which Is not caused by cardiac insufliclency but primarily due
to failure of the peripheral circulation  Primary shock designates the
state of arculatory failure which Immediately follows an injury  Sec
ondary shock refers to that type of failure of the arculation in which
there h a more prolonged interval between the Injury and the develop-
ment of symptoms DPrimary shock s predominately of reflex orign
and secondary shock Includes in addition the injurlous consequences
of chemical as well as physical mechanisms such as trauma and hemor
thage  The clinical state Is characterized by a rapid fecble pulse,
shallow breathing collapse of the superficial veins a marked decrease
in artenal and auticular blood pressures cold and pale extremities
sweating and apprehension followed by a depressed sensonum

PATHOLOGIC PHASIOLOGY

Although the clinical manifestations of well-developed shock are
characteristic, the pathogenesis of the condition varles widely and it
i altogether probable that the physiologic state itself 1s sublect to
considerable differences in individunl patlents Despite many diver
gent theordes of the origin and nature of shock there s agreement
concerning the fact that a decreased return of venous blood to the
right heart takes place In well-developed shock there b n most
mstances a decrease In the volume of circulating blood. A marked
decrease in cardinc qutput results from the diminished entrance of
blood nto the beart, producing a profound stagnant apoxia in the
tinue cells. This is also portrayed by the severe lowering of the
total oxygen consumption.

The marked tissue anoxia results ln increased capillary permeabil
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ity, with exudation of serum into the tissue spaces, In some cases
manifested by the development of pulmonary edema. In some [tients
the kadneys are no longer able to excrete waste Pproducts adequately
with the result that the acd-base balance In the blood fs not main-
tained and the nonprotein nitrogen in the serum Is Increased The
ﬁmcﬁmsofnﬂthemgms[nthebodymundaubud]yhnpwedto
a vanable degree.

In appraming the pathologic physiology of shock, two maln charac
teristics of the condition shonld be kept In mind (1) A persistent
progressive state of low blood pressure which may be around 70 mm.
Hg or lower and (2) & persistent decrease in cardiac output. In
most patfents with shock the volume capacity of the vascular system
1s relatively Iarger than the circulating blood volume, Whether the
blood vessels themselves are relaxed or whether there is a total
decrease In the absolute circulating blood volume or both, are qoes-
tions that cannot be declded at this ime.! However, the result is a
diminished venous pressure a decreased filling of the right heart, and
an inevitabls reduction 1 cardlac output accompanfed by a decline
in arterml blood pressure and 2 dimunished volume of circulation to
all organs. Attempts to compensate for the diminished effective aren-
lating blood volume are (1) an increased rate of the heart and (2) 2
reduction In the volume of the blood reservours such as the spleen
and probably also the liver As these mechanisms fall to competmsate
for the candition and the arterial blood pressure continnes to declioe
varying degrees of compensatory vasoconstriction occur fn parts of
the body which are relatively less sensitive to anoxia, such as the skin,
conpective tlssue abdommal viscera, and voluntary muscle this per
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lts the avaflable cireulation being contlnued to a larger extent to
he brain and the heart organs which are most sensitive to anoxia

As the volume of circulation becomes progre<sively diminished there
re arcas of relative f<chemia which produce an Increace in the perme-
bility of the capfllarfes with the con<equence that the <erum and
roteins of the plasma pass Into the extravascular tissues and red
¢lls accumulate In the dilated capillarles A decrease of the metabo-
km of the tissues and organs #o affected takes place with a marked
otal lowening of the oxygen consumption and contwquent increase
n tissue anodda. A vicious cycle Is then set up becauce the discrepancy
xtween the creulating blood volume and the vascular volume is
xaggerated by the abeolute decrease in the circulating blood as well
18 the increace in the vascular capaclty due to relaxation of the eapll
arles. The return of blood to the heart Is thus additlonally decreased
with & lowering In cardiac output and arterial blood pressure the total
minute volume of the circulation to the tissues is further reduced In
the end there Is more marked depression of capfllary and tissue func
tion, & final drminution in the effectiveness of cardiac emptying and
mote severe tissue anoxia ending In death,

In expenimental ob<ervatlons on shock produced by long-continued
bemorrhage, reductlon of cardiac output and of blood volume fre
quently does not take place during the Initial stage of shock It may
be that compensatory processes take place in response to the diminu
tion of blood volume by hemorrhage such as a reduction In the
capacity of the blood reservoirs the spleen and the liver and in
addition absorption of fluld from the tissues which thus may main
tain a relatively normal cardlac output Flnally however as the
sysolic blood pressure drops a fall in cardiac output does take place.
Durhgthcsugelnwhkhlhenortkpmmebdcdlnmgunmult
of contimued hemorrhage the blood flow to the skin and muscles Is
decreased more rapidly than §s explained by the fall in aortkc pres
sure  Although vasoconstriction may be a factor in explaining this
phenomencn it does not appear to be the only Influence at work
The brain and heart do not show 5o great a reduction of blood flow
during shock as do the skin and musdes. In burn shock determina
tlon of the hematocrit reveals a concentration of red blood cells elther
during the initlal or later stages of shock which suggests that a loss
of plasma takes place Coatraction of the spleen may be the cause
of some of the increase in red corpuscles In the circulatmg blood but
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bcmooonommﬁonmayﬂmoccuranbeendphmofahoctwhrume
spleen has already become fully contracted.

Accampanying a marked drop In systolic blood pressure the mets-
balic rate of the experimental animal invarmably begias to fal. Thes
the systolic blood pressure reaches 70 mm. Hyg the decrense In exygen
consumption is considersble and s assoclated with a lowering of
body temperature. This is In all probahility explalned by the fact
that the flow of blood through some tissues is decreased or abyent so
that no oxygen 15 consumed in the cells of many organs. Decreased
reactivity of the experimental animal as well as the patient Is geoenally
observed, which also contributes to the lowered basal metabalism,

A few Instances of the preapitating canse of shock may be men-
tloned Shock may be cansed by burns, with & consequent loss of
plasma from the blood by injurles in which there may be a bocal los
of fluld in the traumatized area and fn which nervous reflexes may
play an important part. Other mechanisms have been described, such
as impairment of capillary function caused by histamine the potas-
sfum fon, or sotme other product of tissue necrosls Prolooged and
severe hemorrhage s a common cause of ghock and clinical diseases
such as coronary occhusion, Intesting] obstruction Addisons diseasz
cholera prolonged anesthesia severe debydration and poeumonts.

In the treatment of shock the admunlstratron of Intravenous fuid
to overcome the discrepancy between the diminished circulating blood
volume and the relatively larger vascular bed Is the most commod
procedure  The introduction of plasma or whole blood fs frequetly
followed by beneficial results and until the phase is reached I which
beart faflure itself takes place this appears to be the procehore of
cholce. Smcetbemndlﬁwbprlmxrﬂyldimmuﬁwintbemm
of circulation to the various organs in the body and because It i3
progreasive accompamed by local fschemln and severe lowering of the
oxygen cousumption inhalation of 100 per cent oaxygen should be
employed in order to combat the profound ceil anoxis.

The fact that immediate clinlcal improvement mxy not in some c8ses
follow axygen Inbalation is not an argument agatust ris critical vafue
ncsymptomsofalﬂmdennoﬂamypdﬂnforumubaﬂ;
after the blood oxygen saturation has been restored to pormal 23
shown by the experience of men suffering from mountain sicknets
whomaymmlnmlormanyhoumdtcrretmntonlca"m‘“m;
phere. ’Ihcrcisnofmdﬁaﬂonfnnﬂaw{ngmchlmfofih
anosla to go untreated, since physiologic studies have shomn
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os<ible to rafse the thsue oxygen tendon subtantially through In
reace in the physically disswobed oxygen  The damaging effect of
nenda (to the eatent preeent in xhock) Is no longer open to question
1 respect to centril netvous system and cardiac function  In both
hinical and experimental investigations inhalation of oxygen has been
ound beneficial  Although oxygen administration does not restore
he circulation to normal functioning 1t may prevent the conwquences
f anotia to a degree that will aid in the recovery of the patlent
he dramatic improvement in patients with shock after coronany
cchusion s evidence that inhalatlon of oxygen is at times of lifesaving
alee in this type of peripheral arculatory fallure

Some obtervers have found that adrenal cortical extract diminishes
apillary permeability and clevates blood pre<sure fn experimental and
linical shock especially that caused by burns  Ncosvnephrin hydro-
hloride has also been used since it Is followed by an elevation in
vstolic pressure and a decrease in heart rate

That inhalation of pure oxygen under three atmospheres pressure
a3 pot been found valuable In experimental shock jn dogs cannot be
ccepted as evidence that 100 per cent oxygen s not therapeutkeally
idvantageous in human shock  Oxygen under three atmospheres
Auses an accumulation of carbon dioxide in the tlasues thus increanng
be acldosis In shock and adding an additlonal toxic factor ie oxygen
polsoning. Inhalation of 100 per cent oxygen at atmaspheric pressure
has on the contrary been found to be helpful in experimental shock
I doge.

From the point of view of anaxia It may be sald in summary that
nhalation of pure oxygen has been followed by clinical Impro ement
o both experimental and human shock the content of oxygen in
arterial femoral veln and right heart blood has been shown to be
substantlally Increased when 100 per cent oxygen was breathed Le
from 1.0 to 2 S cc. of oxygen per 100 cc. of dirculating blood

INHALATIONAL THERAPY

Each case of shock must be treated individually depending upon
the spectal ircumstances which were resporafble for development of
the condition. The restoration of an eflective airculatory blood vol
ume by appropriate Introduction of fiuid fs In most Instances an
Important part of the treatment However excessive Injectlon of
oormal or hypertonle solutlons may be followed by cardiac faflare
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Mn respect to lnhalatlonal therapy the highest concentration of oxygen,
namely 100 pgr cent axygen hindxmez‘i/mmberornotpulmumy
edema s present the fact that profound tissue anoia exists and 1
mcofmclmponmtfamonraulﬂngmdmmtonﬂtheapmln
the body constitutes sufficient reason for employment of axygen ther
apy, In & carefully studied case of peripheral drculatory faflure &
was shown that the blood flow through the hand sbowed a marked
fall when a patient breathing 50 per cent oxygen in an ovygen tent
was gubjected to an abrupt lowering of the oxygen concentratoa to
that of atmospheric air  Although peripheral circulatory faflare was
commonly recognized as the clincal manifestation of surgical shock,
occurring frequently after infury, burns operattons and hemorrhage
the condition is met with frequently in clinkal medicioe during poew-
moma, in infarction of the coronary or pulmonary areries, in Add-
son 3 disease, in diabetic addosis, and in other Dinesses.

In all these conditions the algnificance of the increase of the physh-
cally dissolved orygen 15 Important to emphasize. Akthough the arterial
oxygen saturation {s normal fn the absence of mofsture in the lung,
a substantial Increase of tenston of axygen in the tissue capillaries b
provided by breathing 100 per cent orygen Although only 025 o
of axrygen i present in the dissalved atate in 100 cc. of blood when
the patient breathes air, there is an increase to 1.5 cc. due simply to
the increased partial pressure of pure orygen. An additional 1.0 cc.
is added by raising the saturation of the hemoglobin from 95 to 100
per cent.  Since approximately 5 cc. of oxygen are comsumed in 100
cc. of blood passing from artery to veln an Increase of 2.0 to 2.5 &=
n 100 cc. of blood results in a suhstantmal rse In axygen pressutt
manifestly sufficient to relleve In part a profound tissue anoxiz, ad
Sn:huwnyprcventduma.gcmth:ceﬂsofthevnrmmm’ﬂ‘h’
body

The arygen mask with a flow of 12 and 15 liters of oxygen P
minute s the most efficlent method of providing 100 per cent oxyEe™
When concentrations between 50 and 60 per cent oxygen arc used,
the oxygen tent or the rubber catheter fnserted Into the mose of oral
pharynx may be employed. The duration of treatment ts decided by
recovery from the state of circulatory failure.
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Pulmonary Infarction

DEFINITION

Palmonary mfarction is due to an embolus or thrombus occtodmg
a branch of the pulmonary artery resulting In formatfon of a pyra
oudal mass of Airless lung tissue infiltrated with blood which has
extravasated into the air cells and interstitial pulmonary tissoe In
typical cases the clinfcal picture includes & sudden pain in the chest,
and at times the development of shock or pulmonary edema

PATHOLOGIC PHYSIOLOGY

If the infarcted area is amall, lfttle or fo disturbance in resplmtory
function may be observed However, m cases in which a Jarge bloo
vessel {s occluded there 18 interference with the absorption of axygen
by blood passing through the Infarcted area. Wben large emboll
obstruct the pulmanary artery there may be sufficlent locrease In re-
sistance to the flow of blood through the lung to result in faffure of
the right ventricle In many cases anoxia and the outstanding symp-
toms are due to perrpheral circulatory failure,

INHALATIONAL THERAPY

Although restoration of the circulating blood volume iy fndicated in
the presence of shock the existence of right heart fallure cbviowsly
i 2 contraindication to the additfon of intravenous fluid. The sd-
ministration of high concentrations of oxygen up to 100 per cent |-}
urgently indicated to overcome the anoxis and to prevent If pomibie
crculatory and resplatory faflure  Although marphine 13 said to be
& most valuzble drag to relieve the pain and dyspnes from which the
patients suffer 1t should be borno in mind that anaxis may be focrrased
after this medication and therefore that adequate oxygen therapy
should be provided Any suitable method of administering owyBe®
ray be employed Lndudlnsﬂwﬂxyxfﬂma:kforth:ldmlublmﬂw
of pure oxygen the nasal or oropharyngeal catheter, or the oxyEe®
tent for the inhalation of more moderate concentraticns of OWE™-

e
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Massine Collapse of the Lung

DEFINITION

Massive collapee of the lung is the term applied to the sudden
development of complete atelectasls of one or more lobes of one or
both hngs  The main clinleal features are <evere dyspnea, cyanosls,
and prostration.

PATHOLOGIC PHYSIOLOGY

The pathopenesis of massive collapse is not clear in most patients.
Although 70 per cent of the cases follow surgical operatlon and injury
others are assoclated with the presence of a forelgn body or tumor in
4 pnmary bronchus asthma pneumonia or varlous other {nesses.
Since the condition frequently occurs after operations in the upper
abdomen with splinting of the bases of the lungs it has been assumed
that tenaclous mucus may fail to be expectorated and act as a plug
blocking the entrance of air into a lobe of the lung The gradual
absorption of air by the blood passing through the plugged area may
thus result {n atelectasts The heart and mediastinum are then pulled
toward the affected side The sudden dyspnea and cyanosis are due
only fn part to the fact that the coflapsed lung is poorly ventilated
with the palmonary blood continuing to clrculate through i but
maualy to the mechanical effect of the shift of the mediastinum. In
some cases with an allergic historv muscular spasm of the bronch
with swelllng of the mucous membrane may cause complete closure
of & good sized bronchus lending to a lobe of the lmg A reflex
ttlology of the conditlon has been deseribed in which a primary

atelectasls occars, followed by retentlon of secretion in the bronchl
leading to the affected area.
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been employed in order to stretch the bronchial walls by mackm)
expansion of the chest, in the hope that the mocus will be freed and
subsequently coughed up Inhalation of carbon-dioxide—oxygen mit
tures for two to four minutes at repeated lntervals should be tried I
arder to nccomplish this purpose. Inflation of the lung has at timey
followed turning the patient from side to alde first on the affected
tide and then on the sound side. Bronchoscopy has given exceflent
resuits in skilled hands in thase cases that do not respond to the above
measures.

The inhalation of 50 to 70 per cent axygen 15 pencrally indisted
to maintain respiratory function until the above measures are tried of
in the event that they prove to be unsuccessful, Gradeal refief of
cyanosls and dyspaea generally takes place In patients who are treated
with continuous inhalation of an cxygen-entiched atmosphere. The
oxygen tent Appears to be the most comfortable metbod of administer
Ing axygen to these cases although m many iustances the otyprd
mask or nasal catheter may be succeasfully used.
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Postoperatin ¢ Atelectasis

INTRODUCTION

In the majonty of Instances of atelectasis of the lung following
operations, the development of the condition takes place more gradu
ally than that ob~enved In massive pulmonary collapse. The Imme-
diate causative factors are (1) The effect of the anesthetic agent
which abolishes the laryngeal and cough reflexes making it possible
for Infected secretions from the nasal pharynx to be aspirmted into
the tracheobronchial tree  If the patient s recumbent and the head
lower than the chest this is Jess apt to take place  However In most
Instances the course of the trachea as it descends leads into the right
mafn bronchus and Into the lower Jobe which accounts for the in
creased frequency of the condition on that side (2) The abdominal
inciston reduces the vital capacity and the effectiveness of coughing
by weakening the abdominal muscles The result of both these fac
tors is the tendency for abnormal secretions to stagnate in the tracheo-
bronchial tree and plug a larger or smaller bronchus. After a period
of one to three or four days signs of defickent ventilation may be
found in the nght lower lobe on physical examination or x ray  If
fnfection takes place the conditlon 1s that of postoperative broncho-
pocumonta.

TREATMENT

In the prevention of atelectasls In cases in which suppurative dis-
ease of the lung is present repeated bronchoscopy may be indicated
From the standpoint of Inhalational therapy Inhalation of the nebu
lized spray of 2 5 per cent sulfadwzine In ethanolamine solution may
accomplish to some degree a disinfection of the Involved area. In
preventive treatment, as well as when the condition has been discov
ered after operation hyperventflation with earbon dloxide or deep-
breathing exercrses or both are definltely indicated since the wally

5
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of the bronchi are separated by these procedires and coughing may
be stimulated with the expectoration of large amounts of broochil
exudate  If rellef does not follow this procedure aspiration of the
mucus should be attempted either by passmg & urethral eatheter fto
the trachea or by bronchoscopy  Previous Intubation allows catheter
aspiration under more favorable conditions preventing the barynx from
closing In on the catheter

The recently developed resuscitators that have aatomatic controls
of both negative and positive pressures are safe to use, and may be
tried. An Important point to emphasire is that few physiclans or
surgeons are sufficiently experienced in the use of the tracheal catheter
to aspirate secretions In the tracheobronchiaf tree especially with pre-
vious Intubation
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Bronclual Asthma

DEFINITION

Bronchial asthma s a diseate in which the circular muscles sur
rounding the smaller bronchl suddenly contract narrowing their lu
men and causing an increased resistance to the flow of air in and out
of the lung, Other factors which are Involved in the production of
this classic example of obatructive dysprea are swelllng of the bron-
chial mucous membrane and the formation of mucus which also tend
to block the passage of air  The disease manifests ftself In attacks
in which the patient develops a characteristic wheezing type of breath-
ing. In some cases the condition may become chronic and a severe
contingous form of difficult breathing takes place, called status
osthmaticwy

Bronchial asthma is due to the existence of an allergic state in
which the patient becomes hypersensithe to some substance with
which he comes into contact resulting in the most serious manifesta
tion of alleryy namely spasm of the bronchial muscle and swelllng
of the mucous membrane Removal of the offending agent in favor
able cases results in a disappearance of the disease In many In
stances however the cause of the conditlon is not discovered and
more of Jess recurrent severe dyspnen results.  In patients with severe
asthma {n whom no etlologic agent can be discovered pershating bron-
chial spasm may result In prolonged suffermg and in pathologic dam-
age to the lung. Although the allergic state of the individual should
be Investigated carefully emphashs on this therapeutc approach should
1ot exclude phymologically directed treatment especially since inhala
Uonal thermpy may be successful not only in relleving the subjective
fympioms but also in preventing the pathologle consequences of ob-
structive dyspnea especially a state of chronic overdistention of the
tung called putmanary emphysema.

&
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PATHOLOGIC PHYSIOLOGY

The initial effect of breathing through a constricted orifice s an
almaost instantaneous sensation of dyspmea which s not due to any
decrease in the amount of oxygen In the blood but to an increase fn
the physical effort necessary to draw alr into the lung  Patients with
asthma increase therr pulmonary ventllation at first as a result of
reflex simulation of proprioceptive refiexes 1 the lungs and chest
wall later the consequences of obstructive dyspnes lead to patho-
logic changes in the lung which are responsible for anoxiy, which then
becomies 2 contributory cause of dyspnea and in addition exercrses
harmful influence,

Physlologic studies on obstructive dysppea in animals have con-
tribated to our understanding of the mechanics of respiratioe in pd
tients with bronchisl asthma. When the Iarynx of a dog I constricted
in its lumen to ome-eighth of an fnch an immediate Increase in the
negative intrapleural pressure takes place during the Inspiratory cyde
obviously necessary In order to suck air past the polnt of obstroction.
As this pathologically elevated intrapulmonary pressure persists over
a long period of time, it exerclses a cupping action oo the pulmonary
capillaries and on the Intrathoracic bronchi, which canses an exudz
tlon of serum Into the alveol and an outpouring of muces from the
bronchial mucous membrane Both these factors interfere wih ab-
sorption of oxygen As the lung becomes progressively congested
and edematous there Is a marked increase in the physical effort to
breathe, due both to the original obstruction and an increasingly es-
gorged g Areas of emphysema appear In the periphery of the Tung
and pulmonary edema finally takes place especially st the base of
the I

Tl;lhngsequmccofevenuoccnndmingthcinbala%nohknndﬂ’
4 negative pressure of 6 em. of water o with resistance Interposed
to Inspiration only However nos(@ofdun.lg’emthel'iu'fsf-‘lkﬁ
phoewbenacanpambkm&uncetnapimtbﬂhinscﬂrd,ﬂfm
alruuhﬂedapinstnposhlmprcsﬂneoféun.ofmvwwm
insplration takes place freely It is as  result of obstroction duriss
thclmpunrorycydedmtmnﬂlngoilbebronchhlmucommm
andnhwmdumproducauwmwhkhthchhakdnmﬁ
does ot come mto contact with the pulmonary capfilanes, with
production of ancxia due to the fact that the blood passes "
unventilated alveoll. Pathologically elevated pegative Intraplen



TATHOLOGIC PHYBIOLOGY B9

pressure has heen demonstrated at the end of Inspiration In a patient
with severe bronchial asthma.

Although there ks no diminution in the osygen saturation of the
arterial blood In the beginning of an attack of asthma in more <evere
and long-continued bronchia! spasm a decreate in the oxygen saturn
tion of the arierdal blood takes place, due to the mechanlsms which
have been described above  In patients with mid or moderate bron
chial asthma the carbon-dioxide content of the arterial blood may be
slightly lowered due to the hypetventilation which a constricted
passageway produces  If the obstructlon in the bronchial lumen as
a result of pa m or edema, §s of Jong duration carbon-dioxide eleva
tion In the arterial blood may take place together with a serlous arterial
anaxia,

When the pathologic conwquences of ebstructive dyspnea are pres
ent In the lung the inhalation of oxvgen-enriched atmospheres de-
creases the volume of breathing ard maintalns & higher oxygen satura
tion in the arterial blood However the {nhalation of 100 per cent
otypen at the start of an attack of asthma does not diminish the
dyspnea since the primary cause of the sencation of difficult breathing
Is aimply the mechanical efiort necessary to pull air or axygen past
the poim of obstruction In fact there is o slight increase in the
physical pressute required to breathe oxygen as compared to alr in
early uncomplicated obstruction because of the greater specific gravity
of oxygen as compared to air  The function of molecular welght of
gases In obstroctive dy~pnea has been clarified by the introduction of
belimm as a therapeutic agent u<ed In conjunctlon with oxygen to
lessen the physical effort of breathing

The velotity of movement of & gas through a constrcted orifice is
fnversely proportional to the square root of the molecular welght of
the gas as shown in the accompanying lustration Conversely the
heavier the gas the greater Wil be the pressure tequired to pass it
beyond a point of abstruction The factor of viscosity s not Involved
in localuzed obstruction but if the constriction were continued In a
Iimear direction Tolseuflle s law would then become applicable To
the extent that viscoslty Itself becomes an infiuence there is no advan
tage in substituting helum for nitrogen since the latter is slightly
ety vivepus,

Since belium has a specific gravity one-seventh that of nitrogen a
mktmeo(ZOperceutcxygcnnndmpﬁcenthellum with a density
one-third that of air was emiployed in the treatment of clinkeal condt
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tons characterized by obstructive dyspnea When this mixture was
tested by passmg it through a parrowed orifice it was found that the
Pressure required to move a unit volume of gas was almost opehall
that necessary for the passage of a similer volume of air or oxppen
through constricted orifices.

VWhen a normal mdividoal was allowed to breathe afr through 1
one-elghth inch onfice the sensation of dyspnea began mmmedistely
but when a mixture of 10 per cent oxygen and 90 per cent helrzm was
substituted the difficulty of breathing was instantly diminished. How

;%
voroc) 0% fERCA. Am
-
YELOCITY 0%
am J"“"::";nm

JD_’— e LTS
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~Aas ST 10

Fro, 9 Relative incresse In velodty of beflum-

oxygen mirture as compared to air to differ

ence In epeciic gravity
ever If 10 per cent oxygen had been Inhaled for more than 2 sbatt
perfod, dyspnea would have been stimulated by oxygen-want. Tobe
effect of mhalation of helfum-axygen mstures In obstructson of the
respiratory passagewny was studied m animals. These experiments,
carried out under full anesthesia, showed that an 80 per cent belbam-
20 per cent oxygen mixture could be inkaled with a smaller pegatht
prusumdurhgmspimthuthlnwurrquh‘cdwhen-hmhhﬂd
in the presence of a constricted larynx. Furthermore, it was deckively
!hmthnlwh:nbdmm—mygenmhmmwmbfuthrdunddlpod'
tive pressure of 5 am. of water the pathologically clevated negstivt
intrapleural pressare during the Inspiratory cycle was even mort
markedly decreased and the physfcal effort of inspration conspic
ously dimmished.

The physiologrc basls for inhahng helium with oxygen Jn sovere
broachia) asthma is therefore, the reductian in the patbologically
dlevated negative pressure which occurs duriog the Inspiratory eyde
nndtthmmLhuobeemnxqucncaarlpcrsﬁunUymm"
mﬂwlmouﬂl}pmontbel}ﬁ?dllndoulbemmsmfmw
in fbe Intrathoracic bromchl The decrease In the negative i
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T y pressure diminl<hes the suctfon effect on the mucous mem
brane and the bronchi and accomplishes al<o 2n alleviatlon of another
resutt of continued bronchial ebstruction namely, the irregular and
unequal ventilation of the alveoll which takes place when some areas
of the lung arc closed off to air although the blood supply continues
to them wth the consequence that unoxygenated blood is contributed
to the aorta,

Since the introductfon of helium as a therapeutic gas in 1934, the
physkalogic basts for {ts ute in asthma and obstructive leslons of the
larynx and trachen has been described by the author (Use of Helium
23 2 New Therapeutic Ga« ¢f relerences at end of chapter)

The physical basls for the usc of hellum was stated as follows
“According to Graham s law the rate of diffuston of a gas is lnversely
proportional to the square root of its density  This law applies also
to effusion, Le the passage of a gas through small orifices which is
especially applicable to the problem here discussed. Since the vis-
cosity of helmmm is slightly greater than that of nitrogen there Is no
redoctlon in frictional resistance and Polseullle s lnw does not be-
come involved in an explanation of the results The polnt Involved
is that the obstruction exists for & space so limited In extent as to
obey the law of diffuston or eflusion rather than Polscullles law
Under these circumstances the pressure required for moving a mix
ture of helirm and oxygen would be approximately one half that re-
quired for moving air” (Kernan and Barach Role of Helfum in Cases
of Obstructive Leslons in the Trachea and Larynx)

However Dean and Vischer erroncously reported that Barach
fgnored viscosity “It might have been supposed that the greater ease
of movement of helium mixtures over nitrogen mixtures would be due
to lower viscosity However the viscosity of helium s actually about
10% greater than that of nitrogen (sec Table 1)  Another explana
tion has been gven by Barach who says Since work is In general
proportional to the density the pressure required to move helium
0xygen mixtures in and out of the lung should be decidedly less than
nitrogen mixtures  This statement s not adequate as a generaliza
thon sloce It fgores viscance™ (Dean and Visscher Kinetics of Lung
Ventllation)

Dean and \ fascher admitting that less work Is performed in breath-
iog & helium-oxygen mixture under condltions of cbstruction in the
larger alrways state that they found no significant difference of work
done between the two mlxtures when the normal atrway was preserved
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It has been repeatedly stated by the author that during qulet breath
lngnodnngelsfmmdlnlnmpﬂmomx}orlummmmlpmmnby
the substitution of the helfum-axygen mixture for air but that when
dyzprea is stimulated by markedly Increasing the volume of ventth
ton the work performed 1¢ decreased by the substitution of the Bghter
than-air gas mixture which is manifestly more relevant to clinial
disorders of respiration. The mechanics of resplration was described
Insofar as the effects of substitution of 2 helimm-oxygen misture for
air is concerned, as follows

The physical advantage of helium-oxygen mhture over air w
demoastrated by subjecting a spirometer to mechanical movement anc
having it breathe various gases through a fixed arifice  With an onfice
of 031 inch the tidal alr was 1070 cr. when the spmumeter was coo-
nected to a mivture of 21 per cent arygen and 79 per cent belmm,
and 705 cc. when jt was connected to atmospberic afr representing an
wncrease of 50 per cent In spirometer ventilation. When the orifice
was altered to 1 75 1nch, the incresse m spmometer ventilation was 21
per cent, but this was accomplished with a decrease of 23 per cent m
pressure during the perrod that the spirometer was breathlng the
bellum-oxygen mixtore In y an atmosphere cf 2
per cent axygen can be moved with less pressure or in greater volme
when the dilttent {s helium instead of nitrogen  this experiment applies
to clinical dyspoea onder circumstances in which the respiratory
passageway acts as & constrxcting force

We quote again “When a helium-oxygen mixture 15 substitated for
wr in a normal subject breathmng against resstance, the pressare
required to move the belium-axygen atmosphere is thus substantialy
less even when the pulmonary ventilation fs maintalped the same m
both Instances. Ip most cases the normal subject responds by a tipe
of breathmg which approaches the normal, in other words by focreas
mg the rate and decreasmg the depth of breathing. The swmlter e
unnccoflheh:lmm-ox)mmmuremakspmsﬂﬂelsbatﬂpﬂ“
of spiration with the consequence that a more normal flow of respir
tion is achieved with less effort. The patrent with asthma generaly
mmdstolh:mblluhnofhcﬁmn-ox}mmﬁum\:ﬁthldmﬁ“
fa tidal air and m total pulmonary ventilation the explanation belst
fmﬂar!ommpm&dmnwﬂnx!bemnfmmb'
kd;uposcdwmpmlbnngamstmhtmcc coodi-

“Helium may therefore be used as a vehlde for oxygen b
tlans of respiratory obstructron.  Theoretically mmmﬂ”““‘*
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diffuses faster tn an atmosphere of helium than it does In nitrogen,
which might rake the tensfon of oxygen In the alveolar alr independ
ent of the [ncreaced velocity of movement of the heltum-oxygen mix
tare. The usefulnees of heltum in the absence of constriction In the
respiratory paseageway would appear to depend on the volume and
velocity of the pulmonary ventilation  In severe dyspnea the normal
orifice may act as an obstructing force and under these circumstances
stmilar phy<iologrcal advantages might be obtalned reduced somewhat
by viscasity which would become a factor in obstruction exterded in a
Tivear direction  (Barach The Therapeutle Uses of Gases)

In our experiments it has been shown that the flow of the hellum-
oxygen mixture through an oxygen regulator with a fixed orifice s 17
trmes the flow of ovvgen through the <ame fixed orifice in the same
regolator  This result §s an instance of the gas law of effusion the
formula of which is the xame as Graham s law quoted above and has
not been acknowledged as a factor In the relief of obatructrve dyspnea
by Dean and Viescher  Theee authors state the physical advantage of
beltum in decreasing the work performed in obstructive breathing as
follows  TWhen a comstricted tube designed to produce turbulence
Is placed fn «eries with the trachea the pressures accompanying venti-
latson of the lung are altered and the viscous work is Increased. When
a hellum-mixture Is substituted for alr this work is markedly de
creased. Since helum has a higher streamhine resistance but a
lower turbulent resistance than nitrogen it i obvious that the lower
work In moving the hellum mixture s due to ts higher critical velocity
nd lower turbalent viscosity  This effect is very large when constnc
tions are placed in the upper airways " Graham s law was accepted by
Mastum, Prckman and Boothby Esersole and Behnke and Yar
brough, the latter reporting experiments in spirometer ventilation in
which hellum-oxygen mixtures were substituted for alr

When a graphic record is made of the pulmonary ventilation on &
high-speed drum In patlents with severe asthma a more complete
€mptying of the atmosphere in the lung has been shown when a mix
ture of 20 per cent oxygen and 80 per cent hellum is compared to alr
Tn some cases the volume of breathing is reduced about 25 per cent,
during mhalation of the lighter than-air mixture. In a few patients
with asthma bronchial relaxatlon persists for some time afterwards.
However 1n most cases of severe asthmatie dyspnea the difficulty in
breathing returns after the first treatment is concluded but repented
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Inhalations of hellum with oxygen promote progressive and cumulative
bronchml relaxation as the pathologic conditlons In the bronchl and
in the lungs are themselves jmproved  Although greater relef of the
physical effort of breathing is obtained with a helfum concentration
of 80 per cent and an oxygen concentration of 20 per cent the degree
of agoxia lo many patlents with intractable asthma and in all cases
of status asthmatlcus is such as to indicate a bigher oxygen concen
tration namely 30 to 35 per cent oxygen with & corresponding dimiou
tion In the helium percentage When this mixture Is admlnistered
with positive pressure during inspiration and expiration, the loss In
the parely physical rellef of dyxpnes englneered by lowering of the
beliom concentration Is more than made up by the positive pressure
which forces the atmosphere into the lungs during wspiration.

Although the maintenance of a normal saturation of the arterial
blood with oxygen and an adequate removal of carbon dloxide are
basic requirements that determine the volume of breathing in bealth
and disease another fundamental resplratory equilibrium coosists of
the mal; of an a¢ d veloclty flow of air in and out of
the lung The sensatlon of the volume of alr delivered to the lung
per breath is interpreted through the Hering Breuer reflex arc which
Is operative in stimulating and terminating normal respiration  Em-
phasis has been placed upon the fact that a sensation of dyspues mani
fests itself immediately after constriction in the respiratory passage-
way has been induced paralleled by an fastantaneous increase in effort
on the part of the resplratory muscalature It Is thls increased physi-
el effort in breathing that s diminlshed by substituting belium for
nittogen in the atmosphere  When & hellum-oxygen mixturo Is inhaled
under a continuously positive pressure such as from 3 to 6 an. of
water in & helmet hood the relief of Insplretory dyspuea Is much more
marked since the effect of positive pressure during the Insplratory
cycle is to blow the gas mixture Into the Jung. Even during the lobala
ton of pure oxygen, without beltum, the eflect of positive pressure
durlnglnsplratfmisamukcddcausclndyspmlumsﬂwbm
obmtruction In the 2ir passages is pressnt

An additional physiologic advantage of breathing axygen under posh-
Mprssumofstoﬁmofwatcr[nmsaluwhkhohuncﬂmb
present s that Inspiration is achleved fn & far shorter period of time
which allows a correspondingly Jonger period in which expiration m3y
proceed in that way tending to relieve both Insplratory and expiratory

dyspoes.
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When positive pressure Is applied during both cycles of respiration
the effect of the positive pressure duting cxplratlon Is not uncom
fortable for the patient  In fact, It has been shown that patients with
bronchial asthma In whom the intrathoracic bronchi constrict mark
edly durlng expiration accompanylng the decrease In the total volume
of the chest are benefited by breathing under posltive pressure be
e the lumen of the bronchl under these clrcumstances is more
patent than when breathing is conducted in the shsence of positive

BLFORE ADROWLN

Lo cc VITAL CAPACITY 2,340 CC.

Fxc. 10 Eftect of Inhalation of 1 ¢c. of 1 100 adrenalin on the vital
apacdity of a patient with severe asthma,

pressure  However when a helium-oxygen mixture or pure oxygen
Is dellvered to the patlent through a mask positive pressure can be
provided only during the explratory cycle The relief of dyspnea Is
then due to the mechanical effect of a lighter gas or to the chemical
wfluence of oxygen in lowering the total pulmonary ventilation When
the mask is used positlve pressure in explration should be kept at a
lower mnge, such as 1 to 2 cm of water since a high pressure in
expiration alone is not so well tolerated in patients with bronchial
asthma as posltive pressure during both cycles of respiration  Positive
pressure durng the fmspiratory cycle makes for n swilt Inlet of the
hellum-oxygen mixtare, or pure oxygen and thus allows a longer
period of time for explration to take place

The inhalation of the nebulized sprays of 1 100 epinephrine has
the advantage over hypodermic administration in that effective relaxa
ton of constricted broneh! may frequently be obtalned without sys-
temic effects of the drug  The topleal application of bronchodilator



96 NRONCHIAL ASTIIMA

sulntances B preferable for this renvan In addithn 1o e Implkdny
In the accompam dng Mhintrathon the inhalatlon of 1 ce ol 1 100
adeenalin eeaulted In an Immediate tse In Vit capacdty hem 1,110
0 2340 cc The shape of 1he i plratory tracing reveals the pro-
lonket emptying of the lang during explration pelor to 1elied of b
chial spaun

INHALATIONAT 10FRAM

nhalathonal theraps 4 indleatedd fn two types of cases (1) Matin
asthmatlons n which continrous bronehlal spaam R accompankad bn
a grave clinknl comdithn in the patient, unrdieved by Injecthen of
adeenalln - (2) Intractable asthow, In which frequent selsires of
hrotchlal asthma ocenr durlny, the day amd night with parthal o
transient rellel feom eplnephrine, .~
Mn statiy asthaticus the lehalatlon af an avvgen-viek hed atnos
phere [« Indiated to overcome e anosly from which the patlent In
evitably sufferd The Kleal methied] of treatiment R to place tie patlent
in a helnwet hood apparatus in whids a misture of 30 to 38 per cem
ovypen amd the walder hellum R adminlstered snder a poshtive
pressure of from 1 to § em of water

In the early use of heliun, patkenta were hept I the hood for the
magr pact af the tnxe far & perkd of ane to fve dape, Howerer,
atilresquent exprerlence stwneel that bireathlng the FeRum-os gen mky
ture upler pusitive pres ure for twa Tottry, two or thiee tiues a day
wax alw followsid by return of aomdilvenss to eptieplnfie amd by a
diapgiearance of the a thmatk state when the treatnent was contin
el aver a perkod of three (o fve dave, In 84 caves of status pathmat!
cuy the repeated Jnhalation of hellum oxygen mibstures was {olloned
by eftier complete frecthm from asthma or very mild alima in 40
eased [ 40 cnses a retum of sensltiveness o epineplirine took plice
with a mikd or nusderate degiee of pershting asthma In 30 pathenta
In this aeches In whom follow up observation was mthiacton, 13
maintalnal cither all or n sulntantial part of thelr improvement for
rix nonth or more e conclushm was reache that 90 per cent of
the &4 patienty with  tatus asthmatious or aevere intractable tha/
were e fsivels Denefiter] by a program of helfum-otygen therans L

Lepeated beondchilal retvathon with progresdve Impeovenient in the
fum toning, of the respiratony systein as dndleated In the precesding
aeution on patholmd physinlogy appeared to be respomdie for the
terminathen of persiaent broachlal spa m  Another mechankm In
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volved in the relief of bronchial asthma by this method of treatment
is the conscquence of subjective reliel of dyspnea In allevlating ten
slon in the central nervous system  The {requency with which spec
tacular relief of severe asthma at tlmes results {rom injection of
dllaudd s evidence of the rdle which central nervous-system influences
play in maintafning bronchial spasm.

Since the introduction of intravenous injection of aminophyllin In
the treatment of status asthmaticus this drug has been added to o
program of hellum-oxygen therapy in the therapy of both status
asthmaticus 2nd intractoble asthma.  The difference In the treatment
of these two conditions is that the patient with status asthmaticus 1s
generally provided with an oxygen-enriched atmosphere during the
perlods between hellum-oxygen Inhalations.  Thus if the patlent man|
fests considerable dyspnes and cyanosis aiter a two-hour period of
hellum-oxygen therapy the axygen tent o nasal catheter is usually
employed until the next hellum-oxygen inhalation Is due Aminophyl
lin was given rectally sloce it was more convenlent for repeated use
than intravenous injection and dally or twice daily administration was
combined with repeated inhalations of hellum with oxygen in a seres
of 100 courses of such thernpy administered to 71 patients In the
accompanying table the immediate response to treatment in haspltal

TABLE IV

Tor Errecr or HELIUM-OXYQEN AXD AMIXOPIVLLIN THERARY 1N HotPtraL
AXD AMBULATORY PATIEXTS WITIl INTRACTABLE ASTIIMA

|

Vo of | Typeof | Cowrzes
Cases | Cese of Duappearance

Immediate Response to Trealment

26 |Homial] 46
45 |Ambula] s
tory
n 100 ST (579%) 26 (265%)
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may be administered with 100 per cent oxygen, under the program
outlined below  If it I not possible to employ positive pressure, the
continuous inhalation of an oxygen-enriched alr atmosphere, such as
50 per cent oxygen for a petiod of onc weel, Is deslrable to overcome
the anosia and make less likely the chance of respiratory faflure  The
inhalation of the nebulized solutions of adrenalin and neosynephrin
either by the hand bulb or preferably by a stream of oxygen from a
high-pressure tank are at times helpful when hypodermic Injectlon of
adrenalin is ineffective.

An oxygen-enriched air atmosphere may be provided by an oxygen
tent, the catheter in the nasol or oral pharynx, or a mask oxygen
apparatus. If the latter Is used it Is of great importance that a high
flow of axygen from the tank be employed to prevent any negative
pressure from developlng in the mask  If the Injector Meter mask s
used a liter flow from the tank of 6 to 8 liters per minute will gen-
enally prevent collapse of the collecting bag if the meter is sct at 50
per cent oxygen  1f the BL.B mask Is employed it Is safer to give
8 to 10 liters per minute in order to prevent collapse of the rebreath
ing bag and the drawing of air through the sponge-rubber disks at the
expense of the patient s own effort  If 100 per cent axygen is used In
severe cases of status asthmaticus u flow of 15 liters of axygen per
minute should be employed in either the Meter or the BLB mask

The program of {nhalational therapy at Presbyterian Hospltal has
recently been described as follows *

The patlent in severe status asthmaticus was placed continuously
in a hellum-oxygen hood under a positive pressure of 3 to § cn. of
water The majority of the patients who were treated In the hospltal
were placed in the hood. In ambulatory patients including cilnic and
private patients helium oxygen mixtures were administered with the
Aeter injector mask.

“The program of treatment for a pathent with {ntractable asthma
admitted 10 the hospital was as follows

A rectal injection of 0.5 to 06 Gm. of amlnophyliln in 20 cc. of
water was grven immedlately  The patient then inhaled the spray of
05 cc. of 1 100 epinephrine vaponzed by a stream of § liters per
unute of arygen {rom a higb-pressure tank to a nebulizer* In some

_‘:_;nsbu-}; Joar Allergy 14 296 3May 1843
s o e e o ! o e v o B
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and ambulatory petients b presented® It may be seen that by 37
per cent of 100 courses, disappearance of asthma took place oc very
mild symptoms remained. In 26 per cent of 100 courses of thls ther
apy the response incuded restoration of sensitivity to eplnephrine
with the persustence of occasional attacks of asthmm of moderate de
gree  In this group of patlents the asthma which persisted after cop-
clasion of treatment grperally responded to inhalatfon of 1 100
epinephrine and did pot require hypodenmic injection of adremalin
There was little or no fmprovement in 17 per cent but the Jarget peo-
portion of cases was contributed by the ambulatory group.

In Table V the daration of improvement after helipm-oxygen and
aminophyliln therapy is shown In 57 cases who recebved 91 courses of

TABLE V

Doxarion of TupxovENENT AFER HELION-DXYOEN AND AMINOPIIYLLIY
Trexary ©x HosPITAL AND AMNUTATORY PATIENTS

—_——
Marntenamce of Al or & Marer
Pa t of [mmediale I proement
A he of
Py Y Type of Case | Comrses
faid o Therapy 104
Veeks | Months | Months |} Aore
26 | Hospltal “ 14 12
31 | Ambulatacy 47 n s
57 Totals 9t 36+ 2

lhnymnmcnhmhmtmkphmtn-mhuﬁbnmhmbudm
of severe gxtl
such theragy In 15 cases there was & maintenance of all or a major
part of the jmmediate improvement for a perod of one year or moe
Tt will be seen that in 30 additional cases lmprovement lasted for one
to four months in ball and for five ta twelve months In the remalning
half In 36 of the 91 courses the improvement lasted less thao four
weeks butlnth.lsgroupnu.nyrmmencdtookplumlnnrem}\t\)
small sumber of cases of chararteristically recurrent severe asthma

If the bellum-oxygen mixtures are not available pasitive pressare

From Barach, A L Jour Allergy 14.296 May 1943
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may be adminfstered with 100 per cent oxygen, under the program
outlined below  If it Is not possible to employ positive pressure, the
continoons inhalation of an oxygen-entiched air atmospherc such as
$0 per cent oxygen for a period of one weck is desirable, to overcome
the anoxia and make less likely the chance of repiratory failure, The
Inhalation of the nebulized solutions of adrenalin and neosynephrin
eithet by the hand bulb or preferably by o stream of axygen from 2
high-pressure tank are at times helpfu] when hypodermic injectton of
adrenalin is ineffective.

An oxypen-enriched alr atmosphere may be provided by an oxygen
tent, the catheter in the nasal or oral pharynx, or a mask oxygen
apparatus  If the latter s used it is of great Importance that a high
flow of oxygen from the tank be employed to prevent any negative
pressure from developing in the mask. If the injector Meter mask Is
used a liter flow from the tank of 6 to 8 hters per minute will gen
enally prevent collapee of the collect!ng bag If the meter is set at 50
per cent oxygen. 1 the BL.B mask is employed it s safer to glve
8 to 10 liters per minute In order to prevent collapse of the rebreath
ing bag and the drawing of air through the sponge-rubber disks at the
expense of the patlent s own effort. If 100 per cent oxygen is used In
severe cases of status asthmaticus a flow of 15 liters of oxygen per
minute should be employed In either the Meter or the BL B mask.

The program of inbalational therapy at Presbyterian Hospital has
recently been described as follows *

“The patlent in severe status asthmaticus was placed contlnuously
n & heltum-oxygen hood under 2 positive pressuce of 3 to § em of
water The majonty of the patients who were treated In the hospital
wete placed In the bood  In ambulatory patients, including dinkc and
private patfents helium oxygen mixtures were adminlstered with the
Afeter injector mask

“The program of treatment for a patient with Intractable nsthma
admitted to the hospital was as fallovs

“A rectal Infection of 05 to 06 Gm. of aminophyllin in 20 cc. of
water was gaven immediately The patient then Inhaled the spray of
05 cc. of 1 100 eplnephrine, vaporized by a stream of 5 liters per
minute of oxygen from a high-pressure tank to a nebulizer® In some

PBamch, A L Jour Allergy 14.296 May 1943

* The nebulreer mmwm‘,’b“m{mcw(m

eenenlly
scchion oo metbods)  The form of epinepbrine employed
that contaioed tn Vaponelsin solptlon, i wis b most fnstances
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fnstances the inhalation of the epunephrine spray was followed by
lnhahtbuafthelpr-y!mmlc&oflpercentncmynephrin. Hypo-
dermic injection of adrenalin was not used because & refractory state
had already taken place In patients who were very excltable or
nervous a hypodermic injection of 1 or 2 mg. of dilaudid was then
given Insome cases 2 mg of dilaudid were placed in the aminopbyl-
Iin solution administered by rectum.  Following the eplacphrine spray
and administration of aminophyllin the patient was put kn the bellom-
oxygen hood for two hours  The nebulirer was used more frequently
when it vwas necessary In most cases o mare hellum-oxygen therapy
was given that day In a few very severe patients an additional two
hours was given in the evenmg. The oxygen concentration was gen
erally set at 25 per cent but ln patlents with pulmonary emphysema
this was icreased to 35 per cent, the remainder hellum. A posithve
pressure of 3 to 4 cm. of water was employed in most cases. In 2 few
patients with severe {nspiratory dyspoea the posftive pressure was
raised to 5 or 6 cm. In the evening before bedtlme a rectal lnstil
tion of 0.5 or 06 Gm. of ammopbhyliin was repeated  In & number of
patients to whom dllaudkd was pot ghven on admission 1t was added
to the evenfng amunophyllin muxture In cases who had persisting
severe asthma, dilaudsd was added to the evening dose of rectal amino-
phyllin for two or three or somethmes four nights

The comblned use of aminophyllin by rectum and helfum-orygen
inhalations in the hood tmice a day was kept up for a five-day period
and then abruptly stopped in most instances. In s number of pa
tients the rectal injection of aminophylin was continued at home for
2 perfod of one to three weeks after discharge from the hospital
“Durmg the period of restdence b the hosputal potassiom fodide In
a saturated solution was given 1 cc. three times a day 2nd after -
charg:lu:mmndlyfurlpedodoftwoo:wrcenebmdml
maintenance dose of 1 cc. every evening before retiring.
“Hypodcrmicimcdbnof;dremﬂﬂmdupemcdﬂthfutbcml
jority of patlents, The result of treatment was not considered saths-
factory If it was pecessary to employ hypodermic infection of adren3
lin The patient was given a nebulizer with 1 100 epinephnine
lastructed to use it if wheezing of 2 paraxysm of asthma took place.
Iftheanhmalkkk\uemwmmnsnmlobewntmntdbyhhﬂl
tion of the spray of epinephrine bypodermlc infection of adrenalln was

allowed
“In office practice these patients were given & spray of netmlized




BIBLIOCRAFPHY 103

1 100 epipephrine and a rectal Injection of 05 to 06 Gm. of am!
nophyIlin followed by inhalation of a hellum-oxygen mixtare through
the Meter mask the flow of the mixture being set between 7 and 9
Yiters per mmnute for a one-bour perfod  This was continued for a five
dav peniod duting which time the patient was instructed In the ad-
ministration of amlnophyllin by rectum in order that it might be con
tinued for a penod of one to four weeks after the course of office
treatment. A tank of 20 per cent oxygen and 80 per cent belium was
used, but an addition of 1 to 2 liters a minute of oxvgen was added
through a Y-tube to the helmm-oxygen mixture thus increasing the
percentage of oxygen in the inepired alr to 22 to 25 per eent axygen
In patents who had pulmonary emphysema the axygen proportion
was increased to 3 or 4 liters a minute with 7 Iters of the hellum
oxygen mixture
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Obstructive Lesions m the Laryny,
Trachea, and Bronchn

INTRODUCTION

Obstructive dyspnea may be caused by leslons in the upper alr
passages such as (1) Swelling of the mucous membrane due to In
fectlon or Jrritation (2) tumors, (3) enlarged glands or apeurysms
(4) foreign bodles  In adults, due to the relatively larger lumen of
the resplratory tubal passage obstructhve dyspnea ls less common as
a result of Infection than it is In children In the latter however
difficult breathing frequently progresses to the point of requiring
tracheotomy as In ocute laryngitis or ctoup Inlection with H
fnenzae bacillus may result fn acute swellmg of the glottis with severe
obstructive dyspnea. In other cases a descending Infection may be
present with varying degrees of Inflammation of the smaller hronchi,
called caplliary bronchitis or tracheobroachitis. In adults metastatic
cancer with external pressure on the bronchl primary cancer of the
bronchus tumors in the larynx, and aneurysm are the more common
causes of obstructive dyspoca.

PATHOLOGIC PHYSIOLOGY

The pathologic physfology of obstructfve dyspnea was described fn
part in Chapter 11 Bronchial Asthma. It may be pointed out here
that when obstructlon Is present within the thorax respiration modifies
the degree of obstruction since the lumen of the bronchi enlarge on
Inspiration and contract during explration  In asthmatic dyspoea in
spiration i3 generally short and forcible whereas explration Is pro-
longed.  The long-drawn-out character of explration may be explained
bymecons:rh}onuhhebmndﬂduﬂngtheuplmtory cycle. A slow
exhalation appears to be more effickent than a more Dowarful and
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abrupt explratory cfart which might produce an even greater natrow
ing of the smaller bronchf and trap air In the alveoll. In fact, & pro-
}angedexphbuninwhhhtbepadmtmmmmsmubhm}had
pressure by exhaling through partially clased lips will in many Instances
clear wheezing riles during mfld asthma. In severe broochial asthma
forcible inspiration results in a distentlon of the alvecd], and I the
mchzedlns expiration incomplete emptylng of the alveolar cells takes
p

When the resplratoty passageway 1 rot exposed to varylng Intm
thorackc pressures and consequently does not enlarges durlng lospma
tlon and contrict durng expiration its lumen remalns relatlvely coo-
stant, it Is also protected from alteration In slre by strong cartitaginors
rings. In obstractive dyspnea due to leslons In the extrathoracic laryat
and traches, inspiration angd explration are both projonged. Asa re
sult of the lengthened perlod of the lnsplratory cycle carbon drxide
gradually accumulates in the blood during this perfod and fs respoo-
sible for further mcrease in depth of bresthing mtfl respimtory
fatigue takes place. The increased percentage of carbon disxide found
in the alveolar air however allows a grester elimination of carbon
dioxide per breath and is not necessarily an indfcation that the scid-
base equilibrium bas shifted to the acid side Retentlon of carbon
diaride and Increased blood acidity may take place as a result of pro-
longed and severe obstructive dyspoea fn which pathologic changes
in the Iung have been produced

The sequeénce of events in the production of pulmonary congestion
and edems due to tracheal steposis may be briefly reviewed. There
s an immediats incresse in the egatlve intraplenral pressure during
the inspimatory cycle The realstance of the pulmonary bed s lessened,
and there fs first an increase fn pulmonary blood flow  Blood con-
tinues to eater the Jungs through the right ventricie but the passage
of blood through the fngs into the left anricle and from the left veo-
tricle Into the extrathoracic aorta s hindered by a high pegative
pressure within the chest daring the Inspiratory cycle. During expirs-
tion, a3 powerful expiratory movements are made the {ntrapleural
pressure approaches that of the atmasphere. The progremive wcc
mulation of blood In the lung results in an fncrease n pressure bn the
pulmonary capillaries with;gren!u'hvdmmu:pmsmdlmdcdum
ward Thah];hnegx&wpmmvﬁiﬂnuxlmsd“dﬂgw
exeris a direct suctlen ca the pulmonary caplilades tending fo cause
exudation of serum. The progressive Icrease in engorgement of the
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lungs pecessitates increased effort which results in a viclous circle of
progressive clevation in the Intrapulmonary negative pressure that
encourages further development of pulmonary edema. Anoxia be-
comes more and more severe as diffusion of oxygen through the edema
tous pulmonary membrane Is retarded, with additional factors of rapld
shallow breathing and inadequate ventilation of alveoll that are closed
off by swollen alveolar ducts and bronchioles Increased permeabllity
of the pulmonary capillares results from the progressively severe
anaxia which is the final cause of respiratory {ailure

INHALATIONAL THERAPY

\:\hhmgh tbe treatment of respiratory obstruction depends in = large
measure on the pathogenesis of the condition inhalational therapy ls
primarily directed to measures which will lower the pathologically
elevated negative Intrapulmonary preasure. The provision of pos!
tive pressure continuously during both phases of the respiratory cycle
in a belmet hood apparatus is the method of cholce  Although mux
tures of 25 to 30 per cent oxygen in helium are more effective in re-
lieving dyspnea, pure oxygen may also be employed with expectation
of very consfderable benefit when pasitive pressures between 3 and 6
cm. of water are provided. .

In children with acute infl y swelling of the larynx, helium-
oxygen inhalation preferably with positive pressore, may avert tra
cheotomy However the swift increase in the pathology that some-
times takes place makes It necessary for cases of thrs type to be under
close supervision in order to make poasible an immediate trachectoemy
should complete or almost complete closure of the larynx or glottls
take place Since apprehension and subjective distress will increase
the pulmonary ventilation and therefore {urther elevate the pathologi
cally elevated negative pressure present in the lungs adequate sedation

is indfcated to diminith unnecessary respiratory effort due to excite-
ment.

Ilhdiumumtlwﬂlbhsﬁtolwpdcrntoxygmmyhendmhb-
tered under a pressure of 2 to 4 cm of water with very considerable
rellef Tbcleo@hemmaldcuntnﬁnlrdaﬂvelyhlghhmnhﬂtyud
thuefmamﬂm:hstudofaheﬂmhmﬁmdinurdctmm
absorh molstare. The patlent f1 kept In the helmet-hood apparatus
untll the obstruction is relieved by subsidence of the infection By
gradually lowering the pressure from 4 to 1 em,, and then to that of
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the atmosphere, the return of a patent lumen can be easfly verifed
In these cases the attempt to provide notrishment by mouth fs mwse,
It generally promotes dyspnea and coughing and In that way sctmly
aggravates the obstruction by Increasing the swelling of the mocoe
membrane. Subcutaneous administration of § per cent glucose b
pormal saline {3 adequate to take care of the needs of these patiens
for perfods of one to two days.

The problem s made difficult in children and Infants by the corr
stant necesalty of ghving the child confidence and reassorance suficet
to free him from struggling against the therapy This can be obtabed
only when expert technkeal supervision and sympathetic nuning ar
arc provided. Under these circumstances a severe degree of obstrac
tlon in the larynx may frequently be compensated for by adminhin-
tion of positive pressure, efther with a belfim-oxygen atmospbere o
100 per cant oxygen In small infants positive pressure may be -
cult to apply with the helmet-hood apparatus, Helium-axygen mix
tures may then be used with the patlent entirely enclosed In a leak
tight tent or one with closure at neck. In the Iatter case a higher
flow of bellum wlith oxygen may be neceasary

In milder cases of narrowing of the larynx which are seen In cromp,
petiodic inhalations of steam In a so-called croap tent at times give
rellef probably doe to a foosening of tenacfous mucus by contact of
the warm molst air with the laryngeal mucous membrane. However
when the obstruction becomes more severe rellance should mot be
placed on steam alone.  Anoxia [s u serlous inflvence when the breath
ing becomes rapid and shallow and constitutes an urgent fndication
for the [nhalation of 50 to 70 per cent oxygen  An open-top tent m3y
frequently be emplayed under thess circumstances since It will pro-
vide a high oxygen concentration at a flow of 6 to 8 liters per minute
and at tbe same time a relatively high humidity By decreasing the
W)mofbmmlngunrﬂullof[nhllaﬁonofnSO[wrccntoxygm
atmesphere the child Is not only saved the effort of contlnued dyspoea
and therefore the consequences of increased pegative fntrapulmonary

pressures but he aho avolds the consequences of f oxla, which
timately leads to respirtory faflure
u-‘An lp;ﬂmllﬂ which vaporizes a considerable « vrl:ter 1s
Y alton, and may con
being perfected at this time by " con

fumction with oxygen tent therapy [n patlents wit
Jonction w8 & cool oxygen-enriched atmospher vHed
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with a relative humidity as high as 8O per cent. The hot air so often
obtalned In a croup tent is pot desirable, since it is the molsture which
1s probably the therapeutically effective agent in steam Inhalation
The nasal catheter is generally not well tolerated by children either
in the nasal or oral pharynx, although it may be used with good super
viston. Mask oxygen therapy s also not apt to be comfortable to 1t
tle children as It requires more cooperation than they are able to give
Furthermore the special precaution of avolding negative pressures in
the mask must be obzerved at all times in obstructive dyspnea.
Although a relative humidity of 60 to 90 per cent may be helpful in
tracheohronchitly, the temperature should not be above room tempera
ture except in very young Infants. In order to cbtaln a relatively high
humidity with temperatures that are not excesshely elevated half of
the ice may be removed and the air circulation st at the low or mid
pontion of the rheostat in the motor-blower closed oxygen tents  This
provides air of the oxyg riched atmosphere surround-
ing the child without undue precipitation of water vapor on ice.
Although the application of hellum-oxygen therapy in Infants and
young children with severe obstructive dyspnea is a difficult clinical
and technical problem it has been clearly shown to have averted
tracheptomy in 5 of 16 cases in which dyspnea was present which was
sufficiently severe to constitute an indication for this procedure A
conservative attitude toward tracheotomy Is tberefors warranted In
those patlents {n whom it Is possible to supply expert technieal super
vinon, However anxiety unrelieved by sedation and by effective
treatment of dyspnea results In restlessness and struggling which un-
doubtedly promotes progressive swelling of the mucous membrane of
the larynx and {n those cases In which psychlc and physlologlc distress
cannot be controlled early tracheotomy is the method of choke.
Unfortmnately complications anse from tracheotomy itsell not the
least of which fs oazing of mucus from the bronch! and serum from
the alveoll after sudden termination of the backward pressure which
the patlent had englneered to accomplish adequate ventflation during
explration.  When tracheotomy has been performed after obstructive
dyspoez, & tracheotomy tube should be Inserted which profects bevond
the neck margins In arder that expiration may be conducted under
positive pressure of 2 to § cm. of water and In that wav avert the
neceasity for continued aspiration of fluld from the trachea and bronchi.
This may be done by breathing through an inspiratory valve and
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exhaling into 2 water bottle with & glass tube Inserted 2,3 or5om,
as Is found desirable.*

1f the decision has been made to employ Inbalattonal therapy, elther
with a almple oxygen-enriched atmosphere, with poshtive pressure in
8 bood or with a helium-oxygen atmosphere, a far better opportunity
to evold tracheotomy bs obtained if the child is disturbed as little as
poasible. This requires a willingness to employ codelne and pheno-
barbital {n doses sufficient to accomplish either sleep or 8 relaxed
state  If a high oxygen atmosphere s provided there Is no Justification
in being concerned with the development of anosia as a result of
depression of the resplmtory center  Anotber frequent cause of ap-
parent {aflure of inhalational therapy Is the attempt lo troduce
nourlshment through the mouth as well as the performance of physical
examinations that are not urgently Indsated

Obstructive dyspoea in adults Is handled with far greater effective-
uess due to willingness on the part of the patients to cooperste and
through their understanding of the aim of treatment. Even In severe
coastriction of the trachea or larger bronch! which may take place
a3 a result of intrathoracic metastatic tumors or ancurysm the dvspnex
can be controlled by the continuous application of positive pressures
of 4 to 6 cm. of water preferably in a bellum-oxygen atmosphere con-
talning 20 to 30 per cent axygen and 70 to 80 per cent hellum, but
also with considerable effectiveness in an atmosphere of 100 per cent
oxygen. Msny cases have beeu ohiserved In which marked supra and
infrasternal retruction was peescut with prosounced sucking In of the
soft parts of the intercostal spaces during insplration, In which either
complete or very marked relief wes provided by & positive-pressure
bood If tumors exerting compression are radiosensitive, patlents
treated in this way may be tided over a perfod of difficult breathing
untfl recession of the growth makes such therapy no longer necessary

If a therapeutic procedure such as the introduction of wire into av
aneurysm ls conteroplated the hellom-ovygen hood may be emplayed
both before and after the operation 10 tide the patfent over a perlod
of severe obstructlve breathing  In some cases of swelling of the
tarynx and bronchi after either laryngoscopy o¢ broachoscopy the use
of the bellum-oxygen hood with positive pressure will maintain &
patent alrway untll the inflammation has receded.  When the technical
supervision of this type of positive-pressure bood therapy i adequate

and to combat
1 A special appanates ks bees made by Pillleg end Sons, Philidelphls,

(he post-tracheatoay oasmyg from the tra tree and juoes.
*
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it should be possible to compensate for narrowing of the larynx or
bronchi of one-fourth the normal diameter

The use of the nebulieed solutions of 1 100 epincphrine and of
1 pet cent neosynephrin fs indicated In many cases of obstructive dysp-
pea In order to overcome bronchial spasm and also by vasoconstric
tion to increase the patency of the bronchial lumen. Although these
substances may be Inhaled, after belng vaporized by the pressure of
2 hand-bulb nebullizer, it s mote effective, as described ia the sectlon
on asthma to create a nebulized vapor by running a streamof 4 to S
liters per minute of axygen through the end of the nebullzer Tn the
absence of definite bronchial spasm inbalation of epinephrine solutfons
shoald not be continued bat the nebulin of neosynephrin s frequently
found bhelpful and may be repeated at intervals of two to three hours
in doses of 0.5 10 10 cr. of the § per cent solution.
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Pulmonary Emphysema

DEFINITION

Pulmonary emphysema is a disease In which progressive distention
of the alveoll takes place with rupture of the pulmonary membrane
and the formation of enlarged air sacs of greater or less degree, A so-
called functional form of pulmonary emphysema takes place after any
form of obstructive dyspnea especlally severe asthma  Under thexe
circumstances the constricton of the smaller bronchi dunng expiration
creates a valvelike obstruction that admits alr without allowing It an
exit at the same rate  Overdistention of the lung temporarily takes
place but with the subsidence of the cause of the respimtory obstruc
tion the alveoli may resume their normal state. However pulmomry
emphysema as a primary disease Is due to a degenerative change In
the alveolar epfthelium. Narrowing of the bronchioles appears to be
consustently present, eitber due to muscle spasm swelling of the bron-
clual mucous membrane or torsion of the alveoler ducts, As a resalt
of the atrophic change n the alveolar membrane stretching of the
lungs during Inspiration results ultimately In tearing of thelr walls and
consequent merging of air cells. The outstanding symptoms are dysp-
nea cough and cyanosis.

PATHOLOGIC PHYSIOLOGY

In the norma! individual the elastic recofl of the pulmonary mem
brane results In an effortless decrease in the volume of the lungs  The
chuef factor in the distorbance n resplratory function in pulmomry
emphysema s the loss of the elastic element in the pulmonary epithe-
lium as a result of either local infection or atrophy During explration
the lungs do not empty passively because of the absence of this mecha
ntsm of elastic recoll of the lungs, and active muscular effort is re-
quired. At the end of expiration the pressure n the Intrapleural space

14
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approaches that of the atmosphere and this consequently retards the
expiratory ascent of the diphragm. In addition the overdistended
Img tends gradually to flatten the dinphragm with the result that
inspiration does not produce the enlargement of the volume of the
chest that occurs in normal Individuals  For thix reacon the chest s
clevated by the musches In the neck and the Intercostal muscles in
order to effect an Increase in tung volume  The steetching of the pul
monary membrane durlng Inspiration results in a further interference
with nutrition and increases the likelthood of weakening the wall with
suhsequent rupture.

As ar cells are jolned by tearing of their walls and as many of the
pulmonary caplllarles have been destroyed there are large areas of
lang in which there is diminished circulation of blood through them
with resultant anoda  Since the elastic ekement in the lung tlssue
has been lost the expansion of the chest afiects the periphery of the
lung directly and the region at the hilus to a lesser extent.  Areas at
the surface of the lung are therefore overdistended and the pulmonary
axpillanes that courte through them are often collapsed  Although
hyperventilation takes place the result is inefficlent in providing oxy
gen to the arterlal blood  An important f{actor in the production of
arterial anoxia is the presence of some degree of obstruction in the
smaller bronchioles and the alveolar ducts. If there s partlal or
complete closure of some of the alveoll, unoxygenated blood will pass
into the aorta  The shallow type of breathing and the decreased vital
capacity add to the lowering of the arterlal axygen saturation which
m many cases falls to levels between 60 and 80 per cent. The carbon
dioxide content m both arterial and venous blood Is also elevated
under these circumstances It {s characteristic of thr disease that
the patlent does not respond to Inhalation of 5 to 7 per cent carbon
dioxide with as striking an increase In volume of breathing as takes
place in normal subjects

However in some patients with pulmonary emphysema and pul
monary fibrosls the arterial axygen saturation may be normal and
nearly normal even In the presence of severe dyspnea. The inter
pretation of this findlng ts comparable fn some respects to the situa
ton in cardlac dyspnea due to congestive heart faflure In thess
patients it may generally be abown that an augmented volume of
breathing fs maintained with the result that arterlal anoxemia is
thereby avolded a lack of understanding of this mechanlsm bas
prompted some observers to assume that anoxia was pot significantly
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involved in the production of the dyspeea of pulmonary em
and pulmonary fibrosis It has been shown in a numl_:gyr o[p;’;:z
sﬂ:t continuous inkalation of an oxygen-enniched atmasphere such as
cent
B e ol
as the patient
lives In the oxygen-enriched atmaosphere,

An Tlustration of the response of a patient with advanced pulmonary
emphvsema to inhalation of oxygen will serve to explain the mecha
uhmofmbtypeoldyspnauwcﬂulbcpmdmeofmm
therapy itsell  An arterial oxygen puncture st rest revealed a sato
ratlon of the arterial blood of 92 9 per cent axygen a gmall decrease
from the 95 per cent normat level, At that time the pulmonary ventd
latlon was 107 liters per minute The tmmediate eflect of nhalation
of 100 per cent axygen was a rise In the arterlal axygen saturatlon to
100 per cent, with an additional increase in physically dissolved ory
gen of apprommately 1 cc. per 100 cc. of blood The pulmonary
ventllation dropped to 7 6 Uters per minute, with complete relief of
the sensation ol dyspnea.

The pathophysiologic disturbances In breathing referred to above
and the impairment of the mechanism for diffusing cxygen into the
lungs are responsible for Increased pulmonary ventitation in most of
these patlents, and the mat e of an adeq Tespl Y ex
change is the fund. 1 phystologic problem  Expressed differently
it may be said that although mechanfcal difficulties In breatblng Inl
tiste proproceptive reflexes from the lungs it Is notewocthy that a
35 per cent decrease in the volume of breathing was followed by &
disappearance of dyspnea. It Is characteristic of patients with severe
pulmonary emphysema that a heigh d volume of breathing exists
at rest and although this degree of hyperventilation namely between
10 and 12 liters per minute does not promote the <ensathon of diffcult
breathing in the normal individual Jt Is consistently productive of
dvspasa In the presence of an impafied respiratory appacatas

Since the dyspnea in thss case of pulmonary emphysema was re-
Mﬁ"mmwwmlmmwimdlmw
comclusive evidence was presep  of the fmportance o Mcmr:‘

{ oxygen as

spiratory function o respe ¢ ano

cause of his difficulty In ates of pulmo pema
Jace moore gv ring a

the relief of dyspoea and ¢
period of two days to A W
The difficulty in diffesfon of primary

nows OXYEE atlon,
dysp-
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pea and not an actual impalrment of carbon-dioxide ellmination. The
response of the case just mentioned ta three weeks' oxygen therapy
Mustrates the functional significance of carbon-dloxide excretion In
pulmonary emphysema. In a course of exygen treatment of two
weeks duration in which the patient breathed S0 per cent oxygen
contlouously in an exygen room the carbon-droxide content of the
artenal blood rose from 519 to 78 6 volumes per cent. At this time
the patient was {ree from the sensation of dyspnea, As pointed out
in the discussion on oxygen therapy in congestive heart fallure, the
decrease in volume of breathing is assoclated with an incrensed con
centration of carbon dioxide In the blood. With an increased content
of carbon droxude in the blood and, therefore an increased percentage
of carbon dioxide In the expired alr, carbon dioxide ts eliminated with
a smaller volume of breathing The increased carbon-dioxide tension
in the blood does mot represent a shift in acid-base equilibrium to the
acld side since the measurement of the hydrogen fon concentration
shows only a very transient shift toward acidity at the start of therupy,
and regulatly an unaltered pH after continuous oxygen therapy

The increased tension of carbon dioxide In the blood thus represents
not simply a difficulty in elimunating carbon dioxide in the presence
of an impaired resplratory apparatus and a lowered pulmonary ventl
lation inittated by oxygen inhalation but an adaptive mechanism which
makes possible a larger elimination of carbon dioxide per unit of alr
exhaled since the expired air contained an Increased percentage of
carbon dioxide paralleling the incrensed carbon-dloxide content of the
blood. Surprising as it may at first seem the high tension of carbon
dwoxide in the blood actually makes possible a progressive lowering
of the pulmonary ventllation Initlated by inhaling axygen, this remark
able homeostatic mechanism {s pecularly efficlent in getting rid of
carbon diomde,

In a patient with progresshe pulmonary fibrosls who was treated
fnrdxmlhslnmoxygenclmmberwﬂhwpermntoxygm the
arterial carbon-dloxide content was 132 volumes per cent in the pres-
ence of & normal acid-base equilibrium. In this case inhalation of a
60 per cent oxygen atmosphere was finally required to prevent dyspnes,
smee her vital capacity became equal to her tidal air namely 250 cr.
It b evident that her pulmonary ventflation could not have been Jow
ered to the extent which relieved dyspnea had it not been for an
unusually high concentration of carbon dfoxide in the expired nir
which allgwed the full ebmination of carbon dioxide prodaced by the
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patient. In the presence therefore, of very severely damaged lupgs,
there was completely adequate eliminatlon of carbon diaxide by homeo-
statlc employment of & mechansm in which a high tension of carbon
dioxide extsted In the blood and made necessary an extraordinarily
swift diffusion of carbon dioxide into the alveolar ale and hence ito
the outer atmosphere. It must be emphasized therefore that reten
ﬂonofmrbmdhﬁdchnmmeﬁ:wywmullhcdvmau!
emphyzema (or congestive heart faflure) slnce $t Is poasible for elther
the congested and ed of the emphy and fibrotic lung
to diffme carbon dioxdde throngh it by means of a high blood carbos-
dlaxide concentration, provided an adequate tension of owgen B
obtalned in the arterial hlood.

In patients in whom o recovery of Jung function takes place sach
as in & progressive fibrosts due to cancer or some other cause the
elevated blood carbon dioxide continues to remain high since carbon
dioxide cannot be elimfnated at a normal concentration through dam-
aged Jungs as long as the pulmonary ventllation Is kept bowered by
axygen i{ohalatlon. From a homecatatic point of view, & high blood
carbon dioxide is necessary to permit & lower pulmonary ventflation
to take place as & result of oxygen thermpy However In patlents
with pulmonary emphysema fn whom a decresse in the ditention of
the lung takes place as a result of the lower pulmonary ventilation
and some recovery in the elastic quality of the alveolar epithellum
occurs, the arterisl carbon-dioxide content declines even in the pres-
ence of continuous oxygen administration  Thuy in the first case cited
above the carbon-dioxide content In the arterial blood fell from 78.6
volumes to 658 volumes per cent even during the contimwus fn-
halation of axygen. However the arterial carbon-dioxide content did
not return to the original level of 19 volumes per cent.

The Interpretation of this restdual fncreass in carbon-dioxide content
is that the patient did not improve to the extent that would allow =
pormal pulmonary ventilation In the absence af oxygen treatment. In
other words, the inhalation of 50 per cent oxygen made passible o low
ered pulmonary ventilation consistent with subjective relief of dyspnes,
bulmlywlthtbenten!bmofmrbondloddeinth:bloodmdt}xnlorc
the provision of A higher percentage excretion of carbon diaxide In
the expired afr per unit of volame of breathing In this patbent it
wupumﬂnletobmtbemnkummpbcmfwaPaiodu{lwrbmn
at a time twice dafly without recurrence of sevete dyspuea. Never
theless residence In 50 per cent oxygen was always accompanied by
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a definite decrcase in the volume of breathing and consequently in
the sensation of dyspnea A few remarks concerning his clinkaal hls-
tory may fllustrate the method of oxygen treatment in patients who
can afford prolonged therapy

The[nl}m\mlrmnﬂyﬁnn[ugeﬂnhadde\rlo{rdmusivdy
severe dyspuen three years before admislon to the hoypital  Durlng the
previous year severe shortness of breath was created by the slightest exertion
such as eatlng or talking  The dympnea was characteristic of that of pul
monary emphysema. The lower costal infrasternal marglns were drawn in
ward duting Inspiration  The lungs were hyperresonant, breath sounds were
prolonged and there were a number of wheezing rAles scattered throughout
both lungs. The heart was not enlarged but the rate was elevated to 110
the blood pressure 145 systolic and 100 dimtolic. Hemoglobln 93 per cent
red blood cells, 4.5 million. Venous peessure 85 mm. with a rise of 4 mm.
on expiration. \ ray of the chest revealed a moderately flattened diaphragm
with an essenthally normal cardlae shadow  He did not appear cyanotic.

Analysis of the arterlal blood showed 1n oxygen satoration of 92 9 per cent
an:d a carbon-dioxide content of 51 9 volumes per cent.  As observed above
the pulmonary ventilatton was 10 7 liters per minate at test and fell to 76
liters per minute after the inhalation of 100 per cent oxygen. Oxygen treat
ment was begun by resldence {n the axyxen room for a period of two weeks
at a concentration of 50 per cent otygen. He was aflowed aut of the oxygen
room for periods of four hours each day \ight and moming he was given
an inhalation of the nebullzed speay of 0.5 cc. of newynephrin. Durlng his
stay in the hospital the reaction of the patlent to Inhalation of 100 per cent
axygen was tested many times. At the start of treatment tbe pulmonary
veotilation In the morning was 11.5 Iiters per minute breathing air and 6.5
liters per minute duriog the inhalation of pure oxyxen a reduction of 43 per
cent.

When the patlent retuned home he rexided in & portable oxygen room for
approvimately 17 hours during the 24 includlog the nlght early moening and
« two-boar rest perlod from 4 to 6 In the alternoon  He went out for lunch
and frequently for dinner in the early evening. The effect of oxygen therapy
was 2 striking relle! of dyspuea, a disappearance of the parovymmal attacks
of moming coughing, and a progressive gain In strength a3 well as subjective
feelings of well-being. At the beginning of treatment the vital capacity was
1430 cc, and 6 months later 2 100 cc., which was further fncreased by the
inhalxtion of 1 per cent neosynephrin to 2300 ¢ The patient was now able
to walk 60 steps to and from the dining room without wndue distress. It
was pomible for him to go to a botel for lunch and dinner and entertain his
friends witbout the severe dyspnea which had formerly made thiy Impossible

thuhentehddtcn:ued(mln:mueofll(lto‘)ohullpﬂmln
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to the Increased volume of breathing In atmospheric axygen, and the
consequent heightened negative intrapulmonary pressure In certaln
areas of the lung that are partially obstructed.

In the accompanying fustration (Fig 13) the decrease in pak
monary ventilation due to inhalation of 50 per cent oxygen for elght
days |s Nustrated in a patlent with pulmonary emphysema, fbrests,
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Fio. 15 Patfent with chronic pulmonary tuberculoslt and Bbrosi,
Profonged treatment with oxygen resulted In Increased arterhal ovypen
saturation {ncrested blood carbon dioxide, decressed hemoglobln and
marked rise o vital capacity

and bronchiectasis. It will be scen that the patient had a volume of
ventflation of 15 7 liters per minute befare treatment and 6 6 liters per
minute At the end of elght days therapy In this patient there was allo
a marked diminution In expectoration as well as a feeling of jncrensed
well being  FHowever the advanced stato of pulmonary fibrosls did
not make it possible to discontinue oxygen therapy In this case except
with the return of dysppea from which he had suffered priex to
treatment.

The sequence of physiologic events during prolonged oxygen reat
ment fn a patient with severe pulmonary fibrosh due to progressie
tuberculosls i shown in the accompanying Mustration

For the firt !Sd:ysh:rulnlnm'yxmlcnln-cuncmlrluouofﬂpa
cent oYyEen The arterlal oxygen satumation was prompily ehevated to 3R
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per cenl. The artetial carbon dindde rose from 55 to 63 volumes per cent
“The oxygen capadity fell from 18 volumes per cent to 17 4 volumes per cent
The fall In hemogtolin concentration is a consistent findlng In patlents of
this type who are treated with oxygen  In those cases [n which there b sub-
sequent removal to alr a gradual rhe in oxyRen capacity takes place. Itls
of Interest that the vital capadity of 1,200 cc. at frst {ell to 1,080 cc. This
fs a Dot infrequent finding and may accompany relle! of dy*poea It may be
related to the decrease of resplratory movement and lessened blood flow  The
patient was transferred to the ovygen room and there revealed a dlsappear
ance of most of the symptoms of dyspnea cough and expectoration, with
progressive rise In the vital capacity to 1,800 cc. The oxygen capacity tell
to 13.3 volumes per cent  The axygen saturation of his arterial blood con
tined high until, between the fifty first and fifty third day there was a grad
wal Jowering of the axypen corcentration to 35 to 30 per cent

The carbon-daxide content of the arterlal blood rose progremively from
55 volumes per cent 1o 78 volumes per cent on the thirty filth day of oxygen
treatment and then fefl moderately to 68 volumes per cent the fall Indicating
a {unctional capacity for a better diffusion of both oxygen and carbon diodde

After administration of a low oxypen percentage by nasal catbeter the
foope in bls clinical condition began to revede  This was especially
manifested xs the Inspired air was lowered to 25 per cent oxygen on the
elghty-first day of oxygen treatment at which time the vital capacity had
fallen to 1,200 cx.

Several conclustons were reached as a result of these studies. In
the first place the clinkal symptoms were strikingly relieved dunng
the perlod of residence In 45 per cent axygen Secondly, an attempt
to subst(tute a lower oxygen concentration by nasal catheter and at
the same time maintain {mprovement was unsuccessful as shown by
recurrence of the symptoms of cough dyspnen and expectoration and
also the progressive fall in the vital capacity In this patient with
pal y fibrosis and pul y tuberculosis, the lmpaired respira
tory functlon was improved by contlnuous oxygen treatment but re-
quired {or the mai ce of this impr the provision of ade-
quate orygen therapy at home.

The mechanism of the changes in respiratory function produced by
oxygen treatment In cases of pulmonary emphysema and fibrosls will
be reviewed since similar tendencles exist In other examples of anox
emic dyspnea.  The fundamental response to inhalation of a high oxy
gen atmosphere in a patient with pulmonary emphysema s an imme-
dute or & gradual reduction In the volume of breathing When the
pulmonary ventilatlon approaches that of the normal sublective rellef
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Oidy!pum,dlmhu&nnrlbmofcmxgh,anddemmdgﬁp_
pearance of expectoration may take place. A gradual elevation fa
vital capaaty of the lung and & dminutron in the degree of pulmonary
distention occur in enses that respond favorably When a patient of
this type Is replaced in an ar atmospbere the pathologic physiology
shows a change for the worse, characterlzed ficst of all by an facrease
In the quantity of air moved in and out of the lung  As the volume
of bresthing continnes to be elevated a progressive distention of the
alveoll takes place, due to a ball valve mechanism which traps afr
vathin the air cells. This may be generally demonstrated in a patient
with pulmonary emphysema or pulmenary fibrosts by taking a graphx
record of the breathing on a basal metabolism spiromster 1 the Indh-
vidual is made to increase his ventilation erther artificlally or as 2
result of exercise It will be observed that a lorcible inspimlion wil
cause & sharp dowoward movement of the pen on the graphic chart
but that the expiration which follows will not return to the level of
the previous inspiratifon. As forcible breathing contintres the level of
the respiratory curve will be markedly elevated Indicating that air
has been held within the tung and fafls to obtain its customary exit
The reason for this has been referred to elsewhere in the section oo
asthrua but it must be rememhered that patients with pulmopary em
physema consistently manifes¢ constriction efther in the smaller bronchi
ot in the alveolar ducts of auch a degree as to resalt in fmpaked
emptying of the lung.

During expiration the bronchi normally constrict but in the pres-
ence of branchial spasm ar broachiolsr edema the constriction of the
bronchi B relatively mugmented so that air has a smaller Jumen to
pass outward than it had to pass Inward during inspiration when an
cnhxgunentu(ﬂuecbatmdthcdhmetnraftbqbrwchlukephm
This progressive trapping of alr within the alveoll results in distention,
atrophy and finally ruptace of the weakened alveolar walls In a large
fncrease in resdual asr and in & progressive fall In vital capacity

The mechantsm of fmprovement may now be mare clearly visual
ired When the inhalation of & bigh axygen atmosphere ls begun the
lungs of the patient are distended  As 2 result of the higher oxygen
tension I the arterial blood and as a consequence of the subsequen!
retention of carbon diovide in the blood which actually makes pas
sible a more eficlent elimination of carbon dioxide the volume of
breathing decreases Because of the lowered pulmonary ventflation,
when an oxygen-enriched atmosphere Is inhaled more time s svafable
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in which a unlt volume of air may be exhaled Thus trapping of air
within the air celts s Tess apt to take place hecanse a more efficlent
emptving of the lung is provkded  When dyxpnca and an augmented
pulmonary ventilation occur, an incomplete emptying of the air cells
results becnuse of the narrowing of the lumen of the alveolar ducts
and the smaller bronchioles. However with a lower volume of breath
ing, more complete emptving of the alveolar mpaces ensues, pulmonary
distention is progressively diminished the alveolar ducts and bronchl
are relatively more patent aemation of the alveoli s better anoxia
and dyspoea are relieved and improvement in the elastic tissue in
the lungs may result.

In most cases of pulmonary emphysema the heart fs not enlarged
in some instances it is smailer In Its transverse dinmeter than normal
as the vertical diameter of the chest Is Incrensed  However, straln on
the night slde of the heart is present In mast patents and right heart
fallure may be seen in advanced cases of emphysemn, assoclated with
disease in the pulmonary arterles  In one such patient in whom pre-
vious bed rest and digitalis had not been effective in terminating dysp-
Dea, oxygen treatment for one month restored cardiac compensation
and made possible ambulatory activity mith very little dysymea  The
decrense In heart size and in polmonary congestion Is shown in the
accompanying x ray plctures  Whenever cardiac insufficiency is pres
ent in assoclation with efther pulmonary emphysema or pulmonary
fibrosls continuous oxygen inhalation Is justified for it may achieve
a more lasting improvement than when emphysema is present with
normal heart function.

1t is noteworthy that the intrapulmonary pressure during expiration
genenally approaches that of the atmosphere. The elevation In pulse
rate §s in part due to the assoclated anoxia and in part to the effort
made in connectlon with the maintenance of an adequate ventilation
for in most instances the pulse rate returns to normal after residence
in a high cxygen atmosphere.

INHALATIONAL THERAPY

4

In patients who suffer from severe dyspnea on slight exertion the
inhalatlon of 50 to 100 per cent oxygen for one-half bour In the morn
1nglndbefotegolngtobcdhlnmoacasuupanhuvercmcdyof
some value v As explained in the above section the inhalation of an
Wm—tnrichedlrmmphmhummpanhdhynpmg:rmlvedrcnue



souqy Atwnoand poe Luspgioa
anpum yYis wepied v u) wBAao Jusr 120 0 jO DORIIU] SGONUPTOD 13)E AN L U) RNl 9 D1y

.
LZ B T
NTHLVHL NIOAXD HINOA T LIV}
. -
t
-
-
- ~ »
[ ’
“
je




INITALATIONAL THERATY 127

in the distention of the Tungs amd i apt 1o promade sleep at night  In
addition, the oxygen debt from which the<e patients frequently suffer
t temporardly pald off The inhalation of the nebulized solution of
1 per cent neosynephrm night and morning s al<o a helpful procedure
This may be used with the ordinary hand-bulb nebulizer, or a more
effective method is to inhale the nebulized suspension of the drug
during the paseage of 4 liters of oxygen per minute from a high-pres-
sure tank through the nebulizer A doe of 0.5 cc. 7 to 8 drops of
the solution Is adequate to cause some increase in vital capadty and
to decrease dyspnea.  \eosynephrin in milder cases Is preferred to
epinephnne since the former does not result in the development of a
refractory state However in patkents with more severe bronchospasm
the inhalatlon of 1 100 epinephrine Is {requently more effickent. It
1 generally adequate to use the hand bulb nebulizer and four to ten
fo.ceful squeezes of the bulb during the inguratory cycle will provide
considerable relief  If the oxygen tank Is at hand however a better
resalt will then be obtained I 6 drops of the 1 100 epinephrine sotu
thon is placed in the nebulizer and the end held within the open mouth
duning the passage of a stream of 4 liters per minute of oxygen through
the pebulizer These three procedures performed night and morning
will result {n a temporary decreate in pulmonary distention.

In patients who are unable to aford a more ambiticus type of oxy
gen therapy the inhalatfon of SO per cent oxygen should not be en
couraged for periods oftener than three times a day  As discussed in
the preceding section, the mprovement that takes place under com
lmioxs oxygen therapy Is not maintained on cessatlon of treatment
unless a liberal provision of oxygen such as 16 hours of the 24 can be
maintatned or & gradnal edaptation to air i provaded.

In well-todo patlents with efther pulmonary fibrosis or pulmonary
emphysema, continuous oxygen treatment for a period of four weeks
or more may be undertaken if expert supervision is available The
dedsloutu:mba:konnmumofoxygmthempyinpa(lenuottbn
typelhouldbemnd.cu(tet(ulldhcusbnwhhth:padcntandthe
family of the possible benefits and disadvantages It may be said
that in all Iikelihood the patient will be much {mproved with rellef
of dyspoea and cough, and a marked diminution of expectoration dur
lng the period of oxygen treatment. A substantial part of this fm
provement can be malntained if sufficlent axygen therapy 1s provided
at home for approximately 16 hours of the 24 Acknowledgment
thould be made that pulmonary emphysema and pulmonary fibrosis
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are progressive dlsenses  Although adequate oxygen therapy retards
the progress of the condition by preventng distention of the Jung and
consequent d. to the pul v eplthelium, inhalational therapy
does not do away with the underlying pathology

When & course of continuons axygen therapy fs decided upon, the
pa&mbinmwtinnmmphmdinanenvmm)cntnISOpcrmm
axygen, efther in #n oxvgen room or an oxygen tent for 2 period of
four weeks The nasal catheter or an axygen mask may also be used.
If the latter &1 employed care must be observed that no negative pres-
sure whatsoever develops in the inspiratory cycle as a result of resist
ance within the mask “Ahere is Uttle or no advantage In otygen
therapy if the patrent is forced fo empley mare effort to Inspire than
he does breathing atmospheric oxygen. The total flow of an asygen-
enriched atmasphere dellvered through a mask should therefore exceed
his pulmonary ventilation ie, above 12 liters per minute, In the
Meter mask this can be obtained by admitting S.to 7 liters of axygen
{from the regulator with the meter set at 40 to_SO per cent axyges.
In the B.L.B mask the patient should be prevented from inhaling sk
through the sponge-rubber disk because this would entall increased
effort during the nspiratory cycle and a flow of appraximately 10
liters per minute should come from the tank ftself However, sioce
patients are to embark on a plan of oxygen treatment for the rest of
their Lives the oxygen tent s generally used rather than the mask
because it i In all respects more comfortable and suftable for this
purpose  Edther the motor-blower the thermal-cleculation or the open-
top tent may be employed.

During the ficst four days of treatment & conspleaous decrease lo
the symptoms of the disease will take place But another Infivence
of axygen therapy In patients who have had previons severe chronk
anaxis must be looked for In thase patients who bave shown 2
cyanotic hue of tbe nall beds or the Ups prior to oxygen treatment, &
temporary perfod of either deep sleep coma or irratfonality may take
place as a result of the sudden change In oxygen teasion of the brain-
Headache is an additronal symptom In some cases. This reaction has
been {requently misinterpreted and oot understood as & translent Te-
sponse to oxygen therapy In one instance the patient was In deep
sbtp(ur1perbdof|kdl)1anduwkemthcmthd:ybfw
and cheerful. No matter what degree of mental disorlentalion W3y
take place during the early days of oxygen therapy the condithon kat
always been found by the author to be temporary and clears on con-
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tinuance of oxygen treatment It is fn no sense a contraindication to
furtker therapy and may be avoided if a gradual increase in oxygen
concentration §s provided 1t s notcworthy alwo that the patlent k
apt to reconver from the preliminary pettod of either depression slecp
or disonentation with a state of cheerfulness which he had not had
previously for many years. The first reaction to oxygen treatment Is
a shift In arterdal pH to the ackd side with increase In carbon-diodde
tension which may be linked to the symptoms mentloned above
However a normal aod-bate equilibnum is <oon established.

1f facilities are pot avnilable for determining the carbon-dioxide
content of arterfal blood the venous plasma bicarbonate may be done
at intervals of four to <even days There will be at first a gradual
rse in anterial carbon-dioxide content or in the plasma bicarbonate
for a period of two to three weeks If and when improvement in
lang function tahes place the plasma bicarbonate begins to fall and
although 1t will not return to the level before oxygen treatment it
may show a decrease perhaps of § to 10 volumes per cent below the
maxmmal tevel  When such a diminution in plasma bicarbonate s
found while the patient is contlnuously receiving 50 per cent axygen
the prognosls may be understood to be far better than if no such
lowering takes place If the plasma bicarbonate becomes elevated to
80 volumes per cent and doss not decrease it is an indreation that
the patient will be unable to do without oxygen except at the expense
of conslderable dyspnea and loss of the improvement obtained.!

In patlents with pulmonary emphysema who do not at the same
tme have advancing fibrosis the arterial carbon dioxide or the plasma
bicarbonate will generally be found to bave dropped somewhat by
the end of the fourth week By this time the patlent s prepared to
come out of the oxygen environment at first for a perlod of one hour
followed by an hour {n the morning and In the afternoon and then
by one hour three times a day It s helpful at the start to give the
patent a spray of elther 1 per cent neosynephrin or 1 100 eplneph
rine with the band bulb nebullzer or with the solution vaporized by
n oxygen stream before golng Into the outside atmosphere  Depend

Receat observation of & patient whose plasma biearbonate rose 1o 106 vol. por
cent during axygen therapy revealed that gradual redoction of maml catheter or
€, ie 05 Eters per min every 2 days, was followed by a remarkabls edapiation

(o an wr atmosphete bn 3 three week perlod.  This patlent became acclimatized to
:Lﬂrlivbnummdymdlhothuhnﬂduldquhammibyﬂkh
ort.
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1ng upon individual clreumstances the length of time In which the
patient s in the outer atmosphere may be varsed from two hours thres
times 2 day to four hours twice a day  VWhen patients breathe air
for longer than four hours at ooe time there is apt to be a return of
definite dyspnea  In most Iustances 50 per cent axygen Is provided,
but there are patlents jn whom inhalation of 40 per cent axygen ks
adequate to lower the pulmonary ventilation sufficiently to achlave a
therapeutic result. The decrease in the pulmonary ventilation to sch
an extent as to relieve the feeling of difficulty of breathing Is rarely
obtalned by concentratlons of axygen under 40 per cent.

A portable ar a permanent oxygen room is unquestiopably the most
comfortable way in which patients of this type may be relleved of
anasia and the progressve pulmonary distention which hyperventily
tion causes. However an oxygen tent may be used with considerable
comfort  If the patient is to sleep without norsing eare at night, 8
thermal-circulation tent which would not require & motor-Hower mit
and is therefore not dependent mpon electrrelty may be found more
practical although it s generally less comfortable tharn the farger
motor ventilated tents Care should be taken bowever that carboo
diaxide does not accumulate srithin thermal-clrculatfon tents as a resalt
of oxygen flows below 9 liters per minute A method of overcoming
this fs to use an injector such as Is employed on the Meter mask and
deliver 60 per cent oxygen into the tent from the meter attached to
the axygen regulatar If a flow of 7 to 8 liters per minute from the
regulator is maintaned with the meter set at 60 per cent, this il
result in an adequate washing out of carbon dioxide given off by the
patient apd the maintenance of approximately 50 per cent oYygen.
Daring the day a smpler form of oxygen therapy may bo employed,
depending upon the personal preference of the patient. The choke
of apparatus under these circumstances is properly made by the patient
and not by the physician  In some instances the catheter in the nasal
ar oral pharynx will provide a comfostable and efficient method of
obtainmg 40 to SO per cent oxygen  In other cases the nasal mask &
found more agreeable For this type of patient the Veter mask b
to be preferred sunce 40 to 50 per cent oxvgen in the inspired alr mav
be provided with a fow from the regulator of approximately § to?
Iiters per minute in the absence of any effort on the part of the patient
and without accumulation of carbon dioxide

In cases in which a program of this Lind which Is actually a regimen
of a liberal provision of oxygen for life Is Impractical the we ol



INTIALATIONAL TIIERAPY 131

intermittent oxygen trcatment for half an hour before going to bed
or twice a day may be emploved as a palliative measure as indicated
above In conjunction with inhalation of the nebulized *pray of 1 per
cent neosynephrin or 1 100 epinephrine  However, if an ambulatory
patient develops acute bronchitis and is then faced with a state of
severe and pos ibly fatal dyspnca continuous inhalation of 50 per cent
otygen is justified untfl the bronchitls has subsided During this
period of acute inflammatory swelling of the bronchl repeated in
balation of neotynephrin and eplnephrine solutions at two- three-
or four-bour intervals is of value in maintaining & partially patent
airmay through the smaller bronchi  With the subsidence of the acute
infection oxygen therapy should be progressively curtafled the patient
being taken out of the tent for one hour the first day two hours the
second day three hours the third day and so on until he is entirely
free from axygen therapy or [t is offered to him for half an hour once
of twyee 8 day

There is Iittle evidence that climate has any effect on the course of
pulmonary emphysema. Particular care must be exerclsed under all
clrcumstances to prevent the recurrence of acute upper resplratory In
fectlon. There are patients who are aided by wearing an abdominal
belt that increnses the intra-abdomunal pressure and facllitates an ele
vation of the dlaphragm during expiration \When the condition Is
accompanbed by congestive faflure digitalis may be tried but it is
generally found ineffectin] However oxygen treatment In combina
tion with strict elimination of sodium chloride and sodium blearbonate
often results in dramatic improvement In the state of the circulatlon
In one patient with advanced pulmonary fibrosls treated in this way
there was & welght loss of 30 pounds in a perlod of approximately
three weeks  Limutation of flulds is seldom necessary or advisable
but In the presence of pretibial edema the omission of sodium in any
form from the dlet is a procedure of unquestionable value However
#ben the edema has cleared caution must be exercised in the maln
temance of a too strict salt-elimination diet. This is especially true
during the summer months when excessive penpiration may be fol
lowed by wreakness and prostration due to the absence of sufficlent
st in tlesee fuids.

[n extremely severe dyapnea In patients with pulmonary emphysema
m whom elther acute infection has taken place or severe bronchlat
spasm has been added to the plcture inhalation of 100 per cent oxygen
may pot be sufficient to relieve the dyspnea In these Instances a
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pasitlve pressure of 3 to 4 cm. of water may accomplish the desired
result, Ifmmhien.bledﬂﬁuﬂtylnbrmthlnghstﬂlpr&ntdurhg
inhalation of 100 per cent axvgen under A positive pressure of 4 cm.
of water, 8 mixture of 40 per cent axygen and 60 per cent helam
may be tried  In some cases In which the element of bronchial spasm
is a sigulficant factor the Inhalation of either pure oxygen oc oygen
and heflum, under positive pressure is the only effective method of
relieving the dyspnea It must be borne in mind that positive pres-
sure In this situation should be contlnvomly provided during tnspic-
ton, and that positive pressure In explration alone I Inadequate.
Therefore, the helmet hood should be employed If It fs available

sbould be sufficient only to maintain a slightly more patent broochia)
lumen, namely 1 to 2 om. of water
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Acadental Asphyzia

INTRODUCTION

{Ddu this heading will be included the treatment of carbon-monot
ide pousoning drowning electric shock and polsoning due to morphine
the barbfturates or alcobol. In these condltions the respiration b
generally depressed.  Although an increased content of carbon dioide
is found in the Llood as well as a state of tissue anoxia, there is good
physiologic reason for administering § 7 or 10 per cent carbon dioxide
in oxygen especially in carbon ide polsonil The respiratory
cepter Iy stimulated resultiog In an lncreased pulmosan ventlatkn

and a swilter relref of u.noﬂAJ

PATHOLOGIC PHYSIOLOGY

Carbon monaxide polsoning is the most important entity in this
group Carbon monnxide i3 formed as a result of the Incomplete
oridation of gasoline coal and other substances Since the affinity
of hemoglobin for carbon monodde Is 300 times stronger than ¥ B
for oxygen, a relatively fow concentratfon of this pofsonous gas ln
the atmosphere will desplace o\x}xen from the hemoglobin ard produce
varying degrees of asphyxia “The inhalation of 5 7 and 10 per cent
carbon dioxide in oxygen {or 15 to 30 minutes not only augments the
volurne of breathing of gassed subjects producing a swifter elimination
of carbon monoxdde from the blood but also the affinity of carbon
monoxide for hemoglobin Is diminished by the presence of a high ear
bon-diovide pressure in the blood the oxygen dlssociaton curve Is
shifted to the right under these circumstances and oYygen & given
up to the tlswes more readily, Since the introduction of carbon
dioxide-oxygen treatment for carbon-monoxide polsoning, deaths from
this cause have decreased but the critical factor involved ls the speed

1
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of administratlon of oxvgen rather than the oxygen—carbon-dioxide
mixture

Although there IS o <omewhat faster elimination of earbon monoxide
when carbon diotide s added to the oxygen mixture recovery takes
place almost as fast if the patient Is promptly provided with pure
oygen  The important factor is the speed with which 100 per cent
oxygen or oxygen with carbon dioxlde is administered to the patient
If the breathing has completely stopped artliicial respiration with the
Sharpey Schaefer prone-pressure method should be instituted while
the mask is held to the patients facc The carbon-dioxide-oxygen
mixture should be administered for approximately 15 to 30 minutes
or untl the patient is breathing normally

A very efficent agent far resuscitation tn accldental asphyxia Is the
positive and negative pressure resuscitator either the E. snd J or
Emerson type Vlechanical resuscitation is accornplished by Inflating
the lung to a pressure of 14 mm Hg and aspirating alr from the lung
10 & pressure of 9 mm Hg  \lthough conslderable prejudice exists
against this kind of resuscitation largely derhved from hnowledge of
the old pulmotor the new r {tators have been used in adults and
sewbom infants without am evidence of harm to the lungs  Indica
thons for s employment fnclude electric shock carbon monoxide poi
'T:Lg drowning acckdents in Industry war Injurles and postoperative

Positive and negative pressure by the resuscitator has been shown
to have advantages over other methods in experimental investigations
In studies by Thompson and Bimbaum the effects of rhythmic suc
tlon (negative pressure) rhythmic inflation (positive pressure) and
manual artificlal respiration were compared to the results achieved by
the pasitive-negatrve pressure resuscltator  When advanced asphyxia
was produced with faflure of respiration and clrenlation, the recovery
rate with the resuscitator was the rule whereas with the other methods
recovery of the arculation and the respiration was the exception
Furthermore when Inhalation asphyxla was produced by an lnert gas
sich as nitrogen the employment of the resuscitator even with per
sisting fhalation of the Inett gas resulted In recovery In 85 per cent
of the dogs treated whereas the recovery rate In dogs treated with
rhythmic suction was 20 per cent with rhythmic positive-pressure
Inflation 17 per cent and manual artificial resplration 15 per cent.
Theso results Indicate that the use of both positive and negative re-
suscltation gives the most efiective ventilatory excursion Independent
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of the state of tonus of the chest, Inflating the lungs with positive
pressure with subsequent fall to atmaspheric pressure fs not adequate
to achieve recovery In severely asphyxiated dogs. The employment of
Intermittent application of negative and positive pressure restorss the
circulstion first and the respiration later  In all probabllity the nega-
tive pressure produced within the lungs facllitates the entrance of
blood into the chest and the application of positive pressure aids In
the delivery of blood from the lungs into the left heart. The resusd-
tator thus acts as a circulatory pump In peripberal drculatory fall-
ure, use of positive pressure alope does not appear cn theoretical
grounds to be of as much value as the employment of both negathe
apd positive pressure since the flow of blood Into the right beart
would tend to be retarded.

For cliucal purpases clther oxygen or carbon-digxide-axygen mix
tures may be used to promote recovery of cardiorespiratory functon
However it should be emphasized that the respuator may be uwed
with alr when oxygen is not avnileble A compressor may be moth
vated by elther the hand or the foot. This may be of valtue in military
sftuations in which an oxygen cylinder may not be immediately xvail-
able or when the oxygen supply has been used up  An asplrator b
attached to the respirator which Is convenlent for the removal of
mucus or secretions i the air passages of the patient.

The evidence available at present indicates that mechanical positive
and negative pressure resuscltation will be more apt to give a favo
able result in accidentsl asphyxia than either an H H inhalator the
Drinker respirator or resuscltators which employ elther negative o
pasitive pressure only It s exceedingly unlikely that eitber the post-
tive or negative pressute f5 the degree emploved in this type ol apps
ratus will result in damage to the pulmonary epithellum  This 1s espt-
clally true if aspiration of macus s performed when present in sufl-
clent amount to cause obstruction in the alr presages.

The inhalation of 7 to 10 per cent carbon diovide In Individuls In
coma from exceasive intake of alcokol resuits n symptomathc bmprove-
ment and In some cases in z state of mental clarity Alcokiol Is ¥34
to produce a histotxic anoxta a form of tissue oxygen-waut fn whih
the catalyst required for tissue oxidation is fmpalred. There Is some
evidence that loss of control of certain postural rpflexes doe to ako::
is alightly fmproved by kahaling pure oxvgen. ¥n human sublects
acute symptoms of intodeation can be counteracted by Inhalatfon
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100 per cent oxygen only In those patients In whom Intoxication has
been produced as a result of a relatively small Intake of alcohol,
Patients with delirium tremens have been faid to be somewhat im
proved during the inhalation of an oxygen-enriched atmosphere
ViIn the treatment of patients polsoned by drugs such as momhine
and the barbiturates it may be of crucial importance to maintain
respiratory function by the inhalation of 5O per cent oxygen for a
long miodu"lf respiratory depre< fon is severe as evidenced by 2
respiratory rate of four to eight per minute low concentrations of
carbon dioxide such as 3 per cent may be administered in a 50 per
cent ovvgen concentration for stimulation of the respiratory centef .
Patrents poroned by excessive dowes of sedative drug may be comatase
for days and yet <urvive if [nhalation of high oxygen mixtures is pro-
vided together with the administration of sultable quantities of normal
<aline and 5 per cent glucose solutions by hypodermocly<is

The method of treatment 1n carbon monoxide polsoning may make
use of a mask ejther that devised by Henderson and Haggard that is
part of tke carbon-diwoxide—oxygen equipment or any other type of
oxygen mask may be employed In barbiturate polsoning wn which
the re<piratory depre<sion may last over a period of days the oxygen
tent or pasl catheter may also be employed *

Yandell Henderson has recently (Science December 24 1943) made a vigorous
dentnclation of resuscitators derpite the fact that they have been accepted by the
Coundll on Physical Therapy of the Ameriaan Medical Association. Since the
mtroduction in 1921 by Henderson and Haggard of the method of remncitation
br inhalavon of oxyren whh enough carbon dloxide to Induce & maximuom minute
volume of respiration many lives bave been saved with the employment of the
HH inhalastor  The many stodies of these authors oo rsphyxia and its prevention
by inhalatlon of oxypen—car mixtures

wrboat the peurologic effects of Improperly treated asphyxia

Henderson s recent condemnation of resmdtators indicates that thh apmaratu
should be carefatly imestizated However I bave been sufbdently impressed
the expenmental studies of Thompson and Brrobaum to inclade mse of the re
rnciater aa an effective agent o the treatment of achvanced asphyxia. Further
more I have oot seen evidence that the modern resuscitator has prodoced mechan
al mjunes to the lung. dangerous degrees of acapaia, and faflure of the clreulation.
The resmscitator can be used with oxygen and carbon-Bovide mixtures. The ose
ﬂ(mt(lhmaluubch]rcﬁimhnhlcn&uuluphyﬂa‘mbelndibaﬂdht
“tudked m both ammal and clmical kovestipation  The improvements in the deslgn

g
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Asphya of the Newbom Antenatal Tetal
Anosia and Atelectasts of the Lungs
of the Newborn

INTRODUCTION

The question of adequate treatment of asphyxia of the newborn Is
of great {mportance and deterves continued study  In a recent analy
sis Yandell Henderson stated that 150,000 deaths per year in this
country alone resulted from combined stlllbirth and neonatal deaths
due to respiratory complications approumately 7 in 100 births,

PATHOLOGIC PHASIOLOGY

Fetal anavia In the period before delivery fs the cause of many stiil
bixths and also of death in infants who die shortly after delivery due
to cerebral pathology inflicted by severe anaxia during delivery  Fetal
anoxia may be caused by Interference with the maternal supply of
oxygen and also by factors which prevent the fetus from recelving
oxygen. In the first category fs mcluded the low oxygen concentration
present in certain anesthetic nuxtures of nitrous oxide. Although
nitrous oxide fs of nestimable value in preventing labor pain it may
be administered with a low concentratlon of oxygen so continuousty
that the mother experiences anaxia for a prolonged period. The faflure
o wterrupt administration of anesthetic mixtures with nbalations of
high concentrations of axygen preferably with 100 per cent oxvgen
tcoounts for the mother and therefore the fetus undergoing relatively
severe oxygen-want In many Instances.

When exceaslve doses of amalgesic drugs have produced relaxation
of the Imgual and pharyngenl musculature respiratory obstruction
may be produced with accumulation of mucus and at times gastric

1%
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Asphva of the Newbormn Antenatal Fetal
Anonia and Atelectasis of the Lungs
of the Newborn

INTRODUCTION

The question of adequate treatment of asphyx!n of the newborn is
of great importance and de<erves continued study  In a recent analy
sis Yandell Henderson stated that 150,000 deaths per year in this
comntry alone resulted from combined stiflbirth and neonatal deaths
due to respiratory compheations approxt ly 7 in 100 births

PATHOLOGIC PHYSIOLOGY

Fetal anoxia tn the period before dellvery & the canse of many still
birthy and also of death in infants who die shortly after dellvery due
to cerebnal pathology inflicted by severe anaxia during delivery  Fetal
anoxia may be caused by mterference with the maternal supply of
oxygen and nlso by factors which prevent the fetus from receiving
oxygen. In the first category is Included the low oxygen concentration
present in certain anesthetic mixtures of nitrous oxide Although
ortrous oxide is of inestimable value in presenting labor pain it may
be administered with a low concentration of axygen so contlnuously
that the mother experiences anoxia for & prolonged period.  The faflure
to interrupt admimistration of anesthetic mixtures with Inhalations of
hegh concentrations of axygen preferably with 100 per cent oxygen,
2ccounts for the mother and therefore the fetus undergoing relatively
severe oxygen want in many instances.

When excessive doses of analgenc drugs have produced relaxation
of the lingual and pharyngeal musculature resplratory obstruction
may be produced with accumulation of mucus and at times gastric
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contents from emests In addition, drugs which slow the resplratory
rate result in a lowered volume of ventflation with resultant arteral
2noxia.

The fetus may fail to recelve axygen even when the maternal blood
stream Is well saturated with 1t, due to disturbances In the placental
circulation, such as in placenta previa or cord entanglement Long-
sustained contraction of the uterus due to the use of axytocks may
Interfere with placental circulation to such an extent as to prodoce
fetal anaxia.

Recognition of intra nterine anoxia ks of great importance and
should be attempted routinely by auscultatbon of the fetal heart rate
Although an Increase in the pulse rate is the usual sign of anoxia b
adults, a slowing of the fetal heart rate, either fu the form of a rather
sudden drop of 25 or more beats per minute or a persistent slowmg
below 100 or 110 beats per munute, pomts to the development of
severe fetal anoxia. The diagnosis may be confirmed by the them
peutic response to oxygen. It appears that the majority of cases of
fetal anaxis respond to maternal oxygen therapy  As & result of the
fnhalation of 100 per cent axygen for 5 to 10 minutes the quality of
the fetal pulse generally returns to normal  Sluce the time of prepa-
ration of a patfent for operative delivery is usually more than § oc 10
minutes inhalation of 100 per cent oxygen to the mother may be
carrled out while the prepamtions are being made Under these oif
cumstances no hazard is created for the infant and In many instances
the mmprovement in the fetal heart rate may be so marked 2s 1o
obviate the necessity for exigent operstive delivery with fts attendant
danger to both motber and infant.

In the pewborn fnfant the lung is airless untf] the first breath b
Inhaled  Gradually the collapsed alveoll expand as repeated hpin-
tory enlargement of the chest Increases the negative pressure withio
the lung and air s admltted to more and more alveoli The dilatation
of the aheolt is followed by opening up of the capillaries and of the
pulmonary arteries. The blood of the pulmonary arteries pow flow
through the lungs as the foramen ovale closes However fn mam
cases there is a prolongation of the time n which the major part of
the lung expands which results jn marked Impafrment of respiratory
function specifically severe snoxia, When small areas of the fonz
remain atelectatic, the Infant first suffers from ovygen-want asd then
frequently from a superimposed Iofecthon resulting In bronchopnea-
monla or lobar p in, In some obstruction I the
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respiratory passageway s caused by mucous exudate or by aspiration
of amnlatic fluld.

PRE\ ENTIVE INHALATIONAL THERAPY IN FETAL
ANONIA

VProphs latls of fetal anoxia hould be carrled out by the obstetrician

in all ways that are avaflable for the prevention of both maternal
anotia and faflure of the fetal supply of oxygen When fetal anoxia
has made iteelf apparent by changes in the rate and rhythm of the
fetal heart especially slowing of the heart rate as Indicated above
{nhalation by the mother of 100 per cent oxygen !s urgently {ndicated
When the fetal heart rate persists below 100 aiter 10 munutes in
halation of pure oxygen it is a sign that the response to oxygen will
probably not be seen and that the delivery should not be further
delayed. However if delhvery Is impossible deep anesthesla may be
contimued with simultanecous continuation of as high an oxygen con
centratton ta the mother as po;slbls/

INHALATIONAL THERAM

When breathing does not begin scon after birth inflation of the
lung of the newbomn baby by mouth-to-mouth insullation i the best
of all emplric methods, provided it Is done gently  Although it has
been shown that the infant who fails to breathe adequately at birth
has a high carbon-dioxide content In his blood inhalation of 5 per
cent carbon dloxide in oxygen has been advocated for short periods
of two to three minutes to overcome the possible cohesion of collapsed
alveolar walls  However inhalations of carbon dioxlde should not be
rebed mpon for treatment of atelectasls of the lungs since this may
require one to six weeks for suffient expansion to take place Resh
dence in a 50 per cent oxygen atmosphere In a tent or If the infant
is premature m an axygen incubator Is the safest method to pursue.
Under continuous oxygen treatment the infant Is protected agalnst
the damaging effects of anoxla and the possibility of resplratory fail
ure, until the lungs gradually expand TWhen the Infant no longer
becomes cyanotle on removal from the otygen environment fnhala
tional therapy may be discontinued It should be remembered that
the capacity of the lungs during the first hour rarely exceeds 50 cc.
lndthalequnﬂonofthelungthnﬂowpmmpmbah}ylcmm
plished through forcible explratory movements with the glottis par
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tally clased as when the haby cries There s, therefore, po urgent
indicatlon to completely expand the Jung by carbon-dloxide admmis-
tratfon daring the first day or two

Altbough sudden respiratory faflure and severe cyanosis may take
place as & result of bemorrhage In the brain Infants who are cyanote
at birth should invariably be treated with contmisous inhalation of
50 to 60 per cent oxygen Io recognition of the fact that faflure of
complete expansion of the lungs may be the cause of the condition
and that completely normal opening up of the alveoli may alimately
take place if sufficient time s afforded by maintesance of respmatory
functlon through axygen inhatation

In cases in which it Is suspected that mucus o amnfotic flud ks in
the tracheobronchial tree the method of intratracheal sucthon with pre-
limlnany Intubatlon or catheter aspiration may be of cruclal valoe
In a method of suctlon in which there Is 2 control of the pressure
used {t may be employed to clear the laryny, trachea, and the larper
bronchi of obstructing secretions. In premature Infants oxygen focy
bators are of special value in maintaning the temperatare of the
Infant and preventing severe anaxia at the same time

An Improved type of pulmotor called the resuscitator has bees
used m & seTes of 500 infants without any apparent harmful influeoce
This is & mechanical device that provides positive and negathve pres-
sures which result In alternate inflatlon and deflation of the limms.
\o mjury to the lung after the use of this resuscitator has been
reported fn cases which came to autopsy due to cerebral hemorrhage
The procedare employed was to aspirate the mucus that might be
present from any baby who did not cry immediateh and fo sppiy
the resuscitator with pure oxygen.

Although Henderson has advocated carbon-diaxide nbalation, Kane
Eastman and Kreiselman belleve that oxygen without carbon diatide
is preferable In the tr t of atel Is of the lungs of the pew
born  In cases treated by the aythor continuous nhalation of 50 pef
cent ovygen has been responsible for altimate recovery when carboo-
dioxide fnhalations did not seem of valte In one fnstance disappra?
ance of stelectasis did not take plxce antil six wreks of treatmen!
had elapsed. In apother patient who bad & markedly Increased replr
atory rate from birth dyspnea was sccompanied by recurrent Infec
tions In the Jungs untd 2t the age of five months emphysema of both
lower lobes was seen on x.ray examination  Residence [n an 0OF™
1ent &t 50 per cent ovygen was accompanied by gradual dixappearance
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of dy<pnea and the signs of infection  In this patlent oxygen therapy
was continued for one and a hall vears 16 to 20 hours of the day,
before full expansion of the lungs took place  N\o signs of emphyrema
are now evident two years after cesaation of ovygen tent therapy

The inhalation of hellum and oxygen in atelectasis of the hmgs
seems logheal since this misture might enter the lung cells through
alveolar ducts that might not be patent to the ovygen nitrogen mixture
and in fact this procedure has apparently been successfully used in
this condition. Helium-oxygen inhalations have also been reported
to be of value in unresolved pneumomic con<olidation

The ovygen tent is more suitable as a method of administration of
oxypen than either the catheter or mask  Although the motor blower
oc thermal-circalation tent may be employed the open top tent Is the
mast convenient simplest and most effective method for Infants since
they do not requite a cool dry atmospherc  \ relatively high con
centration of oxygen such as 60 per cent may be obtained with a flow
of 6 to 7 liters of oxygen per mmute
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Hemonhage

INTRODUCTION

Although severe hemorthage s frequently followed by sho
which the function of inhalational therapy has been discussed
that section, it is not suficlently realized that profuse Joss of bl
accompaned by serrous anoxia even fn the abeence of peripher
culatory faflure DMarked loss of blood may occur In the cou
clinical fllness such as duodenal ulcer pulmonary tuberculosts }
rhagic diseases and as a result of wounds and injurles

PATHOLOGIC PHYSIOLOGY

The effect of marked loss of blood is that of acute oxygen-w
all the tissues of the body so-called anemic anoxia. When
takes place the syvdrome Is that of peripheral drculatory fafllun
dinical evidence of defident return of venous blood to the right
In the absence of shock a rapid pulse rate, pallor apprehens!
loss of consclonsness may be present. The normal content of «
carried In 100 cc. of arterial blood is 19.5 cc. \When the bl
bas been sufficlent to decrease this by one half or one-third, the |
may expire from a combination of shock and acute anoxia, |
the passage of 300 co. of blood from arteries to the veins 6
ordinarily removed by the Intervening tissues resulting n a
oxygen comtent of 135 cc. When a severe hemorrhage ha
responsible for lowerlng the content of oxygen in 100 cc. of ¢
blood to 9 cc. per 100 cc. of blood only 3 cc. of axygen would
retically remain in 100 ce. of venous blood unless compensath
made by an Incresse in cardic output. The pressure of o
the tissues would fall rapidly and be insufficlent to maintain con
ness and even life {tself However elevation in pulse rate
{ncrensedb{oodﬁawmuemeﬁsweoxymprwmt decreas
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difference between the arterial and venous axygen cuntent  \evertbe
les the deficiency in avaflable oxygen may lead to severe anoxia and
a lowering of the total oxygen consumption

INHALATIONAL THERAM
v

Since patients with serious blood loss are not cyanetic, the swift
employment of inhalation of 100 per cent oxygen has not been gener
ally recommended as a routine emergency measure until transfusions
restore adequate blood The need for an mecreased oxygen pressure
In the tissues is nonetheless urgent and breathing 100 per cent oxygen
through a mask will increase the physically dissolved oxygen from 0.25
cc. to 15 cc. per 100 cc. of blood  If the patlent bas suffidfent hemo-
globin to carry 8 cc. of oxygen In 100 ce. of blood Inhalation of 100
per cent oxygen will jncrease its saturation from 95 to 100 per cent.
This would mean an addittonal 5 per cent of 8 cc. or 04 ce. of oxygen
which would then be added to the 1.5 cc. present In physical solution
or a total of 19 cc. of oxygen in 100 ct. of circulating blood. This
ncreased content of oxygen may raise the tissue-gxygen pressure suf
ficlently to prevent impalrment in the functioning of the brain beart
and other organs and also pathologic changes In the brain. Inhalation
of pure oxygen fs best pronided by the feter or B.L.B oxygen mask
Oxvgen therapy should be continued untll it fs evident that the clinfeal
condition of the patient has improved to such an extent that anovia
is no looger present. ,

The decision to operate on a patlent who has internal bleeding
such as from an ulcer In the Intestine is at times difficult to make
but the Immediate institution of oxygen therapy is desirable either In
order to prepare the patlent for operation in which case oxygen treat
ment should be continued during and after It or if the condition of
the patient is such as to forbid the attermpt to get rid of the cause of
hemorrhage inhalation of pure oxygen should be made continuous fn
order to give the patient on additional opportunity for spontaneous
clotting of the bleeding vessel or for subsequent improvement in bis
condition through transfusion 30 as to make operation possible
Omission of oxygen therapy In severe blood lows allows the main
tenance of a state of anemic anoxla with inevitable deterloration in
the functioning of all the organs.
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Peripheral Artenoscleross

INTRODUCTION

Arteriosclerotic disease manifests itself frequently In the lower ex
tremuty resufting In symptoms of pain numbness tingling and cramps
of the muscles  Local ulcer and gangrene may develop  Ischemia may
also be caused by allied conditions such as thromboangiitis obliterans
embolism and thrombosts of peripheral arteries

PATHOLOGIC PRYSIOLOGY

As n result of eltber gradual or ebrupt occlusion of an artery the
tissues supplied by it undergo a varying degree of anoxia and necrosis
Paln i3 a common symptom and, as described in the section on coro-
nary occlusion Is due to the local tissne anoxia and the substances
produced as a result of deficlent oxygenation. Depending upon the
nature and character of the lestons and the individunl patient, col
Lateral cireulation may develop adjacent to the obstructed artery

INHALATIONAL THERAPY

In respect to Inhalational therapy In conditions of local occlusion of
peripheral arteries the Inhalation of a high axygen mixture is at times
followed by relief of paln especially when 100 per cent oxygen bs
used. In some cases the more continuous employment of 50 to 70 per
cent oxygen has been followed by healing of gangrenous ulcers due to
an fschemic circulation. The use of oxygen therapy in condltions of
this type has been much neglected  Although the physiologic basls
for 1ts employment i & valld one In certaln Individuals & careful study
of 1ts clinfcal value has not yet been made. The fact that permanent
restoration of an fntact blood supply Is not to be expected in most
Instances does not diminish the fmportance of axygen therapy (n those
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cases in which there Is a borderline possibility of spontaneous healing
This applies especially to patients with peripheral arteriosclerosis em
bolism and thrombeosis of peripheral arteries and also in patients in
whom the existence of dinbetes meliitus {s & predisposing and com
plicating influence. Any of the current methods may be employed
for Inhaling high concentrations of oxygen. More continuous use of
moderate concentrations of axygen may be bad with the employ
ment of the catheter Inserted In the oropharynx. The Aeter mask
mahes possible a Jong-continued Inhalation of 70 per cent axygen
without fluctuation of the prescribed percentage More investigation
in this field seems indicated
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Migramne, Seasichness, Gas Gangrene, and
Tetanus + &

Vﬁnef mention of the administration of oxygen in these conditions §s
warranted aithough clmical experience Is very limited v

Patients with migraine who have prodromal symptoms warning them
of an attack of beadache and nausea are at times apparently benefited
by inbalaton of 100 per cent oxygen for one hour If the attack
{s pot aborted 1t Is lkely that further administration of oxygen will
be useless. In a few cnses of aleoholic hendache and nausen which
occur the momning after the adminktration of oxygen has been sald
to be belpfol.

To severe seatichness headache nausea vomiting and prostration
may be present with fn some cases a varymg degree of peripberal cir
culatory faflure The inhalation of 100 per cent oxygen may be bene-
fidal under these circumstances. In a few cases the nausea and vom-
iting of scasicknesy have been relleved.

Aince the organlsms of gas gangrene and tetanus are known to be
anserobic, there Is justification for the inhalation of 100 per cent
axygen {n these condittons | By producing o sharp increase in tissue
uymundonthegmwtﬁ’u“haeorpnbmmaybenmrdcg, In
cases of gang in which sub emphysema has occurred
the inhalation of pure oxygen will permit the eliminatfon of mitrogen
and hydrogen via the blood stream In experimental Infection of
gunen pigs with tetanus spores fnhalation of 60 per cent oxygen has

pm;mwd Infection although control animals acquired tetanus (Chap-
ter 33)
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Anesthesia and Anowia

INTRODUCTION

During the admintstration of anesthetic agents, anoxia may be pro-
doced by respiratory depreasion and by exclusion of oxygen {rom the
inhaled atmosphere. Physiclogically minded anesthetists have delk
ered many warnings in recent years against allowing anoxia to take
place during the courte of anesthesia The finding of degeneration of
brain tissue m infants and adults who have been exposed to nitrous-
oxide anesthesia has been explained as due to anosia and not to nitrous
otide MMamy cases of disturbed cerebral functioning have been re-
ported as a result of an asphyxlal eprsode assoclated with the adminis-
tratlon of an anesthetic agent. In all these instances it Is clear that
the anesthetic agent Is ft<elf not responsible for damage to the cortical
cells but the continued existence of a siate of severe oxygen want iy
the sole etiologic factor  In expeniments on animals and n tevere acch
dental asphyxia in man such as carbon-monotide poisoning pathologic
changes in the braun of a specific kind have been described repeatedty
As pointed out in previous chapters the braln is the organ most senst
tive to oxygen deprivation In terms of impairment of mental function-
ing. The heart is also regarded a3 an oxypen-sensitive organ, but the
muscles and Jolnts may endure severe anoxla for a prolonged period
without evidence of disturbance In subsequent function.

PATHOLOGIC PHYSIOLOGY

Ano!lamnybepmducedlnlhemneoflncsﬂmshbymhe
preliminary sedative medication and by the inhalation of anesthetlc
sgents which replace an excessive percentage of axygen. In the former
cnrmgurz‘mh morphine and the barbiturates lower the mlnute volume
of vent and when Jarge doses of these drugs are prescribed, an
erterial apoxia may be produced simply because the air in the alveoli
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Es renewed at an insufficiently frequent rate  Administration of aver
tn by rectum {s also not free from danger since respiratory depression
may take place as a result of large doses. In addition to the effect of
drugs in fowering the pulmonary ventflation their effect in depressing
pharyngeal and lingual reflexes may result in obstruction in the upper
resplratory passageway due to the faflure to expectorate mucus and
consequent plugging of broncht.

In considering the agent which may preduce anovh by displace-
ment of oxygen nitrous oxide may be emphasized a3 dangerous if un
sLMiully used  \ aluable as this anesthetle agent admitted)y Is, 2 mix
ture of 14 per cent oxygen and 86 per cent nitrous oxide will not
provide anesthesia to pain, In the sbsence of other anesthetlc drugs.
Although this degree of oxygen want produces no pathologic damage
to the normal young adult it Is possible that patients with coronary
disease may develop anoxia of the heart muscle of sufficient extent as
to be followed by coronary and cardiac insufficlency Lower oxygen
concentrations however, are less free from this danger  If reliance is
to be placed upon nitrous-oxide anesthesia alone sufficient relavation
of the patient cannot be obtalned in many operations unless severe
asphyxin s also produced  This state of affairs is remedled to some
extent by preliminary medication, which consists of morphine barbitu
rates or avertin However when suficfent relaxation has been ob-
tained in this way respiratory depression must be guarded against

A combinatron of preliminary sedation may be used with nitrous
axide anesthesia provided that a low oxygen concentration—Le below
21 per cent—Is not permitted during the course of the operation. It
is posyible to compensate for preoperative sedation, which may pro-
duce a lowered volume of ventilation and arterfal anavemia by the
administration of approximately 30 per cent axvgen with the remainder
nitrous odde In many cawes however the attenpt to maintain
anesthesta with nutrous oxide even with the preliminary drug medica
tion 1¢ less desirable than the introduction into the anesthetic mix
ture of ether chloroform cyclopropane or some other agent which
will effect anesthesia [n the presence of a high oxygen atmasphere It
may become desirable to test the oxvgen concentration of anesthetic
mittures in closed-circuit methods of administration  In Inhalatfonal
therapy this is considered es<entlal for the safety of the patient by all
students of the subject  I’recautions would have to be taken to pre
vent absorption of anesthetic gawes by the solutlon which abeorbs
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The inhalation of oxygen has been highly recommended in apinal
ancsthesla from the beginning to end of anesthesia and for eight hours
afterwards Since the nausea and vomiting are quickly relieved by
administration of oxygen the hypothesis that anoxfa is the cause of
the symptonts appears to be confirmed  The administration of oxygen
from 24 to 36 hours after spinal ancsthesla will almost always prevent
the postopcrative headache.

Special precautions should be cbserved In operations on patients
with beart disease since those with coronary scleroals are especlally
sensitive to ovygen deprivation. In a serles of patients with advanced
beart discase in whom the operation of total thyroldectomy was em
ployed = program of oxygen treatment before during and after opera
tion was nccompanied by an exceedingly smooth postoperative course
and by the absence of any mortality in o series of 11 cases This
exceptionally good response to an operation of thls sort In patients as
severely [l as were included In the group referred to is evidence of the
importance of malntaining a high oxygen concentration in patients with
heart disease

In the presence of anemia the employment of both preoperative and
operative anesthetic agents should be undertaken with the recogmtion
that these patients are handicapped by a disturbance in oxygen carry
ing power The inhalation of a 14 per cent oxygen and 86 per cent
nitrous ende mixture to patlents whose hemoglobin is between 50 and
70 per cent is apt to be accormpanied by severe tissue anaxia.

When the patient {3 in shock a shtuation of extreme difficulty pre
sents ftself since the patient already is suffering from the most severe
form of tissue anoxia, Thbe administration of an anesthetic agent
which in any way decrenses the oxygen tenslon In the tlssues is un
questionably harmful. Under these circumstances the employment of
23 high an oxygen concentration as 1s possible with the selectlon of an
anesthetic agent that would make this feasible is indlcated.

Fortunately the field of anesthesin today includes physiologists who
recognize that anoxia {s & specific problem of the anesthetist. Since
the brain fs admittedly the organ most sensitive to anoxla both In terms
of mental functioning and of susceptibility to pathologic and therefore
permanent damage the employment of an agent which renders the
patient unconsclous i franght with unquestionable hazard Because
the results of anoxic apesthesla Include not only tmnecessary risk but
also nearalogic and psychiatric effects that may be more or Jess lasting
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It is evident that a sound phvsiologic and technical experience ks desi
able in thase who administer anesthesia.

The methods of giving ovygen include the catbeter or mask, during
local or spinal anesthesla. When preoperative sedation is employed
in patients with cardlac or anemic conditions or older patients in
whom anotia may be a spectal bazard the preoperative and operative
ute of nasal-catheter administratlon of oxygen will prevent the harm-
ful influence of continuous respiratory depresston.

Respiratory depression after operatfons Is overcome by suitable
administration of axygen erther by routine placement In an ovygen
tent after surgery on the che<t and upper abdomen, or by Insertion
of a catheter in the nasal or ora! pharynx. Postoperatlve depression
and the prevention of atelectasts may be treated by periodic inhala
tions of 5 per cent carbon dioxide with oxvgen in order to expand
the bronchi and promote coughing with expectoratfon of retained secre-
tion. Deep breathing and turning the patient from side to side are
also employed for this purpose
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Aero-embolism

DEFINITION

“Aero-emboitsm refers to the production fn the blood and tissues
of the body of nitrogen bubbles caused by ascent to high altitudes.
This is not a mew concept in mediane since the same phenomenon
long has been encountered in caisson forkers and divers who have
been ajlowed to come up from fncreased pressures under water to that
of sea kevel atmosphere at too rapid a ratq, The condition has been
often called bends among divers since the paln is sometimes 50 severe
as to cause them to bend over it is ako called caisson sichness. The
nitrogen bubbles frequently lodge in the jomts causing local pain in
other Instances in the lungs In which case edema may take place
locally called the chokes bubbles may end in the central nervous
systeml causing paralysis. Symptoms of aerc-embollsm In the skin
are those of Itching and urtfcaria

PATHOLOGIC I'HYSIOLOGY

The possibility that aero-embolism may take place in aviators was
mentioned by Boycott and Haldane fn 1908 Armstrong carefully
studled the condition as it occurred in lowering of the barometric pres-
sure in chambers The condition s now met with In high altitude fiy
ing particularly when the altitude reached is above 25 000 feet. The
condltion does not occur antfl altitudes above 18.000 feet are encoun
tered namely above one-hall an atmohete

In combat military aviation the pilot may bring his plane to 35 000
feet 1n seven to ten minutes  After this swift rate of ascent brings
him to a barometric pressure of 190 mm. Hg or one-quarter of the
«ea-level barometric pressure of 760 mm. Hg the relatlve decompres-
shon {3 similar to that expr rfenced by a diver ascending from 100 feet
under water, which is eq lent to four pheres to the surface
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level. Nitrogen bubbles may be produced in the thsues and blood
stream In each Instanee although a smaller number of bubbles may be
formed fn the air because of the relatively decreased amount of nltro-
gen distolved in the blood at sea Ievel as compared to o pressure of
four atmospheres

The bubble §s originally compesed of nitrogen and subsequently
carbon dioxide oxygen, and water vapor may diffuse Into It. This is
because at zea level nitrogen has a pressure of 573 mm,, carbon dioxide
47 mm., vater vapor 47 mm. and oxygen 35 mm., In the tissues and
venous blood. At the altitudes reached by avintors, the pressure of
carbon dloxide and ovygen is insufticlent to cause formation of bubbles
but nitrogen is obviously present at a pressure sufficiently high so that
it goes out of solution in the blood ot In the tissue fluld  The symp-
toms produced apparently depend upon the localizatlon of the nitrogen
tabble. Recent investigations have been made on the complex nature
of aero-embolism, but they cannot be fully discussed at this time

It has long been known that inhalation of pure oxygen results in
the diffasion of nitrogen from the blood into the alveolar alr and
thence into the outer atmosphere  If this ks continued for a perfod of
five hours 95 per cent of the dissolved nitrogen is elimlnated from the
body Inhalations of helium and oxygen may alsa be employed to rld
the body of dissolved nitrogen  Ascent to high altitudes may then be
undertaken with better resnlts than §f nitrogen desaturation had not
been performed  This is becamse there Is a swifter elimination of
belrum since {ts diffusion rate is terice that of nitrogen and also be-
cause helum is one-halfl as soluble In blood as pitrogen However
Inhalation of 100 per cent oxygen s the method of chowce since it has
been shown that pure oxygen &s not irritating to the human lung in
periods of inhalation which would be rtqulrtd for this purpose

Newborn rats exposed to explosive dccompresslon at a simulated
altitude of 50,000 faet die of severe abdominal disteniion and related
circulatory faflure both of which are largely prevented by breathing
pure oxygen for five bours prior to this test,

Tlssues with a high fat content give up their nitrogen more slowly
which accounts for the fact that one-balf the total nltrogen may he
eliminated by breathing 100 per cent oxygen {or 40 minutes but it
requires at least 80 minutes for half the nitrogen dissolved in fatty
thssues to be eliminated

1t may be pointed out that hellum is only one-third as soluble in fat
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as artrogen and therefore the quantity of this gas avaflable for bubble
formation especially in bone marrow which may be 90 per cent fat
Is greatly reduced.

INHALATIONAL THERAPY

Although certain Indhadoals are more sensitive to sero-embolism
than others and a method of preselection of pilots has been employed
in order to weed out the subjects more apt to get acroembolism at
the very high altitudes almast everyone will <oomer or later develop
symptoms that Indicate formatlon of nitrogen bubbles. Ynhalation
of 100 per cent axypen Is the oaly sure method of preventing this syn
dmrn(r Although in military operations the time required to accom-
plsh full nitrogen desaturation Is longer than is frequently fea Thle
an attempt to rid the body of as much nitrogen as is consistent with
the combat mission should be pursued. Rehtrvely short periods of
Inhalation of 100 per cent axygen such as one hour protect a good
magy individuals from altitedes between 25,000 and 30000 feet In
exposure to altitudes between 30,000 and 40,000 feet inhalation of
oxyren must be pursued for perfods of two to three hours to incure
the probability that none of the members of the alrplane crew will get
svroptoms of aero-embolism.  For altitudes above 40,000 feet more
profonged inhalatlon of oxygen must be carried out, e<pecially If the
awrplane is to be at this altitude for a Jong period of time
VAny leak tight mask may be employed for Inhalstion of 100 per
cent ovygen.  The use of the pressure sult or pressure catun has been
advocated in order to produce a pressure at high altitudes equivalent
to that of sea level or to that comparable to a level of 8,000 feet (or
higher) since In this wav the dangers of anoxa and sero-embolism
both would be removed . The disadvantage of pressurized cabms or
sults s that a sudden Tk would result In explosive decompres Jor,
the contequences of which would depend upon the presure duerential
The sudden anotia mizht be compensated for by Immediate use of a
ma L containng 100 pet cent oxvgen  The symptoms of aero-embolism
miht then have to be countered by swmift deccent to an altitude of
18 000 feet In probably all instances in which aero-embolism may
take place the symptoms will drcappear if there is opportunity for the
mdividual to retomn promptly to a barometric pressure of less than
one-halfl an atmo<phere
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‘War Gas Poisoning and Lung Irntants

INTRODUCTION

The chemfcal agents employed in the last war which produced
edema of the lung will be referred to in the following section. Irri-
tant gases also cause pulmonary edema in dvil life since substances
such as chlorine and nitric acld are also produced in commercha] plants
for industrral use. Whether lung irntants Initiate edema of the lungs
In war or industrzl gas poisoning the treatment is the same. Vixtures
of one or more substances frequently take place which makes Identlf
catson of the Individual gas more difficult. The chemicals used In war
foctude liquids and solids as well as gases  Since the gases are heavier
than air they tend to collect fn low lying areas which should be re-
membered in the event that gas polsoning Is atternpted. The liquid
may persist for days in enclosed places In which gas is relathely
quickhy dissipated. Chemical agents may be disseminated by bombs,
shells filled with liquid including gases liquefied by pressure, by dis-
charging gases from cylinders by spray ing liquids from alrcraft and
by detonating mixtures of sold substances.

The signs of lung irritation are cough tightness and pain in the
chest followed by shortness of breath and expectoration of frothy
mucus  In severe cases cyaposis niusea, vomiting and prostration
take place

Poison gases which affect only the skin eyes and ears will not be
discussed in this section since there Is no specific inhalational therapy
indrcated

LUNG IRRITANTS

Gas masks give adequate protection against the known lumg ke
tants and would of course be used If an attack were recognired In
time When exposure has taken place the svmptoms depend upon the
nature of the individual gas

10
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Phosgene (COC);) Thogenc i3 a colorkess gas ot temperatures
above 8 C. with an odor Ifke that of musty hay  Soluble In water,
it hydroly zes to hydrochlotic acd and carbon dioxkle It has caused
pulmonary cdema In peacetime when carbon tetrachloride {Pyrenc)
fire extinguishers have been used fn enclosed places since thls com
pound when in contact with hot metal liberates phosgene  In mflitary
operations it is cmployed in shells and bombs, or liberated from
cylinders

Although It causes damage to the lining of all the respiratory pas-
sages, the pulmonary alveoli are more setlously affected. Since there
is lttle immediate irritation in the larynx and trachae the gas may
reach the lung in high concentrations  Pulmonary edema, tearing of
the alveoll, thrombasis and concentration of blood in the pulmonary
blood vessels constitute the main pathology ~ Broachepneumonia fre
quently follows after several davs if the patient survives pulmonary
edema.

The symp may not ifest th 1ves for two to elght hours
although exposure to moderate concentrations of the gas results In
watering of the eyes eatching of the breath and a {eeling of tightness
in the chest. Deep breathing may calise painful coughing  After a
period of geveral hours the characteristic symptoms of edema of the
fungs manifest themselves, with moist rales in the lungs and the patlent
coughing up bloody or {rothy sputum

INnaLationAL TiEeary  Complete rest and warmth are univer
sally prescribed with Inhalation of oxygen-enriched atmospheres to
prevent anoxla but this therapy is deemed insufficlent

Oxygen can be administered by a rubber catheter in the nasal or
oral pharynx, by a mask apparatus of the B I.B or Meter type or by
an oxygen tent. If a mask is employed for oxygen therapy without
pasitive pressure caution should be exercised to prevent negative pres
sure from developlng in It as a result of collapsing of the rubber bag
at end of insprration, since this would in all probability increase pul-
monary edema. Use of the Meter mask with the Injector set at 40
Per cent oxygen makes possible a high flow of oxygen-enriched air
with an economical oxygen flow and without negative pressure in the
mask. This s especially important In the metered pasitive-pressure
moask  positive pressure cannot be obtained in the BL.B apparatus

The most valuable and at times apparently specific procedure is
the administration of positive pressure from 2 to 6 cm of water The
Physiology and clinical applicatlon of positive-pressure respiration
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discussed fally in the sectfon on pulmonary edema need not be re-
viewed here. Carlisle has used the Meter mask with the resistance
provided on expiration In a large series of cases of pulmonan edema
occurnng fn the course of industrlal gas poisoning and has reported
dearing of edema and ultimate recovery In each instance even after
beavy fumes of chlorine and nitric acld  In the mask referred to
positive pressure may be obtained by exhaling through constricted orl
fices which gives positive pressure during expiration from ! to 4 am of
water The patient is first expased to 4 em of water until the signs
of edema clear It seems likely that the full development of pulmo-
nary edema and subsequent bronchopneumonta would be less apt to
take place if treatment were begun early before serlous symploms
manifest themselves  As the edema clears the pressure agninst which
the patient breathes may be gradually lowered

The physfologic advantages of positive-pressure respiration have
been described In the section on pulmonary edema including (1) 2
direct oppasing pressure on the external surface of the pulmonany
capfllanes (2) a more patent lumen of the Intrathoracke bronehl dur
ing explration and (3) a diminished flow of blood into the right heart.

When a patient has been exposed to & high concentration of phos-
gene or other Irritant gases a swift exitus may follow or the damage
done to the lung may be too extensive for any theropy  However In
the group in which the permeabllity of the pulmonary capillaries has
been increased without irreversible damage the use of positive pres-
sure may be of dedsive value with oxygen if feasible or with alr if
¢y linders of oxygen sre not available

If oxygen it not available the Meter mash may be employed with
inhalation of alr by remonIng the collecting bag  The closure of the
inepiratory valve allows the exhalation to procred outward through
the expiratory Autter valve and then through the varying-sized disks
that repre<ent the poutive pressure required  During fn<plration the
nsplcatory flutter valve aflows alr instead of oxygen to come {nto the
mask \Vhen no mask Is available the patient should be instructed to
breathe outward through a hand made device such as a cigarette
holder Even in the abeence of any appliance it fs passible for the
patlent to take a natural inhalation and then purse the lips together
so that the expiration may proceed against the pasitive pressure of the
patent s own arbitrarfly created orifice

\n aliernate method is to close the glottls dunng expiration as the
patient with Jobar poeumoniz does In producing the cxplratary grunt
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It appears likely, on the basis of evidence previously presented that
grunting in Jobar preumonia has a phy slologlcally advantageous pur
pose In the absence then of any device for the creation of positive
pressure fn expiration the gassed indwidual may be told to employ
grunting and groaning respiration the purpose belng explained to him

Althouph 5 to 10 per cent carbon dioxide with ovygen has been
advocated In phosgene polsoning its use scems to be contraindicated
because of the fact that the deep breathing engineered by Inhaling
carbon dioxlde will increase the pegative intrapulmonary pressure and
in that way accelerate the formation of the edema fluld from the
pulmonary caplllaries.

In certain types of gas poisoning in which the bronchi are affected
inhalation of helium-oxygen mixtures may be an advantage since a
swifter effusion of a helwm-oxygen mixture may take place in the
presence of obstruction. Under these drcumstances the administra
tion of positlve pressure during mspiration and explratfon such as
provided by the helmet hood apparatus would be the procedure of
cholee  1f belimn were avaflable a mixture of 40 per cent oxygen and
60 per cent hellum coald be provided by admitting an oxygen stream
from ooe cylinder and a hellum-oxygen mixture from the usual 80
per cent hellum-20 per cent oxygen cylinders and joining them with
2 Y -tube before entrance into the hood

Artificlal respiration by a pulmotor or a resuscltator should not be
used since damage to the lungs may take place becaise of the rela
trvely high postive and negative pressures positive pressure may
cause rupture of the alveolar membrane and negative pressure in
creased edema.

Certaln gases are more apt to produce spasm of the bronchioles in
which event the inhalation of the nebulized spray of 1 per cent ep!
nephrine may be used as described in the section on asthma It may
also be helpful similarly to fohale the spray of { per cent neosynephrin.
Although these may be nebulized by hand bulbs larger quantities are
prm’ldcdbyrunnlnglmmmcf4lhmumlnmeofoxygenlhmugh
the nebulizer  Venesection has been employed in the stage of blue
cyanosls where there Is distentlon of the superficial velns When
peripheral circulatory collapse has taken place with a gray hue to the
face and & weal pulse it 5 contralodicated The wsual measures
:;” E::L:E ‘I;OCLI"C employed when this condition s present, In

¢ t of pulmonary edema. the employment of digltalis
hypodermlc adrenalln are not of value However h\]ect!t::g:f cnﬂ';l‘:
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sodium benzoate metrazol, or neasynephrin hydrochloride may be of
temporary help in the presence of peripheral circulatory faflure The
employment of adrenal cortical solution may be helpful  Intravenous
Injections of 50 cc. of 50 per cent glucose may be of value as a paltia
tive procedure provided the heart is not showing signs of faflure

A brief description of other gases follows

Diphosgene (CICOOCC!;) This is an ofly liquid which smells
Iike phosgene it is used in bombs and shells It afTects the eyes more
than phosgene but otherwise s similar

«/ Chlorlne. Chlonne is a greenish yellowish gas with a characteristic
famfltar odor similar to that of bleaching powdern  Used in shells and
bombs 2nd liberated from metal cylinders daring the First World
War It Is not considered likely that it will be used in this war although
the possibility of its employment must be guarded agninst 1t pro-
duces a marked irritation in the upper respiratory tract at times
necrosis of the tracheal mucous membrane and bronchi and also
alveolar damage with severe pulmonary edema.

The symptoms are mere scute than those of phosgene polsoning
consisting of violent paroxysms of coughing a burning painful seasm
tion {n the respiratory passagesay and the onset of edema of the lungs
within a pertod of 10 to 20 minutes.

e Chloroplerin (CCLNO,)  This Is & colorless oily liquid of high
vapor pressure, relatively nonpersistent with 2 smell lle leorice It
{s employed In shells and bomba.

The fumes of this agent produce extremely Irritating effects through
out the entire respiratory tract with plugging of the bronchf obstruc
tive emphysema and less frequently pulmonary edema. The absorp-
tion of the poison may result In nephntis. The symptoms are similar
to phosgene polsoning but the tearing and burning Jn the eyes is
marked and the coughing Is more severe

Nitrous Fumes. Tbhey arixe most)y from nftric oxkde (NO) nitro-
gen dioxlde (NO;) or nitrogen tetroude (N,0,) Thete gases are
teddish-brown with & pungent odor and form nitrous and nltric add
when dissolved in water

The fumes are formed in Industrial acadents by the action of nitrie
acid on organic matter and are incidentally producesd in military opern
tions in which explash es are Incompletely b confined state
Ulceratian of the b TIUCOUY Mem redema of the
lungs may take pl mptems simi of pho~gene



LUNG IRRITANTS 165

posoning  In addition, the toxic effect of the nitrite may cause col
lapse or the production of methemoglobin

Irritation of the eyes takes place immediately, as well as in the nose
and pharynx, followed by & latent period of four to eight hours after
which edema of the lungs develops.
wAmmonia (NH,) has a characteristic pungent odor and Is a color
Jess gas Jighter than alr and very soluble In water  Although not
employed in warfare it may be liberated by refrigerating appartus
The ordinary gas mask does not gise protection against It. The symp-
toms produced Include severe frritation of the eye and upper reapira
tory tract and edema of the glotths with a pseudomembranous laryn-
gitis. The reflex cessation of respiration may produce asphyxia with
spasm and edema of the glottis larynx, and trachea.

Discussion, The sigoificant factor in pulmonary edema caused by
Induninal or war gases §s the increased perowability of the pulmonary
epitbelfum. In addition to this effect the already existing hydrostatic
pressure In the capiflaries is also responsible for the outpouring of
serum from them. Since it has been decisively shown that inhalation
of air under negative pressures as small as 5 cm. of water produces
congestion in the lungs of animals, and ultimately edema, the first
requirement for Inhalational therapy s to prevent the patlent from
being compelled to inhake a therapeutic gos at the expense of phvsical
effort on the part of the respiratory musculature  In other words the
gas provided to him should be presented without any additional nega
tive pressure. Furthermore the welght of physiologic and clinical
evidence in the trentment of pulmonary edema in the course of respira
tory and cardiac disease Is such as to offer Jegitimate support for its
employment m {rritant lung edema. Although forther evidence con
cernlng it value In the treatment of gas poisoning s desired there Is
already sufficlent testimony to make a trial of its use amply justified

Although oxygen therapy without pressure will be of value in main
taming respiratory functlon until the cessation of serous oozing from
the caplllary takes place, and altbough a lessened volume of ventila
tion and ly » 1 d Intrapulmonary negative pressure
would take place as a result of its wse a large amount of serous futd
{n the smalier bronchl forms an cbstructlon with impaired dralnage,
Infection of the retained secretions and bronchopneumonia as a fre-
quent result. Many years ago the author observed & patient who
developed edema of the lungs from chlorine-gas pohoning. He was
untzdlnmoxygentr_utformd.y:mdnltboughbemmom
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comfortable and less anaxic, death ultimately took place as a result
of bronchopreumonta. At this time it is likely that the adminkstration
of the sulfonamide drugs may prevent {n small part the consequences
of infection in the lungs However, the employment of positive pres
sure If it Is effectlve in preventlng or retarding the outpouring of
serous fluid would be valuable from the standpoint of both prevention
of infectlon as well as ultimate recovery

An additional source of evidence that positive pressure may be of
help in irritant gas polsening fs obtained from the behavior of patlents
who have had trachestomy for previously existing obstruction in the
larynx. As polinted out in that section a very frequent occarrence fs
the outpouring of mucus and serum into the tracheobronchial passage
within a short time after tracheotomy has relieved the obstruction
This Is a clear example of alteration of permeability both In the pul
monary caplliaries and In the mucous glands In the bronchi dee to a
sudden withdrawal of a previously existing posithve pressure  Since
the clinical use of positive pressure has been shown to be effective in
clearing this type of pulmonary edema also an example fs avaflable
to support the argument of the probable effectiveness of inhalation of
air or oy gen under positive pressure In cases in which the permeabllity
of the pulmonary capfliary has been diminlshed by direct Irritation.

Since 1t Is generally admitted that there s no intentlon on the part
of our military forces to employ war gases until this practice has been
previously employed by the enemy jt seems legitimate and desirable
that the probable effectiveness of positive pressure breathing In the
treatment of this type of pulmonary edema be given a wide hearing
among medical as well as lay audiences and that the facts now avall
able be ghen to organizations responsible for clvilian defense

Inhalational Therapy Orxygen under positive preasure during in
spiration and espimtion would overcome to a considerable extent the
nartowing of the upper respiratory passagewsy  If helium fs avall
able a mixture of 30 per cent oxygen and 70 per cent helium undet
pressure of 4 to 6 cm. of water in the helmet-hood apparatus woald
compensate for 8 marked degree of constriction In the respimtory
passageway  If hellum is not avallable ovygen under pressure pro-
vides considerable rellef When the obstruction is confined to the
glottis and larynx tracheotomy may give complete rellef

\lustard gas and Lewisite both irritate and destroy the skin  The
inhalation of these gates may be followed by ulkceration and Infection
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in the bronchbi and finally by bronchopneumonta, In most instances
edema of the lungs is not produced except as a complication

VThe administration of posithve pressure Is indicated whenever pul
monary edema occurs  Inhalation of oxygen-enriched atmospheres s
indicated {f anotla is present , The methods and results of positive
pressure respiration were drecuseed in the treatment of phorgene
polsoning *
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comfortable and less anoxic, death ultmmately took place as a resalt
of bronchopreumonia. At this time it is likely that the administration
of the sulfopamide drugs may prevent in small part the consequences
of infection in the lungs However the employment of positive pres-
sure if 1t is eflective In preventing or retarding the outpouring of
serous fluid would be valuable from the standpoint of both prevention
of Infection as well as ultmate recovery

An additional source of evidence that positrve pressure may be of
belp in irritant gas poisoning s obtained from the behavior of patients
who have had tracheotonry for previously existing cbstruction in the
larynix.  As pointed out in that section & very frequent occurrence Is
the outpouning of mucus and seram into the tracheobronchial passage
within a short time after tracheotomy has rehieved the obstruction.
Thus js & clear example of alteration of permenbility both in the pul-
monary capillaries and in the mucous glands in the bronchi, doe to a
sudden withdrawal of & previously exsting posithve pressure. Sizce
the clmical use of positive pressure has been shown to be effective in
cleaning this type of pulmonary edema also an example is available
to support the argument of the probable effectiveness of inhalation of
air or oxygen under positive pressure in cases in which the permenbitity
of the pulmonary capillary has been diminished by direct frritation.

Since it fs generally admitted that there is no intention an the part
of our military forces to employ war gases until this practice has been
previously employed by the enemy it seems legitimate and desirable
that the probable effectrveness of positive pressure breathing in the
treatment of this type of pulmonary edema be given a wide hearing
among medical as well a3 lay audrences and that the facts now avafl
able be ghven to organimtions responsible for crvilian defense

Inhalational Therapy Oxygen under positive pressure duricg in
spintion and expiration would overcome to & considerable extent the
narrowmng of the apper respiratory passageway If helum Is avai-
able a mixture of 30 per cent axygen and 70 per cent hehum undei
pressure of 4 10 6 cm. of water In the helmet-bood apparatns would
compensate for a marked degree of constriction n the resplratory
passageway  If helm is not svaflable oxygen under pressure pro-
vides comsiderable relief When the obstruction Is confined to the
glottis and larynx trach v may ghe ¢ lete relief

lustard gas and Lewisite both irritate and destroy the skin. The

inbalation of these gases may be followed by ulceration and Infection
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in the bronehi and finally by bronchopneumonia  In most Instances
edema of the lungs is not produced except as a complieation.

“The administration of posltive pressure Is indicated whenever pul
monary edema occurs. Inhalation of oxygen-enriched atmospheres is
indicated if anoxia is present  The methods and results of positive-
pressure respiration were discussed In the treatment of phosgene
polsoning *
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Postencephalographic Headache

DEFINITION

Ve

Following encephslography headache nausea and other disagree-
able symptoms take place due to the slownass with which the intro-
duced 2ir escapes from the subarachnofd space and the vcntrﬂa

PATHOLOGIC PHYSIOLOGY

The rate of escape of a gas from the ventricles is dependent upon
certain physical factors. Since it Is impractical to aspirate gas from
the subarachnoid space the only method of elimmating the Introduced
air ks for this material to be picked up by the blood stream, delivered
to the Jung and diffused to the outer atmosphere. The Introduction of
oxygen into the ventricles is followed by the diffnsion of nitrogen and
carbon diomde from caplllary blood into the oxygen atmosphere.
However when the patlent breathes 100 per cent oxygen following
encephalography with pure axygen most of the physically dissolved
bleod pitrogen is eliminated swiftly through the lungs, which prevents
tntroduction of nftrogen into the subarachnoid space  This procedure
has unquestionably lessened the duration of headache

A recent improvement is the Introduction of belium fnto the sub-
amachrald space and the whalation of 100 per cent oxygen after the
roentgeniograms bave been taken The value of this procedure may
be explained as follows The diffusfon of a gas depends upon the dif
ference in preasure between the gas in the subarachnold space and the
same gas in the blood stream, and on the inherent diffusibility of the
gas itself Hehum will diffuse from the subarachnold space Into the
capillary blood since the latter contains only an Infinitesimal quantlty
of physkally dissohed bellum. In addition the diffasibility of bellum
according to Graham s law s far swifter than that of nitrogen or oxv

1
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gen Smee the diffusion rate of a gas is inversely proportionaf to the
square root of fts molecular weight, hellum with a molecular welght of
4, nitrogen with a molecular weight of 78 und oxygen with 2 molecular
weight of 32 have diffusion rates inversely proportional to 2, 5.3 and
57, respectively  In other words the diffusion rate of helium is almost
three times that of efther oxygen or nitrogen There Is therefore
from this theoretical consldertion an anticipated advantage In the
employment of helfum. However since the solubillty of hehum [s one-
half that of nftrogen the circulating blood carries only one-half as
much helium as it can nitrogen which would tend to delay the removal
of helium from the subarachnoid space  “evertheless the procedure {s
effective when otygen is brenthed Nitropen is then eliminated largely
through the lung without diffusing into the subarnchnoid space A
small amount of carbon diaxide armd oxygen does enter the hellum area

The symptoms which follow encephalography with air last 58.5
hours 1f bo ovypen inhalation is permitted and 15 hours if pure oxygen
is inhaled. When ovygen fs introduced Into the subarachnoid space
and followed by inhalation of pure oxygen tbe symptoms last nine
bours  When helium encephalography Is performed without inhala
thon of oxygen the headache and other disturbances persist for 18
hours of longer but this perfod is said to be strikingly reduced to
three to four hours if pare oxygen is fnhaled after the Introduction of
belfom.

Pute oxygen may be given either with the BL B or the Meter
mask apparatus.
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Anoxia and Bram Lesions Followmng
Fever Therapy

INTRODUCTION

Pntbologicamdlahmﬁamsandanhmbamopa&dmcrupmmc
to heat therapy have revealed bemorrhage edems, and degeneration
of cells throughout the cerebrum and cerebellum. In addition, de
generation and hemorrhage of the adrenal glands, ard edem2 and coo-
gestion (o the lungs have been reported.

PATHOLOGIC PHYSIOLOGY

When animals were exposed to fever therapy such as temperstures
induced to a range of 104 to 108 F for 4 to 14 hours, the measare-
ment of the arterial blood revealed a marked decrease In axygen saturs
thn in many instances as low as 60 per cent oxygen. Due to the
increased blood flow the arterlal venous-oxygen difference s reduced.
In patients exposed to fever therapy alkalosis I severe stnce 2 pH
of the blood averaging 7 6 Iy found, as & result of the raptd breathisg
and blowing off of carbon dioxide This b In itseli conducive to
anoxia both by its effect an the hemoglobin which holds an to oxyge
mare tightly and by producing capillary constriction azd Ischemb of
tissues  The shallow breathing 1s in part the cause of the masked
lowsring of the oxygen saturation of the arterial blood. An agditioal
factor fs the incrensed temperature of the blood which has been shown
todecrnsetbeoxygcnmumthuuudmcwbmthcou'ygmmm
110n 1 notebly increased as a result of the fever 8 40 per cent rise &
basal metabollc rate Accompanies & temperature of 106 F It sboakd
be remenmbered however that the Increased temperature of the biood
facilitates unloading of oxygen to the tissues similar 1o the action of

an actd shift in pH
m
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The hypothesis has been advanced that the pathologic changes In the
brain and other organs found In autopsied cases of fever therapy that
ended In mortality are in large mensure due to severe anoxla, since
the chanpes are very comparable to those produced by asphyxia.

INHALATIONAL THERATY

On the basls of the demonstration of serious anoxia during fever
therapy Inhalation of oxygen during the course of heat therapy has
been employed with clinlcally beneficlal results  Considering the
evidence presented it seems likely that pathologic changes resulting
from fever therapy which are typleal of anoxia produced in other ways
are prevented by adequate oxygen administration. The most pract!
cable method is the adminlstration of axygen by the masal catheter,
preferably in the oral pharynx.

One of the striking evidences of benefit from oxygen therapy during
fever treatment is the slowing of the pulse rate which takes place after
oxygen administration as compared to the rapkd mounting of the pulse
Tate In non-oxygen-treated cases.  In addition to the increase in the
tension of oxygen in the blood the undue loss of carbon dioxide and
tbe alkalme blood pH ate Iargely prevented when effective axygen
therapy {s given continvously

Although the arterial oxygen tension falls 25 per cent with the
development of the destred level of fever and costinxes to fall as the
treatment progresses In routinely treated cases the patients in whom
oxygen was administered during the whole treatment showed po drop
in arterial oxygen tenston but rather a continuous rise.
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Head Injuries

INTRODUCTION

Head injuries may take place with or without skull fracture and
at times accompanied by concussion of the brain.

PATHOLOGIC PHYSIOLOGY

Anoxia {allows severe head injury when shock s present or when 2
neurogenic hyperthermmia takes place due to distuthance of the tempera
ture regulatmg center A decreased circulation in the brain may take
placo as a result of Increased Intracranial pressure, vasodilatation
edema, and hemorrhage. In experimental studies in dogs it has been
shown that concussion fs accomparnued by arterfal anoxia and that this
type of axygen want may be markedly relieved by inhalation of axygen
enriched atmospberes. In 12 patients with recent concuasion of the
brain in whom six had a fracture of the skull the oxygen saturation
was lowered in 10 cases in two of themn the lowering was 34 and 44
per cent.  Since brat concussion with or without fracture of the skall
results m a lowering of the arterial oxygen saturation of from 5 to 44
per cent below the normal in both dogs and human belngs, there i
tndkntzon for recommerding inhalation of high oxygen cancentrations
i order to overcome the anoxia. This appears to be all the more
Iegitimate since the brain s sensitive to anoxia.

INHALATIONAL THERAFY

JI.n patients with mild or moderate anoxia inhalation of 50 per cent

oxygen with nasal catheter or tent may be employed. In cases fn

which severe njury has been followed by anoxia and shock Inhalation

of concentrations approaching 100 per cent oxygen is sugested in

ordertobcrmseumuchnspasﬂbktheoxygeﬂphyﬂmﬂydb:ohtd
172
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In the plasma. Under these clrcumstances the BL B or Meter mask
may be employed with a flow of oxygen of 12 to 15 liters per minute
The length of oxygen therapy should include the period fn which the
patient is unconscious and in which concusyion may be presumed to be
pre<ent.
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Paralysis of the Respiratory Musculature

INTRODUCTION

\/'I‘ho most frequent cause of paralysis of the respiratory musculature
{s poliomyelitis, Syringomyelia, lsthargic encephalitls and other nerve
diseases may occasionally result in impalrment or paralysis of the
intercostal muscles due to involvement of the cervical and dorsal spinal
cords.  Although objective dyspnea may not be apparent becams the
chest fails to move the patient is nevertheless aware of extreme dis-
tress and generally reveals marked anxiety or fear of death

PATHOLOGIC PHYSIOLDGY

In an adult complete paralysis of the Intercostal muscles may not
be followed by respiratory distress if he lies quietly In bed Tbe rate
of respiration Is Increased and the excursion of the diaphragm Is larger
than under pormal conditions. The rigidity of the adult thorax is
sufficient to protect the upper thorax against retraction in the trans
verse diameter when the diaphragm descends which allows the patfent
{ull respiratory value of the fall of the diaphragm The costal margins
are drawn toward the midline during {nspiration and there Is an exag
geration of normal abdominal breathing.

In a child paralysis of the upper Intercostal muscles fs however
more apt to result in grave impairment of respiratory functien. The
flexible ribs do not prevent the upper thorax from retracting and the
sternum and the first two ribs are apt to be pulled downward by the
powerful contractfon of the disphragm. Consequently the volume of
the upper lungs is decrensed during inspiration and air may pass from
them into the stream of air Inhaled in the lower portion of the lung
During expiration the upper parts of both limgs are then Increased in
volume and air from the lower lung may be In part expelled into the
upper lung with the production of & variable amount of rebreathing

74
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resulting In severe anoxla cyanoss and dyspnea on very slight exer
tion In paralysis of the lower five Intercostal muscles In a child the
uppet lung fs enlarged during in<piration and the lower lung also asa
result of descent of the daphragm  Although the volume capacity of
the Jower lungs s diminished there would be no rebreathing between
upper and lower lungs and consequently the patfent would have no
dyspnea as long as he did not undergo moderate exertlon

Paralysis of all the intercostal muscles in a child will unquestionably
result in a certain amount of rebreathing between the upper and lower
parts of the lungs In an adult the chest wall Is Immobllized after
paralysis of all the Intercostals and the only movement dlscerned is In
the costal margins which move toward the midline during insplratien
the mspiratory descent of the diaphragm resulting in more marked
abdominal protrusion When any part of the lung Is unventilated or
filled with air that has been previously employed In another part of
the lung the area contributes unrespiced blood to the arterial circula
ton The arterfal oxygen saturation 13 inevitably lowered but in most
cases the increased ventllation of the remainder of the lung results In
an adequate elimination of carbon dioxide.

In two cases of paralysis of the intercostal musces in lethargic
encephalitis the control arierial axygen saturation was 64 and 60 per
cent, and 84 and 82 per cent respectively after inhalation of 80 per
cent oxygen The arterial earbon-dloxide content ruse after treatment
with axygen in one case from 64 to 88 volumes per cent and in the
other from 51 to 62 volumes per cent. In these two cases extreme
shallow breathing was an additional cause of the severe anoxia. The
mechanism of the Increase In carbon-dioxide content as a result of
the inhalation of high oxygen concentrations in patients with anoxia
has already been discussed in the sections on congestive heart faflure
and in pulmonary emphysema. It may merely be mentioned here that
the retentlon of carbon dloxide in the blood due to decreased volume
of breathing also made possible an increased elimination of carbon
dionde per unit of pulmonary ventilation.

INHALATIONAL THERAPY

In the treatment of acute anterior poliomyelitis the Drinker respira
tor has been of inestimable value. It has accomplished the alm of
mhu&nlngudﬁdﬂrdp{mdminnmanne_rwh;chpmviduthepa
tlent with as much comfort as possible and at the same time achieves
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an efficlent form of ventilation In one serfes of 23 children who had
paralysis of the Intercostal muscles or the diaphragm of sufficent
extent to bring about serfous impairment of respiratory function, three
died of pneumonia  Although it cannot be proven that all of the others
wouk have died, life was preserved in a number of them who other
wise apparently would have succumbed Certainly the rellsf given
to children with paralysls of the Intercostal muscles or the diaphragm
13 sufficlently great to fustify its use In patlents wha are under 12
years of age the respirator {s run at a rate between 20 and 30 times
per minute  In the presence of obstruction to the passage of air dae
to secretions in the air passages the patient cannot accommodate hm-
self readily to changes In rate  In some cases the maintenance of a
rate of 48 times per minute has been used  The negative pressure n
the respirator is usually between 15 and 20 ecm of water Passive
expiration is almost always adequate, even in patients with the most
extensive paralysis Posithve pressure very rarely may be belpfd In
bringing about a more forceful expiration in patients with parafysis
of the abdominal muscles who cannot cough effectively

In patients with respiratory paralysis of the spinal type (Le , paral
ysis of the Intercostal muscles and the disphragm), the machine should
be used early before the appearance of cyanasis In order to prevent
the adverse effect of anaxda on the course of the disease Since de-
struction of the nerve cells is considered due to a local Hssue anoxia
produced in the anterior borns due to edema and lymphocytic infiltra
tion, it is entlrely reasonable to prevent generalized anoxemia and
nadequate ventilation of the lung. Furthermore the relief obtalned
by the patient as shown by relaxation and sleep Is jtself an indication
for the early use of the machine The patlent should be kept In the
apparatus for a long time since early removal may result [n recurrence
m difficulty in breathing and fatigue of the muscles of respiration

Respiratory faflure may also be brought about by involvement of
the medulla with the production of pharyngeal paralysis, The diagno-
s of this condltion is made by hearing audible gurgling in the throat
during breathing  Frequent severe choking attacks threaten the
patient with asphyxia. A deep inspiration tends to asplrate fluld Into
the larynx and is frequently interrupted by a forced expiration. Three
dangers occur from this form of paralysis (1) Choling attacks with
severe anovla (2) aspiration of mucus and (3) excesshve fatigue
Treatment consists in the maintenance of an adequate ventilation in
the respirator and measures which will keep the pharynx free from
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food vomitus and secretions  Flulds are administered by rectum or
parenterally

Respiratory failure may also take place as a result of involvement
of the resplratory center  Thirteen of a serles of 20 patients treated
in a Drinker resplrator survived  In the patients who survived It was
believed that the respirator was an important {actor in thelr ultimate
recovery
In paralysis of the respiratory musculature due to marked bulbar
{nvolvement, the conditlon may be too far advanced and hopeless to
try a therapeutic procedure  In other more favorable cases the main
tenance of respiratory function may be followed by relatively normal
activity of the muscles of respiration and the patlent may ultimately
be restored to complete health  Unfortunately, patlents with polfo-
myelitis may live for weeks and months In a respirator and finally
succumb to putmenany, infection  There are also other patlents who
are unable to do without the respirator for years.

The respirator designed by Drinker and his collaborators is gener
ally employed to maintain continuous artificial respiration A negative
pressure of 15 cm. of water is suffu to produce Inspi: y en
largement of the chest In most instances. Restoration of pressure to
that of the atmosphere causes explration The speed and depth of
respiration may be varied depending upon Individual indicatfons
Patients may take nourishment withoat interruption of the treatment
and at the present time most nuraing care may be given through ap-
propriate portholes in the chamber

A modification of this method has been employed in which a metal
plate is fitted to the anterior chest wall by an appropriate rubber
leak-tight gasket. A negative pressure Is produced between the chest
wall and the inner surface of the metal dome which results in inspira
tory descent of the dinphragm. Another apparatus employed abroad
b the Bragg Hall pulsator which comalsts of a flat rubber bag that
encircles the chest belng fastened in position by an inextensible outer
covering  Alr Is forced nto the bag by contraction of & bellows which
I3 in turn activated by an electric motor This method of alternated
compression of the ribs by alr pressure has been used for long periods
In a case of progressive muscular atrophy

When paralysis of the respiratory musculature takes place before
mechanical methods of maintaining respiratory function are avaflable
the Sharpey Schaefer prone method of manual artificlal resplmtion
sbould be employed The ribs are compressed so that explration i
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forced and inspiration follows due to the natural resilience of the bomy
thorax A small pad 15 placed underneath the abdomen with the
patient in the prone position. The physician kneels astride the sub-
Ject and placing his hands on the lower part of the chest on each
side he employs his body weight to press firmly on the back of the
chest, producing expiration in this way Viithdrawal of his welght ls
followed by fnspiration. This method of manual inflation and deflatfon
of the lung is generally carrfed out from 12 to 15 times a minute

The modemn resuscitator, which uses positive pressure to inflate the
lung and negative pressure to cause it to collapse, Is an effective
remedy for maintaining arstificial respiration and with the blow-ofl
vilves now in use should not be consldered fn the same dangerous
categoey as the old pulmotor The duratfon of treatment depends
upon the rate at which recovery of the function of the muscles of
respiration takes place In some patients with impalrment of activity
of the resprratory musculature especially in the absence of Involve-
ment of the diaphragm inhalation of cxygen In 50 to 60 per cent
concentrations may relieve the dyspnen  The diminution In the vol-
ume of respiration may also provide the patient with rest to the
muscles of breathing Inhalations of helitm with oxygen have also
been described in paralysls of the respiratory musculature witk sub-
Jective rellef The problem In the treatment of these cases Is the
dificulty fn being able to tell in advance whether or ot retarn of
function of the respiratory musculature will take place.
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Cerebral Embolism and Thrombosis

INTRODUCTION

Occluslon of one of the cerebral blood vessels may take place as a
result of an embolus or thrombus the latter wsually Incldent to arterlo-
«erosls. Degeneration and pecrosh of the braln tissue supplied by
the artery take place to a varying degree as a result of tissue ischemia
and anoda. Symptoms depend upon the locallmtion of the lesion but
paralysh of one side speech defects and mwental disturbances are
frequent  Death occurs in 30 per cent of patients with cerebral hemor
rhage In 15 per cent of thoswe with thrombosis and In 7 5 per cent
of those with embolism The disturbance which remains in patlents
that recover is subject to wide variatlon depending upon the chatacter
and extent of the lesion

PATHOLOGIC PHYSIOLOGY

Occlusion of a cerebral artery results in acute local anoxia of the
area supplied by the blood vessel Thrombosis may obliterate the
entire lumen but occastomally there {s absarption and recanalization
of the thrombus. In the cortex of the brain collateral circnlation is
more readily establsshed than in the brain stem.

Stnce brafn tissue is more sensltive to oxygen-want than any other
body organ the attemt to remedy local anoxia by Increasing the
phiysically dissolved oxygen in conditions of total or partial occlusion
of a cerebral blood vessel {s amply Justified. Tt has been shown that
the cottex is most sensitive to anoxia  The newer phyletic and higher
anatemic portioms of the central nervous system possess a higher meta
bolic rate and are therefore the first parts to be overcome by lack
of oxygen The function of the cerebral cortex shows fmpalrment
belore that of the midbrain and the medulla  From a pathologic point
of view hemaorrhage In the brain appears as a result of anoxia before
# occurs In otber organs.

Therefore, since the braln i the organ most readily damaged by
anoxia and since the damage of brain tissue results in & most distarb-
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ing form of invalidism, there is a definite indication to prescribe the
inhalation of 70 to 100 per cent oxygen in these cases In the treat
ment of coronary thrombosls and of shock the increase in the physi-
cally dissolved oxygen In the blood has been shown to be followed by
clinfeal improvement even in the absence of arterfal aroxembs, an
argument which applies to the treatment of cerebral hemorrhage
thrombosts and embolism In the small serfes reported by Pealton
oxygen therapy appeared to be clinically valuable and it is conceivable
that more severe braln damage was prevented It may be remem-
bered that in the early development of oxygen therapy inhalation of
oxygen-enriched atmosphere in patfents with obliterative endartenths
was helpful In promoting healing of ulcers due to fschemia.

INHALATIONAL THERAPY

Although oxygen therapy Is not conventiomally employed In the
treatment of occlusion of cerebral blood vessels, the inhalation of 70
to 100 per cent oxygen is recommended in every case where it is
feasible to do s0  Recognizing that 2 5 cc. of oxygen may thus be
added to 100 cc. of circulating blood and that the average quantity
of oxygen removed from this amount of blood circulating from artery
to vein is 5 to 6 cc. the provision of this additional amount of oxygen
should be helpful. In experiments fn dogs In shock 15 to 2 cc. of
additional axygen have actually been found in right beart blood dur
fng inhalation of 100 per cent oxygen. Every precautfon therefore,
should be taken to prevent not only fmpairment of brain functioning
but pathologic permanent damage in braln structure.

The oxygen-mask apparatus should be eroployed with a sufficiently
high flow to provide 70 to 100 per cent oxygen uptil the patient has
recovered from the effect of the cerebral embolus thrombosts, of
hemorthage  This might require as long as five to eight days. The
rationale of adding this significantly increased quantity of physically
dissolved oxygen fs that a substantial increase In oxygen pressure In
the capfllaries of the collaterals bordering on the occluded blood vessel
may prevent additional edema and bemorrhage. If oxygen therapy
is conducted longer than 48 hours the inhalation of 70 per cent ovygen
is to be preferred to 100 per cent.
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Chronic Pulmonary Tuberculosis

INTRODUCTION

The purpose of this section is to describe 2 method of achieving
local lung rest through a new type of Inhalational therapy in which
the force applied to the outer and fnner surfaces of the chest wall Is
made equal by alr pressure.

The ultimate objective of therapy in active pulmonary tuberculosts
is clearing of the inflimmatory tuberculous process. Preumotborax
and other collapse measures are employed for this purpose, as well as
to dose cavity  Our Intention Is to present a practical procedure which

es an Immobilization of the lungs decreasing the functional
acthvity of the diseased organs by providing an adequate pulmonary
ventilation without lung movement and in this way initiating or accel
erating the healing process  The equalizing pressure chamber has been
employed 1n the treatment of seven patients of advanced bilateral
pulmonary tuberculosis with cavities of greater or lesser extent with
complete arrest or clearing of the disease in five cases.

PATHOLOGIC PHYSIOLOGY

Rext of the diseased lung is stfll regarded as the most effective prin
clple in the treatment of active tuberculosis. Although lying In bed
Is of considerable therapeutic value in many instances additlonal rest
bas been obtalned by varying the posture so that the patient lies on
the affected side  Small bags of shot up to two pounds have been
placed on each mde of the chest In bilateral apical disease In order to
rest the upper lobes and allow the bases to be used mainly for venti
latlon. When a tuberculous lung has been collapsed by pneumothorax,
2 conslderable excurslon of the lung nevertheless takes place with each
resplratory cycle  Although pneumothorax frequently achleves the
desirable alm of clasing the cavity It is not pecessarily a substitute

a1
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for natural bealing since In & person with poor resistance a caseous
poeumonic process may ulcerate and spread under pnetmothorax as
readily as if the lung were not collapsed A person with pulmonary
taberculosis whose disense heals spontaneously is in many respects
more fortunate than eme who requires the help of collapse measures.
The provision of a method of Immobilizing the lungs and dispensing
with respiratory actfvity rests on sound physiologic principles.

The procedure requires that the patlent he in a cylindrical chamber
in which an alternating pressure is applied but with a differential pres-
sure administered to the head as compared to that of the rest of the
body The principle of the method depends on the physical law that
the number of molecules within a contuner varies with the pressure
to which the gas is exposed, provided the volume and temperature of
the gas remaln constant. In normal respiration & change of the pres-
sure in the lung of 4 mm Hg produced by the respiratory musculature
during inspiration and the elastic recoll of the lung during expiration,
is sufficient to cause an inlet and outflow of 500 cc. of air per mnute
approximately one-sisth of the volume of air present in the Iungs at
the termination of ap ordinary expiration.

Under normal circumstances excursion of the lungs takes place of
sufficient extent to accommodate 500 cc. of afr 16 to 18 times &
mmute  If the muscles of respiration are thought of as belng inactive
the lungs may be concetved as gas contamers with a constant volume.
Under these circumstances Increasing the barometric pressure one-sixth
of an atmosphere would result In the passage into the lung contalper
of an additional one-sixth number of gas molecules in other words,
ene-stxth of 3 000 cc. or 500 cc.  The total number of molecules after
this pressure was applied would be the number contalned in 3,500 cc
of air at atmospheric pressure  Since the entire body is subjected to
altermating pressure the volume of the chest does not change markedly
since pressure is applied c/most simultaneously to the outer and Inntr
walls of the thorax (Thuneberg) However cbservation of patients
with chronic pulmonary tuberculosts exposed to an Increase and de-
crease of the barometric pressure of one-sixth of an atmesphere
revealed that the chest wall was slightly compressed during the pasi-
tive phase although molecules of oxygen and nitrogen were traveling
into the lungs at the same time and that the chest wall was slightly
expanded at the start of the negatfve pressure even though afr was
then leaving the lung accordung to the mechanism referred to above
(Barach) The resistance In the tracheobronchial passageway was
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foand to account for this type of chest movement due to slightly dif
ferent pressures being applied to the outer chest wall than to its inner
surface

Experimental observations in animals revenled that the pressure In
the trapleural space was approximately 5 cm of water less than that
which was found on the outer surface of the chest wall at the begin
ning of the positive-pressure cycle In patients with pathologic nar
rowing of the bronchi through inflammation or spasm the difference
in pressure between the Inner and cuter surfaces of the chest wall is
upquestionably much higher than this By separating the head from
the body of the patient by & soft sponge-rubber collar differential
pressures may be adminlstered of such degree as to equalize the
resistance In the trachesbronchial tree  Although In most Instances
a pressure of 48 mm. Hg above and below the atmosphere 28 times a
minute provides a respirtory exchange suffictent to make possible vol
untary cessation of breathing this alternating pressure in jtself Is
madequate to produce consistent freedom from chest movement and
also to do away with the impulse for breathing since the pressure on
tbe bead end of the chamber must be Increased to such an extent as
will completely compensate for the resistance in the tracheobronchial
tree.  The exact amount of pressure required must be ascertained in
cach case by obeervation of the patient. In most subjects 4 to 6 cm.
of water pressure is apphed as a differential pressure in the head com-
partment daring the pasitive phase although in one patient & positive
pressure of 10 cm of water was necessary to prevent the slight mitial

TABLE VI
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compression and expansion of the chest that is observed oo stmple
alternating pressure without equalizing the chest pressure as well,

Animal experiments in which respiratory paralysis was induced by
sedative drugs showed that alternating pressure was ultimately in-
effective in maintaining adequate respiratory function, as demonstrated
by a fall in axygen saturation and an Increase In the carbon-dioxide
content of the arterlal blood However when a suitable increase in
the pressure applied to the herd-end as compared to the body part
of the chamber was produced with the result that the total pressure
was equal on both sides of the chest wall an adequate respimtory
exchange could be malntained fn animals whase bresthing was para
lyzed as & result of excessive aAnesthesia

In actual clinkcal trisl it was repeatedly shown that cemation of
hmg movement could not be accomplished except by the provision of
equalizing pressure in addition to alternating pressure The tracheo-
bronchlal tree does not only lower the ultimate pressure that reaches
the inner surface of the chest wall but there is a slight delay in the
time at which the pressure arrives witbin the lung as compared to the
instantaneous application of pressure to the chest wall and abdomen.
For these various reasans therefore, & separation of the head from
the body end of the chamber is employed to produce the differenthal
pressure required. The mast recent chamber developed for this ther
apy s shown In the section on method.

The effect of varylng the axygen concentration of the jnhaled atmos-
phere has shown no decislve influence on the course ol experimental
pulmonary tuberculosis Long-continued exposure to 50 per cent oxy
gen as well as fnhalation of 10 per cent axygen for periods of two to
three months has not revealed any specific Influence on the growth
of the tubercle bacillus and on the extent of the pathology Guinea
pigs were used in the low-oxygen experiments When rabbits were
employed in more chronk development of pulmonary tuberculosts, the
{nhalation of 50 per cent oxygen was responsible for a looger duration
of life but at the same time there was a progresshee increase in the
extent of the pulmonary tuberculosls as the anlmals lived Jonger In
terpretation of this finding was that the tuberculous process proceeded
at its accustomed rate but that the animals having lived longer were
in that way able to show at nutopsy a larger extent of tuberculosis.

Although [nhalatfon of low-oxygen mistures has been considered
by some to retard tuberculous Inflammatlon or limlt the extent of the
tuberculous involvement rxperiments of the author have oot shown

¥
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any decisive influence except poasibly in increased pulmonary fibrosis
However there is an enormous enlargement in the size of the heart,
with hypertrophy of the muscle and it may be that the Increased
blood flow necessitated by continuous breathing of a 10 per cent oxy
gen mixture may be linked up with some of the chronlc pulmonary
fibrotic changes

The inhalation of oxygen-cariched atmaspheres has been emplayed
in the end-stage of pulmonary fibrosis in certain patients with pul
monary tuberculosis and the Indkeatlons and limitations of therapy are
those which have already been discuseed In Chapter 13 Pulmonary
Emphysema.

Inhalation of the nebulized spray of epinephrine and neosynephrin
solutiony Is also at times of palitathve value In pulmenary fibrosis of
tuberculous etiology  Inhalation of the spray of promin has been
shown to be effective in retarding the development of experimental
pulmonary tuberculosis  Clinical application of promin by spray has
also been employed in three patients but as yet sufficient opportumty
bas not been afforded to determine its therapentic value* Inhalation
of sulfadiazine nebulin has alto been tried in 2'4 per cent solution In
cthanolammne to combat secondary infections *

INHALATIONAL THERAPY

The patients who have been selected for immobilizing hung therapy
In the equahzing-pressure chamber have been those with advanced
pulmonary tuberculosis for whom no other treatment, either medical
or collapse therapy was thought to offer opportunity for further
benefit, Although this treatment need in no way be confined to far
advanced cases the selection of this type of patient was employed in
order to ascertaln a more conclusive answer to the question of its
therapeutlc efiicacy In initiating a healing process

Thepnucnthplncrdinthechmnherutﬁntforpcdod;ofon&balf
an bour at a time three to four times a day during the first three or
four days mntil cessatfon of voluntary movement has been thoroughly
learned  In most cases this Is acquired In twro to three hours The
instruction consists In telling the patient to take three or four mod-
erately deep breaths and then to stop in norma! expiration. He is
mformed that it is not necessary for him to breathe since there will
be an adequate amount of air entering and leaving his lung  When

Unpuhlished expertments.
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the chamber Is closed and the alternating alr pressure Is begun the
chest wall Is observed to determine whether slight compression and
expansion of the chest take place in the positive and pegative phase
respectively, at a difierential preasure of 5 con. of water more in the
head-end, If some chest movement is seen the differential pressure
fs changed to 4 or 7 cm. of water It will soon becotne evident whether
or not this differential pressure is sufficient to prevent excursion of
the chest. At first the patient will breathe from time to time because
a variable training period is pecessary for the habit of volantary
breathing to be broken

Movement of the surface of the abdomen may take place without
necessarily Indicating that the diaphragm ltself ks altered I its posd
tion since some degree of compression and expanuon of gases in the
stomach and intestme occur However compression of any gas In
the abdomen during the positive phase s trapsmitted to the under
surface of the diaphragm and Is counterbalanced by a similar pressure
on the upper surface of the dlaphragm arriving at the same time If
there Is definite protrusion of the abdomen a3 2 result of an inspiration
on the part of the patlent it 1s evident that he has not yet tearned to
dispense with the ordinary breathlng The longest Instance of maln
tenance of some degree of voluntary resplratfon tool place In ooe
patlent in whom three days were required before he completely gave
up the impatlse to breathe. It 13 possible, however, for the patient to
cough or to breathe without any feeling of hinderance differing In this
respect fram the Drinker respirator in which a change In the volume
of the lung s produced by a negative pressure that forcibly expands
the cheat wall requiring Inspiratlon at that time,

The patlent resides in the equalizing chamber from 9 in the morn-
ing untl} 10 at pight except for one hour at Junch and ooe bour &t
dinner during which be is fed In some cases the patient has been
treated continuously scven days a week for a perfod of three and
ore-half to four months but {n most instances no treatment was given
on Sunday  No distinct difference In response was noted If treatment
was omitted in one out of seven days Furthermore the employment
of treatment 20 hours out of 24 did not seem to be of any spechal
value in one patlent, In whom this was carried out. In this patient
pain and discharge from the ears took place after be had been exposed
to variation {n the pressure on the ear deum for a perfod of 10 days
boath during the day and at night. It has now been shown that pres-
aure on the ear drums and pain sre largely preventable A recent
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development fn the therapy has been the application of sponge rubber
disks to the ears which in a large measure do away with the feeling of
an osclllating pressure on the ear drum  Although none of the patients
treated In the original <eries had more than temporary discomfort,
except for the occurrence of pain and discharge in the patient men
tloned above the use of the sponge-rubber disk to delay the appll
cathon of pressure to the external ear untfl It has arrived through the
custachlan tube to the inner surface of the ear drum is a distinct
advance in com{ort and probably alw in malntainlng & more normal
physiology In the middle ear

One of the striking effects of respiration belng taken over by the
apparatus is that a state of relasation takes place in which for hours
at a time the patlents have no impulse to produce movement in the
volmtary musculature There is not only local lung rest but an
extraordinary form of body rest as well as mental relaxatlon Al
though the radio is listened to by <ome patients in most instances the
individual lies quietly in the chamber in both physkcal and mental
comfort This is in conspicuous contrast to the state of body and
mental rest that takes place on the day that he lles supposedly quietly
i bed. On Sundays observation shows that complete body rest Is
rarely obtained the patent reaching for o book or to turn on the
radio or simply to move from side to side to change his pasition
These extraneous mosernents take place only rarely when voluntary
respiration s suspended in the equalizing-pressure chamb

The response to local lung rest secured by this procedure is first of
all a decrease in temperature and pulse rate, manifested during the
first two weeks Between four and six weeks after inauguration of
therapy there is a decrease in cough and expectoration as well as a
definite recogrution of Improvement in terms of well being and loss
of malalse Galn in weight begins and in the majority of cases has
reached as much as 20 to 35 pounds during a four month period, even
m cases in which no previous weight gain with bed rest took place
No other special treatment was provided except for 2 high vitamin
intake and a plentiful supply of proteln in the diet. It was observed
that the patient was unable 0 eat s long a3 ibe toxemm continued
but began to increase the amount of food ingested as clinfcal improve-
ment itself took place

The earliest efiect on x ray films appenrs to be that of an Increase
i fnfiltratlon, frequently observed In the second or third week which
tay be in part due to the lessened desire to cough and to some pud
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dhing of <wcretions in the smaller hronchioles with localized atelectasls
However definite clearing of <hadows In < ray films begins to take
place at the end of the xecond or third month of treatment  If an
unquestionable clinfenl improvement has been Initlated in the third or
fourth month treatment has been intermupted and the effect of con
valescent care then obwerved  In rome cntes two or three courses of
therapy have been requlred before complete arrest of actlve tuber
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culosis and cleanng of all cavitles have been obtained. This has been
in part due to premature discharge from the hospital In the accom
panying roentgenograms the effect of this type of therapy Is flus-
trated  The clinical charts on pp 191 and 192 show the gain in welght

In considering the mechanisin by which equalizing-pressure therapy
#ids the process of resolution in pulmonary tubercutosis it has been
thought that local lung rest is of value In part because the cemsation
of respiration takes place at the end of expirntion in which the nega
thve intrapleural pressure in the lung Is at the lowest polnt. A view
which Pinner hay expressed is that a relaxation of the lung and con
squently n decrease In the elastic tenston of the lung favors the mecha
ohm of healing  This &5 applicable to equalizing-pressure therapy
slnce there is not only a cessation of the thythmical Increase In tension
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cated as in any other pulmonary disease in which impairment of re-
piratory function is present. The effect of inhalation of 50 per cent
oxygen is to decrease the consequences of anoxma and excessive lung
movement which would otherwise take place if the pulmonary ventl-
Intion were not lowered by adequate ovygen therapy  As Indicated
above oxygen itsell has no effect efther in increasing or decreasing
resolution of the tubercalous process  In patients who develop edema
of the lung after hemorrhage mhalation of axygen under positive pres
sure has been found to dear this type of edema in a relatively short
period.
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Blast Injuries of the Lungs

INTRODUCTION

The effect of bombs dropped in the vicinlty of human subjects
depends upon a number of factors  First of all the heavier bombs
of 500 to 8,000 pounds create powerful pressure waves the effect of
which may topple bufldmgs at a distance of 1000 to 3 000 feet. The
results of ihe detonation of a two-ton bomb are as unpredictable as
they are destructive. The symptoms include those arising from the
lung and from the central nervous system, incdluding cough dyspnea
bemorthage, pain in the chest, and also & varlety of psychiatric symp-
toms.

PATHOLOGIC PHYSIOLOGY

The high pressure created by a bomb explosion {nitiates a pressure
wave of enormous veloclty, with the rate of movement diminishing rap-
idly as it proceeds wth a change in the shape of the wave The
pressure In some waves rises to a peak immediately and then faily off
slowly followed by a phase of negative preasure  The wave of positive
pressure travels at a greater veloaty than does the negative-pressure
wave. The positive-pressure wave due to a bomb 18 the cause of
blast Injury In the lung. Some of the effects of high explosives are
stmilar

A presaure of 10 pounds per square inch will shatter most windows
but blast pressures may momt to 100 pounds per square inch before
endangering & human belng. A distance of 30 feet from a 50-kilo
bomb may protect & human being from tbe direct effect of blast  As
the bomb increases in welght the blast wave Is naturally more Intense
and may create harmful effects at greater distances The original
studies of Hooker showed that the fatal effect of primary blast took
place {n anfmals only relatively near the explosion a distance of three
feet sometimes determinlng the guestlon of life or death Tho syn-

193
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drome of primary shock was characterized by collapse with progres-
stve lowering of arterlal blood pressure in some animalswho were not
killed by the primary blast Hemorrhagr lesions of the lung were
found in many animals subfected to the blast. Zuckermans more
recent studies have added evidence toward the view that the positive-
pressure wave has effects like a blow on the chest, and Is the significant
factor in producing the pathology In addition to bemorrhages in
the lungs the spleen and kidoeys ate often bruised or lacerated
Lesions In the central nervous systems such as plal hemorrhages and
spinal-cord hemorrhage have been experimentally produced In rabbits.
Concussion may be produced by blast, and appears to be dee to
movement of the brain against the skull, when the bead is suddenly
brought to a stop When the head s fixed blows that resulted In
fractures of the skull may not cause concussion.

Considering the extreme pressures which are created at the center
of the explosion, the blast dussipates rather rapidly In alr yet retains
great shocking power because of its velocity The change from atmos
pheric pressure to the blast peak oocurs in from % a0 to Ke aso seC
ond. It is believed that blast pressures in excess of 2.5 pounds pet
square inch will decrease efficlency of the vietim

The pressure wave may travel with an inftial velocity of 5000 feet
per second  However in air the pressure falls rapidly but in water
ft vanes directly as the distance  Thus a pressure of 1 ton per square
wch at a distance of 60 feet from the explosion would be 14 ton at
120 feet and so on hence pressure effects will be experienced over
greater distances in water than in air for an explosion of the same
sized

Intemnal blast injury without external marks of violence s rare
such as four crses in about 1,500 casualties. Thus usually there will
be a coexisting wound of some kind or some other condition due to
crushing asphyxin and ~o on.

Three main factors may be considered In estimating the conse-
quences of the blast waves (1) The primary Increase In atmo<pheric
pres ure to 100 pounds per square inch (2) the rate of movement
of the blast wave iself and (3) the earlier armval of pressure to
the chest as compared to the inner surface of the thorax  The positive
component of blast waves exerts its damaging effect not due to sudden
distention of the fungs but rather to the blast wave agalnst the thorack
wall Due to the constriction exercised by the tracheobronchial pas
sageway there is an iitial Incrensed pressure on the cater chest wall
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In experiments in an equalising-pressure chamber fn which human
subjects with pulmonary tuberculesis have been treated with an alter
nating pressure of 55 mm. Hg 25 tlmes a minute it was observed that
the onset of the positlve phase was accomt ied by a slight t 1
compreasian of the chest wall  When the wave of positive pressure
10 the chest was delayed and diminished by placing the body of the
ipdividual witbin an inner chamber no compression of the chest wall
took place during alternating pressure since the pressure had been
made equal on both surfaces of the chest wall by passing the air
through the inner chamber in a zeries of small apertures.

It has also been shown In animals that delaying the application of
pressure to the chest wall by covering the chest with a spooge-tubber
coat will also tend to prevent hemorthage and other pathologic mani
festations of lung blnst  The suction effect of the negative component
of the blast wave does not appear to exercise an important réle m
causing this condition.

A wave of moving pressure that grves acceleration of the body wall
will impart an acceleration to the bead and therefore will produce 2
type of acceleration whuch is an Important element in the traumatic
concussion syndrome  \When the bead is given an acceleration with
the production of concussion a transient appearance of fat droplets
through the cerebral substance bas been found. Since these fat emboli
have been found only a few hours after the blow the reason why fat
emball have nat been previously described may be explained

The pathology in an individual exposed to a blast wave of 100
pounds per square inch is in all probabllity like those reported by
Zuckerman in monkeys pulmonary hemorthage contusions of the
thoraclc and abdominal viscera, accasional areas of subdural hemor
rhage with relatively minor changes in the central pervous system
Concusslon of severe degree may take place with little demonstrable
pathology In the brain itsel

INHALATIONAL THERAPY

Sloce the picture of primary blast {s frequently accompanied by
thock and concusion a8 well as variable signs of impairment in re-
splratory function anoxla Is a prominent part of the pathologic physi
aology of this condition Inhalation of high concentrations of axygen
bas been recommended This is all the more indicated because the
arcalation throngh the brain bas been shown to be slowed with the
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productlon of a stagnant anoxda, when concusalon s present  Judging
from the effect of spange-rubber covering of animals subjected to blast
and from the demonstration of the physiokogy of the equalinng-pres
sure chamber the prevention of lung blast might be alded f it were
possible for men to Lnow in advance that exposure may take place
and to equip themselves with a sponge rubber jacket that would fit
snugly around the entire chest wall. A sponge-rubber coat of this
sort has been employed In the equaluing-pressure chamber as de-
scribed in the section on treatment of pulmonary tuberculosls.

The type of inhalational thernpy equipment used depends on the
seventy of the Infury and the presence of shock  Since it has been
strongly recommended that these patients be given complete rest.
comfort as well as effectivenéss m the application of oxygen treatment
should be stressed  If shock accompanties lung blast, efther the BL.B
or Beter mask may be employed for administration of high concen-
trations between 70 and 100 per cent oxygen but the rubber bag must
not be allowed to collspse at the end of insplration since pegative
pressure in the spparatns is contralndfcated A nasal catheter in the
nasal or oral pharynx can be used to provide 35 to 60 per cent oxygen
and if care Is taken in its application this method would appear to
be the simplest procedure and one of considernble efficlency If an
oxygen tent is avallable 50 to 60 per cent axygen may be given
continuously and comfortably especially if a transparent canopy s
provided
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Aenal Transportation of Patents with
Miscellaneous Diseases

INTRODUCTION

w“’hcn mdividuals or patlents are transported by arplane at alti
tudes of 10,000 feet or above they are subjected to two main {actors
which are not present at sen level (1) JModerate anoxia and )
expansion of gases m body cavities in accordance with Boyles law
Although transportation by alrplane Is frequently less fatlgmng than
by automobile or by train there are certain clinical entitfes in which
the effects of altitudes may produce serious disturbance, ,

PATHOLOGIC PHYSIOLOGY

Since the volume octupled by a gven quantity of gas fs inversely
proportional to the absolute pressure exerted on it, a progressive ex
pansion of & gas withln 2 body cavity will take place on ascent to
high altitudes. In the sinuses and ears expansion of the contained
air tales place, and provided that the orifices are not closed the
presaures are adjusted without difficulty by passage of the expanded
gas Into the outer atmosphere

In patients with horax, fon of the ¢ Ined gas may
produce pressure disturbances on the beart and mediastihum Fur
thermore adhesions, which may be attached to a disensed lung may
be torn Joose A scthve pleunsy may take place which may destroy
a valuable pneumothorax space or produce tuberculous empyema In
cases with pulmonary tuberculosls of moderate or advanced degree
even If quiescent, expansion of air within small cavities provided by
ascent to very high altitudes may cause rupture of the cavity and
production of a large leslon  In an Investigator who had repeatedly
ascended to a simulated altitude of 42,000 feet In a low-pressure cham
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ber hemoptysis took place with a formation of a cavity which was
Dot present prior to these experiments  In this indrvidual it was pos-
sible to determine that a very small leslon had been present at the
slte of subsequent cavity formatlon prior to his undertaking invest:
gations in the low pressure chamber but it had been overlooked

If a patient with pneumothorax Is to be transported by nfrplane
it is desirable that the time chosen for travel should be that farthest
awny from the injection of air namely a tlme in which the pneumo-
thorax contains the smallest passible amount of alr  Since 1 000 cc
of air saturated with water vapor becomes 1 500 cc. of air at 10,000
feet altitude a patent who has recently had a large pneumotherax
should be warned by his physican not to attempt travel at this st
tude. TWhen 2n airplane is traveling at Jower altitudes and in the
presence of a small ppeumothorax mamy patients have tried air travel
without fIl effects It is probable that no patient with considerable
pulmonary involvement should travel at altitudes above 10000 to
12,000 feet. The degree of expansion of a volume of gas may be
calculated by the formula 760 — 47 divided by the barometric pres-
sure at the selected altltude —47 Since spontaneous peeumothorax
13 more apt to occur i patlents with pulmonary tuberculosis ascent
to high altitides may make this even more likely

Since gas in the intestine also expands at high altitude patlents
with acute appendicitts may possibly develop rupture of the appendix
23 & result of aerial transportation. In a patient in whom gastric of
intestinal distentfon may conceivably cause pressure on an ulcerated
leslon the selection of the site of surgery would probably be In the
vicinity where be restdes. However in the case of soldiers who may
not be adequately tahen care of at the front transportation by air
plane in a suitably equipped airplane ambulance Is generally consid
ered better than an attempt to operate on the ground under unfavor
able conditions The importance of bearing In mind the expansion of
gases will male it possible to anticpate any untoward results.

In patients with coronary artery drsease pulmonary fibrosts, emphy
sema severe anemia, latent congestive heart fajlure and severe hyper
tenslon aerial transportation at altitudes above 10000 feet should be
avolded unless it Is possible to provide continnous Inhalation of an
oxygen-enriched atmosphere of approximately 35 to 40 per cent
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“‘Since inhalatlon of 35 per cent oxygen woukl compensate for alti
tudes of 10,000 to 12 000 feet, a mask with a collecting bag or re-
breathing bag such as the Meter mask or the B L B, would provide
contineous oxygen therapy at this altitude with a flow of 1 liter per
minute S T.P.D),, Since there is considerable resistance with such low
flows of oxygen m the B.L.B, the Meter mask with an Injector and
with xccessory inspiratory flutter valves attached to the Inner sur
face of the oronasal mask woukd be more comfortnble than breathing
through the sponge-rubber disks in the BL.B mask If a mask is
not attached tightly to the patlent s face allowing slight continuous
leakage between the rubber and the skin the factor of resistance will
naturally be greatly diminished.

If individnal 1njectors were attached to each oxygen orlfice along
side the seat in an arrplane a constant concentration of 35 or 40 per
cent oxygen could be admlitted or if it were 0 desired a variable
concentration from 40 to 100 per cent could be selected  Since low
Blows of oxygen are of decided advantage In alrplanes because of the
werght of axygen tanks, the air admixture is more comfortably pro-
vided with the Inspiratory flutter valves on the inside of the Bleter
oropasal mask  The oxygen which s stored in the collecting bag
inevitably passes into the mask and is inhaled by the patlent. Even
if an injector 13 not used, the inspiratory Autter valve opens at a
pressure of 02 cm of water to admit the outside afr required to com-
plete inspiration. During expiration the light futter valve opens at
2 correspondingly low pressure and makes for comfort as well as
effective oxygen inhalation.

In the transportation of patfents who bave had air infected into
the pleura or in whom dustentlon of the intestine may be liable to
cause untoward effects & preliminary period of breathlng 100 per
cent oxygen might be of some value if it were fenslble to do s0  The
degree of abdominal distention after inhalation of pure axygen for
five hours would be a litthe less since intestinal gases would tend
to diffuse cut through the lungs. This would ako apphy to the nitro-
£en in & pneumothorar cavity but no measurements have es vet been
made oo the efficacy of this tentative suggestion It should also be
rtmcmbercdlhalmcd].uﬂnalhemhmﬂybethcwmofdmﬂ
and discomfort within the chest,
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ber hemoptysis took place with a formation of a cavity which was
not present prior to these experiments  In this indridual it was pos-
sible to determine that a very small lesion had been present at the
site of subsequent cavity formation prior to his undertaking investi-
gations n the low-pressure chamber but it bad been overlooked.

If a patient with pneumothorax 13 to be transported by airplane
it is desirable that the time chiosen for travel should be that farthest
away from the infection of alr namely a time in which the poermo-
thorax contains the smallest possible amount of alr  Since 1000 cc.
of alr saturated with water vapor becomes 1,500 cc. of air at 10,000
feet altitude a patient who has recently had a large poeumothorax
should be warned by his physiclan not to attempt travel at this alti-
tude TWhen an afrplane is traveling at lower altitudes and in the
presence of a small pneumnothorax many patfents have trled air travel
without 1 efects 1t s probable that no patlent with conslderable
pulmonary iovolvement should travel at altitudes above 10,000 to
12,000 feet. The degree of expansion of a volume of gas my be
calculated by the formula 760 — 47 divided by the barometric pres-
sure at the sedected altitude —47  Since spontaneous pneumothorax
Is more apt to ocour in patlents with pulmonary tuberculosls, ascent
to high altitudes may make this even more likely

Since gas In the intestine also expands at high altitude patients
with acute appendicitis may possibly develop rupture of the appendlx
as a result of aerial transportation  In a patlent in whom gastric or
intestinal distention may concelvably cause pressure on an ulcerated
lesion the selection of the site of surgery would probably be in the
vicimty where he resides However in the case of soldiers who mx
not be adequately taken care of at the front, transportation by alr
plane In a suitably equipped alrplane ambulance is generally consid-
ered better than an attempt to operate on the ground under unfaver
able conditions The Importance of bearing in mind the expanskon of
gases will make it possible to anticipate any untoward results

In patients with coronary astery disease pulmonary fibrosls, emphy
sema, severe anemin latent congestive heart fallure and severe hyper
tensfon serfal transportation at altitudes above 10 000 feet should be
avolded unless it is poasible to provide continuous Inhalation of an
oxygen-enriched atmosphere of approximately 35 to 40 per cent.
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INHALATIONAL THERATY

‘»Sh:ce inhalation of 35 per cent oxygen woukd compeneate for alth

tudes of 10,000 to 12000 fect o mask with a collecting bag or re-
breathing bag such as the Meter mask or the B.L B, would provide
continuous axygen therapy at this altitude with a flow of 1 lter per
minute § T PD,, Since there is considerable reststance with such low
flows of oxygen in the BLB the Meter mask with an injector and
with accessory Insplrmtory flutter valves attached to the inner sur
face of the oronasal mask would be more comfortable than breathing
through the sponge-rubber disks in the BL.B mask If a mask is
not attached tightly to the patient s face allawing slight continuous
leakage between the rubber and the skin the factor of resistance will
naturally be greatly diminished

If individual injectors were attached to each oxygen orifice along
alde the seat 1 an airpline a comtant concentration of 35 or 40 per
cent oxygen could be admitted or if it were so desired a varlable
concentration from 40 to 100 per cent could be selected  Since low
flows of oxygen are of decided ndvantage In airplanes because of the
welght of oxygen tanks the alr admixture is more comfortably pro-
vided with the inspiratory flutter valves on the inslde of the Meter
oronasal mask  The oxygen which {s stored in the collecting bag
inevitably passes inta the mask and s inhaled by the patlent, Even
if an Injector is pot med the imspiratory flutter valve opens at a
pressure of 0.2 cm. of water to admit the outslde air requred to com
plete insplration. Dunng expiration the light flutter valve opens at
a correspondmgly Jow pressure and makes for comfort as well as
effective oxygen Inhalation

In the transportation of patients who have had air Injected into
the pleura ot In whom distention of the intestine may be liable to
ause untoward effects a preliminary perod of breathmg 100 per
cent oxygen might be of some value if It were feasible to do 50 The
degree of abdominal distention after inhalation of pure oxygen for
frve hours would be a little less since Intestinal gases would tend
to diffuse out through the lungs, This would also apply to the nitro-
gen in a pneunothorax cavity but no measurements have as yet been
made on the efficacy of this tentative suggestion It should also be
mbcrtdmatmcdm&rulhunhmayhethemufdyspm
and discomfort within the chest.
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Patlents with asthma are not apt to be adversely affected, and in
{act sometimes breathe more easlly because of the lessened density
of the alr which may be compared to the mechanism of rellel breath
ing of a helium-oxygen mixture. When pulmonary emphysema Is pres-
ent however arygen would be continuously recessary since these
patients have efther severe or borderline anoxia at sen level as well
as mechanically restricted chest movement.
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O~ygen Poisoning

Since the question of axygen poisoning Is in a controversial state
at this time, the avallable evidence will be reviewed and the observa
tions of various investigators quoted. Paul Bert demonstrated that
all forms of Jow ammal life, such as plants and bacteria were Lilled
by oxygen at high pressures and that higher anlmals who breathed
pure oxygen under several atmo<pheres pressure developed convul
uons. That pure oxygen at atmospherie pressure would cause a state
of inflammation In the hungs but yet not produce convulsions was
demonstrated by Lorrain Smith. Experimenting with mice birds
rats guinea pigs and plgeons, he consistently found that patholegle
changes consisting of edema followed by consolrdatlon took place in
the lungs.

These observations were confirmed by Karsner who demonstrated
that rabbits exposed to 80 to 90 per cent oxygen at atmospheric pres-
sure developed edema of the lungs withm two to three days, and later
bronchopneumonia.  Anlmals exposed to 60 per cent oxygen were
shown by J A. Campbell to have a {all in red count and hemoglobin.
Barach reported that rabbits could be kept In 60 per cent oxygen for
one to four months mithout noticenble change 1n thelr general appear
ance activity and body werght, and in fact no specific alterations
except that the bemoglabin and red-blood-cell count were lowered. In
animals born In an atmosphere of 60 per cent oxygen the red count
and hemoglobin were also about 15 per cent less than normal At
tempts to acclimatize these rabbits by keeping them {n 60 per cent
axygen for an extended period and then gradually incrensing the
oxygen concentration to 85 per cent were mnsuccessful. The animals
died regularly at concentrations above 85 per cent whether or not
acclimatization was previowsly employed In animals the dividing
Lioe of taxiclty seemed to be about 70 per cent. Although many ani-
mals may live in concentrations of oxygen of 70 per cent for perlods

m
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as long as two weeks autopsy of the lungs generally showed arems of
pulmonary edema  Binger revealed similar changes In dogs and
demonstrated that oxygen at 90 per cent concentration had no effect
on frogs or on turtles unless they were warmed to 37 5 C., when they
behaved liLe mammals. Pame Keys and Lynn have also shown that
pathologic changes In the Jungs of dogs take place in an atmospbere
of pure axygen in 48 hours.

Sayers showed that pure oxygen could be inhaled by animals for
16 hours a day for six weeks without fatality Barach and Soroka
confirmed this but noted that pathologic changes, such as seattered
areas of edema were frequently found fn animals autopsied at the
end of two or more weeks. When expasure was continued for four or
five weeks thickening of the alveolar septa and cefllular infiltration
were also noted. In animals continuously malntained at 70 per cent
oxygen similar changes were observed suggesting an organizing pneut
monla and fibrosis after three to four weeks exposure.

As a result of the reports of Evans that pure axygen could be
inhaled by a mask for pertods of one to two weeks without aoy
apparent fll effect in patients with pneumonia and other clinkal Il
ness, the stlmulus for use of these high concentrations of axygen that
had been thought to be dangerous, as a result of animal experimenta
tion, was felt by a number of Investigators. Boothby has reposted
many patlents who have been treated with 100 per cent ovygen by
the BLB mask for 48 bours and an increasing number who have
been treated for a period of four days or more  Fine employed high
oxygen concentrations above 90 per cent for the treatment of ab-
dominal distention for periods of one to two days without observing
fit effects Heck Johnson and Barach used the Meter mask In six
cardinc patlents for two days and twe cardiac patients for two weeks
and found that the Inhalation of 100 per cent oxygen with Interruptions
for feeding was pot followed by signs of pulmonary frntation  VMeas-
urement of the vital capacity and the venous pressure revealed no
evidence that polnted toward pulmonary congestion

On the other hand tso German experimenters who resided in an
oxygen chamber at an ovygen concentration above 90 per cent re-
ported symptoms of malase fever and pulmonary Irritation at the
end of two to three days (Clamann 2nd Becker Freyseng)

It must be borne In mind that the greatest experfence with Inhal
athon of 100 per cent oxygen has been obtained from jts adminfstra
tion by means of a mask in clinially Il patients. Under these cir
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camstances the mask is removed from time to time to wash the face
and for eating and drirking 20 that rigidly continuous use of this
ligh concentration of otygen s not in practiee carrled out  When
Behnke employed 100 per cent oxygen in normal individuals he be-
Heved that certain tovke symptoms took place at the end of seven
hours. He observed facial palior and «lowing of the pulse rate with
n break In resplratory compensation In certaln Snstances manifested
by increased amphitwde of breathing possibly due to accumulation of
carbon dioxide In tissues, he suggested that the inhibltory action of
oxygen on the chemoreceptors of the carotld body was replaced by a
reaction conslisting of the stimulating effect of carbon dioxkle on the
respiratory centers Nausea is a common symptom when ovygen Is
breathed at 2.5 to 3 atmospheres and is regarded by him as 2 con
sistent sign of oxygen tovicity In Behnkes tests the subject com
plained of substernal soreness nggravated by deep Inspiration at the
end of six hours of inhalation of 99 per cent oxygen. No objectlve
findings were noted however either by auscultation or by x ray of
the chest.

Haldane believed that a high oxygen pressure slowed the clreula
tion by & diminution of the heart rate  An additlonal retarding effect
on the effecthe dreulation takes place as a result of constriction of
small cerebral blood vessels when pure oxygen 1 breathed this rela
tive lschemia may protect the brain from too high an axygen pressure

J A. Campbel] showed that when high pressures of oxygen were
inbaled in animals the carbon-diaxide pressure in the tissues was
definitely § d In fact tr dowsly el d when pressures
of almost five atmospheres were employed, as a result of which the
earbon-dioxide pressure in the abdominal cavity increased from 45 to
284 mm. Hg. A smaller but defmite increase in carbon-dioxide pres-
sure took place, from 50 to 66 mm. Hg when the pressure of oxygen
in the atmosphere was increased from 166 to 680 mm Hg at sea level
This does suggest that retention of carbon dioxade in the tissues takes
place probably as a reult of distucbed trangpoct {ncident to inha
lation of pure oxygen It is possible that hemoglobin belng more
nddwhcnoxymhlnhnled,maymtbewcﬁickmmngemInLhe
cartyfng of carbon dloxide from the tissues to the lungs However
inhahdunofl%percmtcxygenmpu{od:ofmmy}munnnd
several days has apparently shown no NI effects in a mumber of

Whﬂﬂpaﬁmuwlmchmnlcmoﬂnduelumdhcmpulmmny
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disease were treated with inhalation of 50 per cent oxygen over 2
perfod of several weeks or months, a marked Increase in the carbon-
dloxide content of arterial blood was found by Barach and Richards,
tagether with an Increase in alveolar carbon dioxide. This increase
in carbon-dioxide pressure in the arterial blood was due to faflare to
eliminate carbon dioxide when the pulmonary ventflation decreased
except under conditions of a higher carbon-dioxide tension the high
carbon-dlaxide pressure in the blood fowing through the pulmonary
capillaries made possible diffusion of carbon dioxide through damaged
or pootly functioming lung tissue Therefore this elevaton in blood
carbon dioxide does not seem to be due to Inability to transport carboo
dioxide from the tissues but rather to retention associated with a
lowered pulmonary ventilation it also represents a special physhalogic
arrangement, described in Chapter 13 Pulmonary Emphysema i
which the high carbon-dioxide temsion In the blood was part of an
efficient hanism for the ellmination of carbon dlovdde from the
lungs. A greater molecular mass of carbon dioxide is exhaled from &
smaller volume of poorly functioning lung  Some slowing of the
clrculation may tale place in patlents mth cardiorespiratory illness
as a result of inhaling high oxygen atmospheres, but mot to the
extent that would account for the relatively tremendoas ncresses fo
arterial carbon-diaxide pressure In these cases.

That retention of carbon dioxide plays a slgnlficant réle In oxygen
polsoning at sea level has not been demonstrated by any of the
studies so far made In a patlent of Barach and Richards prolonged
treatment with 60 per cent oxygen was accompanled by an arterial
carbon-dlovide content of 132 volumes per cent, without change fn
pH and without signs of pulmonary edema. Other as yet undemon-
strated factors may be operating such as impairment {n the enzyme
responsible for tissue oxidation but this #s still & speculation for
which po evidence is at present avallable. More work fs necessary
on the effect of pure oxygen in entirely normal men

From the standpoint of safety in prescribing high oxygen concen-
trations certain general formulations may be made. Inhalation of
100 per cent oxygen for periods under seven hours has shown po ofter
effects even in the cases described by Behnle In patients if axygen
is admlinistered by mask there has been no evidence of deleterious
eficct when these concentrations were given for 48 hours. When in
halation of pure oxygen Is malntained for perfods longer than 48
hours which may be justified by the clinkeal condition of the patient
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careful auscultation of the lungs and examination of the patlent for
any signs of pulmonary edema both subjective and objective should
be made. The valoe of inbalng very high concentrations of oxygen
between 80 and 100 per cent may be to great in many of the condl
tions described in this book that an attempt <hould be made to ad
ministet them when the indicatfon presents itself There Is some
evidence that the lungs of the human being <«cem to be more resistant
to the toxic effects of otvgen than are those of animals but caution
should still be exerclsed in the long-continwed employment of pure
orygen  This s especially true in the use of the helmet hood appa
ratus when 100 per cent oxygen Is administered for long perlods It
1s advisable to dilute the pure oxygen with air three to four times
daily allowing a SO per cent oxygen atmosphere for one hour at a
trme or even longer before resuming 100 per cent oxygen The diffi-
culty in obtainlng high oxygen concentrations of 85 to 100 per cent,
in tents prevents the possibility of oxygen poisoning in this method
of treatment. This also applies to nasal-catheter administration of
oxygen
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Submarine Medicine and Caisson Diseasc

INTRODUCTION

The efiect of exposure to high atmospheric pressures will be con
sidered in this section  In divers ascending from pressures of two to
four atmospheres symptoms of embolism may take place. The syn
drome of compressed alr {iiness or calsson disease is due to the in-
creased amount of mitrogen which goes into physical solution in the
blood and tissues durlng exposure to air under high atmaspheric pres-
sate  When the decompression is too swift the dmssolved nitrogen
forms bubbles in the blood stream which may result {n local blockage
of a blood vessel or more severe circulatory disturbance The symp-
toms of decompression sickness may take place In divers who ascend
{rom depths mder the sea of greater than two atmospheres and simi-
lar although mote severe symptoms may take place in submanne
escape in which an individual may be precipitated to the zea level In
a rapid manper

PATHOLOGIC PHYSIOLOGY

For many years it has been known that air bubbles do not appear
in the blood or tissues unless the pressure of the atmosphere Is reduced
to more than half the original pressure. For that reason decompres-
slon 13 more rapldly brought about by 2 procedure of stage decom
pression 1 which the onginal pressure is reduced one-half at snaable
intervals  Since the bubble when origlnally formed conslsts of nitro-
gen inhalation of pure oxygen has been employed to eliminate the
nitrogen physically dbssolved in the blood and tissues Smce puare
oxygen under increased pressure Is irritating to the lungs and causes
convulsions when breatbed for long periods there fs & definite limi-
tatlon in its employment at pressures greater than three to four
atmospheres, Inhalation of pure oxygen at & pressure of three atmos-
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pheres can be tolerated for 2 perlod of three hours  However in 43
minutes of oxygen breathing at four atmaspheres severe convulaive
selzures take place  These selzures are of greater intensity and longer
duration than epileptic convulsions although recovery 1s apparently
complete when air is again breathed

The use of oxygen in routine diving operations has been of great
value because it has eliminated the necessity for stage deconpression
The hmits during which oxygen can be inhaled at various pressures
have been now carefully outlined so that axygen poisonlug does not
tnke place. If for example a diving operation is not to take looger
than 30 minutes a depth of 100 feet can be reached witbout symp-
toms provided that carbon dloxide s rigldly excluded. It has been
shown that & man can breathe axygen for # perfod of four hours at 2
pressure of 30 pounds and be removed without symptoms in a perod
of two minutes whereas a man breathing alr exposed to the same
pressure, even when released slowly over a period of 55 minutes pever
theless develops bends

The symptoms of decompression siclness are very similar to those
of aero-embolism referred to in that section In so far as the problem
of bubble formation i concerned an ascent by an aviator from a
preasure of one atmasphere (sea kevel) to 0.25 of an atmosphere
(equivalent to an altitude of 34 700 feet) Is equivalent to ascent by
a diver from four atmospheres (100 feet below sea level) to the sur
face level In each instance, nitrogen bubbles may produce pruritus
pains in the joints or pain in the chest and coughing of frothy mucus,
described as chokes  The more serious consequences of embolisn
take place in the lower dorsal and upper lumbar portions of the spinal
cord, which may be manifested by paralysis of the lower extremities.

Since oxygen inhalation at a pressuce of four atmospheres equiva
lent to a diving depth of 100 feet cannot be tolerated for a period
loager than 30 minutes because of nausea cerebral dullness and
nervous instability the discovery that mixtures of hellum with ey
gen could be employed for diving at far greater depths was of great
value and made possible the rescue of the Sgwalns It was found that
at high pressures beginning at an absolute pressure of four atmos-
pheres, nitrogen acted as a narcotic to diminish neuromuscular func
tion and at pressures over 10 atmospheres Mbalatlon of ordinary alr
was followed by loss of consciouspess. The reason for this has not
been explalned but It has been related to nltrogen solubllity In the
lipid substances of the central nervous system  Another possibllity
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Is that carbon-dloxide elimination in the den<er atmosphere in the lung
may be Interfered with  Although it has not been shown that any
retardation In the ellmination of carbon diovide takes place under
conditions of increased pressure nitrogen narcosls Is Increased when
there are even small preseures of carbon diotide present in the inhaled
atmosphere  Since the hemoglobin Is rendered more acid by oxygen
1ts use in transporting carbon dioxide from the tissues may be inter
{ered with under conditions of high pressure

The substitution of helwm for nitrogen was found to abolish the
narcotic effects of high pressures and normal divers were able to
descend 10 a pressure of 16 atmo<pheres breathing helium-oxygen
mixtures with full retention of thelr mental capacity (Dehnke) It s
of lnterest to note that argon, although chemlcally inert Iike heltum
brings about the same {mpairment and mental depression even greater
in degree than i3 caused by nitrogen  Argon has a higher speaific
gravity than hellum.

Helium has a fat-water-solubilty ratio approximately one-half that
of nitrogen. The content of hellum in the body in an individual
breathing a helium-oxygen mixture Is about 45 per cent of the nftrogen
content in an Individoal breathing air and the elimination rate of
bellum i+ about twice that for nitrogen. Exercise Is valuable for the
first 30 minutes in Increasing the rate of elimmation of a gas such as
nitrogen. However exercise does not greatly Influence the elimina
thon of Inert gases from the fat depots of the body

A frequently fatal form of embeolism formerly occurred during sub-
matine escape  When a man is forced to ascend to the surface from
a depth of 30 feet or less death may take place as a result of the
indrvidusl s holding bus breath and rupturing his lung due to increased
pressure with alr bemg forced into the pulmonary blood vessels This
type of alr embolism from excessive lung preasure has been produced
experimentally In dogs by distending their lungs  Alr may be seen
m the carotid arteries that has entered the blood stream through the
pulmonary circulation. Death has also been recorded as o result of
an ascent to the surface from & depth of only 15 feet, winch fllus-
umalhelmpcrnmueufugndualrc}cueolﬂr(mmﬁ\elmpwhm
escape from a submanne is necessary Holding one s breath during
such an ascent will therefore cause a progressive fncrease in Intra
pulmonary pressure with the danger of lung rupture and embollsm.
The gradual release of air from the lung as ascent takes place relieves
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the Increased excessive intrapulmonary pressure and prevents this
type of embolism.

When an individual Is weering & mask In which too much resistance
is present great difficulty is experfenced in breathing outward and
respiration under such resistance may cause fatigue of the respiratory
center in susceptible individuals. This combined with fright may
result fo an ind{vidual shooting to the surface holding his breath and
arriving dead It s therefore evident that any breathing escipe appa
ratus should be made in such a way as to avoid resistance whenever
possible.

INHALATIONAL THERAPY

The indications for mhaling pure oxygen or hellum-oxygen mixtures
have been described above. Any leak-tight axygen-mask apparatus
may be employed for this purpose,
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Hiccough

DEFINITION

Hiccough is an intermittent chronic contraction of the diaphragm
at times associated with contractions of the acceseory muscles of
breathing, The afferent pathway to the resplratory centers fn the
medulla oblongata and in the upper cervical cord may be stimulated
by a vanety of touc states indigestion pastric dilatation and post
operatrve abdominal distentlon, any one of which may result in con
tinzed hiccough often severe and difficult to control at times endan
germg Life through its weakening effects

TREATMENT

Pressare upon the phrenic nerve has been advocated between the
heads of the sternocleldomastold muscle as well as a number of other
procedures such as drinking cold water and holding the breath. The
inhalation of nitroglycerine has been used Repeated traction of the
tongue s tried frequently

Inhalation of 7 1o 10 per cent carbon dloxide as recommended by
Yandell Henderson is the most satrsfactory method of treatment, in
the experience of the author  Henderson says that stimulation of the
chief respiratory center by carbon-dioxide inhalation is effective {n
reducog the phrenic centers again to their normal subordination and
the hrecough 18 thus stopped.

The technic of applicatlon is of great importance since inefidently
treated cases of hiccough may not respond to imhalation of carbon
dloxide  If the inhalation of 7 per cent carbon dioxide does not free
the patient from hiccough when it has been employed for three to four
mimutes 10 per cent carbon dioxide should then be used. The inbala
tion should be continued untfl the patient’s consclousness is slightly
clouded at which time he may experlence considerable dirziness. It
ts doubtful that any harm can come from inhaling high concentratlons
of carbon-dioxide mixtures even if consciousness is transiently lost.

ak}



214 HICCOUCH

In one patlent treated by the author jt was necessary to administer
15 per cent carbon dioxide with the remainder axygen for a petiod
of one and one-half minutes to terminate intractable hiccough. In
postoperative abdominal distention or severe toxic states, the Inhala
tion may have to be repented at three-bour intervals or as often as ks
necessary for periods of three to seven days  Even though an Individ
ual patient may require repeated inhalatfon of carbon drgxide In con-
centrations of 10 or even 15 per cent this procedure saves the patient
the weakening effect of otherwise uncontrollable hiccough. Since the
author has administered concentrations of carbon dioxide from 20 to
40 per cent to the point of creating a convulsfon dafly for two to
three months In the treatment of schirophrenia without any evidence
of harmful effect, the physiclan may be reassured that the cautious
inhalation of 10 per cent carbon dioxide Is not harmful and that it
should be pursued umtil the therapeutic objective has been obtained.

In some cases the inhalatlon of § per cent carbon dsoxide will termi-
nate hicoough In three to four minutes but on subsequent days this
concentration may be found ineffective. Abandonment of carbon
digxide wnhalation on this account should not be allowed, since it b
entlrely probable that inhalation of 10 per cent carbon dioxide will
then be found effecthe The physiologic factor involved In the cexsa
tion of hlccough is not the deep breathing ftself but the stimulation
of the respiratory center and the relaxation which carbon diaxkde in
high concentrations produces It {s preferable therefore to use coa
centrations of 10 per cent, or even 15 per cent if necessary, rather
than to maintain deep breathing for a long period with concentratlons
a3 low a3 5 per cent In several cases observed by the author the
akillful administration of carbon dioxide in sufficlently high concen
trations afforded profonnd rest to patients who might otherwise have
remained in 2 state of extreme fatigue possibly with danger to life
itself

Any mask apparatus may be employrd which has elther a collecting
bag ar a rebreathing bag to permit the patlent a full Inhalatlon without
undue reslstance A high flow of the carbon-dioxide mixture such as
15 to 30 lters per minute may be necessary
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Some Considerations Concerning Rescarch
in Respiratory Function and Inhala-
tional Therapy

Although it seems 1o the author that this s an sppropriate time for
a presentation of the principles and technic of Inhalational thempy
continued controlled {nvestigation is unquestionably necessary to con
firm many of the tentative conclusions advanced in the preceding
pages. The mechanles of administratlon of oxygen helium, carbon
dioxide and positive pressure has made widespread application of {n
halatfonal therapy a more difficult undertaling than the prescription
for example of the sulfonamide drugs and a firm establishment of
some of the procedures advocated must awalt more clinfcal reports
thap are now avaiflable The materfal gathered together in this book
will it is hoped make possible a readier approach to further studies

Since research in resplratory functon and inhalational therapy pre~
sents unusual possibllities a discussion of future Investigation may be
interesting to those who will not be alienated by the admittedly specu~
lative nature of attempts to glance at the unknown and the unproven.

Oxygen therapy was put on a physiologieally sound basis mth the
finding of & decreased oxygen saturatlon in the arterial blood of pa
tents with 1 ia and cardine insofficlency followed by the demon
stration of elevation of the arterial oxygen saturetion to or near the
pormal level by appropriate therapy When it was observed some
time later that the paln of coronary sclerosls and coronary occluston
¥ relieved by inhalation of high oxygen concentrations in the ab-
sence of any lowerlng of the oxygen saturation of arterial blood & new
concept of the possiblities of oxygen therapy was developed. Some
physiclans stfil take the point of view that Inhalation of 0Xygen can-
oot be of dinfeal benefit If the patient already has a normal pressure
of oxygen in the systemic arterlal blood, However inhalation of pure

s
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axygen results in an elevatfon in the orygen concentration of the
arterial blood from 95 to 100 per cent, as well as 2 substantial in-
crease in the phyzically dissolved oxygen which makes it possible foc
the blood vessels bordering on a partial or totally occluded artery to
furnish a considerably higher oxygen tension to tissues which other
wise might endure impaired functioning as a result of severe anoxia.
J A. Campbell has shown that Inhalation of 50 per cent otygen ina
rabblt Increased the oxygen pressure in the peritoneal cavity from 42
to 70 mm. Hg This Indrentes that the oxygen pressure in the tissues
of & normal animal may be markedly elevated despite the presence
of a previously exlsting normat arterial axygen saturation.

The recognition that oxygen therapy was of value In the absence
of so-called arterial anoxemis was clearly evident in patients who saf
fered from coronary thrombasis in whom it has been shown to be at
times a life-saving measure  In obliterative sclerusts of arteries in the
lower extrernitles inhalation of 50 per cent oxygen has been tried Ina
very hmited way and although healing of Ischemic ulcers has betn
reported the future of this form of treatment depends upon more
research in this field. Perhaps the most significant suggestion for
research in oxygen therapy emanates from the repost of Poulton who
found that iohalation of high oxygen concentrations in cases of cerebral
embolistn and thrombosis was followed by Improvement n braln func
tlon and a shorter course of [nvalidism

Altbough it is pow well known that the brain fs the organ most
sensitive to anoxia both from the standpoint of fmpalrment in funt
tion and also from the readiness with which hemorrhage and degeners
tion of cortical cells take place after acute ovygen want there s as
yet anly one report of the apparent value of oxygen therapy in cases
of occlusion of cerebral blood vessels. It Is evident that much more
research is indicated in order to determine whether or not braln dam-
age and subsequent sertous fnvalidism may be prevented by adequate
oxygen therapy

Toulton is also responsible for a study on the preventive wse of
oxygen in rbeumatic fever Although the seres of patients fnvesti
gated wns admittedly small a far fower incldence of valvular heart
disease took place in patients who were contlnuously treated with
oxygen during the acute phase of the disease The Increased oxygen
tension In the blood was considered a possible therapeutfc agent In
overcoming local ischemla in the heart valves due to arteritls of the
small blood vessels during rheumatic fever  Further Investigation of
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this conoept Is justified by the rerfousnens of the complication of valvu
lar beart discate ard the tentatlve conclusions of Toulton

1t must be gencrally admitted that lschemia Is followed by tissue

anotia  In mamy fllncases localized Ischemia plays an important réle,
such as in coronan -artery divease and obliterative arterlal disease of
the Jower extremitles and perhaps also ischemic narrowing of the
blood vessels In the heart valics during rheumatic fever and cerebral
thrombosls It scems possible furthermare, that some of the phe-
nomena of senescence may be due to o diminishing oxygen tension in
the braln as a result of narrowlng of arterfosclerotic blood vessels

Since 1t has been demonstrated that Inhalation of pure oxygen will
cause an almost Immediate disappearance of coronary pain as well
a3, in some cases electrocardiographic changes in the direction of nor
mal it Is probable that the end-products of deficient oxidation are
climinated as a result of the higher oxygen pressure in a partially
occloded coronary artery and fn the collateral dreulation to the ob-
structed blood vessel  The analogy to cerebral arteriosclerotic disease
permits us to suggest that ischemia and anoxia of certaln areas of the
brain may result in end-products of deficient oxidatlon accumulating
in brain cells with impairment In function comparable to the patho-
logic situation In coronary sclerosks. The possibility therefore presents
ftself that the lactic acid content of Internal jugular vein blood In
cerebral arterlosclerosls may be modified by oxygen inhalation and
that thes therapy may some day function favorably in controlling some
of the pathology and symptomatology of senescence This manifestly
speculative concept seems all the more credible when it is acknow!
edged that the brain is an organ far more senmitive to oxygen want
than the heart {tself Intermittent inhalation of pure oxygen has
lessened the incldence of cardiac pain in a serles of cases of coronary
scletosis (unpublished data of Barach and Stemer) a circumstance
that warrants future research concerning the relatidn of axygen brain
tension in senescence In cerebral arteriosclerotic disease and in the
geveral field of psychosomatic relationships,

The function of belium in the treatment of asthma and obstructive
lesions in the resplratory passagewny has been c d on fully
in the tet  The addition of posttive pressure was of comlderable
valoe when [t was used in both cycles of respiration In the treatment
of obstructive dyspnes. In the treatment of edema of the lungs the
employment of poaltive pressure s still In its infancy  Although re
ports bave now appeared from several observers both ln the use of
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paositive pressure in clinfcal pulmonary edema and In the treatment of
frritant gas poisoning much addrtional work needs to be done

The incluslon in this volume of immoblizing lung therapy by means
of air pressure seemed Justified because it is In acturl fact & form of
inhalational therapy and because its presentation might stimulate
others to conduct investigations on the value of local lung rest in pul-
monary tuberculoats. Other uses may be made of a chamber In which
immobllization of the lung takes place Multiple fractures of the ribs
with parodoxical resplration may be treated by equalizing the pressure
on both sides of the chest wall perhaps with rellef of dyspnea and
prevention of meduastinal shift Whetber other conditions such as
bronchiectasis may be alded by a program of lung rest is a problem
for futore study

Argyl Campbell reported that gumea plgs breathing 60 per cent
oxygen were able to resist infection following Injection of tetanus
spores under conditions which caused tetanus in a control series This
fs an example of a chemotherapeutic use of oxygen little known and
probably rarely used, The inhalation of the nebulired spray of sulfz
dinzine in 2.5 per cent solution for the treatment of pyogenic infec
tions in the bronchl is & possible extension of the employment of
inhalation of the nebulized sprays of epmnephrine and neosynephrin.
Apother example of chemotherapeutlc research is the Inhalation of the
nebulized spray of promin which has besn shown in animals to pre-
vent experimental generallzed tuberculosls, Whether the Inhalation
of the nebulized spray of promin will be effective in the treatment of
human pulmonary tuberculosls remains to be seen. However the
absorption of drugs locally in the lungs can be accomplished by the
method of nebullzing solutions efther by means of a hand bulb a
stream of oxygen from & high-pressure cylinder or by a small air
pump What the future of this form of therapy will be cannot be
foretold but it is evident that the lungs offer an obsorbing medivm
which may be utilized under certain arcumstances, and that when they
are themselves the site of Infection or pathophysklogic change loca)
application of drugs by nebulization may be found more effective than
systemic medication

The futare of inhalational therapy in respect to aviation medicine
readily can be Imagined The fmportance of oxygen In conquest of
the upper altltudes is well known. The use of preswre in sealed
cabins was developed before the war began  Although much of the
research now being Intensively pursued in respect to high altitude fly
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Ing s of a sccret nature the close of the war will make this available
to dvil aviation It Is not difficult to be hopeful that research in this
field may also have application to tome of the clinkal disturbances of
resplration circulation and the central nervous system an application
that may broaden the field of inbalational therapy as well as Increase
its potential vatue,

Additlonal research is under way directed toward the study of the
abnormal compounds of hemoglobin which Interfere with the release
of oxygen. Generalized cyanosis may be due to metbemoglobinemla
and sulfhemoglobinemia in the former the corpuscles contain hemo-
globin combined with oxygen In such a way as to form methemoglobin
m the latter hemoglobin 18 combined with sulfur to produce sulfhemo-
glomn  Drogs such as derdvatives of anfline acetanilid and aceto-
phenetidin, may result in elther of these conditions Constipation may
be the camse of the production of certaln organic sulfur compounds in
the intestines which when absorbed may produce sulfhernoglobin
Methemoglobinemia may also result from inhalation of the fumes of
benzene and from reducing agents and oxidizing agents such as potas-
uum chlonde. Although sulfhemoglobinemia persists for a relatively
long period methemogloblnemia will quickly disappear when the cause
is removed. Further investigation may reveal other causes of the
formation of these abnormal pigments and their signlficance in respect
to limiting the oxygen supply for the individual

Research in anesthesis includes an increasing emphaus on the pro-
vision of a normal oxygen concentration to patients who are given
various anesthetic gases Waters Fverole Courville Cullen,
Schrefber Lundy Flagg and others have stressed the Importance of
preventing anoxia during the unconscious state of the Individual irre-
spective of the depth of anesthesla desired by the surgeon. Further
more the employment of higher than normal axygen concentrations,
Le, oxygen therapy during and after certaln types of anesthesia has
autlined ¢ new Geld of reazarch,

The question of the employment of carbon dloxide during and after
operation is recelving intensive stody  Although its value In pramot
ing fncreased ventilation with consequent stretchlng of the bronchial
walls and readler elmination of mucus {s more generrlly acknowd
edged, the existence of a state of acapnen or acarbin indieating any
sethous loss of carbon dioxide bs being abandoned  Additbonal studies
are justified in elucidating the unquestionably decisive value of ade-
quate concentrations of carbon dioxide in the relfsf of intractable hic
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cough A state of profound relaxation occurs when a sufficlently high
carbon-dloxide concentration s inhaled for this purpose. Termination
of treatment with 7 to 10 per cent carbon dioxide usunlly should be
made before lass of consclousness takes place, although little or o
harm might be expected from transient unconsclousness except In
hypertensive indifviduals and much good may chme from using carbon
dionde 2 sufficiently long time to achieve termination of hiccough,

The employment of carbon dioxide to produce convulsions fn the
treatment of schizrophrenia was perhaps prematurely abandoned. Al
though the early investigation in which the author took part did ap-
pear to indicate that a remission in the disease followed repeated in-
halations of 20 to 30 per cent carbon dioxsde to the point of producing
a convulsion, a further trial of the method with exposures short of
the period required for production of a convulsion did not obtain
favorable results  Apparestly, & full convulsfon Is necessary for &
therapeutic effect.

Loevenhart Lorenz, and W aters had first demonstrated that perfods
of mental clarity took place followlng the inhalatlon of these high
carbon-dioxide concentrations in patients with dementin praecox. The
repeated induction of brief perfods of communicabflity by carboa
dioxide inhalation may still turn out te be a therapeutfc procedure of
value if convulsions are produced. Further research in this field
seems Justified

Since the various forms of shoch therspy which were Introduced
later appeared to have a common denomunator of tissue anoxla ee-
chally in the brain the use of nitrogen as & therapeutic gas was pro-
posed by Himwich Alexander and their collaborators Inhalatfon of
nitrogen mixtures ending in pure nitrogen for perfods of three to five
minutes was followed In some cases by remisuion in the symptoms
of the psychoses such as dementia prascox. Further trials with this
method led to less optimistic reports and at the present time the tend
ency is to abandon nitrogen fnhalation In faver of electric-sbock
t

Since the cells in the cortex are most sensitive to damage by anoxia,
it would appear that the production of revere tlssue oxygen-want was
accompanied by decreased functional activity and some damage to the
higher brain centers from which arise not only the creative faculties
but also excexsively eritical punitive Influences which may be Involved
in both psychoneurosis and the psychoses. The treatment of paychotes
by asphyxla achweved through the inhalation of nitrogen Is no longer
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in gencral use but this evidence plus that from other methods of shock
therapy and the procedure of psychesurgery of Freeman and his col
laborators employing cutting nerve tissue in the [rontal Iobes, do
pevertheless point to the concept that the brain (s especially sus-
ceptible to varying oxygen tensions  Certaln applications of the rela
tion of otygen pressure to brain function should be of Interest to
psvehosomatic medicine

It was pointed out In the chapter on pulmonary emphysema that
patients with chronic anoxia frequently show a profound disorder in
mental fonctioning when they are first treated with inhalation of 50
per cent ovygen  Drowsiness and mental depresston may be followed
by headache stupor and a state of complete irrationahity ending In
coma, However after a period of adaptation to the increased oxygen
percentage in the atmosphere of two to seven days, the mind {avad
ably clears and {requently a feeling of well-being and optlmism re-
mains as long s the oxygen concentration continues adequate for men-
tal function. The brain is therefore susceptible to both low and high
concentrations of oxygen under certain drcumstances

The axygen supply to an organ regulates the functlonal actlvity of
the organ In a broad way as Barcroft and others have pointed out.
Although in certain organ systems such as the circulation the rdle of
anoia may be clearly represented for example by the precipitation of
angimal paln during the inhalation of low oxygen mixtures the selec
tion of ciitena for normal brain function has not been sufficlently
satisfactory to record accurately what happens in anoma It may
bowever be polnted out that depression of the activity of the higher
cortical areas in the brain as a result of inhaling low orygen mixtures
oT a3 a result of acute exposure to moderate altitudes without oxygen,
such as 15000 feet, result In the majority of subjects in feelings of
well belng eaphoria, overconfic and feability  Although
the later effects of altitude anoxla are those of drowsiness sleep head
ache and if the exposure has been severe nausea and vomiting the
imitlal manifestations of altered cerebral functioning are in the major
ity of normal human belngs characterized by relief of tenslon and a
manifestation of emothon previously repressed The resemblance of
2n0xfa 1o alcoholic ntoxieation has frequently been made and seems
valid  Humanity s long use of alcoholic beverages does suggest that
the human being has found release from tension and excessive emo-
tlonal Inhibition by lngestion of alcohol with a resultant decrease in
the functional activity of certain areas of the cortex.
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From obsenations oo patients with heart disease who had wnder
gone a complete thyroldectomy the author was able to obeerve that
the creatrve faculty 1n ome such patient who had been a writer and
poctess disappeared when her basal metabolsm reached —40 per cent.
Her writmgs at that time were stereotyped and sentimental to such an
extent as to result m refusal from her editors Admimstration of
thytod was followed by a return of her creative capaaty and ac
ceptance of the literary contributions which she then made However
her cardiac functron was impaired by administration of thyvold and
the resultant high axvgen requirement that appeared to be pecessary
for activity in the higher mental centers  In summary a high oovpen
pressure ot oxygen comsumptian in the brahn fs the physiologic back
ground for & critical regulation of man s faculthes, which Is hinked up
not only with his achievements and creatrve ability but Is also respon-
sible 1n many cases for an overintente control, & feeling of tension and
burden, and an excessrvely <evere punitive attitode toward himself
which resalts in some individnals in anxiety and depression.

JMan may be In the proce<s of adapting himself to an ovvgen tension
in the environment which is advantageon ly utilired by the few who
can tumn thelr swplas epergies and brain functioning Into <crentific
and artf tic acklevement. For many others, bowever in whom the
capacity or the opportunity for such accomplishment Is denfed, the
higher centers may serve little useful parpose being employed b
wasteful overintense =elf indictment, which leads to depressed and
unhappy tates. The problem of dealing with excessrve self-criticlsm
Imposed apparenth by an fnner conscience has ot been satisfactorlly
salved by either the minister or the psvchuatrist nor Indeed by the
philasophers psycboanalysts or academic psychologists. A combiped
phnsiolotic and psychntric approach to brain function Io respect to
the<e matters may open a field for futare research ont of which new
onentations mIy come perbaps elocidating some of the mechanians
of persomal happmess and dictress.

Comparing the performance of otber organs to that of the braln
in respect 1o orypen deficency there 15 no organsy<tem except the
higher cortical areas in the brain that reveals even temporary benefits
from a decreased ovyren <upply  The feelings of elation and euphoria
that occur in normal mdividuals during inhalation of low ovygen at
mo<pheres are more permanent In psychotic indhviduals expoted to
comvalsions shocl therapy and psychowrgery  Lo<s of mental de-
pression fs the outstanding result of shock therapy in which repeated
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exposure to anoxta may be presumed  In five of nine patients with
amiety neurosls Barach and hagan reported that their efficiency of
response was better alter inhalatlon of 13 per cent oxygen for a period
of three hours, as determined by o retention and recall memory test

It was also observed that some degree of emotlonal relaxation took
place after exposure to Jowered oxygen, and that the patlents were to
some degree {ree from thelr former preoccupation  In this type of
apprehensive patlent the mechaniam of fear has been ascribed to over

severe comclence reactions developed In childhood The evidence
obtalned through psychoanalysis in support of this polnt of view is
excellent. However a psychocomatic approach to the problem would
enable us to envisage the concept that in some individuals the cerebral
cells that regulate the criticizing department in a mans life Including
emotional control and introtpection, may be altered in thelr physio-
Jogic response to oxygen teasion In such a way as to be an additional
influence in the cause of exther anxiety or depressfon.

It {s a part of common esperience to recognize that normal individ
uals, who have been apprebensive or depressed, are frequently relieved
of their fears by drinking a sufficient amount of alcobolic beverages.
For the time being their anxieties are relieved replaced by cheer
fulness or euphotia  Since it is generally believed that aleohol produces
a state of histotoxlc anoxin it Is pot difficult to understand that inhala
tion of low oxypen mixtures ar exposure to altitude anoxla under
suitable circumstances, especially In groups, will provoke a simflar
relense of tension and emotional control The excessive development
of an aggressive tendency within an individual toward either himself
or others may therefore be not entlirely & matter of psychologic con
ditioning but in part related to at present unknown difierences in the
constitution of the higher centers of the brain. Further study of these
varlations {n mental function produced by varying the axygen tension
m the air may give us a new insight.

However {mpadrment of emotional control beneficent as it may be
In terms of doing away with self-criticism and In the development of
a happy state of mind has serious consequences when allowed to exist
in circumatances that require a man s full reason and Judgment. There
are many other signs of deficlent functioning in the central nervous
system ax a result of anoxia, which have been commented on in earlier
chapters  In fact, recurrent exposure to anoxia has been thought of
as partly responsible for the development of certaln symptoms In
aviators called seroneurosis bat whether or not repeated expasute to
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anoxia is detrimental to the human organism or awds the development
of a state of irritablilty and apprehension now appears doubtful to the
author and still needs to be definitely confirmed

Durlng the First World W ar Haldane polnted out that soldlers who
exhibited the symptoms of neurasthenls, fatigue and breathlessness
showed & shallow respiration and suggested that military neurasthenis
was & more lasting form of ordinary [atigue due to ancoxia. Barcroft,
Hunt, and Dafton treated patients with chronic gas pofsoning who
were not only physically improved but who showed definite better
ment fn their psychoneurotic tendeacles after one week In a chamber
with 50 per cent oxygen.

The possibility that acute avoxla may take place as a result of
sudden alterations in permeability of the pulmonary epithelium, with
production of acute anxety, has been mentloned by Kroets who
reported in neurotle patients showing vasomotor instability a lower
ing of the arterial axygen saturatfon to 85 per cent when a relatively
patnless arterial puncture brought about palior and sweating A dimin
ished arterml oxygen saturation in psychonenrotic subjects at rest has
been reported by Hicks although his findings bave not been coofirmed.
The possibility that variation {n oxygen tension may produce mental
symptoms or alterations [n mental functioning is substantiated by
2n open-munded considerntion of the above findings

In summary ft may be stated that variatlons in the oxygen tension
of the blood both above and below that to which the organlsm has
been ac d may be accompanied by profound alterations in
mental functioning as well as In changes in physfologic functions.
For the most part a lowering of the oxygen concentration results in a
diminisbed efficiency of intellectual capacity with disturbances In
memory Judgment and emotional control The effect of various
forms of constriction of the cerebral arterial supply seems therefore
a legitimate field of futore research that may have considernble prom
e Mention was also made of the use of low oxygen tenmons in cer
tain patlents 1 whom a less depressed or less ansious state of mind
took place as & result of anaxis  Although & decrease In the oxypen
tension of the environment is pot compatible with the firest type of
menta) work epecually creatlve acthlty there are less fortunate fn-
dividuals to whom the preservation of the critfcal faculty lodged In
the higher nerve centers is accompanied by no achievement of either
a sclentific artistic or other nature but rather by = persistent tend
ency to criticize themeelves and in some Instances by an overintense
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criticism of others The suggestion was made that this overcritical
attuitede in the abeence of other capacities or sufficlent opportunity to
develop adequate cutlets may be a detriment rather than an advan
tage and in psychotic depression the usc of repeated shock therapy
appears to have Its beneficial results by decreasing the functional
acthvity of these higher centers. A rich oxygen supply to the organ
ism 13 especially to be valued by thowe who are apparently in the
vanguard of human progress in re«pect to brain function In respect
to the other organs in the body it would appear to be & reasonable
conclusion that a normal oxygen tension is apt to be accompanied
by preservation of normal functioning and that a well marked lower
ing of oxygen tension may be followed not only by impaired function
but by pathologic changes In the organs themselves.

The author wishes to address a final word to the future student of
respiratory function and its applied technic of inhalational therapy
The stedy of anoxia and its prevention and treatment inevitably leads
to research In various organ systems in the human body The invest!
gator who follows this scarlet thread of oxygenated blood to the van
om organs whose function Is maintained by it need feel no discom-
fiture if he is led to travel over a wide territory since there is unity
in his fundamental approach the investigation of impairment of func
tioning as a consequence of potentlal cell anoxta.

Blake once remarked “Woe to the generalist who is not a spedal
t, and woe to the specialist who Is not a gemeralist.” Additional
comfort may be obtained, if it is needed from the engaging remarks
of Elmer Southard quoted by Frederck Gay m The Open Alind”
“Among psychologists I am known as a chess player among psychia
trsts I am known as an anatomist among philosophers I am known
2s a psychologist and among clinicians as a neuropathologist.” South
ard reassured himself by telling his frend Gay “No man who has
stayed within the recognized boundarles of his fiekd has contribated
fundamentally to sclence ” Whether or not this statement is true
the breadth of Southard s {nterest and knowledge did not hamper him,
bat on the contrary made 1t passible for him to cultivate “many dif
ferent kinds of intellectual sofl for the benefit that each would have
oa the other

The practics of & specialty which Is strictly limited to an organ
fystem of the human body Is not inevitably accompanied by increased
achierement but may be employed as a method of evading the respon
shility of more general knowledge  Equally valid fs a speclalty n
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which a man s dedfcation s toward a physwologic orientation such as
that presented by 2 primary interest in disturbance in respiratony
function  The legend of frivolity 15 perhaps too easlly repeated as 2
criticism of diversity of application, by those who feel constitutionally
disinchned toward multiple interests The aim to isolate one field
of endeavor In order to obtain more opportunnty for Intensive study
and enlightenment should not be considered more legitimate than the
aim to cross many different fields of Interest In order to observe what
contribution the application of apparently remote knowledge may
have in eluadating the fundamental problem ander investigation. The
aythor intends simply to explain his own conviction that the stodent
of impaired respiratory function and its applrcation to drsease will
Justifiably find himself concerned with a diverslty of physiologic and
clinical problems which will encourage him to resist a too arbitrary
regregation of his energy and his curlosity
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Methods of Inhalational Therapy

OXYGEN TANK AND REGULATOR

The first requirement for effective and economical administration
of ovygen for therspeutic purposes Is o supply of US.P ovygen In
large industrial-type cylinders of 200 cubjc feet or more capacity at
standard industrial prices. The former provision of so-cafted ‘medi-
cal” axygen In low-pressure cylinders exercised a deterrent influence
on oxygen therapy sioce it was expensive, wasteful nnd difficult to
regulate At the present time oxygen s avallable in large cylinders
that contaln from S 600 to 6 900 liters under a pressure of from 1,800
to 2,200 pounds per square inch. In order to employ the oxygen In
cylinders at these high pressures a dependable axygen regulator made
by a qualified company Is necessary with all types of oxygen therapy
equipment.

The ovygen regulator has the function of reducing the pressure of
axygen from that In the cylinder to the relatively low pressure to
whuch it is delivered to the rubber tubing that is connected to an ox)
gen tent or other form of oxypen equipment The regulator s of the
two-stage automatic reductlon type which s actually two regalatons
in one Oxygen from the cylinder at high pressure enters the first
stage where the pressure is automatically reduced before entering the
<econd or regulating stage  In this way the high cylinder pressure Is
prevented from straining the delicate mechanism of the second stage
by which the ulumate purpose of the regulator namely a constant
flow In Liters per minute of ovygen Is accurately controlled. Efther a
dial gauge or a varlable orifice with float gauge may be employed to
register the rate of flow  Certaln rules in operating regulators are of
spedial importance and may be Iisted as foliows

1 Before attaching the regulator to the cylinder of ovvgen the
o linder valie should be ‘cricked le, opened alightly and then

m
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quickly cloted to blow out amy dust that may have lodged In the
openimg and prevent dust from cntering the regulator  After the regu
lator has been attached to the cylinder the adjusting screw is re-
leased le., turned counter-clockwise until it ts loose  This is done In
order to prevent the full tank pressure from suddenly being applied
to the regulating valve mechanism  The cylinder valve is then opened
slightly and slowly until the content gnuge on the regulator records

Fia. 22 Standard two-stage hospital-type
otygen regulator

tbe total pressure at this time the cylinder valve is opened com
pletely

In order to begin oxygen therapy the adjusting screw is turned
dockwise until the flow gauge on the regulator indicates the desired
flow in Lters per minute \When oxygen therapy is stopped tempo-
rardly the adjusting screw is turned counter-clockwise and the cylln-
der valve need pot be completely closed  If an efficient regulator is
In use at the bedside it is sufficlent simply to turn the adjusting screw
counter-clockwise 50 that no oxygen comes throagh, However if the
regulator is to be set aside for a long period of time the valve on the
top of the tank should also be closed This relieves the Internal pres
sure in the regulator which might otherwise strain the mechanism
Weumbenllawcdmexinovcrlongpeﬂodsofﬂm
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gen manifold. At a convenient polnt in the hospital two banks of §
to 40 cylinders may be connected to each of two master regulators.
Ope back of tanks may be adjusted to flow at a pressure of 50 pounds
the other at 45 pounds. Oxygen will flow from the first hank untll fts
gas content falls to a pressure of 45 pounds, whereupon the second
bank will automatically begin to dellver oxygen A smaller line pres-
sure may be used The supply of oxygen s then plped to the wards
or ptivate roams of the hospital axd In that way does away with the

Fio. 23 Oxygen manifold.

necessity for transporting oxygen tanks throughout the hospital  Fur
thermore the saving of oxygen fs conskderable since in many Instances
where manifolds are not used o tank partially full Is returned to the
storeroom marked empty This practice of tanks belng returned to
the factory with oxygen still remalning in them fs unavoidable as It
Is pot possible to exerclse constant and contlnuous supervision over 8
tank when it is almost empty

By means of the manifold al the tanks on one bank may be almost
entirely used up before the regulator on the tanks on the other slde
fs set Into action. There are also other economies such as the elimina

tion of the cost of deltvery of 'Y to and from the
wards Furthermore the regul h tank are expe
the cost of repalring them ¥ in iderable ftem.
presence of an oxygen supphy at the moIng

of cylinders Is avolded which b chologlc ef
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patient  The imtial cost of installing a manifold oxygen supply sys-
tem may be made up for in a large part during the first year of service
by the economy which results

RUBBER CATHETER I\ THF NASAL PHARYN\ AND
ORAL PHARYA\X

The nasal-catheter method of administering ovygen is inexpenshe
and has a very considerable degree of effidency The apparatus re-
quired includes a rehable oxygen regulator a water bottle to humkdify
tbe oxygen and a rubber urethral eatheter  \later bottles of varjous
types have been designed including the simplest one in which a stream
of oxygen 18 bubbled through three Inches of water In a more elabo-
rate humidifying device the oxygen stream is broken up into tiny
bubbles and passed through water before entering into the rubber
tube leading to the catheter Elther the simple water bottle or the
more elaborate device may be uted with both the oral pharyngeal or
nasal pharyngeal adminktration of oxygen

The rubber eatheter <hould be a No 10 French in slze never more
than \o 12 because larger catheters are uncomfortable and more apt
to cause mouth breathing The terminal one inch of the eatheter
should be perforated by four to six small holes since a high rate of
flow Is better tolerated when dispersed than when a single opening s
present. If the holes in the catheter become plugged by mucus and
only one small perforation remains the stream of oxygen through 1t
may fmpinge on a localized area of mucous membrane and cause a
burning semsation, which may be respomsible for the patlent palling
the catheter out of the nose The catheter should be cleaned every
12 hours or more often if necessary in order to wash away crusted
mucs and prevent clogging of the apertures referred to

The catheter when used In the nasal pharynx may be simply in-
serted by passing along the floot of the nose until it reaches the back
of the pharynx {t Is then withdrawn slightly and kept in that posi
thoa by adhesive being applied to the catheter over the nose and fore-
bead. The catheter s connected by a metal tube with a rubber hose
*hich may be fastencd to the pillow by a safety pin  Unless the
theter b withdrawn slightly from the posterior wall of the pharynx
Bging may take place The catheter is lubricated with KY jelly
of vaseline along the terminal three Inches. The catheter ls Tess apt
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:;eb;mhadrai:-f‘hmlu Lo e of the base and ove

t s passed laterally across the [

Care should be taken 1 e

wxth 0 keep the water botte aboat onealf fall

t2p water  This may be simply done br

vnKyewiag the glig

Pﬂnﬂfbc!he“'ltcrboitl:frmn&zmuﬂmp, The rubder gaslet

should be inspected to make sure that

thas 5 oxvpen does not escape throogh

Tbehumxdmerm:\bccbtckedfm-lmhgc Towerlng the Bow
Wmtmtozmmﬂmemmgw&wmdg
bumidifier with a finger  If the humidifier leaks, the gas fiow as
noted by the bubbling of the water will remain unchanged. When
o leakage 15 present the bubblmg will dimiassh and sooa stop.

Covsiderable varhation exists In the Ltetatore as to the concentna
tions obtained 1 the alveolar and nspired als when nasalcatheter
adminfstration 5 used. These differences may in a large part be
explained by variations in the quantity of ventilation. Tt will readily
be understood that a child with a smaller volnme of breathhg thm a
large adult will obtain a relatisvely higher onvgen percentage with a
given flow of axvyen from a cyfinder  Thus a pulmenary ventfiztion
of 12 Bters per minute mixed with 4 Iiters per mintte of owgen ¥l
@ve 3 (ac fower concentration of axygen ln the alveolrr air than wI
be foand when the pulmanary venilation Is 6 Lters per minute and
the axypea fow the same  In an adolt with a sighth Increased p-
mopary ventilition the following concentrations [n the tngured A
may be assmned a3 approximately correct for nassl-pharvogeal cathe
ter adminmtration at 2 liters per minute, 28 per cent oxygen 2t 4
liter< 33 per ceat at § Liters 36 per cent at 6 Iilers, 33 per ceat
and at 8 liters 47 per cent oxypen.

When a flow of axypen as high as 8 liters per munnte Is employed
it may be more comfonable to fnsert 3 catheter o each postrll 22d
connect them over the forebead with 2 metal X -tube Hawrier when
high oxvgen concentrations are desired with nasal-catheter admmd-
tration, the poshion a!dzcmthﬂrrispxefemblvchmgtdmthcuﬂ

pharyngeal placement
ORAL PHARYN\GEAL CATHETER PLACEMENT

}
Whea it 15 desired to adminiser onvren by the oralphanmred
¢ of the cotheer the catheter sbould be tmerted fnto the

pmeundinlnthcmnlph:qmmnnbe;nxkn:h\-gtmxamm'
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ougen  Then it is withdrawn a <hort distance and fastened securely
to the nowe and forehead  This method of placing the catheter e
determining when the patient swallows otygen in the act of degluti
ton is better than looking for the catheter in the oral pharynx
through the mouth It will be found to be behind the uvula in most
mstances but it has been emphasized that the swallowing ol oxygen
1 a more reliable method of obtalning the proper position of the
atheter It Is important that the
strapping of the catheter be very se- [ g _—
cre since a conaderable amount of | S
oxygen may be paseed into the stomach
if it slips lower in the pharynx than is
intended. - .
By means of the pharyngeal catheter 5 L\
coocentrations of oxygen 1n the in !
splred arr in excess of 45 per cent can ?
be maintained with a flow of 6 lters “*~

‘;j
of cxygen per minute  Because of the  aae_ \I\
1

relatively larger space in which oxygen
can acomulate during respiration this |
method of administration is a more -
efbicient one than placement in the

oasal pharynx.  Oxygen concentrations " 1
as high 23 70 per cent may be efficiently Fio 24 n(::d,,_.r

supplied in this way  Pharyngeal ad

mimstration of axygen is a highly effiaent and economical method
The simple precaution of observing that if the patlent swallows a
bubble of air in the act of deglutition the catheter has been inserted
t00 {ar should not be difficult to observe. When the proper position of
the catheter I3 known it should be marked at the exterior of the nose in
order to expedite placement of a fresh catheter at 12 hour intervals in
the alternate nostrll  The distance of the tip of the catheter from the
external nares varies between 4% to 53 inches. When viewed through
the mouth the catheter position is usually at the tip of the uvula as ft
bangs quietly in breathing  Small urethral catheters No 10 French
should be used for this parpose and should also be perforated with
atm holes a3 indicated in administration of oxygen m the nasal

—__

Due to the relatively small size of the nasal passages in Infants
nd to the greater readiness for middle-ear infection the catheter
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method ls less sulted to them than 1o adults The open-top ten
will be described later, appears to be a serviceable method of adm
tenng oxygen to young children and wfants, Either the open
tent or the enclosed tent may be employed. The position of the c
ter in the nasal pharynx and the oral pharynx bs Mustrated in
accompanylng photographs,

Fio 25 Position of catheter (A) In nasopharynx (D) In oropharym

Instead of catheters nasal inhalers are sometimes employed whi
consist of pronged metal tubes the ends of which are tnserted a s
distance into the pose  The nasal inhaler is attached to a metal st
that is adjustable on a forehead plate which in turn s fastened to t
forehead with adhesive plaster or a head bapd. The prongs are ma
of soft brass so that they can be molded to fit varfous poses. Ca
shoald be taken that the nostrils are not occluded by the metal or
patlent will be forced to breathe through the mouth to supply t
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pormal rate of pulmonary ventilation  If the prongs are too far re-
moved from the note the oxygen is apt to be wasted in the surround
ing atmosphere At an oxygen flow of 4 liters per minute 30 per cent
owgen may be obtained In the alveolar air of the average adult
However there Is more rellability in obtaining a constant oxygen con-
centration at lower flows with the rubber catheter inserted Into the
oral phanynx,

Whatever the method of nasal administration of oxygen the opemn
tlon of equpment demands <kiflful supervilon Leaks around the
top of the water bottle or humidifier
are ot Infrequently found which result
in oxygen passing into the outslde at
mopbere and not into the catheter it
wif It Is important also to check for
the preseice of Jeaks at the tube con
pectlons especially if the rubber hose
isold and to be certain that the tublng
is not plnched. The lubrication of the
atheter should be performed at fre-
quent epough intervals so that the
catheter does not stick to the sides of | __ . _ B
the pharynt.  Furthermore the lubri Fro 26 “asal Inhaler
aton should not be so0 extensively
dooe 13 to plug the holes that are made for the distribution of axygen
One hour before the oxygen in the eylinder Is exbausted another cyl
Inder should be substituted if close supervisnion Is not avaflable In
order to make sure that interruption of treatment does not take place
imadvertently  After the therapy {s concluded the humidifier and tub-
Ing should be thoroughly cleansed with hot water and allowed to dry~
the catheter should be washed and bofled for four or five minates or
sterilized In amother efficient manner The catheter is then wrapped
l-nadnnpuhgelndputany for future use.

OXYGEN TENT

The oxygen tent Is employed to administer oxygen concentrations
between 40 and 60 per cent and to provide the patient at the same
tme with hygtenic condttlons of temperature and relative hamidity
m“‘ﬁmlmlcomlsuof(l)nmnopythmhsumdcdmﬂtbe
b““-ﬂmcblnyutocndoscdthcrthecnurepaﬂcntorthu}znd
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and upper portions of the patient s body, and (2) a conditloning cald-
net 10 cool And dehumidily the oxygen-enriched atmosphere within
the tent canopy efther by & motor blower circulation or through a
system of thermal ventilation. A suitable flow of oxygen from the
regulator is added to the tent atmaspherte at a rate required to mun
tain the desired axygen concentration

Tents which enclase the body of the patfent should bave a capacity
of at least 12 cublc feet. A completely transparent canopy bs far
preferoble t0 a rubberized fabric with enclosed windows. Filofim,
transparent plastocele or otber noninflammable transparent materfal
furnishes a greater sense of comfort to the patient and also a better
view for the doctor and nurses than canopies that are partly trans-
parent and partly impervious to lght.

The skarts of the tent canopy are tucked under the mattress at the
head and sides of the bed In most Instances the canopy stretches
In front of the patfent and Ues on the sheet and it Is then necessary
to use a draw sheet over the canopy which fs tucked tightly under the
mattress on each side to prevent loss of oxygen. After the caoopy
has been placed over the patient the object is to make it as leakproof
as possible. A rubber sheet on that pact of the mattress covered by
the canop; tends to diminish loss of oxygen but it Is generally not
necessary to employ this and it is Jess comfortable for the patient If
it & directly under the sheet, If it is placed under the mattress the
task is difficult unless the patient is moved to another bed.

The ventllation of the tent may be obtained by a motor-blower
circulation in which the oxygen-enriched atrosphere s passed throvgh
a cabinet containing chunks of fee the size of a grapefruft. In this
tvpe of tent the ke cabinet may be of large or moderate size tbe
large-slze refrigerating cablnet has & very considerable advantage In
bemg able to provide a cool and dehumidified atmosphere for periods
as loog a3 12 hours without re-icing depending on the surrounding
room temperatore  Below the ice cabinet bs & compartment which
contains the motor-blower unit. This [s connected to the surface
of the cabinet by appropriate wiring  On the front of the conditioner
cabinet are found a motor pleg switch pilot light water draln, and
2 rheostat for coatrolling the velocity of flow of the circulated atmas-
phere  On the support tubes that lead to and from the ke cabloct
Into the tent, openings provide entrances for the thermometer £
inlet, and sampling pet-cock.

When the tent is abont to be used the fce cabinet Is first filled with
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large chumks of fce  The tent is then wheeled alongside or behind the
bed the motor plug is attached to the wall socket the switch turned
to the “on™ position and the theostat sct at the midposition The
pilot light will glow when the motor is turned on The canopy is then
placed over the patient and tuched under the mattress at the head
end, both sides and rear, or a draw shect Is folded over the canopy
in front of the patient. The water drain is tumed to the open posl

Fia. 27 “Motor blower oxygen tent.

tion 50 s to allow for a continuous drip of water from the melting ice.
The azygen cylinder Is tled to the bed or supported on & truck. The
regulator iy turned to 15 Liters per minute for a period of 30 minutes
whuch generally results in a large-sized tent in a concentration of 50
Per cent oxygen, and Is then turned to 10 liters per mlnute When
H & desired to build up a higher oxygen concentratlon in a shorter
Ume, the axygen flow from two regulators may be run into the appro-
briate gas fnlet, in which case 30 fiters per minute will produce a con-
centration of 50 per cent oxygen in 12 to 15 minutes If a flush valve
b preseat on the regulator it may be opened for a period of 2 minutes
which will also produce an oxygen concentration of 50 per cent

The rheostat is generally set at mid-position If a higher velocity
of oxygen-alr movement Is desired it may be turned to the high posk-
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tlon which will give a temperature as low as 56 F with a relatce

humldity of approximatel

|
|

y 35 per cent.  If temperntures above 70 F
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Fia. 28 Diagram of & motor blower axygen tent.

and relatively high humid|
low position  If this stlll

Ity are desired the rheastat Is turned to the
results in a temperature that is considered

colder than desired jce may be remaved untll the temperature rises
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to the de<lred level  When still higher temperatures and humlidities are
destred 2ll fce may be removed from the refrigerating cabinet and the
rheostat turned to the midposition or the high position  This will then
provide a com{ortable degree of air movement but the temperature will
then nee much higher than that of the surrounding atmaesphere.
To matntain a relative humidity of between 80 and 90 per cent in
a cool atmosphere o special deslee Is being perfected for the vaporiz
ing of & pint of water an hour In the employment of apparatus of
thus tvpe precaution shoukd be taken to prevent any part of the motor
{rom coming In contact with the oxygen-enriched atmosphere
When the tnlthal flow of oxygen has presumably elevated the oxy
g0 concentration to that which has been pre<eribed—40 50 60 or
40 per cent—a test of the oxygen concentration should be made by a
sutable oxygen analyzer A cheek of the oxygen concentration is
made at least two to three times during 24 hours If the percentage
of ovvgen in the atmo<phere i below that prescribed it is not suffi
acnt simply to Increase the flow of oxygen until the desired concen-
taton has been found by subsequent oxygen test. A search should
be made for the cause of the Jowered oxygen concentratlon If the
DuTse was required to open the tent canop) to feed the patient or for
ather nursing attention instruction should be ghven to her that an
addrtional flow of oxygen such as 15 Iiters per minute should be ad
ministered for 5 10 or 15 minutes depending upon the extent to
which the canopy has been opened  However if the tent canopy has
oot been opened and the ovy gen concentration was fourd to be lower
than desired a full tnspection of sources of leak should be made in
chuding the following (1) The tent canopy should be nspected to
sce whether it & in contact with the mattress and draw sheet on all
sides. (2) The top of the mir-conditioning cablnet should be tightly
{astened or locked 1o the body of the cabinet and the sponge-rubber
uket should male contact at all points with the framework of the
abiset.  (3) The flow of oxygen from the tank itself should be
s well as all rubber tube connectfons  If all these sources
of leaks have been inspected and no fault discovered a new tent
thould be installed and the motor blower unit of the discarded tent
fnspected for leas in the shalt between the blower and the motor
the water draln should be hept open at all times while the tent is
theme for an accumulation of water may stop the flow of
oxygen-enriched atmosphere  The fce compartment in the large
senlor model of the Barach-Thurston motor-blower tent should be
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filled every elght bours this varles between 6 and 12 hours depend-
ing upon the speed of circulation of the moter blower unit and the
temperature of the surrounding atmosphere. In tents that have a
is::'u.‘ﬂ]cr foe capadity more {requent filling of the compartment with fce

The testing of the oxygen cancentration at least two times during
the day may be incrensed in cases in which ft Iy of special importance
to make sure that a high oxygen concentration is continuomly present
in the tent. The temperature should be checked at the same time and
if it is lower or higher than that desired the rheostat should be turned
to a posttion which will glve a lower or higher velocity flow respectively

Carbon.dioxide Concentration Within the Tent. When a tent
fs employed which contains a motor-blower unit with a considerable
degree of air movement and o large-size canopy [t will be found
necessary to mamntain an oxygen flow of not Jess than 9 and prefer
ably 10 liters per minate In order to keep a concentration above 50
per cent oxygen in the tent atmosphere. In most instances in which
any oxygen tent is employed the concentration of oxygen is not gen
erally prescribed below this level. Under these circumstances the car
bon dioxide produced by & heavy adult will in large measure be washed
out of the tent at the connections which the canopy makes with the
bed Under most conditions the carbon-dioxide percentage will there-
fore be 1n the neighborhood of 1 per cent and very rarely 1.5 per cent
even m large patients with an elevated metabolism  There fs there-
fore po economy In the attempt to employ soda Ume to absorb carbon
diaxide as tents are generally used in dinkea) practice with adequate
nursing attention  Although soda lime is employed in a few well
regnlated clinkes this necesaitates close supervision on the part of a
number of technicians who must necessarily make careful analyses
for carbon dioxide as well as oxygen. In most hospitals as well as in
the use of oxygen tents in the home the provision of a liberal flow
of oxygen from the regulator not only makes jt more likely that the
patfent will receive the benefit of an effective oxygen concentration
but It also eliminates the necessity for repeated checking for carbon
dioxide accumulatron

When it has been determined that & flow of 9 o 10 liters per minute
of axygen from the regulator prevents accumulation of carbon diovide
i the initial apprasal of a new tent this test need not be performed
in the routine management of other cases. Since higher flows of
oxygen are very frequently necessary to malntain oxygen concentra
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tlons between 50 and 60 per cent the carbon-dloxide percentage is
rarely foand to be above 1 per cent by actual test  If an oxygen flow
of 15 Iters per minute fs required because of frequent openings of
the tent canopy there should be carcful Instruction to make proper
arrangements for shifting of an empty tank in replacement of & full
tank One or two additional tanks equipped with regulators should
genetally be alongside the tank In use in oxygen tent therapy  When
the tank In use has very little oxygen remaining In t it s desirable
to employ a new tank  Instead however of discarding the tank which
has not been entlrely used up it may e connected by a ) tube to &
regulator on a new tank untll the old cylinder s emptied A flow of
10 liters per minute thus enters from the new tank and n fow of 3 or
4 Iiters a minute admitted from the old tank until it Is exhausted
The oxygen concentration is thus bullt up slightly above the required
level and rerves as an economy and an additional insurance against
undize Jowering of the oxygen concentration.

Since the oxygen tent is 2 more expensive methad of obtaining oxy
gen therapy than catbeters or masks it should achieve two funda
mental alms (@) To furnish an effective oxygen concentration by
continuous administration of an oxygen percentage In the atmosphere
of not less than 40 preferably 50 per cent and for short perlods
concentrations as high as 60 or 70 per cent (b) to provide physical
and mental comfort to the patient by a hyguenic atmosphere in respect
to temperature humlidity and air movement by no mppliances near
to the face and a clear view to the outside. In achleving these objec
tives at a reasomable cost careful and intelligent operation of the tent
is necessary and the following polnts may be emphasized even at the
hanard of repetition.

Frequent analyses of the oxygen concentrmtion In the tent, such as
three times dafly prevent a diminhhed effectiveness of axygen therapy
and help the technician to drscover mistakes in operation or manage
ment of the equipment. In an analysis of 70 technician Inspections of
tents in which the oxygen covcentration was found lower than that
prescribed by the physician careless handling of the tent canopy was
the cause of the lowered oxygen concentration In 62 hstances. In
five inatances the oxygen cylinder was emptied and a new cylinder bad
Dot been turned on. In two lostances 8 tear in the canopy was the
cause of the leak. In one case there was a leak between the keebax
doorxndtbeablnctdnemnmmtyxponge-rubbcrmn In this
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«eries there was no leak in the motor-blower unit, ie., along the shaft
that connects the fan with the motor

In ten of 100 tent fnspections the temperature was too high, due
fn four cases to the rheostat being turned to the low or midposition
in tead of the high position, in four cases to the water drain being
shut off in one case to o clogged water drain and in one instance to
fack of ke

It 1s 1important to instruct the nurse on the case to increase the
flow of oxygen each time the tent fs opened such as to 15 llters per
minute for 5 minates or for 10 to 15 minutes if & profonged period
¢ ntact with the outside atmasphere hns taken place The motor
Hs 1oy tem should always be turned off when refilllng with ke or
wir duemg a medicne or food in the tent, or when the patlent Is
boing cwmuned for hort perlods It must be remembered that the
nota hould be turned on immediately after closure of the tent.
When  lecves are used for access to the patient the opening should
Wa malla possible and closed fmmediately after the treatment
ha tiben flie The ovvgen cylinder should be strapped to the bed
= that it 1 not acckdentally knocked over  The tent should operate
il ddnkst powselessly  If sibratlon of the motor Is heard, It
houll ln removed and a new one employed.  Although the comfort
of the patient Iy unmistakably enbanced by completely transparent
canopies for patients who are delirfous or who tear the canopy re-
peatedly a strong rubberized fabric s used with ample window space
kit When the ice is inserted Into the cabinet an attempt shoukd
be made to create as little noise as possible by Inserting the fce by
hand rather than letting it fall out of a large pail or letting It drop
to the floor of the cabinet

In respect to temperature and relatlve humidity withln the tent
the Individual patient may frequently be consulted In the average
adult febrile patlent a temperature of between 60 and 63 F I
more comfortable and allows a more efficlent heat elimination than
temperatures above 70°  In some cases with high fever a tent tem-
perature of 58 F and plentiful alr movement are destrable and may
€asily Le obtained with motor-blower circulation

The relatlve bumidity does not become unduly clevated In the =e
of tents that have motor blower circulation of the contalned atmos-
Phere over chunks of ke and It need not be tested routinely  Under
these eircumstances even with the rheostat at low position the rela
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tive humidity s never above 60 per cent It will be found by actual
tests generally in the neighborhood of 40 per cent In very old
patents I whom a higher temperature is deslted, with at the same
time alt movement for comfort, the ice may Le entirely or partly
removed and the theestat et at high positlon

THFRMAL-CIRCULATION TENT

In thermal-circulation tents the principle of warm air rising and
cool alr falling is responsible for a gradual movement of the tent
atmo<phere 10 the top of the tent as a result of the heat given off by
the patient, and after entrance to the cabinct contalning ice and soda
lime a downward mosement of the vy gen air mixture which is cooled
dred and deprived of carbon dioxide The cool atmosphere enters
the canopy ot the side of the patlent in the Oxygenalre Tent  There
is a slow air movement with a relatively cold atmosphere on the side
of the patfent that fs exposed to the ice cabinet An oxygen flow of
5 to 6 liters a minute will maintnin a concentration abosve 50 per cent
oxygen but at the cost of an excesslve carbon-dioxwde concentration
in the tent atmaosphere unless <oda-lime 1s employed and periodic test
ing of carbon-dioxrde concentration pursued. When oxygen flows of
9 to 10 liters per minute are used, soda-lime may be digpensed with
provided sufficlent leakage s created or an Infector Is used to main
tan concentrations of 50 or 60 per cent. When an injector is at
tached to the regulator, ns will be fully explained in describing the
JMeter mask apparatus the oxygen passing through a [line orifee In
an enclased cylinder draws a varying proportlon of alr into the stream
of ovygen that enters the tent The axygen percentage on the dial
of the injector tells the concentration of the mixture entering the tent
but oxygen testing of the contained tent atmosphere Is il necessany
smee a leak In any part of the canopy may be follawed by o lowering
of the axygen concentration,

The use of the injector with a small flow of oxygen will not lower
the carbon-dloxide concentratlon of the tent If a 50 or 60 per cent
oxygen concentration is maintained  With an oxygen flow of 6 liters
per minute and & concentration of 60 per cent in the tent the total
flow of oxygen and alr enterlng the tent s 12 liters per minute since
6 lters of oxygen mixed with 6 Hters of air yleld this percentage
If the patlent is eliminating carbon dloxide at the rate of 275 cc. per
minute the concentratlon of carbon dloxide might reach a Jevel of
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275/12,000 X 100 or 2.3 per cent which Is too high for the patient s
comfort  With a 10-Iiter flow under the same conditions the carbon
dloxlde concentration will be 1.3 per cent or less.  Use of the Infectoc

Fro. 29 Thermalclrculation tent

is preferable to soda-ime if economy Is sought in this type of tent
A thermorzeter should be placed inside the tent within clear view of
the observer the relative humidity should be tested in the Initlal
apprawal of the tent with the ice contalner full and half full  Due
to the relatively small size of the compartment containing ice special
care should be taken to prevent the temperature from Increasing (o
undesirable fevels  This applies to dehumidification to an even greater
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extent since there fs no provisfon except through thermal circulation
of alr over fce to remove the molsture given off by the patlent

Thermal-clreulation tents have the advantage of belng able to pro-
vide high oxygen concentrations in the neighborhood of 70 per cent
w1th greater ease than fn the motor-driven types. Furthermore, the
tent does not requlre electricity and, thercfore may be used in reglons
where this Is not available. However, air movement is limited

In operating tents of this Lind oxygen Is ndmitted at first at a flow
of 15 litert per minute until the desited concentration of oxypen bs
obtatned by test and the regulator then turned to a maintenance flow
which varkes depending upon whether or not <oda lime is to be used
1f soda lime s to be dispensed with flowt of 9 ta 10 liters per minute
or above are Indlcated  With the use of soda lime these flows can be
Jowered to the neighborhood of § liters per minute provided that
determination of carbon-dioude percentage in the tent atmosphere
doet not rise above 1.5 per cent.  The extent of thermal crculation
can be vared by openfog or closing the shutter control, which in-
creases or decreases the aperture to which the tent atmosphere may
enter the alr-conditioning cabloet  Although a wide range of air
movement temperature and humiity control is not avaflable as in
the matar-blower cicculation tent the atmosphere in the tent canopy
Is suffichently cool and does not contain excessive humidity when fts
operation 1s carefully supervised. Many patients however, complain
of the cold temperature on the side nearest the refrigetating cabinet.
Provision for adequate elimination of earbon dioxide must be made

DRY ICE OXYGEN TENT

The dry-lee oxygen tent utilizes solidified carbon dioxide as the
refrigerant. A block of this materlal has three times the cooling
power of 2 black of ordinary lee of equal alze A cylindrical con
tatner 7.5 inches In diameter and 20 Inches long contalns 25 poands
of the refrigerant which 1s sufficlent for approximately 12 hours of
use. The contalner s placed directly over the bed and the cooling
fins with dry ko evaporating at —1096 F efficdently cool the oxygen-
afr mixture  The cool and therefore heavier alr circulates downward
bewng directed to the front of the tent by a bafle and warm alr given
off by the patient rises toward the back of the tent to enter Into the
container above Excess molsture from the patlent s lung condenses
on the fin and & satisfactory temperature and relative humidity are
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obtained By rotating the tray in which the dry jce Is pliced a
greater or lesser degree of cooling may be obtained.

The dry fce is furnished in neat easily handled blocks which it Into
the tray and as ft evaporates directly into the gaseous form It leaves
no residue to be disposed of None of the carbon-diaxide gas evolved

Fio. 30 Dry Ice oxygen tent.

enters into the tent canopy The carbon dioxide given off by the
patfent s eliminated from the tent largely by passing into the tent &
Row of 9 liters per minute of axygen Low oxygen flows cannot be
emploved for the reason outlined under thermal circulation  namely
proviston for adequate elimination of carboa dioxide The advantage
of this unit is that the stand and container weigh about 30 pounds
and may be readfly carried about Dy fce should be placed In the
conditioning unit 15 to 20 minutes before use to avoid the noise due
to the contracting actron of the dry ice on the conditioning compart
ment (D J Cohn)

Slmc(e dry e evaporates steadily it must be obtained when needed
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and cannot be tored  In ho<pitals that have ordinary ice available
(o them the e of dry lce is apt to be more expensive  However
the comfort of the patient in this type of thermal-circulation tent i«
renerally mantained and effective oxygen therapy may be pronvided

OPEN DO\ TENT

In this apparatus the top of the tent I+ completely open and closure
1 made at the ncch  When a flaw of oxygen of 6 to 7 hiters per
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Fia. 31 Open-bov tent.

minute [s maintamed oxygen cancentrations of 50 per cent can be
secured at the level of the patlent s nose without undue accumulation
of carbon dlovide  The principle is that a moderate rate of flow will
result In a therapeutsc concentration of oxygen at the lower end of
the box because the rate of diffusfon of otygen is less than the rate
of fnflow  This simple arrangement has been used with very con
siderable success n the treatment of infants but hxs also been em-
ployed for oxygen therapy in adults It appears to be especally desir
able In infants and young children who do oot ghve off &s much beat
and mofsture a5 large adults Farthermore masks and catheters are
oot sultable for Infants Frequent tests of the atmosphere should be
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made at the level of the patfcnts nose It & Important to aveld
placing the tent {n a draught or ncar an open window in which case
the high oxygen atmosphere might be blown out through the open top
A small fee cablnet may or may not be used it bs set In the rear of
the hood and achieves a thermal circulation of the oxygen-enriched

Fig 32 Open-box tent (adult)

atmospbere  This type of tent is the simplest ard Jeast expensive in
masufacture (A. M Durgess)

\Measurement of the carbon-dioxide concentration is not necessary
because the open top allows a {ree diffusion of carbon dlotide.

In reviewing clowd-circulatlon tents ft should be understood that
low oxygen flows (4 lters per minute) may malntain effective oxygen
concentrations if the patrent is not examined nurses not allowed to
open the canopy the patient kept well tucked in and the mattress
tubberized U nder these circumstances the carbon-diotide concentra
tlon will rite to 3 to 4 per cent with tovic manifestations unless con
tinuous care i3 taken to apply fresh <oda lime fn the tent  In thermal
circulation tents this Is necestary two or three times a day and the
trays should be only thinly covered with roda lime fn order not (o
interfere with the circulatfon within the tent  When the tent s fre-
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quently opencd higher flows of oxygen ate obviously required  When
In continuous operation, the fce bashet needs an additlonal supply of
fce cvery three to four hours to inwre mavimum cfficlency  With o
full supply of 55 pounds even with a room temperature of 78 F.,
sufficient cooling may be obtained with a thermalclraslation tent
The most Important conuderation I the question of eliminatlon of
carbon diovide if low ovvgen flows are employed  This requires an
Initial careful appraiaal of the tent in terms of varying oxygen flows
and earbon-dioxide percentage with woda lime and sulrequent fre
quent teting of the tent In operation both in respect 1o carbon diovide
as well as to oxyren concentrations  If an injector ks employed which
«cems more sultable to this type of tent and a more liberal maintenance
flow of oxygen is used sufficlent washing out of carbon dloxke will
take place 20 as not to require soda Hme thus avouding the fear of
excessive accumulation of carbon diovide as well as the necessity for
frequent determinatfons of the carbon-dloxide percentage in the at
mosphere  The total Inflow of ovygen should then be not less than
9 Liters per minute when oxygen concentrations below 60 per cent are
maintained
ONYGEN TENTS FOR INFANTS

Since oxygen therapy in Infants does not make use of all the general
principles that apply to oxypgen tent thernpy fn adults the polnts of
difference may be emphasized First of all infants may be rapldly
deprived of heat by circulation of a cold atmesphere over them, with
an abrupt fall in body temperature  In the second place infants pro-
duce 50 hittle heat, water and carbon diotide that the special measures

of the removal of these constituents are not necessary,  The open-top
tent may be used effectsvely and inexpensively in the treatment of all
condrtions requiring simple oxygen thernpy  \either the mask nor
the na .ol catheter ls as satisfactory in the treatment of anoxia in
infants, A small box tent may be used with a transparent window
fn front or preferably transparent canopy throughout This allows
an accurate {nspectfon of the condition of the patient and frees the
miant from feelings of claustrophobla  Small oxygen flows such as
6 liters per minute will generally maintain an oxygen percentage of
50 per cent without undue increase in carbon dioxide ternperatute
of humidity The mechanksm of the {pcrense In oxygen concentration
as described above [s simply the instillation Into the enclosed box of
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a flow of oxygen which Is higher than that which leaves the tent
through diffusion,
AN ONYGEN TENT WITH MECHANICAL REFRIGERA
TION

In this tent the cooling and drymg of the oxygen-enriched atmos-
phere Is accomplished by a frigidaire conditioning untt which uses &

Fio. 33 The refrigeration onit of
the LElectri-Cool oxypen tent.
noatoxic toninflammable refrigerant which has been developed for
air~conditioning applicabon A master switch §s on the front of the
panel for the control there & an ovygen flow meter and a mechanism
for regulating the degree of ventilation  When tbe proper temperature
has been established in the tent the cold control may be set so that
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the unit will automatically provide an cven temperature  The humld
ity In the tent can be varied by changing the cold control to operate
the cooling coils at various temperatures  The colder the coils the
Jower the relative humidity  The drain box which Is provided to
collect condensation moisture s of large capacity and needs very little
attentfon  The clectrical consumption Is sakl to be 8 kllowatts for
24 hour use at 2.5 cents per kilowatt hour there {s a dafly operating
expense of approtimately 20 cents.

AN OXAGEN TENT WITH THE EMPLOYMENT OF
LIQUID ON\YGEN

Liquid oxyren has been u<ed both as 2 supply for oxvgen and for
cooling by Hartman Speaial care must be observed to prevent a
spark from coming in contact with liquid oxygen and flammable ma
terhal for in that event very rapld combustion would be initiated
Liquid oxygen s subject to constant evaporation and would be more
expensive to operate in most communities  Since there are harards
1 handlmg liquld oxygen which are not pre<ent in operating cylinders
of high-pressure oxygen this tent will not be discussed In detail but
interested readers may refer to it in the accompanying fllustration and
reference

STERILIZATION OF THE OX\GEN TENT

After the termination of each case tents should first be washed with
soap and water both inside and outside This procedure should be
relled upon mainly for cleaning and removal of Infected secretions
After this is thoroughly performed the method of cholce is to rub
down the pliofilm or rubberized conopy with o 70 per cent aleoho!
solutson.  The tent cnnopy may also be allowed to remam for ten
mingtes i1 70 per cent alcohol §f provlston Is made for a suitable con-
taer  Any alternative method of effective sterilization may be pur
sued such as dipping the canopy in a solution of 1 10,000 of bl
chloride of mercury for five minutes I this is done the mercury solu
tion thould be carefully washed off with water If a plastocele window
is present fn the tent alcohol should not be used since it clouds the
surface of the window  In patlents on the private side of the hospltal,
% new plofilm canopy can be employed and charged to the patient
If the patient suffered from a disease as infectious as tuberculosls
the pliofilm canopy should be destroyed and the rubberzed canopy
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sterllized with special care  In the treatment of cardise patients.
reutine precautions are used.
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tic 34 Tent with employment of hquid oxygen (Hartmao)

Porticular care should be exerched to remove accumulation of
debrls such a. lint from the water drain of the ke cabinet at the
termination of the case It drles and hardens on standing and fre-

quently clogs the drain.
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O\YGEN CHANMBERS AND ONYCEN ROOMS

Among the methods for admlinistration of oxygen the otygen room
Is the mast comfortable to the patient  Although the large-sized oxy
gen tent ventilated by motor blower circulation with a canopy that
stretches over the cntlre bed provides adequate comfort for most
Qses s well as an effective concentration of oxygen and a cool, dry
atmosphere there are patients who appreciate Tong-continued oxygen

Fia. 35 Portable oxygen chamber

therapy in a room in which no mechanlcal appllance is seen. The
oxygen concentration may be accurately regulated and nursing and
medical attentfon carried out with minimal variation in the concen
tration prescribed The expense of upkeep is greater than that of
other forms of therapy since four to five tanks of axygen are required
daily instead of two to two and one-half cylinders for a large bed tent.
The two simplest types of axygen chambers will be described (1)
Conversion of a room in the hospital Into an axygen room (2) erec
tion of a portable oxygen chamber

Past experience In the development of oxygen chambers Indicates
that thermal circulatlon of the atmospbere s better in many ways than
motor-driven ventilation In an oxygen room to be used in o hospital.
In private resldences however the portable axygen chamber Is dealr
able since it can be erected in a short space of time and consists In
esence simply of an enlarged oxygen tent
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The Oxygen Room. In converting an ordimary hospital room into
2p axygen room, the varfous fixtures In the room and if present, the
adjorning bathroom are made keal. tight the walls are recosered with
several coats of leal tight paint or emamel  The door at the entrance
of the room is lined with & rubber gasket so ns to be air tight when
closed. This requires the employment of a special door frame with
suitable fittings A long handle on the door Is employed In order to
exert greater pressure on the rubber gashet and for easy access to and
from the oxygen room. A rubberfzed curtafn is suspended fostde the
door from the margins of the frame in order to prevent rapld diffusfon
of oxygen when the door is opened  1f the curtain Is not pushed to
one side when entering but allowed to remain in place until after the
door s cdlosed frequent entrances and exits from the room may be
made with small loss of oxygen This curtain device is superfor to
an alr lock 1n the saving of oxygen The Jock which was formerhy
used was not 3o efficient as ft first appeared to be since opening of
the door into the lock allowed free passage of axygen from the room
into the lock aod the subsequent opening of the inper door permiited
the air 1n the lock to enter the oxygen room  The window in the
room 1s made leak-tight by placing over its margins a double window
which is fastened to the window frame with an intervening soft rubber
gasket

Installed along one wall of the room arc two horlrontal banks of
bripe colls of one-inch brass pipe spaced four inches apart beginning
two feet {rom the cefling and extending downward to two feet from
the floor These colls are equipped with a thermostatic control valve
which turns off the brine when the temperature falls below 35 F  Ice
water was first emplayed with a clreulating water pump  Under the
colls & metal trough catches the condensed water At the opposite
side of the chamber o hot water or steam radiator Is placed and to it
is connected a thermostatic control valve which regulated the room
temperature A panel Is placed In front of the brine pipes so tbat the
patient Is not aware of any apparatus in the room  Indurect lighting
may be wsed with 2 suitoble glass shield at the upper extremity of one
wall for a width of one foot for the entire length of the room. An
alternative procedure is to put & glass window In a dropped ceiling
writh the lighting fixtures outside AN electrical connectlons should
be arranged in such a way that electrical contact is made outside of
the room in order to avoid any sparks i the ovy gen-tnriched atmos-
phere.  This is done by transmitting the mechanical pull of a light
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cord through a gas tight piston imbedded in the wall or celling the
outslle end of which fs connected by cord or rod to the switch of
the cketrical fixture  The patient may pull on a string above the
bed which will produce an appropriate <imal both a light and a bell
at the nurte s deak but in cach inslance the electrienl contact {4 made
in the mpace above the dropped ceillng of the otygen room

The oxy gen-enriched atmosphere In contact with the brine pipes 1s
deprived of its molsture and pat<es downward behind the panel across

P — e s iy et

Fic. 36 Oxygen room with thermal drculation

the room 10 the other side where heating of the atmosphere takes place
by means of the radiator resulting In an upward movement of the
ovygen-air muxture to the ceiling and thence across the top of the room
to enter the space behind the panel  In this way a range of tempera
ture of between 50 and 90 F may be obtalned simply by setting
the thermostatic regulator to the temperature desited. The relative
bumidity s generally in a low range between 35 and 40 per cent
Oxygen fs admitted from the adjoining room through o silencer so
that even during the ralsing of the concentration to 60 per cent the
nak of arygen from the cyllnders fs not disturblog, The actual
operation of the chamber is nolseless A concentration of 50 per cent
Oxygen is maintained by admitting oxygen from & cylinder manifold.
One bank of tanks is in use at a time adjusted at a pressure of 50
pounds.  When the pressure falls below 50 pounds the oxygen from
the other bank Is automatically admitted into the chamber at a liter
Bow which 15 pre-set st 12 to 15 liters per minute No special appa
ratus for absorbing carbon dioxide is necessary since o flow of 15 o
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20 liters into the room washes out the carbon dioxide given off by the
patlent and nurse  The cost of four to five cylinders to a hoepital
which ases much axygen Is generally not greater than eight to ten
dollars a day which is the total expense of providing both the oxygen-
enriched atmosphere and elimination of carbon dioxide. If brine fs
present n the hospital there s no additional cost from thls source
1 the hospital Is not near a producing plant the cost of axygen &
higher than that mentioned above.

Special precautfons must be observed in order that no sparks or
<ource of fame be admitted into the room  As mentioned In connec
thon with axygen tent therapy electric pads should not be employed
All matches and cigarette lighters are removed from visitors before
entrance  Spark-proof flashlights are employed such as are wsed in
mine operations When blood cultures are performed the alcohol
lamp is taken off the tray  Sparks which may be produced sometimes
by the hand passing over a woolen blanket have never resulted in
ignitlon.  In 18 years experience with this type of chamber at the
Preshyterlan Hospital New York no fire of any kind has ever been
encountered.

The Portable Oxygen Chamber The portable oxygen chamber
may be visunlized as an extension of o large tent it is less expensive
to bufld and install and may be used both In hospitals and private
residences A convenlent size fs 10 feet loag, 9 feet wide and 8 feet
high although this may be varied as desired An angle-fron {rame-
work supports a rubbenized fabric or in later models 2 trapymrent
Mastoceke covering  As s seen In Fig 35 the walls may be made
almost entirely of transparent material A leak tight door Is made
out of an angle-iron frame the body of which may be made ont of
rubberized fabric or transparent plastic materal  Outside the cham
ber a large metal refrigeratng tank capable of holding 300 pounds of
ice and fitted with a four wnch opening at the fop and at the bottom
constitutes the mechanfsm for cooling and dehumfdifying tbe atmos-
phere  Drain water from the melting jce leaves a tap attached to the
bottom of the tank A silent motor-blower unlt capable of circulating
400 cublc feet of air per minute is placed on a small movable truck
along with the refrigerating tank. A small thermostatically controlled
radiator may be added to maintain a copstant temperature although
this has been dispensed with In practice to conserve fee  The tempera
ture withln the chamber may be lowered 10 degrees below the outside
tempernture when the motor-blower unit Is operating at full speed 1
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additional cooling is desired <alt may be added to the Jee  Four
& linders of high pressure oxygen per day are adequate both to pro-
\ide a concentration of 50 per cent ovy gen and to wash out the carbon
diodde produced by the patlent.

THF POSITIVF PRESSURF IELMFT APPARATUS

This Is aleo called the helium-oxygen hood  The apparatus is de
sgned essentlally for the adminitration of positive pressure elther
with a belium-oxvgen mixture or with 100 per cent oxygen It con
sids of a conditioning cabinet and a hood with a removable rubber
collar that makes contact at the nech  The corlitloning cabinet con
tans two cans for chemical absorption of carbon dioxide a motor
blower unit a motor switch and a pflat light A rheostat is preeent
for varylng the veloclty of the atmosphere passing through the con
daioning cabinet The hood is attached to the conditioning cabinet
by means of two lenpths of one-inch rubber tubing At the top of
the hood is &n outlet to which is attached a rubber ho<e that leads to
a water bottle whxch con«titutes the pressure control valve The
kength to which the glass tubing at the end of the rubber ho<e it
inserted into the water bottle determines the pressurc existing within
the helmet. If the glass tube Is 4 cm. below the sutface of the water
the atmo<phere will bubble off at this pressure and not be present
within the hood at a higher pressure 1f 100 per cent oxygen ls
employed the regulator of the oxygen cylinder is connected to the
bood by appropriate rubber tubmg  If hellum is to be used a tank
of 80 per cent helium 20 per cent oxygen Is placed alongside a cylinder
of pure oxygen and the two connected through a Y tube to the Inlet
petcock on the hood.

Directions for Use. The two carbon-dioxide absorblog cans are
filled with baralme This chemical is selected because it absorbs
arbon dloxsde in a cold atmosphere and does not remove excessive
amounts of moisture  If a dry atmasphere is desired shell natron fs
used However In most cases of asthma and tracheobronchltis a rela
trve humidity of 50 to 70 per cent Is preferred to one of 35 to 40 per
cent  Under these circumstances baralime is preferred  After the
baralime has been placed In the carbon-dloxide absorbers, the lids are

Pure belfum sborid pot be etmployed since asphyris woad resdt §f the axygen

r3ply ran o, Cylinders of hehum mired with axygen are therefore mfvermlly
oecemary such as 80 per cent hellom, 20 per cent oxygen.
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20 Irters into the room washes out the carbon dioxide given off by the
patient and nurse  The cost of four to five cylinders to a hospital
which uses much axygen is generally not greater than elght to ten
dollars a day, which is the total expense of providing both the oxygen
enriched atmosphere and elimination of carbon dioxide If brine ks
present in the hospital there » no additional cost from this soarce
If the hospital Is not near a producing plant, the cost of oxygen Is
higher than that mentioned above.

Special precautions must be observed in order that no sparks or
source of flame be admitted into the room. As mentloned in connec
tion with oxygen-tent therapy electric pads should not be employed
All matches and cigarette lighters are removed from visitors before
entrance  Spark proof flashlights are employed, such as are used In
mine operations. When blood cultures are performed the alcobol
lamp is taken off the tray  Sparks which may be produced sometimes
by the hand pessing over a woolen blanket have never resulted in
igmtlon. In 18 years experlence with this type of chamber at the
Presbyterian Hospital, New York, no fire of any kind has ever been
encountered.

The Portable Oxygen Chamber The portable oxygen chamber
may be visualized as an extension of a large tent 1t fs less expensive
to bufld and Install and may be used both in bospitals and private
residences A convenient sire is 10 feet long 9 feet wide, and 8 feet
high, although this may be varied as desired. An angle-iron frame-
work supports o rubberized fabric or in later models a transparent
plastocele covering. As ks seen in Fig. 35 the walls may be made
almost entirely of transparent material A leak tight door Is made
out of an angle-iron frame the body of which may be made out of
rubberized fabric or transparent plastic material Outside the cham-
ber a large metal refrigerating tank capable of holding 300 pounds of
ice and fitted with & four inth opening at the top and at the bottom
constitutes the mechanism for cooling and dehumidifying the atmos-
phere. Drain water from the melting ice leaves a tap attached to the
bottom of the tank A silent motor-blower anit capable of circulating
400 cubic feet of alr per minute is placed on & small movable truck
along with the refrigerating tank. A small thermostatically controlled
radiator may be added to maintain a constant temperature although
1his has been dispensed with in practice to conserve ke, The tempera
ture within the chamber may be lowered 10 degrees below the outside
temperature when the motor-blower unlt is operating at full speed. If
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additional cooling s desired xalt may be added to the ice  Four
alinders of high-pressure oxygen per day are adequate both to pro-
vide a concentration of 50 per cont oxtgen and to wash out the carbon
diovkde produced by the patlent

THE POSITIVE PRESSURE HITMIT API ARATUS

This is aleo called the helium-oxygen hood  The apparatus Is de
signed eseentially for the admini<tration of posltive pressure elther
with a helium-oaygen mixture or with 100 per cent oxygen. It con
slds of a conditloning cabinet and a hood with a removable rubber
collar that makes contact at the neck  The conditioning cabinet con
tams two cans for chemical aborption of carbon dioxide a motor
blower unit a motor switch and a pilot light A rheostat is pre<ent
for varying the velocity of the atmosphere passing through the con-
ditioning cabinet The hood & attached to the conditioning cabinet
by means of two lengths of one-Inch rubber tubing At the top of
the hood s an outlet to which Is attached o rubber ho<e that leads to
a water bottle whih con tltutes the preasure control valve The
length to which the glass tubing at the end of the rubber ho<e is
mserted into the water bottle determines the pressure existing within
the helmet. If the glass tube fs 4 cm below the surface of the water
the atmosphere will bubble off at this pressure and not be present
within the bood at a higher pressure If 100 per cent oxygen is
employed the regulator of the oxygen cylinder is connected to the
bood by approprate rubber tubing If hellum Is to be used a tank
of 80 per cent helfum 20 per cent ovygen is placed alongside a cylinder
of pure axygen and the two connected through a Y tube to the Inlet
peteock on the hood.!

Directions for Use. The two carbon-dioxide absorbing cans are
filed with baralime This chemical Is selected because it absorhs
arbon dioxide in a cold atmosphere and does not remave excesslve
smounts of mobture  If a dry atmosphere is desired shell natron ts
wed  However in most cases of asthma and tracheobronchitls a rela
trve humidity of 50 to 70 per cent Is preferred to one of 35 to 40 per
cent.  Under these circumstances baralime is preferred. After the
baralime has been placed in the carbon-dloxide absorbers the lids are

Pure beinm should not be emphoyed since asphyxia would result if the oxygen

*piy rm ot Cylinders of helium mized with oxygen are therefore mnlvermlly
Decemary such as 80 per cent hellum 20 per cent oxygen.
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screwed down tightly and placed In the Ice compartment, clamping
them securely so that they will not float. The ice compartment fs
then filled with cracked ice and sufficfent water to keep the cans com
pletely submerged The hood Is then attached to the conditioning
cabinet by means of the one inch tubing The collar is adjusted to
the hood so that the neck opening s nearest the bottom of the collar

Fio. 37 Posltivepressare helmet spparatus.

ring. The collar is firmly attached to the ring by means of heavy
rubber bands. Before placing the hood over the patient s head the
motor switch should be snapped to the “on  position and the rheostat
adjusted to the midposition. The pilot light on the switch panel of
the condrtioning cabinet will glow while the motor Is in operation

A smnall pllow is placed in the hood before it is adjusted over the
patient s head and peck. It i then tied to the bed with straps pro-
vided for this purpese. One sleeve of the hood Is open and oxygen
is admitted into the hood mith a needle valve or a flush valve to wash
out all alr in the hood conditioning cabinet, and connections Ap-
prodmately 500 liters of oxygen 1., 150 pounds pressure will result
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fn 100 per cent oxygen in the hood  If this Is the gas to be adminis
tered the sleeve may be clased and the oxygen flow lowered to 2 or 3
liters per minute  If a bellum-oxygen misture Is desired o similar
quanthty of the hellum-oxygen mixture may be admitted in this way
or as i mote common and cconomical the hool is first flusherl with
pure ovygen and then a flow of 15 Nters per minute of the hellum
oxygen misture is admitted for 20 minutes which will generally pro-
vide a concentration of 20 per cent oxygen and 80 per cent hellum
within the hood In most cases n <omewhat higher oxygen concen
trathon, {rom 25 to 3§ per cent is desired in hellum-ovygen therapy
since anonia Is present §f there s Involvement of the lunge Tt Is
only in Jocalized tracheal or laryngeal obstruction in adults In which
a mbxture of 20 per cent oxygen and 80 per cent helium is employed

A higher concentration of oxygen in the hood atmo~phere is ob-
taned by running 1 to 2 liters of oxygen with a flow of 3 to 5 liters
of the helum-oxygen mixture from the standard regulator  (The
flow of an 80 per cent hellum-20 per cent oxygen mixture is actually
17 times that regustered on the oxygen dial gauge due to its swilter
rate of effusion as described in the chapters on its chnical use.) If
the hood 15 carefully supervised a flow of 2 S liters of the helium-ovy
gen mixture and 1 liter of oxygen will provide a concentration of
approximately 30 per cent oxygen and 70 per cent helium.  The Inlet
of 1 Her of oxygen will take care of the oxygen consumption of the
patkent between 300 and 400 cc per minute and in addition increase
slightl) the concentration of the combined mixture When the helium
oxygen concentration {s obtained the sleeve of the hood 1s closed by
appropriate clamps and the pressure-control water valve Is submerged
to a depth equal to a pressure desired namely from 2 to 6 em of
water  The rheostat position may be varied depending upon whether
A cool or warmer atmosphere is used In the helmet apparatus, in
which only the head is enclased a cooler temperature 1s generally
preferred.

One can of the carbon-dioxide absorbent is generally changed after
12 to 16 hours of contlnuous or total service It is unnecezsary to
Interrupt the treatment to carry out this procedure by clamplng with
large clamps the rubber connection to and from a slngle can it may
be removed without causing any leaks in the circuit  After the can
bns been filled with baralime the rubber tubing should be connected
to the arms of the cans before removing the clamps. The ice cabinet
1hould be filled with fce at six-hour Intervals  Sufficient water s run
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off to make room for the added fce but at all times the shsorbent cans
should be submerged under the ke water and, therefore leak tight.

If the pressure-control valve is not bubblmg on explration, a leak
is present and should be searched for around the collar or at the can
lids. If the hood sleeve is cpened for any reason the flow of either
oxygen or the hellum-axygen muxture is mcreased to 10 liters per
minute during this period. If the oxygen or helium-oxygen moture
is first set at 10 Iters per minute before the sleeve is opened it is
generally not necessary to flush the apparatus afterwards since @ posi-
tive pressure within the helmet will force leakage of gas outward and
prevent an inward leak  The concentration of oxygen and carbon
diaxide should be tested within the hood one-half hour after the treat
ment has been initiated to determine that the atmosphere breathed
by the patient Is that prescribed by the physicfan. In most Instances
belium-oxygen therapy is carried out for penods of two hoars and a
test may be made at the end of this time When continuous adminks-
tration of efther 100 per cent oxygen or the hellum-oxygen mmxture
s employed the testing of the contained atmosphere should be per
formed at least three times during the 24 bours,

When the apparatus 1s used at 8 flow of 2 to 3 Iiters from a cylinder
contalning 20 per cent axygen and 80 per cent helium the concentra
tion of axygen may be from 2 to 5 per cent lower than the tank mix
ture because of the oxygen consumed by the patient. For thls reason
it is always desirable to have an oxygen tank connected with the
hellum-oxygen cylinder through a Y-tube and & flow of at Least ooe-
half a liter of oxygen per minute preferably 1 liter per minute ad
mitted together with a flow of 2 te 3 liters of the hellum-orygen
muxture  When 100 per cent oxygen {s employed & total flow of 5 to
7 lters per minute 15 useful In retaining a continuous pressure in
the bood and also washing out carbon dioxide thus extending the
pertod of usefulness of the carbon-dioxide absorber but smaller flows
af 2 to 3 lters per minute ate permlited If the pressure ln the hood
1s matntained.

In the management of obstructive dyspnea high pressures may be
required to overcome urgent inspiratory difficulty in breathing In
most Instances, however pressures of 4 to 5 cm. of water are adequate.
4s the clinlcal condition of the patlent Improves the pressure may
be gradually lowered by raising the glass tube to 2 depth of 1 or 2 cm.

A cyfinder of 25 per cent axygea and 75 per cent hefhm may also be employed
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of water In edema of the lungs pressures such as 3 to 4 em of
water are usually adequate to cause clearing of riles  When the lungs
have become clear the pressure Is gradually lowered 1 an of water
at intervals of two to four hours, depending upon the conditlon of the
patient It may be remarked here as emphasized In the clinfeal <ec
thon, that the svstolic prescure hould be obeerved cxpeclally In cases
of peripheral circulatory faflure or shock and the pressure should
not be employed if a fall of systolic pressure greater than 10 to 15
mm Hpg takes place nfter application of the hood  Under these cir
cumstances a smaller pressure such a< 1 to 2 em. of water may be
found useful without causing a decrea<e In the return of the flow of
blood Into the right beart,

In patients with congestive heart faflure the decrease in the return
of blood into the cardiac circulation is not a disadvantage sinee the
heart Is able to mork more effectively on a smaller volume of bload
In patients with paroxysmal cardiac dy<pnea the length of treatment
may be briel as the condiion may clear after 5 to 10 minutes of
treatment. It should be remembered that the pulmonary capillaries
filter serom through their walls jnto the alveolar spaces depending
upon the permeability of the ves<el wall and the internal capillary
pressure  The pressute in the pulmonary eapillaries s undoubtedly
smll and even If high positive pressures may not be administered
except at the cost of a fall fn systolic blood pressure, a therapeutic
result may nevertheless be achleved with as little as 1 cm. of water
pressure applied to the outside of the caplllary wall In cnses of
obstructive dyspnea relatively higher pressures such as 6 cm. of
water may be safely used since the Iotrapleural and intrepulmonary
oegative pressures at the height of inspiration are excessively elevated
ind the proviston of a positive pressure forcing alr Inward to the
Tespiratory passageway lowers the pathologlcally elevated negative
pressure during Inspiration

O\YGEN FACE TENTS AND LOOSE-FITTING MASKS

Loose-fitting oxygen masks or so-called face tents were Introduced
by Campbell and later employed by Barach Taylor and Lombard
In general they consist of plastocele or cardboard coverings which
may be molded over the bridge of the nose to Include the mouth and
rasal openings  In the accompanylng Olustrations a light plastocele
toase-fitting mask is Mlustrated it is nttached to the face by an elnstic
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band or by earpieces  Ovygen is admitted through a rubber tubing
that Is placed horizontally on the upper part of the masl, When 6

liters per minute of oxygen 1 admitted
into the face tent a concentration of
spproximately 40 per cent oxygen Is
generally present m the ingplred ar
and § liters per minute will provide a
50 per cent oxygen percentage In the
inspired air  Flows of less than 6 liters
per minate will result in accumulation
of carbon dloxide in concentrations
higher than Is generally desired
mmely 1.5 per cent. It is therefore
useful to employ an Infector attached
to the regulator such as the one used
m the Meter-mask apparatus, Under
these circumstances a flow of 5 liters

e ——

Fra. 38 Face tent Lombard
inhaler

per mmute of oxygen with the meter set at S0 per cent will
result in a high total flow of ap air-oxygen mixture sufficient to
wash out carbon droxide grven of in the expired air and to provide

& sensation of alr movement that is

. refreshing.
In some patients the face tent s

Fio 39 Platocele face tent.

found more comfortable than 13 2
tight fitting rubber mask  Although
it is not so efficient as masks which
contain efther n collecting bag or
rebreathing bag for axygen the de-
vice is Inexpensrve and wefol In the
treatment of many types of anoxemic
dyspnes. A flow of axygen of less
thanﬁllr.mpermlnmesbwldnot
be used unless an infector is also
employed.

In the Lombard inhaler a plasto-
cele covering encloses the nose and
mouth and is attached to the fore-
bead by & metal Inhaler throngh

which the gxypen enters into the mask. The concentration of oxygen
obtained in this apparatus s approximately similar to that In the face
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tent de<cribed above  Higher total flows of an airoxygen mixture
provided by an infector attached to the regulator will furnish 50 to 60
per cent oxvgen and promptly wash out the exhaled atmosphere, as
deecribed above. At Jow oxygen flows the wen<ation of hot molst air
bemg reflected back from the inner surface of the Inhaler to the face
fs apt to promote drecomfort

O\YGEN MASK APTARATUS

Oxygen ma<hs may be used for adminlstration of any concentration
of oxygen from 40 to 100 pet cent but they are especlally effective In
providing the very high oxygen concentrations such as frem 70 to
100 per cent which are dificcult 1o obtain with other methods  In
recent years it has been demonstrated that pure oxygen is not irritat
fog to human pulmonany epithellum when administered by a mask
foc as much as two davs and probably for four days as well  Since
the mask Is removed from time to time in order to wash the face
give pourishment and for other reacont the exceptional tolerance of
pateents for 100 per cent oxygen may perhaps be explained by the
fact that exygen-ma k therapy s to <ome extent interrupted At any
rate 1t may be pointed out here that previous warnings agamnst the
danger of pulmonary edema on inhalation of these very high oxygen
atmo<pheres were ba<ed on experiments in animals that were kept In
leak-tight chambers continuously for three to five days  Satisfactory
clin.cal evidence has been obtalned from a number of hospitals which
Indicates that axygen may be Inhaled from a mask in concentrations
of 70 to 100 per cent from two to four days without cvident damage
to the lung. This is of considerable Importance since the large in
crease 1n physieally disolved oxygen s often of crucial value in shock
bemorthage and cardiorespiratory faflure  Two types of axygen-mask
apparatus are cormidered both comfortable and eflective In providing
high oxygen concentrations (1) The BL B apparatus devised by
Boothby Lovelace and Bulbulian and (2) the Meter mask devised
by Barach and Eckman.

There are two essential differences in these masks which should be
recognized 1n order to carry out skillful oxygen mask therapy one is
concerned with carbon-dioxde accumulation and the other with re-
ustance in the masl

The BLB Mask. Inthe BLB mask a well fitting rubber nasal
mmﬂ'mmmhllmchcdlolln{nuemdlmmllbagbsu:pended
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band or by earpleces  Oxygen 1s admitted through a rubber tublng
that is placed borizrontally on the upper part of the mask  When 6

Nters per minute of oxvgen Is admitted
into the face tent a concentration of
approximately 40 per cent oxygen is
generally present in the inspired ar
and 8 liters per minute will provide a
50 per cent oxygen percentage In the
insplred afr  Flows of less than 6 liters
per minnte will result In acarmmlation
of carbon dioxide 1 concentratfons
higher than Is generally desired
namely 15 per cent. It is therefore
useful to employ an injector attached
to the regulator such as the ope used
n the Meter-mask appamatus.  Under
these crcumstances a flow of S liters

bﬂ
N

Fro 38 Face tent Lombard
fnhater

S
5

per minute of oxygen, with the meter set at 50 per cent, will
result in a high total flow of an airoxygen mixture sufficdent to
wash out carbon dwwude given off in the expired afr and to provide

W
SN
7
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Fro 39 FPlastocele face tent

which the oxygen enters ipto the mask

a sensation of air movement that b
refreshing.

In some patients the face tent B
found more comfortable than is &
tight fitting rubber mask. Although
it is not 50 efficient as masks which
contain elther a collecting bag or
rebreathing bag for exygen the de-
vice Is inexpensive and useful in the
treatment of many types of anoxemic
dyspnen. A flow of oxygen of less
than 6 liters per minute should not
be used tmless an njector i also
employed

In the Lombard inhaler z plasto-
cele covering encloses the pose and
moyth and Is attached to the fore-
head by & metal inhaler through
The concentration of ov} gen

obtained in this apparatus is approximately stmilar to that fn the face
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regiratony volume was elevited A high minute volume of respira
tion would dilute the 4 liters to such an cxtent as to Jower the otygen
concentration of the In pired alr considerably  Conversely in a small
child a Jow pulmonary ventilation would give a corre<pondingly higher
owpen concentration at a liter flow of 4 liters per minute  The con

Fio 40 BLJB mash oronasal type.

centrations given In the table are higher than would be found In
dysprelc subpects ay explained above

The carbon-dlowde concentration In the Inspired alr s definitely
clevated at low oxygen flows such as 3 or 4 liters per minute
genenally reported to be between 20 and 2 5 per cent  When 2 per
cent carbon dioxide is inspired the breathing is stimulated between
40 10 50 per cent above the range existing prior to Inhalation of this
Concentration of carbon dioxide In most cases of cardboresplratory
fllness thy augmentatlon of breathing Increases the dyspnen Low
flows of axygen should not therefore be employed in this mask unless
stimulation of the respiratory center with 2 per cent carbon dioxide
Is desired. A lter flow from the regulator above 6 llters per minute
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from it in which a moderate amount of rebreathing takes place Two
sponge-tubber disks on each side of the mask serve as inspirutory and
explratory valves Duning inspiration at low axygen flows, such as
from 2 to 4 liters per minute the gas in the bag & first Inspired and
after the bag is collapsed aur is drawn through the sponge-rubber disk
to complete the tidal volurme  The air that is first inhaled consists of
the first part of the previous expfration and contains a lower percentage
of carbon dioxide than that which is expired at the end of expiration.
Durmg expiratron the rebreathing bag Is filled with the first portion
of exhaled air and the remamnder then passes through the sponge-
rubber dlsks The resistance imposed by the spopge-rubber disks
serves, therefore, as & combination Inspiratory and expiratory vahe.
The oxvgen concentration in the inspired alr ks spproximately esti

mated by the hter flow from the tank. Thas, in 2 large aduit withoat
dyspnea 4 liters per minute may provide 50 per cent oxygen, 5 liters
per minute 65 per cent axvgen, 8 liters 95 per cent oxygen. For exy

gen concentrations of 95 to 100 per cent the liter flow should be
adjusted to & sufficlently high rate so that the rebreathing bag does
not generally collapse at the end of inspiration. Obviously the full
collapse of the rebreathing bag will necessitate the drawing of air
through the sponge-rubber dusk. The administration of 100 per cent
oxygen depends an the volume of breathing 1 an individua! who Is
breathing at 12 to 13 Uters per minute the liter fow in order to
provide the highest oxygen concentration should be at east 10 to 12
lUters per roloute  In the administration of moderate concentrations
of axygen such as 50 per cent, 4 Iiters would pot be sufficient Il the

TABLE Vi
Ovveen Coscexrrarroxs wronr BLB. Masx ar Vamors Lz Fiows

Liters Per Small Person Mekinm sized Large Peroem
axule (Per Cenl) Persen (Por Cent) (Per Ced)

LN N
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cepiratory volume was clevated  \ high minute volume of re<pira
tion would dlute the 4 liters to such an cxtent as to lower the oxygen
concentration of the In pired alr considerably  Conver<ely in a small
¢hild a low pulmonary ventilatlon would give a correspondingly higher
axvgen concentration at a liter flow of 4 liters per minute  The con

Fic. 40 BL DB mask orongsal type.

cantrations given 1n the table are higher than would be found 10
dyspoelc subjects as explatned above

The carbon-dioxide concentration in the in<pired air 15 definitely
devated at low oxygen flows such as 3 or 4 lters per minute
geoerally reported to be between 2.0 and 25 per cent  When 2 per
cent carbon dioxide is Inspired the breathing Is stimulated between
40 to 50 per cent above the range exdsting prior to inhalation of this
concentration of carbon dioxide In most cases of cardiorespiratory
{liness thiy augmentation of breathing increases the dyspnen. Low
fiows of oxygen should not therefore be employed in this mask unless
stimulation of the respiratory center with 2 per cent carbon dioxde
is desired. A lter flow from the regulator above 6 liters per minute
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will result in an adequate washing out of carbon dloxide from the
mask In most cases.

Resistance in this mask is also present when low axygen flows are
used, due to the pecessity of inhaling through the sponge-rubber disks
when the oxygen mixture n the bag has besn exhausted. The resist
ance during expiration Is not considered harmful thy has been fully
discussed in the section on the pathologic physlology of obstructive
dyspnea.  However the resfstance duning Inspiration fs of consider
able importance as the patient is required to suck the additional
component of alr through the insplratory valves which consist of
zpoage-tubber disks. In quiet breathing the negative pressure which
buflds up in the mask at the end of inspiration is of small degree and
of little significance.

However (n patients with dysprea or in normal human belngs whose
ventilation 1 Incrensed by exerclse exposure to negative pressure of
1 to 2 em. of water during inspliration exerts a suctlon actlon on the
pulmonary epithelium aed from a physbologic polat of view would
increase the tendency of serum to core out of the pulmonary capil
laries  Breathing against a negative pressure during inspiration has
conslstently produced edema of the lungs fn animals and therefore
inspiratory resistance should be avoided, especially in patients with
obstructive dyspnea, poemmonir heart fallure and in any patlent in
whom a tendency toward edema of the lungs might develop Ths
weludes the large range of cardiorespiratory dyspnea and is an ind-
catlon that low flows of oxygen should not be emplayed with ths
mask 1t is therefore recommended that the regulator should be set
at 6 to 8 liters per minute even when moderate concentrations of oxy
gen such as 40 to 50 per cent are prescribed It Is true that If the
mask {s fitted to the face loosely 5o that leakage may occur the pega
twve pressure within the mask will not develop during inspiration.
Even though this amounts to leakage of air Inward during lasplration,
thus diluting the orygen mixture #t b far preferable to arrange the
mask on the face so that leakage of air takes place rather than to
have & tight fittng mask when a Iiter flow of 3 4 or even § liters
per minute of axygen is employed. These comments are restricted
to the operation of the clinical B.L.B nasal or oronassl mask since
the type designed for aviators will ot be discussed

Two sizes of the BL B mask are avaflable it may be employed
in the oronasal mask form which surrounds the nose and mouth or In
the nasal type which encloses the poso only If high contentrations
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such ax 95 to 100 per cent are prescribed, the oronasal type is Indi
cated otherwdee the preference of the patient may be allowed to make
the dechion between the nasal or oronatal mask  The oronasal mask
ts more reltable in providing a high or moderate oxvgen concentration
A plug In the bottom of the mack ean be removed for Insertion of the
Miller Abbott or Wangensteen tube  In summary the BLB mash
is an effecive and comfortable method of administering high concen

tratons of oxvgen  Its uce as a tight fitting mask with low hter flows
such a< 3 4 and 5 liters per minute is accompanied by undesirable
negatie pres ures duting inepiration in patients with dy<pnea, or In
exerciddng adults. 1 low flows are nece<<ary for the rake of economy

the BLB ma k shoukd be fitted sufticiently loo<ely to permit a defi

nite leak <o that patients are not required to breathe through the
<ponge-robber dhka.  Thic leakage rhould not be at the top of the
mak, for the air will then blow into the patient s cyes and become
nritating bat at the bottom and may be obtalned by placing ab

sorbent cotton over the chin.

The Meter Mask. In thls mask no rebreathing Is permitted except
that which inevitably takes place In the small volume of the mask
tsell However the percentage of carbon dioxide in the fnspired alr
does ot arise above 02 per cent even with low flows of 2 liters per
minute  This is made posible by a delicate disk inspiratory valve
placed at the bottom of the mask which prevents the exhaled atmos-
phere from entering the large light latex bag which serves to collect
otygen during expiration and offer it to the patient during Inspirn
ton. The latex bag acts as a reservolr collecting inflowing oxygen
durmg expiration A Iight rubber flutter expiratory vatve placed in
front of the mask for exit of the exhaled atmosphere operates under
2 minimal resistance.

An injector 13 attached to the regulator which consists of a leak tight
metal device from which oxygen passes into the rubber hose connec
Uon to the masl  As the oxygen stream passes through the injector
 creates a negative pressure which deaws in a varylng amount of out
side wir or no outside alr depending upon whether the injector is
9pen to the atmosphere by one of a setjes of orifices which gradually
increase in diameter When all orlfices are closed the mask provides
mopﬂttmoxygen When the largest aperture is opened there is
suffident introductlon of alr into the injector to create an oxygen
concentration of 40 per cent  Callbration of thess varying-sized ord
fices makey paasible the instantaneous proviston of an oxvgen concen
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tratton from 40 to 100 per cent with an error of not greater than +3
per cent. This constancy of the oxygen percentage in the atmosphere
Inspired by the patient is mafntained regardless of the sire of the pa
tient or the volume of ventilation, provided that the oxygen flow ks
sufficlent to prevent the collecting bag from completely collapsing
at the end of inspiration. If 100 per cent axygen is desired the Mer
flow from the regulator will correspond to the volume of breathing of
the patient, such as 10 12, or 15 Liters per minute.®

A concentration of 40 per cent oxygen may frequently be obtained
with a liter flow of 2 3, or 4 per minute if the volume of breathing is
oot excessive  When 2 4 Diters per minute pass through the Injector
with the orifice set at 40 per cent, 7.2 liters of air are drawn Into the
oxygen stream and the patient Is thus offered 9 6 liters per minute of
2 40 per cent axygen mixture in the callecting bag which opens dur
ing inspiration with A mmimal resistance However when a flow of
2 liters per minnte enters the B.L.B mask it is inhaled by the patlent

TABLE IN
OyOEN CONCENTRATIONS WITH THE METER JASK
' ]

Total Intake ’ o “
Oxvgen Flow | Orvgen 7 | Osypem C0; %
| Liters Per Min | OFvpem awd $1r 4 70 Sy ¥y Test be Tet

Lsters Per Min,
. S
g4 ' &4 25+ 975 02
72 a2 90 895 015
60 | 80 80 30 0125
S 1 82 o 68 0 02
43 86 60 L0 02
34 91 50 510 02
28 59 45 450 012
24 96 0 40 5 015

When the Meter mask is used for hellum-axygen therapy a flow of 8 to |
bters per memuie of the belnmm-orveen mirvtore will wash owt the exhaled carbon
dionde 1t 15 therrfore sarested that the kn<pirstory disk be removed to efimi
nate cven the mmmal pressure requued to open this valve when patiests with
asthma or obstructive dvapoea are being treated. A ¢y Iinder of 25 per cent oxypen
and $ per cent behum 15 more coovenient than the 80 per cent belinm-20 per cent
aryeen mixture o the latter reqaires an additiona! oxypen ¢y lmder to admisds-
ter 0% ro 10 hter per mmute of oxygen, 1 to take care of the pathent s enyfen

copyumption and ruse slightly the arvpen coocentration of the inspired atmospbere
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together with the resklual expired air in the rebreathing bag and when
the bag f collapsed the additlonal quantity of ale required by the
pulmonan ventilation of the patient is obtalned by a negitlve pres
sure which pulls air through the <ponge rubber disks

In the mansgement of the Infector Meter mask the flow of oxygen
from the regulator is determined by ob<crvation of the collecting bag

DUASG RTAT Bunmes EXCACTE

POPRATION 2Lt KD ROPAATION =4 Wl 10
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Fia. 41 Restdance during rest and dyspiea with
minimal >typen Aoms with Meter ma L

I it Is collapeed at the end of in<piration a higher flow is employed
It s important to cbeerve the operation of the mask for a minute or
two since in many In<tances the pulmenary ventilation Is higher than
that which obtains after the patient has breathed an ovygen-cariched
atmo<phere for several minutes  in emergency inlet valve f present
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Fic. 42 Resistance dering rest and dyspoea with
minimal oxygen flows with BL.B cllnical mask

In order to provide additional air If the collecting bag Is inndvertently
collapsed  This has recently been made of light rubber serving 2s an
Inspiratory flutter valve I two are placed In the oronasal mask the
Ipparatus can operate comfortably with oxygen flows as low as 1 liter
Per minute although the flow will not yield a concentration much
above 30 per cent In the inspired air  Furthermore if there Is a desire
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to dispense with the infector which offers instantaneous and accurate
provision of the oxygen concentratfon desired at low resistance, the
oronasal mask with two inspiratory flutter valves may be employed
with less resistance than that found In other masks. The accompany
g charts reveal the lessened resistance of breathing in the Veter
mask with the accessory flutter valves even without the infector as
compared to the BL.B clinical oronasal mask under conditions of low
flows of oxygen and exercise dyspnea. In addition the accessory
imsplratory and the expiratory flutter valves are Interchangeable and
may easily be removed

The pasal mask is also equipped with a new rubber flutter emer
gency inspiratory valve in the metal tube that houses the inspiratory
valve in front of the collecting bag and may be employed without
the Inpector if 1t Is desired. However ft Is belreved that the Injector
is of unquestionable value o both patient and physician when low
or moderate oxygen flows are used since it does decrease the pecessity
for mixmg air with the oxygen stream at the cost of the patlent’s omn
effort and smce it supphes a continwous oxygen concentration whick
Is within 3 per cent of that prescribed for him  Care should be taken
in the operation of the infector that the tube leading to the mask is
not kinked smnce therefore the oxygen which would otherwise be ad
mitted through it would leave through an intake vent 1n the infector
The apphication of positive pressure can be made with agy concentra
ton between 40 and 100 per cent oxygen since the onfices through
which air enters are protected from excessive back pressure by the
insplratory valve as will be discissed in the next section.

Although these newer types of axygen masks are comfortable for
a large number of patients, they become objectionable to a good many
others on continuous use When discomfort is manifested by the
patent 2 shift should be made to the ovygen tent If it is feasible or
M not to the oxygen catheter inserted mnto the nasal pharynx for rela
thvely low copcentration or into the oral pharynx for high concentra
tlons in the iospired atr  Comfort may be focreased If the mask Is
removed from time to time and the patient s face washed dried, and
powdered. The rubber parts of the mask should be washed with s01p
and water and boiled for five minutes after using preferably wrapping
In a double thickness of gauze before boiling  Metal parts should pot
be boiled but washed with soap and water and then allowed to dry
In a patent who is thought to be Infectious the steel or plastic parts
may be sterilized by a sultable antseptic solution  The equipment



OXICLN MASK APPARATUS 213

should be dned and then packed away neatly  The sponge rubber
d1 & shoul be thoroughly dried

The Oxygen injector Mask Metered for Positive Pressure
This madk I« designed rolely for the treatment of pulmonary edema
due to cardiorespiraton flinc<s or g1y pofeoning It should be em

Fio. 43 Meter matk (nasal type)

Ployed cautiously in patients with shock according to the instructions
glven previously

The fnjector mask has been equipped with o metal disk that sur
rounds the expiratory flutter valve and contains on its surface five
orlfices of varying dlameters Expiration proceeds naturally without
Pressure when the largest orifice Is employed  When the disl is
tumned to progressively smaller orifices the patlent exhales under a
Pasitfe pressure which s 1 2 3 or 4 cm of water depending upon
the size of the orlfice These pressures have been recorded during
?‘dﬂ breathing, and would be higher In dyspneic patients It will be
ound that expiration at a pressure of 4 cm. of water Is uncomfortable
2nd can be used for thort perlods only However a swifter clearance
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of pulmonary edema, especially in chlorine and nitric-acid gas potsoo-
ing may be obtained when the higher pressures are used for shoct
periods  In pulmonary edema taking place during th course of
clinfcal fllness, 3 em of water may be adequate to result In a dmsap-
pearance of the slgns of molsture tn the lungs and a smaller pressure
of 1 to 2 an of water may then be used for perfods of one to three

Fio. 44 Meter masl (oranasal type)

hours as may be required Return of signs of molstore in the lungy
indicates re-application of positive-pressure breathing.

In order to employ 100 per cent oxygen a high liter flow such as 12
to 15 lters per minute is necessary to prevent collapse of the collect
ing bag. Under these circumstances it s desirable for the infector
to be one-third full of water so that the oxygen may pkk up some
mossture as it passes through. Test of the relative humidity of 100
per cent oxygen passing over the water surface In the Injector has
shown a relative humidity of 20 per cent of the alr entering the mask
However it has also been demonstrated that additional moistare Is
contributed to the inspired air because the inner surface of the mosk
s {tself wet with molsture which has condensed on it from the expired
air and the actual relative humidity of air entering the mask under
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thew arcumrtances I« 40 per cent  1f a higher relative humidity is
de<dred during the inhalation of 100 per cent oxygen elther with or
without posithe pre< ure the Infector may be removed and a water
bottle attached to the regulator  The oxyren then pasees through 2
or 3 inches of water ani posscese« a higher relative humidity

The patrent mayv be treateid with 50 or 60 per cent oxygen and the
po<itive pre< ure deddred by sctting the infector and pressure dials at

Fic, 45 Mcter ma L (ornna al positive-pres ure type)

% concentration meter

b. Collecting hae.

¢ \ccetsory Inket valve

d. 1M metered for pasitive preseure
¢ Expiratory flutter valve

the appropriate onfices  This results in considerable saving of oxy
g0 and {s a therapeutically effective efticlent and practical procedure
Although a swifter clearance of edema of the lungs may be obtained
by expiration at high pressures it I+ frequently desirable to employ
pressures such as 2 to 3 cm of water even though a longer
time ks oecessary for complete clearance of the signs of edema  This
B in part becauce of lesened dicomlort to the patfent but also be
Quse low pressures do not significantly retard the entrance of blood
into the right heart In patients with cardiac fllness such as conges
the heart fallure the retardathon of blood is comparable to tourniquet
ting the extremity and facflitstes the recovery of the heart muscle by
making it possible for the heart ta work on a smaller volume of blood.
In patlents with peripheral circulatory faflure pressures
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of 1 cm of water may be employed In the attermpt to ellminate pak
monary edema without causing any significant decrease In return of
Dlood from the right heart. As mentloned previously, the systohic
blood pressure should be carefully recorded at 10-minute intervals in
all patients with shoch. When pulmonary edema has cleared the
patient muy breathe 60 to 100 per cent oxygen without pressure. If
no recurrence of edema takes place and the patient is clinfcally bet
ter the lnjector may be turned to 50 per cent oxygen and then to 40
per cent and the mask may be fmally removed when the climeal coo-
dition of the patient Indicates that he s out of danger If pulmovary
edema recurs after terminatfon of positive pressure, the pressure
should be applied again at 3 cm of water and then gradually lowered
at longer intervals

THE ADMINISTRATION OF § TO 10 PER CENT CAR
BON DIOXIDE WITH OXYGEN

The admlnfstration of 5 to 10 per cent carbon dioxide with the
remainder oxygen Is indicated primarily in carbon-monaxide polson-
ing and other forms of accidental asphyxis, and in the treatment of
huiccough and postoperative atelectasts In carbon monoxide polson
fng the H.H inhalator is commonly employed by rescue squads. In
ho<pital and private practice the Meter mask or the BL.B mask o
an anesthesis mask may be used with a tank of 90 per cent oxvger
and 10 per cent carbon dlomsde. The Inhalation of high carbon-dioxide
concentrations is continued unti} the specific objective 1s attained In
carbon-monovide polsonmg the inhalation of 93 per cent oxygen and
7 per cent carbon dloxide may have to be contfnued for 15 or 20 mlz-
utes before normal breathing s established.

The employment of carbon dloxide and oxygen in the treatment
of hiccough is of greater importance than is commonly recognized In
a few cases 10 to 15 per cent carbon dloxide with the remainder oxy
gen may be required in order to terminate 8 persistent spasm. If the
patient inhales these high mixtures for one and a half to two minutes,
conacicusness may become clouded and at that time the hiccough will
cease Even exceedingly severe cates of hlccough have been term!
nated if sufficsently high concentrations of carbon dlodde have been
given  Although toxk symptoms may be produced by prolonged
administration of carbon dioxide, the severity of the hiccough syn
drome Is such s to indicate the Inhalation of carbon dioxide even If
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moderate symptoms of carbon-dioxkle tovlelty do take place  In amy
aent cven if a convulvon <hould be produced by earbon diovide
thete will probably be no harm done <ince repeated convulsdons have
been used in the treatment of dementia praccox  Convulsions do not
take place until conscinuencss is first Jost and need not worry the
phy~iclan carrving out this therapy for Intractable hiccough

Fio. 46 11 jnhalator

The use of carbon dioxkle and oxygen in pastoperative atelectasis
Is generally for the pumpoe of expanding the lung and freelng the
mocus from the sides of the bronchial wall as well as to promote
coughing and to expel these <ccretions  Inhalations of carbon-dioxide—
@ygen mixtures for two to three minutes may be adequate  An anes-
thesia mask is commonly used for this purpose.

THE ADMINISTRATION OF THE NEBULIZED SOLU
TIONS OF THERAPEUTIC DRUGS

tuh bas been found convenient to use o nebulizer with 2 hand bulb
Yaporize 1 100 epinephrine in the treatment of asthma and 1 per



Fia. 48 Glam nebullzer In nse
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cent neosynephrin in pulmonary emphyveema  Since It has been shown
that addrtlonal therapeutic effects may be obtained by Inhaling Targer
amounts of these wlutions than can be sporized with a hand bulb
2 tube {rom an oxygen tank i« connected (o the xmall glas< outlet In
ead of the hand nebulizer amd the regulator turned to 5 Hters per

»

A-INSPRATORY VALVEC € TRACHIOTOMY TUBL

B-EXPIRATOAY VALVE $-PRESSURL BOTTLE

Fic. 49 The trachetomy pemitive-pressure ap-
paratus.  The application of pocitive presure alter
trachentomy to prevent onzing of mucus from the
intrathoracic bronchinles and terom fmm the pul
momary eapillaries requires a tracheotom) tube
with an exiemlon beyond the surface of the larynx
To this is connected a T tube by which the patient
may inhale through an in pirat valve and exhale
through the tory flutter valve the latter con-
nected 1o a t submerged in water to the depth
desired, penerally 4 10 S cm Another apparatos is
that which m:ﬂna]ns a pmitive pressure during
lospiration and expiration by means of a motor
bloser unit (Iilling & Sons Phlladelphla Pa)

loute o accomplish continuous vaporiration of the solutions used
In the treatment of pulmonary edema and obstructive leslona in the
harynx and traches, In tracheobronchitis and in other conditlons in
which shrinking of the mucous membrane In the respiratory passage-
iy Is indicated 1 10 2 cc. of 1 per cent neosynephrin may be In
serted into a glass nebulizer and the solution inhaled throagh the
woath over a period of 10 to 15 minutes

Other solutlons may be nebulized and employed for therapeutic
Maposes at intervals of two to three hours such as a 25 per cent solu
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ton of prooun and also 2.5 per cent sulfadizzine in an ethanolami
solution  One to 2 cc. of these solutions may be inhaled at intervals
prescribed by the physfcan for & local application of these chemicls
to the bronchl and ahveol.

After the nebulizer has been used it Is better to rinse It with hat
water to prevent clogging  When eplinephrine or neosynephrin Is used,
1t may be desirable to use & warm mouth wash and gargle after the
spray In order to prevent drying of the throat.

Varfous types of nebulizers are employed which vary in therr effec
tiveness  The glass hand-made nebulizer appears to be superior to
others although the plastic variety Is less apt to break

The glass nebulisers are made by the \apencirin Company Parle Davls,
DeVbise and other cobcerns the plastic model fs manufactored by Stearns Ca
In the Vaponeflrin nebullrer the nebulm Is directed against = glags tarpet befoce

msdng into the outer atmosphere  This remudts in the Larger droplets beng precipl-
tated within the nebulirer and therefore, Jess apt to Jodge kn the mucous mem-

beane of the pbarynxr
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Care of Inhalational-therapy Equipment

Inhalatlonal therapy conducted In o ho<putal or in prvate home<
depende pot onlv wpon  Killful manacement of the apparatus em
ployed and an underctanding of the neetd for which §t is uced but also
on the maintenance in pood comndition of the ordpinal cqupment  In
<pection of the equipment  hould be made at intervals depending upon
the use to whuh 1t has been ubjected! the following procedures should
be performed

Tbe oxvpen-flow gauce or regulator hould be cheched in order to
determine whether the rate of flow Indicated on the dual §s correct or
pot. A «prrometer may be employed with a stopwatch the oxvgen
flow bemng <et at a predetermined rate  uch as 2 liters per minute and
the time recorded in which the <pirometer rises to the prescribed vol
ume If the pointer on the meter gau~e 1 tuck at any liter fow the
regutator hould be returned and everhauled by the company [rom
which it was purchaced

Inpection of the ovvgen tent fncludes the ice cabinet and its
@pacity to drain water freely from the cabinet into a suitable con
fmer  The commutator of the motor and the brushes should be
checled and cleaned Il movable parts in the motor should be olled
but 0o ol hould be applied to the regulator The «peed of the motor
should be cheeked and the efficiency of the rheostat in regulating
velocity of air flow  The metal of the jce contaner should be polished
 intervals and painted when necessary  Inspection of the hood
should be made to determine whether or not any boles are present that
would make for leakage The rubber gasket that makes a leak tight
dosure between the fre cabinet and the cabinet door may become
torn and leaks therefore may occur It Is of very conskderable impor
120t to checl this rubber ga Let frequently The plug at the ends
of the electric cords that connect 1o the wall socket may show an tm
due separation of the prongs or looxe winng and a new outfit should

P
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be installed so that short circuit does not take place  Water bottles
used to humidify axygen should be checked for lesks by rumming a
stream of axygen into them and by closing the outgolng rubber tube
In many {nstances the rubber gusket gets worn and a Jeak may take
place At times the cap Is not screwed on as tightly as is necessary
or the screw fitting itself becomes worn and leaky

The oxygen mask should be Inspected for operation of the air in-
Jector and for the efficlency of the inspiratory and expiratory valves.
The sponge-rubber disks should be cleaned from time to time since
the accumulation of dust in them will clog the small pores and may
thus cause excessive resistance to breathing both on inspiration and
expiration

Catheters should be carefully inspected after use since the holes
may become clogged with dried mucus. In other instances the cathe-
ter may be so worn as to mahe it possible that the tip of the catheter
may fall off

Soda lime trays in thermal-circulation tents should also be inspected
and testing of the contained atmosphere with the use of the amount
of sodz lime employed should also be made to determine the efficzency
of carbon-dioxide absorption and the rate of thermal circulation



36

Respirators

The Drnler ¢ pirator 2« homn m the accompany ing Hlu tration
coex1 L of a2 cvunldri-al chamber in which a negathve pre< ure Is pro-
duced bh the movement of an electrfcally operated bellows under
peath the chamber  When the rubber bellows expands the air pres
fure in the chamber i« lowered  The mild negatne pressure produced
around the che<t and abdomen of the patient causes an expamsion
similar to that produced by pormal in piration  The head of the pa
thent 15 in the outer atmo<phere closure being made at the peck with
1 soft sponge-rubber collar <eparating the head from the body  When
the bellows contract the pre~ ure in the chamber rices to that of the
utmo~pbere and the lifting action on the chest disappears  The chest
and diaphracm then return to their former po~ition In passive expira
ta  The negative pre< ure employed 1s generally about 15 em of
*aer and the rate of chest expan lon is between 20 and 30 times
pet minute  The bellows is operated by an electric motor of a heavy
duty type de~igned for 23-hour continuou service for months on end
Ja recent years the nolwe of the power plant has been conaderably
reduced. Suitable portholes are pre~ent in the chamber o that ours
g attentlon may be provided without terruption of artiticial re-pira
bon. Regulation of thi respirator fs extremely stmple s a result
of expenience the rate of expansion of the chest 2 well as the extent
of megathe pres ure employed | adjusted to meet the needs of the
Ptient. Dangers of hyperventilation are far less than those which
¥ould be present if the respirator were not employed.

Tte tao manufactarers of resqurators of thus general t pe are Warren E Col
15 and Jobn 1§ Emerson & Co.
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A COMBINATION FQUALIZING PRESSURF CHAMBER
AND RESPIRATOR?

An apparatus is berewith illu trated which may be employed as a
reprator when the head eompartment i« opened (as <cen in the plc
ture) or as an cqualizing pre< ure chamber when the head compart
ment fs cloced A motor-blower and valve sv<tem alternate the pres-
sure fn the chamber above and below atmo pheric pressure when the
chamber s used for re<piration with immobilized lungs  The rame
motor-blower and valve arrangement with minor adju tment will vary
the prescure between atmospheric and —15 to —25 cm. of water when
the chamber is utflzed as a conventional re<pirator  In this instance
the head end of the chamber i« turned back exposing the face to the
outer atmo<phere

When the head and body compartments are attached the patlent
is completely enclo<ed and an alternating pressure of 70 cm. of water
above and below the atmo<phere §s produced 25 to 28 times per min
ute In operating the equalizing-pre< ure chamber the air Is first ad
mitted to the head compartment and thence to the body part of the
chamber The reacon for this Is to bring about an earlier arrival of
Pressure to the no~e and mouth in order to compensate for the very
slight time delay In the arrival of pressure to the tracheobronchial
tree and to the inner urface of the lung  The collar which separates
the bead from the chet interpo<es variable resistance to the passage
of air which is atmed to equal the re<Istance Interposed by the tracheo-
bronchial tree to the tran<miselon of pressure to the inner surface of
the chest wall By regulating the distance between the neck and the
collar a didferential preseure on the head end may be obtained which
*ill completels equalize the pressure on both sides of the chest wall
A water manometer attached to the head and the body compartment
feveals the extent of differential pressure on the head end In most

a pressure of 5 em of water higher in the head compartment
during the positive phase and § cm of water lower durmg the nega
the phase {5 suflicient 1o compensate for the trachesbronchial resist
ioce interposed In the lung  In some cases in which more extensive
"arroning of the bronchi Is present differential pressures of 7 cm. of
&Timl-mmu equlizing-pressure chamber is made by John H Emerson &

bewvier duty chamber 15 bult by speclal manufacturing contract

:{lhtPhn“thﬁuCn N’V The detals of construction gre described In the
erence in this pection



Fic 52 Combination equalld.ng-pr)emn-e chamber and respiratoc
(closed
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water in the head end of the chamber are required  An slternating
prescure of 46 mm Hg with 1 rate of 28 or 30 times per minutes is
generally preferable to a pre< ure of 50 to 55 mm Hg 25 times per
minute

There i a sen<ation on the cardrum of the ocillating pres<ure
which & not uncomfortable tn most patients  Thic can be minimired

Fic. $3  Equalizing-pressure chamber

by application of sponge rubber to both ears which delays the appli-
cation of pressure to the outer eardrum without interfering with hear
ing. The bead end of the chamber contains a compartment for Inser
ton of e The air which goes In and out of the chamber 13 first
directed toward the cool surface of the fce container and thus provides
the patlent with a comfortable alr atmosphere

An equalixing chamber of sturdier construction was originally em
ployed, utilizing a larger motor and compressor unit and a four way
valve for the production of alternating pressure  The construction of
thls chamber was made of heavier metal than was required for the
pressure wsed and the mechanism of achleving alternating pressure
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is different from that employed in the combinstion respiratory and
equalizing-pressure chamber

THE RESUSCITATOR*

The resuscrtator llustrated berewith operates on the energy of com-
pressed oxygen in oxygen cylinders. A rubber-cushioned face mask
13 applied to the patient and oxygen is blown into the patlent s lungs
until a pressure of 14 mm Hg s renched when it antomathcally re-
verses and breathes out to a negatlve pressure of 9 mm, Hg.  The rate
of respiration is determined by the volume of the patient s lungs and
the time at which the pressure arrives at the blow-off level In this
way the apparatus is adjusted to the rhythm of the natural breathing
rate of the individunl whether adult or child

If ohstruction is present in the alrway o rapid clicking signal consti-
tutes a warning to the operator Under these circumstances aspra
tlon may be employed with the same apparatus by turning a control
lever to the mark set at asplration The apparatus then produces 2
continuous negative pressure which sucks mucus into a bottle or 2
trap through a rubber catheter The aspirating part of the apparatus
is entirely separate from the resuscitator  The control Jovel may be
turned to & mark set for inhalatlon In which case the patient may
breathe oxygen or oxygen—carbon-dioxide mixture from a rebreathing
bag in the apparatus  The patient then breathes under his own effort
either axygen or an axygen—carbon-dioxide mixture in the bag durlng
inspiration and exhales through a release valye Into the cuter atmos-
pbere  The apparatus employs a two-stage reducing regulator

THE ONYGEN INCUBATOR

The oxygen incubator is & small chamber which has been developed
to provide a safe adminlstration of Increased temperatures and humidt
thes a3 well a3 an axygen-enriched atmosphere for the continmous care
and isolatlon of premature infants and also for the treatment of the
full term infant with elther a subnormal temperature or with symp-

The combination eqmllsing-pressure chamber i made by Jobn H. Emerson &
Co the oripimal heaveer duty chamber fs bullt by speclal manufscturing cootract
by the Mam Wekding Co N\ 1 The detalls of coustructfon tre described in the
reference 1o this section

This apparates 1s called the Emerson Reswscitator and may be obtaned from
the Jolm H. Emerson Co 22 Cottage Park Ave., Cambridge, Mau
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toms of anaxia due to atelectasis of the lungs or to other disturbances
in cardiac and respiratory function  With the modern ncubators, en
infant may live for an almaost indefimte penod with a temperature and
at a relative humidity prescribed by the physiclan When oxygen
therapy is desired a low flow of axygen will provide 50 to 60 per cent
oxygen continuously When premature infants show a disturbance
in resplratory function {t Is generally desirable to place them in a2
warm humudified, oxygen-enriched atmosphere as soon as possible
after delivery and to keep them there without interruption of treat
ment for & prolonged perlod of time, such as ten days or even Jonger
Infants weighing as lttle as 173 ounces have lived in an {ncubator
for 41 days and then developed into a normal healthy miant.

The Davidson Incubator The Dawidson incubetor s a ualt
made of metal and bakelite 38 inches long 41 inches high and 17.5
inches wide. This unit operates by means of a slow-speed quiet motor
blower which draws air from the bassinet compartment through a filter
to remove bed lint and dust, and a tray of soda lime to absorb carbon
dioxide. After passing through the blower 1t may be connected to an
ultraviolet ray compartment where air-borne bacteria are presumably
killed. In the ultraviolet light tube developed by the General Elec
tric Company for thrs particalar use the rays do not come mnto contact
with the {nfant and the production of ozone s eliminated. The ultra
violet ray tube Is optional. The aur then passes over the primary
humidifylng tray and then to the secondary humidifylng tray and
heater where the temperature and humldity are stabilized From here
the air is returned to the bassinet compartment and slowly flows over
the infant without a direct draught. If axygen is nsed the alr clrcuit
fs dosed and o room air enters  When oxygen s no longer necessary
the alr passes out through the vent and room air is drawn In to re-
place it.

The alr and mattress temperatures are sutomatically controlled
by two thermostats one of which may be adjusted to provide and
maintain the desired temperature while the second thermostat acts a3
a sentinel to shut off the heaters if the temperature shoald ever go &8
high as 102 F This eliminates the possibillty of the temperature
ever rising above this degree. A burxer and an indicating light are
automatically turned on to sound an alarm if the air vent door is
closed before a flow of oxygen s started or If the oxygen cyllnder
empty or if the flow is interrupted from any other cause

The humidity of the air in this ncubator ranges from 60 to 65 per
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cent saturation depending upon the temperature maintatned It i
controlled by the arez of water surface over which the air flows. Thh
degree of relative humidity has been found to be ample to prevent
dehydration of the infant, and has become recognized as a safe stand-
ard. Indirect highting for the interlor of the ircubator s done with &
fluorescent daylight type lamp  The light ravs do not come in Ime
with the infant s vision.

Portholes are available by which nursing may be accomplished an
each side. Al hand ports are equipped with rubber cuffs to prevent
loss of axygen and drafts The pediatrician may examine the patient
without taking the infant out of the warm humidified oxygen-enriched
atmosphere by means of & stethoscope which is standard equipment la
this apparatus  The detailed directions for the use of this Incubator
are as follows

1 Have the crib made up ready to recerve the nfant.

2 Place at least 2 quarts of water in the tray in the top of the
compartment for fce and at least 4 quarts in the bottom of this com-
partment,

3 If oxygen is to be used, place a large plece of fee (not crushed
jce) in the space provided for same do not put water in the bottom
of this compartment as this will be provided by the melting ice Have
& large cylinder of oxygen and gauge ready and attached.

4 Turn on the heater switch and set temperature for the degree
prescribed if possible 14 hour or more before the tnfant Is placed in
it, so sufficlent time will bo allowed for the heat to come up

S When the fafant 1s placed in the crib, start the motor  1f oxygen
is necessary closs the alr vent door at the side and start the flow of
oxygen at 10 hiters and maintaln this for 20 minutes, and then reduce
it to 3 liters or as prescribed.

6 If no oxvgen is used the air vent door must remain open.

7 A buzzer sounds {f the alr vent door is closed bofors oxygen i
turned on or if the cylinder goes empty or the flow is interrupted from
any cause  Be guided by the bell float oxygen meter on the gauge.

8 Empty waste water pan when light in front shows it Is full.

9 Keep water in bottle on the wet bulb and refer to the humidity
tables to determine humidity

10 Do not lift the cover for any reason. Every nursing servie
can be done through the hand and utility ports.

The Hess Electric heated Incubator Bed and Oxygen therapy
Unit. The Hess electric heated incubator bed and oxygen ther2py
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unit is ueed for purposes fdenticnal with that of the Davidson oxygen
ncubator It is a somewhat simpler unit which provides a relatively
high temperature with small fluctuations and an increased amount of
humidity in the atmo<phere It Is cquipped with interchangeable
covers  Onc cover is employed when the outfit §s ueed as an Incu
bator with air and the other cover converts the fncubator Into an
ovygen therapy chamber  Detafled imstructions In the operation of
this apparatus are supplicd with cach unit
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Oxygen Analyzers

The effective and economic administration of oxygen in tents and
chambers can be accomplisbed only with routine use of axygen ana-
Iyzers The principle of oxygen analysis consists of taking a known
quantity of the atmosphere to be tested usually 10 cc., and Injecting
it wto a burette 1 which the oxygen will be absorbed from the test
sample. Measurement of the gas that remains is then read off and
the difference in volume between the original sample and the re-
mainder represents the percentage of oxygen ip the sample The
mezsuring burettes or sytinges employed are calibrated ro that the
reading is directly in terms of the percentage of axygen. Carbon-
diauide analyzers are employed according to the same principle with
# different absorbing medium.

THE ORSAT BINGER OY3GEN ANALYZER

This method of oxygen analysls is the best of the simple methods
It consists of a 10-cc. burette containing three petcocks  The barette
is connected to a glass absorption chamber which contalns a tightly
wound roll of 50-mesh copper screening  The chamber Is inserted n
a reservoir containing a solution of equal parts of saturated ammonium
chloride and concentrated ammonium hydroxide A layer of muweral
oil is placed over the solution to prevent evaporation of the ammonium
hydroxide A leveling bulb which Is connected to the lower end of the
burette 15 filled with slightly acldulated water

At the beginning of an analysls the solution In the absorption cham-
ber must be brought into the neck at the level marked (H) Thisb
accomplished by opening petoock  D” and turning petcock  C” to the
111 position By nls!ngalawcﬂnthekvclmgbulbLbelﬁ;quﬂ‘d
In the absorption chamber may be adjusted to the desired hefght.
Petcock “C” Is then turned to the I\ position and petcock “B” to

F2d
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the 1 postlon By ral ing the leveling bulh the gaces In the burette
will be expelled to the outsdde ale A <ample of gas I« then drawn

from the tent Iy tuming petcoch  C™ to the 1T position and lowering
the levellng bulb  The firet two or three xamples of g« drawn into

LEVTLNG
[ 13)

corrtm
Rt

AL RVOR

Fia. 56

The Orsat Binger ovygen analyzer
The arrow at the right indicates the reading of
the oxypen concentration

the burette should be expelled through the open arm of the upper
Petcock to insure thorough washing out of the sampling tube connect
Ing the burette to the tent  On the fourth drawing of the gas sample
the liquid level In the burette Is brought to the rero mark and petcock
D” by closed  With peteock C  turned to the II1 position and pet
cock “D” reopened the gas sample in the burette may be forced into
the absorptlon chamber by raming the level bulb  Care should be
exercised 10 prevent the acldified water in the burette from rising
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above the middle petcock and entering the absorption chamber The
gas sample Is left in contact with the copper screening for a minue
and a half during which time the oxygen Is nbsorbed. At the end
of this perlod the leveling bulb Is lowered until the solution In the
absorption chamber is brought to Jevel "H™ Close petcock “D” and
determine the percentage of oxygen by reading the liquid level m the
burette

The test board should be checked dally for accuracy by analyzing
room air which should record a reading of 21 per cent oxygen = !
per cent. With continued use the copper screening in the absotption
tube dissolves at the top and the solutions become opagque These
should be changed when the test board becomes {naccurate

THE RISEMAN LESNICK OX1 GEN ANALYZER

This simple analyzer makes nse of the method previously described
of absorbing oxygen from a krown volume of gas by displacing the
sample {rom the tent atmosphere into & reservoir which contalns cop-
per gavre in an ammonlacal solutron. Subtracting the absorbed oxy
gen from the known volurme of gas permits a correct reading of the
oxygen percentage The apparutus consists of a syringe, a reservalr
solution and a calibrated scale A stop built in the box which con-
tains the analyzing apparatus Hmits the withdrawal of the plunger of
the glass syringe so tbat 10 cc. of the sample may be obtalned con-
sistently without {nspecting the 10-cc. mark

A three-way petcock is labeled I, II and IIT representing pod
tions of the valve handle. In pasition I withdrawal of the synnge
obtains air from the tent atmosphere, By turning the handle to post
tion II the gas sample Is then passed into the absorption chamber by
compressing the plunger The sample will force solution up Into the
burette  As the oxygen 13 absorbed the Iiquid level in the burette
will continue to fall When It comes to rest the oxygen percentage
can be read on the scale along the side of the burette The petcock b
then turned to position III which resets the apparatus for the next
analysis

When the handle is turned to the I position for taking & gas sample
from the tent the syringe plunger should be rahed and lowered full
lerrgth five times in order to wash out any stmasphere remalniog In
the rubber tube that fs connected to the tent. The procedure s then
continued as described—namely forcing the gas In the syringe Into
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tke abeorbing chamber and alloning the liquid level in the burette to
fal} gradually while oxvgen ab arptien s taking place until it comes
to rest, whereupon the ovygen percentage

may be read r7-—————v
The efficiency of the apparatus should be f |

frequenthy tested In anahzing room alr

shkh would be found to yleld approsi =T

mately 21 per cent oxvgen if the analyzer 13} ,ﬁ '

ks fn good condution . ‘
The sbeacbing fluid may b~ made by dis —r

solvtnz 65 Cm of ammomum mtrate In

45 cc. of water adding 15 cc of ammomum 1, _“

bydrodde The apparatus is then filled with

ths solution 30 ce. being able to abeoth

about 400 cc. of oxvgen before o «ediment

forms which may clog the pores of the

copper gaure and coat the burette  In test

bz for oxypen concentrations above 90 per ¢

cent an sheorbing <olution Is u<ed contain <
3
1

«
m2 equal parts of water and concentrated vy
ammenrum  bydrovde and <aturating this

mrttare with ammonium chinride  Although
30 ce. of this <olution will atreorb 400 cc of Ky
ovyren before a precpitate forms it docs -
——
'

oot yleld as accurate snaly<es with low
oxygen concentrations and ks more apt to
form a troublesome preapliate on the cop-
Pef gauze.

When a precipitate has formed on the
opper screening or in the burette it should N—
be promptly removed as follows Connect f - . Z
the burette 15 an empty bottle with a length
of rubber tublng and the slde arm of the Fro. §7 The Rbeman
vabe to 2 bettle of unused absarbing solu  Lesuick ovygen analyzer
ton. A 20 per cent solution of ammonta
oy be used for cleaning It is less expensh e but works more slowly
Direct the unused absarbing solution into the absorption chamber untl
tbe old Blue flukd has been removed The entrapped alr is eliminated
by tuning the valve to the No I posltion and ralsig the phinger of
the syringe  The salution s allowed to remain in the absorbing cham-
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ber unti] all visible precipitate Is dissolved, which takes about five
minutes. Fresh solution is then added until the blue color disappears.
Rubber tubing from the baretie 13 then disconnected and with the
valve at No II position the plunger is raised in order to empty the

R

oSty

iy

Fra. 58 Pymp]]k-ldd llna-ber for ovygen

!

burette to the 100 mark ne-yﬂngebdmedmddﬁedmdthe
barrel lubricated with a small amount of liquid petrolatum It is o
portant to take spechl care In cleaning the apparatus in order that
accurate determinations may be obtalned. The simplicity of tbe
analyzer Is a strong point in jts favor and its operation readily can be
learned i proper precautions are observed to keep It in condithon. It
is satisfactory as an analyzer for oxygen tent therapy
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M ROGALLIC ACID ARSORBER FOR OMYGEN ANALYSIS
(SHOLANDEFR HALL)

A glase burette Is heremith <hown filled with concentrated alkalme
pyrogallate solution and containing a rubber stopper through which
the <ample to be analyzed for oxvgen is fn<erted  The burette ks con
pected to a leveling bulb which <erves as a reservoir for absorbent
solation dicplaced bn the gas sample during a test. A layer of mineral
ail s poured over the pyrogallate in the leveling bulb to help prevent
continuous aleomption of evygen from the atmosphere A 10<cc.
sample 1s drawn into a <yminge from a ma k or other apparatus and
meerted whh a fine hypodermic needle through the rubber stopper
The alibrated burette is then removed from the stand and rotated
rently upward and downward o that the gas sample is in contact with
the myrograllate <olution in the bulb At the end of one minute the
burette Is placed next to the leveling bulb with the liquid levels in each
atan equal height  The gas remaining In the apparatus after absorp-
ton of oxygen may be expelled by turning the burette bottom end
up and permitting the gas to e«cape through the rubber tube and level
Ing balb  Cantion ma t be exercised to make a tight closure of the
rubber cap or stopper through which the gns sample is inserted in
urder to avoid leakage of the strong caustic absorbent solution.
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An Accurate Method for Obtaiming the
Oxygen and Carbon-dioxide Concen-
tration of the Inspired Air in Oxy-
gen Masks and Other Oxy-
gen-therapy Equipment

It {s {mportant to determine the percentage of oxygen ard carbon
dioxide In the inspired alr in appralsing the efficlency of a mask. If
alr is drawn from the mask itself during inspiration at a pelnt near
the nose the sample may show a different oxygen concentration de-
pending upon whether it was taken at the beginning or end of tnsplr
tion The same criticlsm would apply to determmnation of carbon
dioxide percentages A true gude to the concentrations of both oxy
gen and carbon dioxide should fnclude the total inspired alr, which is
obtained in the apparatus herewith fllustrated

It should be emphasized that alveolar air samples are in no senst
an accurate gulde of the carbon-dioxide percentage I the inspired air
since the volume of ventilation 1s designed to Leep the alveolar carboa-
dioxide concentration constant In fact carboo-dioude accumulation
in oxygen masks has been found when the alveolar air samples fafled
to reveal a significant increase in carbon dioxide in the mspired akr
As pointed out many years ago by Haldane the alveolar carbon-
diotide percentage tends to be maintained at a constant level by varid
tions 1n the minute volume of breathlng A test of the carbon-dloxide
concentration In the alveolar alr does not therefore tell whether car
bon dioxide accumulates in the mask itself since augmented breathing
might have lowered the alveolar carbon dioxide even though as much
23 2 S per cent carbon dloxide may bave been present in the lnspired
alr

In order to obtain a gas sample from the mask equal In volume and

300
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at a rate equivalent to a normal insplration a xample ks collected In 2
calibrated collecting bottle connecled to a rewenvoir placed at a lower
kevel By «dmph regulating the volume and rate of flow of acldified
water from the full sampling bottle to the reeervoir, n quantlty of gas
is drawn Into the former which s equivalent to that which would
pormally be Inepired  The individual holds his breath at the end of

I''e 59 Apparatus for obtalning axygen and
carbon-dlodde concentrations of Lbe inspired air

expiration and the gas sample Is drawn at the rate of a normal Inspira
tor.  The apparatus consists of two bottles of 2 liter capacity each
coonected by a glass tube of 1inch dlameter and mounted on a
wooden support frame secured to a large ring stand With an axle
uTangement the support frame may be tilted so that the sample bot
Ue may be brought to any desired level above the reservoir bottle
Conserted to the sampling bottle by means of a rubber stopper Is a
Tubber tube of O S-inch inside dlameter fitted with a pinch clamp
Attached to the open end of the rubber tube Is a glass connecting tube
In calibrating the sampling bottle It is important to include the vol
ume of the rubber tube

In making the test 3 hters of acidified water are added to the bottle.
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The support frame Is tilted to lower the sampling bottle and the pinch
clamp on the rubber tube Is opened to allow the gas in the bottle, the
rubber tube and the glass connecting tube to be expelled The tube
Is then reclamped and the sampling bottle is ratsed by tilting the sp-
port frame umtil {t is well above the water kevel In the reservolr  The
tip of the glass connecting tube s then fitted Into the mask, or other
apparatus to be tested, at a point near the nose At the end of &
normal expiration the subject Is told to hold his breath and the pinch
clamp is opened long enough to permit a sample equal in volume to
the tidal afr to be drawn into the sampling bottle The slze of the
sample may be determined from the calibration on the sampling bottle
and the speed of intake can be varled by the height of the sampling
bottle above the reservoir so as to conform to the velocity of Inspira-
tion of the subject. In this way an accurate sample of the mixed
total inspired air is obtained from which one may determine by anal-
ysis the percentage of oxygen and carbon dioxide that would have
been insplired by the subject. The large sample of gas obtalned bv
this method b of value in determining accurately the content of fo-
spired gas in masks which are being tested at very high ahutudes
Alveolar samples obtained under very low pressures decrease In vol
ume when brought to sea-level pressures to such an extent that Insuffi-
clent gas remains for accurate analysls A 500- or 600-cc. sample of
inspired air however when brought to sea level will leave suffickent
volume of gas for many analyses
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Langs, bhﬁ h}nﬂﬂ, 195-198

73178

Numl catheter sev Cathetar
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I anestbheds, 153 154 219
In sortic menols, 72
h asthm, 89
in atelectach of pewbom 6 141 143
fn aviation, 3135 157 159 218219
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Prychases, osyrm thenapy 220-121
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3
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artischl respiration, 175-178

pathologic physiolagy 174-175
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