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FOREWORD

e 10EAs and procedures presented in these few pages

Twer: developed by discussion and tral in conjunciion
+ with a group of alert, thoughtful, and always cooperative
cotleagues over a period of years. The expression of these
viens 1 my own for which } must accept full responsi-
bibty In the treatment of any given case involving
respiratory problems there is now seldom important dis-
agreement within the group who form a coordinated team
and ash and give consultation freely. Attending and house
staff, nurses and technicians, all contributed by sugges-
uon, discussion, and by unuring and attentue care of
- pauents, with the result that an unusual degree of con-

certed team work has been achiesed

It 15 not possible to give credt to all of those who ment
1t To menuon only a few 1o whom [ am indebted, the
late Dr C A Aldrich gave especial help in problems of
trachecbronchuns Dr Jerome Head converted me to the
importance of pastural dramnage. Dr. Martin Seifert
directed much of the general care on polio patients and
helped develop the treatment here outlined Dr. Lowell
Suorf gave ws ymportant conspltation and adwvice. Dr.
J. Barl Remlmnger gave miuch aid i Tespiratary problems
Drs Louws Sauer, Herbert Lusshy, Alvah Newcomb, and
Benjarun Rappaport did the Same 1n pediatric cases
Drs Vernon Turner, Fredenick Hiuller, Meyer Brown,
Ganl Soper, John Elsen, Jolin Ballenger, and many others
coliaborated m working out our problems.

Mrs Alice Nuel, for many years m charge of the con-
tagrous ward., helped greatly to camvert climaans ta the
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INTRODUCTION

T 15 NOw recooNizen that apoxia, previously unsus
'pecmd. is a determining factor in many conditions
associated with respiratory obstruction It is also appre-
clated that secretional obstruction tmay be one of the most
important types of obstruction, In adduion, it 15 well
established that marked changes in the pulmonary area
may develop secondary to blocking of the airway. These
changes may include atelectasis, pneumonitis and pul-
monary edema 1We beheve that the tmely recogmuon
of these factors and the treatment based upon such yec-
ogrution have been effective in a varjety of conditions,

Methods of care based on such a concept of disease
have apparently saved many lives, not only m bulbar
poliomyelitis but 1 acute mfectious tracheobronchts,
flame and gas injunies of the respiratory tract and diseases
where spasm or secretion may be important. These in-
clude tetanus, botulism, craniowerebral mjuries, vascu-
iar accidents and other conditions where simmlar secondary
effects dominate the pcture

This discussion 15 written so that men baving to cope
with such emergencies mav find their decisions easier and
may not easily be overwhelmed by a spint of defeatism in

which, with und ling, may prove amena-
ble to proper management,

While the approach to this problem bhas been chiefly
chimeal it is based on considerable study of the underlymg
physiopathology. There 15 hutle heremn whick 15 originat
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Respiratory Emergencies

The writer has weighed the ideas of known physiology
and pathology, often borrowed from apparently unrelated
fields, and has accepted or rejected them on the basis of
clinical trial. He feels that he has arrived at a rather clear
picture of what happens in the conditions to be described
and hopes to convince the reader that treatment based on
such ideas and experience is logical and effective.

When my first case of bulbar polio was thrust upon me
as a full-blown emergency, T had had almost no previous
Knowledge of that disease nar any experience with it
There was not time for discussion, for consultation, or
even for detailed analysis. I was conditioned by previous
study and experience with tracheobronchitis and allied
obstructive disorders of respiration to recognize that there
was time only for a decision that must be made in a frac-
tion of a minute, That that decision was right in this par-
ticular case at Jeast, was amply justified in the Jight of the
patient’s almost miraculous recosery on clearing the air-
way The experience was repeated in two cases imme-
diately afterward, but my position was assailed by those
with preconceptions which generally prevailed at thae
ume As I studied the disease and talked with those who
were comnutted to the older ideas of this discase, my con-
siction wavered for a tume. However, after more experi-
ence a belief developed and bas rematned firm that my
first picture was clear and accurate,

I should fike for the reader to tetrace with mc in the
pages that follow some of the steps that hnve ,t{] to my
present convictions 1 the care of the conditions ducui.scd.
including bulbar poliomyelitis He will then, 1 think,
find our thests a liutle more consincing Same of the by-
wavs we explore may appear too diversionary at first but
should prove of considerable interest. Thas apparently
devious toute should lead us to the goal of better nnder-



Introduction

standing of the problems of disturbed respiratory physiol-

ogy. Such a study, combined with practical experience,

seerns 10 me to provide a surer basis than that reached by
demic or lat y consid

Many interesting phases of conditions discussed can be
merely outhned. For instance, there is much recent in-
vestigation of atelectasis which can barely be mentioned.
There is also a great ferment of research into the types
of pohomyelitis viruses, the method of their transmission
and the modes of their action which cannot be touched
upon. To avoid these may appear to be orversimplification,
but the presentation has advisedly been stripped bare ot
obscuring details which would only blur the picture.
There have also been omitted many controversial issues
because their determination in the present state of our
Lnowledge has little bearning on the basic premises of
this outline.

Fundamental to our concepts in diseases associated with
resprratory obstruction are two mam considerations, (1}
the secondaty effects of respiratory obstruction, and (z)
the effects of anoxia The Hrst of these will be developed
m relation to acute nfectsous laryngotracheobronchitis
the secand chapter Anowta will be discussed 1n the fol
lowing one Later chapters will develop their apphcation
to bulbar poliomyelitts and other condiions associated
with respiratory obstruction and secretion




CHAPTER 1l

THE MECHANICS OF RESPIRATORY
OBSTRUCTION

HIRTY YEARS ago the entity now recognized as acute
Tinfec(ious laryngotracheobronchitis was at about the
stage where bulbar pohiomyelitis has been until very
recent years. Acute tracheobronchitis was considered an
overwh gly toxic ory infection  Relief was
sought only in the stage of cyanosis, rapid pulse, and
farhing respiration, which we now know was the stage
of irreversible changes The reported mortality of the
disease was from 509, to 707, (1). Later, even without
sulfa drugs and peniaillin, Davison (2) was able to report
15 consecutive Tecoveries 1 patients requiring trache.
otomy. My own expertence was almost that good. Tew
pattents are now permitted to succumb to this disease,

In 1924 Baum () proposed the idea that obstruction
was an unportant factor m this discase. Developing on
that basts and aided by the work of the Jacksons (1),
Guuns  (4), Richards (5), Orton (6). Holinger (7).
Neffson (8), Davidson (2), and many others (g), treat-
ment has taken away most of the dread of this condition.
It has been one of the sausfying miracles of medicine to
see uny pauents with acute tracheobroncluus, cyanotic
and restless or semicomatase, and fluttertng on the brink
of ctermty, become rosy prnk and alert or drop off i
casy sleep i a short time after propers measures are takent

To my mund two factors have scemed most impareant
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Mechanies of Obstruction

in this disease First, the mechanical effects secondary to

respiratory infection associated with obstruction and

increased negatnve intrathoracic pressure, and second, the
effects of hypoxia—or as it is generally denoted, “anoxia”

—with associated accumulation of carbon dioxide in the

blood stream. The latter will be more fully duscussed

later, Sepsis 1n these cases is 1 believe not of primary
wmportance, and when 1t is serious is more likely to be
due to wfection superimposed on atelectass

In acute obstruction at the laryngeal level, the urgency
of impending asphyxia may grant only seconds to save
hife If the airway 1s cleared the emergency may be safely
past. 1f however, the obstruction 15 not critical but 1s
unrecognized and persists, definite serious secondary effects
usuaily develop

The causes of acute respiratory obstruction are many.

"The most important are outhned below:

1 Simple edema associated with 1odides, cardiovas-
cular and renal disease, gout

Allergy with edema, spasm and mucus plugs.

Acute mfections, especially diphtheria, acute laryn-
gotracheobronchius, abscesses withm and without
the airway.

Sectional obstruction and/or spasm, bulbar polio-
myelitss, tetanus, botulism, other central brain
disease

Positonal obstruction due to coma, shoch or
weakness

Chronic infections including tuberculosss, syphilss,
leprosy, scleroma and other granulomata

‘Trauma from nstruments, caustics, gases, flame,
fracture of the larynx and wradiation

Tumors, benign and malignant

Congenital malformauons, webs, tracheal collapse.

7
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Respiratory Emergencies

10 Foreign bodies.

11. Paralyses, especially bilateral abductor paralysis of

the larynx,

As a typical condition acute infections laryngotracheo-
bronchitrs will be discussed in detail. It gives perhaps an
extreme picture, but this may be approached by varnous
other conditions, even not primarily infectious Furst, it
occurs usually in very young chuldren where the lax
areolar subglottic tissues permit much edema with conse-
quent marked obstruction; and second, associated infec-
tion is often grave. This may be secondary rather than
primary. Laryngotracheobronchitis has often been over-
looked or confused with atypical bronchopneumonia. It
does appear however to occur as a primary condition and
seems 10 be a definite chinical entity.

The symptoms are typical. Following an ordnary cold
a child may develop hoarseness, croupy cough, restlessness,
stridor and then perhaps vapidly increasing obstructive
dyspnea. There may follow marked cyanosis and rapid
pulse, or the more serious pale cyanosts of exhaustion
scen especially after sedatinves Obstructive symptoms with
retraction, suprasternal, mtercostal and substernal ustally
arc outstanding but they may be Iacking if opiates have
been gnen or, as pomted out by Gittins (4), if the
obstrucuion 1s low  Marked dehydration often occurs,
perhaps because the demand for oxygen is more urgeit
than that for water These patients cannot take time out
from the fight for air long enough to swallow fluids

The exace pathologic process is probably not truly
represented by the postmortem findings after tracheotomy
and instrumentation  The Jacksons (1) have given a
truer prcture by bronchoscopy i the hning. Apparently
a descending mucosiis occurs with first a stage of dry
nflammation followed by congestion, edema and exces-

.



Mechanics of Obstruction

sive secretion. Plugs, crusting and ulceration may occur,
especially after tracheotomy without proper humidifica-
tion of inspired air Schaller (10), after studying the few
postmortem speamens he could find not modified by
abnormal agonal processes, considered the condition
essentially a cellulitis of the mucosa and submucosa with
lymphangitis, edema, infiltration of white cells, focal
necrosis and vascular changes,

But an interpretation of the disease process in this and
other obstructive conditions based on postmortem
material gives a poor idea of what really happens. A
perversion of the normal processes and functions of the
whole respiratory tract apparently occurs For a true
picture of this physiopathology there 15 amportant
evidence in the work of Binger and Moore (11), Coryllos
and Birnbaum (12), Kernan and Barach (13), Galbraith
and Steinberg (14) and many others These emphasize
the farreaching effects of increased negative intra-
thoracic pressure, of secondary vascular changes and of
damage to the lungs and of superimposed infection

Galbraith's and Steinberg's (14) beautsful experiments
showed that bronchial obstruction with associated inter-
ference with respiratory movements leads to marked
secondary vascular changes especially congestion, stasis,
edema and transudation. Kernan and Barach (13) empha-
stzed the importance of these circulatory effects and con-
cluded that “as a result of the continued obstruction and
the elevated negative pressure 1n the chest, blood enters
the night chamber of the heart and lungs more freely,
but 1t 15 rerarded 1n its departure from the lungs into the
Ieft heart as a result of the backward suction pressure on
the left ventricle as 1t delivers blood mto the extra
thoracic aorta The elevated negative pressure within the
chest exerases suction on the capiilary walls which 1s the

9



Respiratory Emergencies

important factor in the production of intra-alveolar ex-
udate.” Auer (15) in 1917 in a study of war gases pointed
out that pulmonary edema may be produced by a focally
acting mechanism. “Each alveolus which is in connection
with a stenosed bronchus or bronchiole will act hke a
miniature dry cup during insprration.” This initiates or
facilitates the passage of a transudate into the aheolar
spaces. More will be said about this later in discussing
pulmonary edema Air absorption is believed to lead to
and rupture of damaged alveolar walls leads
to emphysema. Increasingly greater respiratory effort
keeps up a vicious cycle.

Other mechanisms have been described for the produc-
tion of atelectasis and the exact explanations are too
controversial to be detailed here. The facts seem to agree,
however, with the effects outlined, in respiratory obstruc-
tion

It would seem from a study of the above and other
work that the tmportant factors m this and similar con-
dittons are the mechanical ones of high obstruction and
secondary vascular changes plus superimposed infection.
The ongal infecting organisms have been reported to
be chiuefly streptococdd and H - influenzae. At Cook County
Cluldren’s Hospital in a series carefully studied, green
formmg streptococa strongly  predominated. Bradford
and Leaby (16) with a carcful plating technique found
this same orgamsm predominatng with less than 5% of
hemolsuc streptococct 1t most cultures The tissue reac-
uon and sticky exudates seen chimcally - tracheobron-
chitis would be n accord with the finding of strepto-
coccus vnidans

It may even be that in obstructine discase the picture
can be much the same without preltminary infection.
With atclectasts, however, there apparently is umiformly
superimposed fection and pnevmonttis 1f not reheved

10




Mechanies of Obstruction

this may go on to focal necrosis or lung abscess and later
bronchiectasis as Galbraith and Steinberg (s4) found
when bronchial obstruction was produced 1n healthy dogs.
In six cases of flame injury where the primary injury was
purely traumatic, the clinical and bronchoscopic picture
was hardly different from that of acute infectious tracheo-
bronchitis

To sum up the pathogenesis of tracheob hitie, it
seems to me that this description is faitly accurate An
infection mvolies the larynx and subglottic or supra-
glotuic tissues Congestion and edema lead so nearly to
obstruction as to raise the negative intrathoracic pressure
which causes added congestion, transudation and capil-
lary damage From this as well as from direct infection
thich exudate blocks the bronchi or bronchioles whose
walls are already swollen As spreading secretion blocks
the regional bronchioles, the nterlobular tracts are cut
off, air in the aheoli becomes absorbed, the dependent
portions tend to become atelectatic, and the overlying
ones may become emphysematous, Infection and local
arculatory changes add to the exudate, Atelectasis and
emphysema further embarrass the heart.

Worl on experimental pneumonia indicates that a wide
variety of effects can occur secondary to blocking Nun-
gester and Jourdonais (17) found 1t was easy to produce
experimental pneumoma 1n dogs only if they introduced
organisms protected from the acuon of phagocytes by
muan Loesschle (18) concluded from a study of human
matenial that in pneumonia infection was spread chiefly
by tidal flow of exudate nto open alveol and bron-
chioles The resulting condition 1s apparently simpler,
more easily reversible and quite different from the
preumonitis which results from the infection of solid
atelectatic lung

In the exp of Galbraith and Steinberg (14}

11




Respiratory Emergencies

already cited and in work on war gases by Winternitz (19)
and others, it was shown that when atelectasis and exn-
date or flaid persist for a period of one or two days
infection is almost invariably superimposed. The result
is pneumonitis or atypical pneumonia and tieir secondary
effects such as focal necrosis, gangrene and bronchi-
ectasis.

In this connection it may be interesting to review our
knowledge of the etiology of bronchiectasis There scems
to be pertinent evidence that it may often result from a
single obstructive episode. Perry and King (zo0) in 2
careful study of a large group of patients with bronchi-
ectasis found that the process did not progress during
continued observation 1 more than possibly 6% of their
cases. Goodale (21) established that in at Jeast one third
of his patients the condition developed before the age of
ten. Anspach’s (22) roemtgenologic studies of children
with bronchiectasis disclosed that on previous films fre-
quently taken several years before, a large proportion had
shown the wedge shadows of atelectasis.

It has often been assumed that bronchicctasis was 2
slowly developing process due most often to the continued
feeding of a nasal siusitis, and countless operations hase
been done on the sinuses m that belief. It is a matter of
obsenation that the two conditions do [requently coexist.
It is suggested, however, that the relationship is usually
only coinadental and that the two conditrons may have
a common cuiology which s often allergy. Watson and
Kibler (23) believed that go%% of their bronchicctatic
patients were allergic They stated also that “the funda-
mental basis for chronc or recurring sinusutis is commonly
an allergic rhinitis” which I belteve is true.

Miller and Piness (2g) have reported a group of
patients i which so-called arypical pneumonia had been

12



AMechames of Qbstruction

diagnosed, in which obstruction and atelectasis were the
essential factors.

Allergy was present in a high percentage of my cases of
acute laryngotracheobronchitis. Certainly in an allergic
child with edematous mucosa, bronchial spasm and tena.
cious plugs, anchored perhaps by the mechanism observed
by Hilding (25), conditions are ideal for the production
of blocking, atelectasis and a sequence following infection
that might result in bronchiectasis. I have slides indi-
cating the beginning of this process in an asthmauc child
dying of measles encephalitis with atelectasis. There are,
of course, many other mechanisms and explanations for
the development of atelectasis (26, 27).

Probably there are pathologic conditions similar to
those outhned in many cases called atypical pneumonias,
especially when these are associated with emphysema,
shufting roentgenologic and physical findings and delayed
or ncomplete Tesolution Snow and Cassasas (28) re-
ported such a series in an influenza eprdemic. They
ascribed the findings to obstructive atelectasis and emphy-
sema Holt (29) Ieporlcd emphysema 1n a large percent-
age of n brone n one epid:

It does seem clear, therc(m-e. that a considerable vari-
ety of diseases may be secondary to bronchial or higher
obstruction which 15 frequently unrecognized These may
mnclude the so-cailed atypical pneumonias, lung abscess
or gangrene, bronchiectasis and bronchostenosis.

‘This detatl has been given to show that the problem
n any respiratory obstruction is not simply one of
blacked airway and anovernia, but that grave progressive
and irreversible changes may at any tume supersene Any
treatment then may be unsuccessful.

Rest, fluids and oxygen therapy are successful in
relieving most cases of acute infectious tracheobronchtis,

13




Respiratory Emergencies

But if these do not give relief, tracheotomy is to be done
without delay. It is frequently too long postponed to the
point of marked cyanosis, rapid pulse and imminent
heart failure. Patients with supraglottic edema, as pomnted
out by Neffson (8), are likely to be most urgent.
Our treatment has been as outlined below:
1. Rest — physical and mental —so that minimum
oxygen is required.
. No opiates or atropine.
Ovygen by catheter, hood or tent.
. Fluids by mouth and parenterally to relieve dehy-
dration and hquely secretions.
Moisture saturated arr, especially after trachcotomy
to lessen or prevent crusting.
Tracheotomy 1s not delayed if the foregoing pro-
cedures do not soon give relief,
. Postural drainage and aspiration.
. Postural irrigauon if secretion, plugs or crusts
cause blocking,
g Bronchoscopic remosal of crusts or plugs if neces-
sary
o. Expectorants are of questionable 1alue. Water
parenteraily 15 the best, but twa to four grain
doses of jodides scem to help. X
The reason for most of the above are obvinus, Opiates
Iower the struggle for air, and the margin is so narrow
that unless the patient uses all his power to get oxygen
he will soon be overshelmed Atropine thickens th‘c
already sticky secretions and it was observed by an assodi-
ate at one hospital a few years ago that no child recovered
from this discase when atropine had been given. .
Oxygen 1s valuable I 3t brings any measure of rclief
and progressive 1mprovement treatment should be cx
pectant and most panents will recover without cannula

14
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Mechanics of Obstruction

tion If, however, the battle proves a losing one, inter-
vention must not be postponed until general and cardiac
exhaustion have passed the possibility of recovery, nor
until the secondary changes are irreversible Kernan and
Barach (33) have emphasized the value of grving oxygen
with positive pressure with or without helium.

Indications for tracheotomy in this condition have
been.

1. Impending asphyxia

2 Threat of cardiac or general exhaustron

3. Marked and persistent retraction unreliesed by

oxygen

4. Restlessness
Cyanosis, especially of the gray type, and rapid

pulse. These are often signs of imminent heart

fajlure

‘There has been much discussion of the relative value
of intubation and tracheotomy In diphtheria intubation
has generally been the treatment of choice It must, how-
ever, be done by an expert, and an expert must at any
ume be available to remnsert the tube which may be
coughed out It 1s better done under direct laryngoscopy
with asprration of secretions and membrane winich may
even obviate the necessity for it Exen here I believe
tracheotomy 1s better.

For all except very temporary obstructions it seems
to this writer that tracheatomy is preferable It is more
certain for the occasional operator It puts the larynx at
rest and allows 1ts earlter return to normal It permuts
suction through the tube with irrigation Plug and crust
removal and bronchoscopy can be easily done through the
wound as is often necessary With tracheotomy crust for-
mation 1s sometrmes increased, but that can largely be
prevented if the atmosphere 15 Lept at Jackson’s (1) dew

13
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Respiratory Emergencies

point. This is done best by a mechanical humidificr as
described by Davison (2). Bronchoscopy for aspiration
and inspection of the mucosa should usually precede
tracheotomy. With the bronchoscope Jeft in place the
patient is usually relieved and the tracheotomy can then
be deliberate. When one has done trachcotomies over
the bronchoscope, he is not tikely by choice to do it other-
wise. The Mosher life saver or endotracheal tube are also
of considerable value as a preliminary to tracheotomy.

In the condition herein discussed bronchoscopic aspira-
tion is often a necessary and Iife-saving procedure. As an
adyunct postural drainage seems 10 have been neglected.
even though mention is frequently made of the adverse
effects of gravity on secretion. Postural reatment is
widely used by chest surgeons and internists, but there
has been little about it wn the medical hiterature until
recent years.

Nelson (30) showed that even in bronchiectasis, in
which sputum 15 viscid and tenacious, proper postural
dratnage was very effectne and resulted in at least tem-
porary cures. e insisted on the patient lying inverted
with the hips over a double inclined plane, with the
position mamntaned for days or even wechs with only
very brief interruptions Cures by it have been scen in
early cases of bronchicctasis m chuldren, and it is usually
part of the medscal routine 1n abscess of the lung.

Dr. € A Aldrich (31), who san many patients at the
Chuldren’'s Memorsal Hospital, stated that during one year
he treated mfluenza by postural drainage and did not
have one case of pneumoma develop in such patients.

Postural drainage must be such that a real gradient is
maimntained from the man lower bronchal area to the
trachea and Jarsnx  According 1o Morlock  (37) this
should mean at lcast 15 degrees elevation of the oot of



Mechanics of Obstruction

he bed, but better as much as the patient will tolerate,
vhich witl increase with use. In infants the prone posi-
1on with the foot of the bed moderately rarsed provides
1 much better gradient and it is ustally accepted easily.

Having 1 mind the physiopathology of acute laryngo-
tracheobronchitis 1t would seem that here postural dramn
1ge would be especially valuable. The usual protective
mechanism fails Secrections are not moved by cough or
tussive squeeze and ciliary action is probably limted
Secretion as it is first formed, whether as mucus, tran-
sudate, exudate or hemorrhage poured out into the
trachea, broncht or bronchioles, is fluid and will flow
some distance along the dependent wall before it forms
plugs or crusts. At first ciliary action probably helps.
Leonard Hill (33) showed that ctlia from the horse’s
trachea moved matenal twice as fast in the horizontal as in
the vertical position Murphy (34) mjected material of the
viscosity of secretions found m asphyxia neonatorum into
the bronchi of cats and demonstrated that gravity drain-
age alone could clear the tracheobronchial tree.

If secretion can flow to the areas of greater cough
reflex, tussive squeeze and cough will be much more
effective If any cough, squeeze, or ciliary action 1s left
the help of gravity will be important. If secretion stag-
nates it should then be as a spread dependent layer and
not as an occluding mass lying in a bronchial well If
plugs or crusts form they will be nearer the outlet as we
have observed bronchoscopically after insututing pos-
tural dramage These will be more easily expelled by
cough or will be more accessible to removal by aspiration
or bronchoscopy

Lavage of the resprratory tract has been proved feasible
by Sutt (35) and by Minter (36), the latter using as
much as 400 cc of flnd at a ume 1n adults Greuns (4) 1n

17



Respiratory Emergencies

tracheabronchitis used epinephrine and physiologic solu-
tion of sodim chloride in small amounts, aspirating it
afterward. Richards (5) showed that a solution of sodium
bicarbonate tends o soften and dissolve plugs.

Wetting agents such as sodium laury! sulfate have been
advocated to prevent crusting and scem to be of real
value. The quantity should be sharply limited as foaming
may occur. In one case of bulbar poliomyelitis I felt that
this contributed to an unfaiorable outcome

Penicillin in normal saline has been used for ats local
antibiotic efect 1o soften plugs and 1o thin secretion.

If one is to use Nuid 1t would seem that after it is
instilled the merted posture should be used to guarantee
1ts return and also to aid in the movement of secretion
and plugs tonard the trachcotomy opening. I our cases
4 to 15 cc. of from 3 to 5 per cent of warm solution of
sodiam bicarbonate at a time have been dropped into the
tracheotomy tube during inspiration, uwsually with the
granfying result that vigorous coughing presumnbly
churned the solution over crusts and plugs. This pro-
cedure was carried out with the head elesated and the
cluld umned toward the side on which the stethoscope
dicated the greatest blocking The head was then Tow-
ered and sucuon was used v a catheter throngh the
trachcutoms tube Physiologre solution of sodium chloride
or Ringers solution folloned to wash out the sodium
biearbonate. Intermttently when there was much block-
mg epinephrine solutton 110,000 was used (Stronger
soluttons are known to produce undesirable sccondary
congestion 1n the nose ) Tius treatment has prmml of
much value i recent cases, although 1t cannot entirely
supplant bronchoscopie aspiratton and forceps umm}nl
of crusts It proved especialls saluable m cases whicl
even 2 35 mm bronchosope could nnt be passed A
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capable house officer can be trusted to use postural irri-
gation and save the laryngolist constant attendance and
the patient tiring bronchoscopies.

This condition discussed in detail varies from other
obstructive respiratory disease because 1t occurs in
younger patients and because there is associated infection
from the beginning But it seems to me that the condition
is primarily mechanical and that as in experimental work
ated, if obstruction is marked and prolonged, infection
1s likely to be supenimposed The severity of the secondary
effects will vary inversely with the age of the patient and
1s, of course, much less hilely to be so serious in the older
child or adult.

For instance, in some cases of flame injury to the
respiratory tract which I have seen, the end picture in
additton to first or second degree burns was hardly dis-
tinguishable from that of acute infectious tracheobron-
chiss The treatment probably should be almost the
same Such cases probably are often overlooked because
of associated serious 1njury Livingston (37) has reported
three of these cases 1n which the symptoms had at first
been ascribed to obvious carbon monowude poisomng.
He noted obstructive symptoms and performed bron-
choscopies. First and second degree burns were found
with intense congestion, edema and exudate in the
trachea. Tracheotomy was done with recovery of ail three
patients. The other three cases I saw were due to inhaling
flaming gas 1n auto accidents and 1n these the prcture was
clouded by head mjury

In the Coconut Grove disaster “irritation from hot and
noxious gases” apparently was responsible for many of
the bad effects (38)

‘Where the mechanical factors of obstructzon are chuefly
concerned the following conclustons seem valid
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1. In laryngeal obstruction relief of asphynia is the

most immediate problem.

2. Persisting obstruction lIcads to marked changes sec-
ondary to increased negative intrathoracic pres-
sure. These are congestion, edema, exudate or
hemorrhage, atelectasis and emphysema.

Superimposed infection may lead to atypical pneu-
monia, pneumonitis, lung abscess or bronchice-
tasis.

. Intervention must not be delayed until thesc irre
versible changes are established.

Postural drainage and irrigation arc svaluable aids
after trachcotomy.

[

[
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ANOXA N CUINICAL STATES

e N GENERAL the academi¢ and lheoxelic:l\
aspects of oxyger want are well knowits 1t does

T
out some conditions (esponslb\: for anoXid: 1o teview
the $1gns and symptom™s which may ndicate 15 develop-
ment, lﬂd 1o PTCSC“[ mcasu(cs for ins p\'evcnuon BT
ucam\em

¢ has been Aifficult 1© estabhish the true tustologic
pcture of damage from anoxi® pecause the most notable
myury 1 to brain pugsne 0 which similar changes occur

brawn tissue after ity from anoxia: Agonal and post

mortem changes 1m thus 1ssue are als0 hard 10 prevent or

evaluate

Windle and Becher (40) have given 2 clear-cut demon-
4

stranon of the effects of oxygen want 0 guinea ™e
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embryos at term. The uterine circulation was inter-
rupted until asphyxia occurred, the animals weie resus-
citated, allowed to survive for a time and later killed with
the tissue fixed in sitw. Although it is accepted that brain
tissue of the young is less sensitive to anoxia than that of
adults, all animals in whom the circulation was inter-
rupted for eight minutes or more showed neurologic
symptoms and pathelogic changes. The symptoms in-
cluded incoordination, ataxia, spasticity, tremors, con-
vulsive seizures, diminished lemning ability and even
decerebrate states Histologically, in 3%, of the animals
there occurred edema, chromatolysis, necrosis, capillary
hemorrhages, glial proliferation and loss of brain cells
with changes varying from shght atrophy to marked
sclerosis

Morrison (41) d d similar profound changes
in the brawn of dogs and guinea pigs subjected to repeated
short periods of anovia. The critical level scemed to be
a reduction from the normal 20, to 12 or 13 velumes per
cent of oxygen mn inspired air following repeated ex-
posures of 23 minutes. For greater degrees of anovia the
tme of dangerous exposture secmed to be correspond-
ingly lessened He found in the monkey that a single
exposure to a simulated alutude of 3z.000 feet for 27
munutes was capable of producing cxtemsive hminar
necrosis of the cortex. Frank necrosis accurred usually
only after cpsoxles of anowia suificiently severe to produce
cessation of resprration The frontal lobe was most often
imolied, the temporal lobe Ieast often The cerchellum
was more frequenthy tmolved than the baal gangha, and
the meduila least These expeniments and many others
from the laboratory show defimtely the grave and lasting
effects of periods of anoxia even as short as three ta fise

minutes (32}



Anoxia in Clinical States

Yet these probably do not represent the extieme pic-
ture since it 15 very dufficult to exclude such reservoirs of
oxygen supply as the placenta and the lungs, as in
Windle's experiments, or to completely exclude cerebral
circulation through collaterals esen after ligation of the
carotid and vertebral arteries.

In clmical conditions it has been somewhat difficult
to establish the picture of anoxia The studies by Cour-
wille (43) of material obtained after death from nitrous
oxide anesthesia are classical and his conclusions that
these represent the effects of anoxia are quite generally
accepted He lists such changes as sclerosis of scattered
pyramudal cells, patchy necrosis, degeneration of limited
portions of the cortex and lesions in the lenticular
nucleus Degenerated areas tend to become confluent
and to bring about necrosis of the various laminze. He
states that only when the patient survnved a sufhcient
time, usually 24 to 48 hours, are histological changes
found, and 1n the more fulminatng cases these were not
demonstrable. He believes irreversible changes may occur
after three to eight minutes of anoxia

Many authors have shown sumilar changes, as for in.
stance Schreiber (44) 1 asphy<ia neonatorum and Hart.
man (45) following surgical operations Since 1t is not
beyond controversy that the effects of carbon monoxide
posoning are due solely to oxygen want the many reports
on this disease are not cited

The data so far presented are related to gross labora-
tory and clinical demonstrations But 1t is hardly to be
doubted that i patients surviving there are important
changes beside those effecting immediate avculatory col-
lapse and general depression Courville (46) lists among
sequelae of oxygen want, twitchings, emotional flattening
or psychic aberrations He believes that the conditon of
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lapse (53, 55. 56). All of these have been reported as
symptoms of bulbar poliomyelitis

Blalock, Harrison and Wilson (53) demonstrated in
experimental respiratory obstruction that carbon dioxide

PHYSIOLOGY OF RESPIRATORY OBSTRUCTION
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may reach dangerous levels i the arterial blood cven
while oxvgen saturaton s suil normal. This is shown
graphicalls i the dlustration from Gray (54). Fig. 1-
With moderate vpoventlauon at 807, of normal ¢he
oxygen saturation 1s not detecusbly affected, but the CO:
tension rises (0 50 mm of Hg and pii falls to 7 35 which
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are defmitely beyond the normal range. At 50%, of normal
vennlation the O; saturation falls to about 88%, equiva.
lent to an altitude of less than 10,000 feet and readily
tolerated The CO, tension howeser, has reached 8o
mm. Hg. which approaches the narcotic level for this
gas. The pH has then fallen to 7.2 which is a real acidosis.
Slightly further 1ncrease 1n CO; may be lethal.
The facts ated make 1t increasingly clear that the
istration of CO: to stimulate the respi y center
15 not indicated in asphyctic states or the same reasons
we have felt that the oximeter, which does not measure
€O, could not be relied on in place of close clinical obser-
vation. This should indicate also that mere administration
of oxygen may add httle Alveoli may be blecked by
aspirated or imflammatory secretion or by transudate or
exudate. Damage to respiratory cells by anoxia or edema
may suspend their function The first essential is a cleared
arrway to allow not only absorption of oxygen but what is
even more important the ehmimation of carbon dioxide
The symptoms of anoxia are important to have 1
mind, especially in dealing with conditions associated
with similar manufestations Close analysis will disclose
that 1n many of these 1t 1s the anoxia itsetf which causes
the disturbances which may have been ascribed to sepsis,
decompensauion, shock, virus infection and the hke.
Mental symptoms occur early As Barcroft (52) points
out, these may resemble those of acute alcohohsm and
may vary with the patient’s temperament and surround-
ings There may even be preliminary exhilaration and
excessine confidence 1n faulty judgments such as aviators
ha\e at high altutude More common, however, are
confusion, disor , 1T lity, unre.
sponsweness, lethargy and finally coma. Antagonmsm and
combativeness often occur This was found 1n a consider-
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able percentage of our bulbar poliomyelitis cases and has
been important because it has made necessary more active
measures, such as tracheotomy, which could have been
avoided if the patient had cooperated in simple aspira-
tion. It was interesting in reviewing the nurses’ records
of bulbar poliomyelitis cases to find that confusion and
irritability had been frequently noted before respiratory
difficulty was yet suspected by the physician.

Restlessness is an important early symptom both be-
cause the active patient increases his oxygen need and
also because the unwary are too often tempted to attetpt
its relief by sedation. This may be followed by complete
surrender by an overburdened respiratory mechanism

Djyspnea is usually an early symptom but may not he
recognized easily in an ext d patient or in one who
has had sedatives.

Cyanosis may be very difficult to recognize and evalu-
ate. It may be a late symptom of oxygen need since it
may not occur while there is compensation by increased
rate or depth of respiration, and increased rate and stroke
output of the heart If obstruction develops stowly,
qyanosis may be a late sign I believe that if severe
cyanosts deselops i conditions of less acute onsct, we are
Iikely to have overwarted the indication for tracheotomy
Cyanosts may be absent 1 anemia since it depends on an
absolute amount of reduced hemoglobin i the capillarics.
It may not be evident 1 the ype of tracheobronchitis
described by Guttins (1) which may have only a gray
cvanosts and few obstructine signs. This may be, however,
stmply part of a shock picture.

The effect of anoxia upon the heart s apparently not
so great as that of the usually associated carbon dioxide
excess. There will frequently be an carly increase in rate
and stroke output with later rise and finally scrious dis
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turbance of rhythm. It is to be remembered that a rapid
pulse of poor quality is a sign of impending heart failure
which again may mean that we hase waited too long to
intervene,

The immediately adverse effect of anoxia on the respir-
atory center, on vasomotor control, on the adrenal glands,
cardiac muscles and other organs (55, 56, 57, 58), and its
part in the increase of permeability of the capillaries of
the lung bed (39) must be recognized and combatted
early,

Any condution in itself depressing may make a patient
unduly sensitive to shght degrees of oxygen want and
such patients must be closely watched. Shock is likely to
be associated with a stagnant anoxia due to pooling of
the blood 1n the splanchnic area Not only may oxygen
administration then be of value, but 1t is important that
the airway be kept clear and the patient, especially if
unconscious, be placed 1n the best position to breathe
eastly Military surg report that unconscious shocked
casualties were frequently greatly helped by turning the
pauents to the prone position with the face to the side.

Anoxia in tracheobronchitis and respiratory obstruc-
uon has been considered chuefly as a phase of terminal
asphyxia, Tt should rather hase been pictured like a wolf
at the heels of a wounded ammal, nagging, harrying and

tiring until 1t closes m on its weary prey in one final ~

cruel slashing attack But from the moment in respiratory
obstruction that any degree of oxygen want develops it
begins to operate adversely and unless relieved it may be
largely responsible for an unfavorable outcome It pro-
duces restlessness with further activity and increased
oxygen puion. It and the acc ing carbon
dioxide accumulation lead to increased respiratary effort,
mcreased negative thoracic pressure, increased conges-
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tion, exudate and even capillary hemorrhage, increased
Iymph flow and increased capillary permeability shown
by Drinker (59) to follow anoxia. This exudate leads to
still further blocking of the bronchioles and the lung bed,
with perhaps atelectasis and emphysema and deepening
oxygen want. There is evidence also that vasomotor tone
is seriously impaired by depression of function of the
suprarenal glands by anosia or by its effect on the
autonomic system (58).

If hypoxia has persisted for some time or there is
severc anoxia of even short duration, the heart and respir.
atory muscles cease to function efficiently due to oxygen
want. The fight may quickly near its end. In most con-
ditions associated with anoxia the physio pathologic dis-
turbance must be visualized from the outset if it is not
1o become irreversible and if tragic sequelac are to be
prevented.

Oxygen administration, rest, postural drainage, aspira-
tion of sccretion, parenteral fluids and other measures will
relieve most cases of tracheobronchitis and other types of
respiratory obstruction But undue complacency should
not delay the usually certain and relatively safe relicf by
tracheotomy

Thus discussion of the eflects of anoxia should make the
essential picture somewhat more clear in the diseases
we are constdening Fspecaally is this so in tracheobron-
chitis, bulbar poliomyclhiis and other secretional or
spasmahic disturbances, It should help to separate i our
munds the effect of fection or sepsis from those of
anoxia and ¢arbon dioxide excess But most important it
should allow us 10 concentrate our efforts where the
encmy 1¢ vulnerable and where treatment may be really
effecuse.
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CHAPTER 1Y

ACUTE BULBAR POLIOMYELITIS

HERE ARE two extreme concepts of the disease of

bulbar poliomyelitis One which prevailed up to about
15 years ago was that of a fulminating virus infection
which often overwhelmed the central nervous system,
especially the brain stem and vital centers The other
concept 1s that 1t is more often chiefly 2 problem in
resprratory obstruction Both factors probably contribute
to the clinical picture to a varying degree.

CONCEPTS OF THE DISEASE

My first experience with bulbar poliomyelitis came as
an acute and dramatic emergency The patient bad
quichly passed from restlessness and disorsentation to
deep coma An alert supervisory nurse who had assisted
in the successful care of many patients with acute tracheo-
bronchitis came upon the scene as internes were desper-
ately trying to save this man. She suggested that this was
a Tespiratory emergency and advised that a laryngologist
be called I found the patient deeply cyanotic and almost
pulseless Viscid secretion overflowed from the nose and
mouth and was seen by direct laryngoscopy to cover the
larynx The pattent stopped breathing for an estimated
three mnutes

There was no time for discussion or analysis In the
light of my previous expenence with obstructive disorders
of resptration this seemed at a glance to fall in the same
category A tracheotomy was hastily performed, the -
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trachea was aspirated, manual artificial respiration started
and the patient placed n a respirator. In g0 minutes the
pulse and color were good and the patient was rational
In 45 minutes he was demanding 10 be taken from the
Tespirator.

It seemed 1mpossible to assume that relief of any purely
infectious central process could account for such rapid
tecovery. In this and other respects it fitted into the
picture of obstruction, with anovia. Similar experiences
followed m two other cases shortly afterward, although
one died before his tracheobronchial tree could be cleared
of the thick secretion which filled it.

I had had no previous experience with acute balbar
poliomyehtss, but had seen many cases of acute tracheo-
bronchius at Cook County Hospital and in my awn prac-
tice. I was at first considerably confused with ideas then
current, but with increased experience 1 have firmly
continued to beliese that relief of secretional obstruction
and its associated effects are the most important elements -
in recovery from bulbar poliomyelitis. This conviction
has been strengthened by the support gisen to it by Dr.
Martin Seifert and other colleagues at the Exanston Hos
pital It must be admitted m farness that <ome of my
associates have had reservations aganst complete accept-
ance of these wdeas However, most of the doctors who
have crrucally observed the care adocated hase been
comverted to 1ts use One member of the house stalf had
apposed as strongly as an interne could the performance
of a tracheotomy 1n the first case he had seen After he
had followed dhree such cases he then sud, “If T get
bulbar pohomchiis 1 want a tracheotomy done vight
off!"—a more extreme postion than T have yet taken

On the basis of ms own experience with other respird
tory dificultizes postural dramage, aspsration, and trache
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otomy under proper indications appeared to be logical
measures in the treatment of bulbar poltomyeltis Ap-
parently a good many other men have reached the same
conclusions by other approaches 1 later found that
Durand (60) in 1929 bad advocated postural drainage
“stnce many men must have noted that these patients
tend to drown 1n their own secretions ” Wilson (61) had
suggested the guarded use of tracheotomy in this disease
in 1931 although there had been few reports of ats
in the years diately following.

In 1943 the writer (G2) presented his 1deas of the dis-
ease, and treatment based on that concept of the disease,
was outhned. Then and subsequently the writer (63, 61)
and his colleagues attempted to visualize for chinicians the
nature of lhe processes in this disease and the underlying

tho-ph gy It was h d that a prime requistte
\\as to clear the airway and keep 1t so; that postural
dramnage and continuous aspiration greatly helped to
attan this end, that tracheotomy, far from being a radical
and dangerous procedure, m 1tself carried Iittle yisk; and
that when indicated it should be done early and not
withheld as a last resort until pathologic changes had
become wrreversible. It was further pointed out that the
use of the resprrator might be very valuable with these
patients when they were exhiusted or the respiratory
center was depressed by anoxia and hypercapnia. It was
also demonstrated that it was not dangerous to use the
respirator 1f the airway was hept clear by performing
tracheotomy to bypass secretions These 1deas will be
elaborated 1n the following pages

In recent years great attentton has been paid to the
Tespiratory problem in poliomyelitis. Many reports have
appeared of the widespread and successful use of trache-
otomy The reports on a large scale by Priest, Botes and
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Goltz (G3), by Miller and Buck (66) and many others
scem to have established that the combating of secre-
tional obstruction is a sound basis for eare in this disease.

The experience of the past five years at the Evanston
Hospital is given in Table I.

TABIF 1
SMorratim ¥ fitcrar Porrosyrrms

Bulbar Bulbar  Butlar
and an an!
Year Total  Bulbo- Bulbo-  Bulbe-

Place
Polio spinal  smnal  spinal
mer Deaths  Raie

Fianston Hosptal 1947 48 17 15 o o
Chicago Residents 1918 e s 0o 399%
Ithnois Outside Chicage 19743 1242 103 3§
Franston Hospetal l752* 635 129 LU
Winows Dutnde Chiago 19752 5018 g2 277 g98%%

* In the last tho jears a disproportionate share were more sericus cases
brought from cutlying areas and hapstals

It 3s admutted that the seversty and the symptoms sary
1n the dufferent types of the disease, of which at least three
main classifications scem to have been established, Our
fifteen consecutive recovertes were scen carly nnder adeal
conditions by a compact group well agreed on the prin-
ctples of respirators obstruction. We had complete con-
trol of our cases and mntervened when we considered 1t
necessars Most of the patients were young, and the strain
of the virus mav have been muld, vet we were sure six
of them would have died without tracheotamy. Another
group were vigorous adults who came from greater dis
tances. were treated after greater deliberation and did
Tess well Thev were young adults and had, in part, an
ascending spinal micctuon and prohably did have greater
central nervous svstem mobvement.
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Acute Bulbar Poliomyelitis

We have already discussed anoxia and the secondary
effects of respiratory obstruction Bulbar poliomyelitis
has many features in common with other respiratory
obstructions Some of these are. the identity of many of
the symptoms with those of anoxia and carbon droxide
excess, the rapid worsening at a crittcal level after a
period of relatively moderate difficulty, the usually rapid
amelioratron of such symptoms when the airway 1s cleared
before the stage of irreversibility 1s reached, and the large
percentage of cures based on treatment directed to the
relief of obstruction

TYPES OF RESPIRATORY DIFFICULTY

We classify respiratory difficulty in acute poliomyelttis
clinically as of four types With the first three there 1s
general agreement

1 Spinal. In the spinal type of resptratory difficulty
the lesions are in the cervical and upper thoracic seg-
ments of the spinal cord with varying paralysis of the
intercostal muscles and the diaphragm Patients with this
type do well in the resprrator and fall easily 1nto rhythm
with 1t

2 Bulbar In this type there 1s interference with the
swallowing mechamism and resultant accumulation of
secretion, food and fluids, and vomitus 1 or over the
arrway If complications do not occur patients usually get
over this difficulty i five or 10 days

3 Bulbarspinal This 15 a combination of the two
foregoing types

4 Other disturbances in rhythm and depth of respira-
tion Theoretically these could result from a virus effect
on the respiratory centers with a fulminating course We
made no such diagneses 1n the 15 consecutive cases already
mentioned We considered the clinical effects observed in
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so-called poliomyelitic encephalitis to be duc usually to
peripheral secretional obstruction plus the effect of
anoxia and carbon dioxide excess on the medulla and
other centers. Most paticnts were relieved rather promptly
by the measures directed at relicf of the obstruction and
anonia,

The picture of the so-called arrhythmias is confusing.
One often sces patients with shallow, interrupted, cog-
wheel and wavelike respiratory movements At times
the intercostal muscles and diaphragm almost appear to
oppose cach other. We have scen such arrhythmias con-
trolled (with serious results) for a time by thiopental
sodium, which would hardly be the case if the arrhythmia
were duc to central depression.

A simpler explanation of thus t3 pe of respiration is that
it comes from a reflex or voluntary conflict between
respiratory demand and the protective mechanism which
help to keep the patent from drowning in his own
seeretions. If the reader would try to imagine what wonld
Bappen to himself 1f hie were in the position of the patient
with poliomyelis, unable to swallow, with secretion
lymng 10 and over his airway, strugghng for air, yet at the
same tume fightung to Leep Auid from floading his lungs,
he nught wsuahize the predicament of some of these
patients and more easily acconnt for the tvpe of respira-
tan In myv experience these irregularities usually dis
appear af [ree respiration 15 provided withott delay

We behieve, then, that the primary difficulty an bulbar
polionchtis 1s diffsculty with the swallow ing mechanism
resultng o accumolation of secretion, food, fluwds and
somitus n the arway with concomitant anoxia It §s 1o
be recalled that there is normally secreted from 1,000 to
1500 e of salna per day which Iikely 1o be increased
inn nennous drsease and wath pausea (67). To this must be

.
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Acute Bulbar Poliomyelitis

that disturbances of respiratory rhythm and of sasomotor
tonus might be explained on that basis From the clinical
viewpoint 1t does not appear to be that easy Pathologic
ions also Taise derable doubt

Bodian (71) after mntensive study from 24 fatal human
cases of poliomyelitis and from studies on experimental
monkeys, concluded that “the use of pathologic matenal
from such fatal cases 1n the correlation of symptomatologic
lesions 15 dangerous " He further said, “As far as the pathol-
ogist 15 concerned all cases of poliomyelitis are encepha-
huc” He adds, “Apparently severe destructive lestons are
necessary to produce dysfunction at the climcal level ” It
1s also 1mportant to emiphasize,” smd Bodian (72), “that
although lesions appear in certain centers n the central
nervous system, symptoms attributable to such injury need
not result Injury must reach a certamn threshold of sever-
1ty, varying with the margin of safety of each center before
a chinical effect 15 observed ” He also saw no evidence m
this materal thar edema plays a conspicuous role m
paralysis

Neuberger (73) and others have suggested that some of
the brain damage 1s due to hemorrhage and anoxa. Cour-
ville (74) states that “alterations 1n the nerve cells are due
to the combined effect of the specific virus and of the

-
Figure 3 Model showing the effect when sectetion hes 1 the upper
aitway When by pass 1s open fuid 1s not drawn m by voluntary or
mechanical respiration as shown mn lower diagram upper diagram
shows the effect without by pass o tracheotomy Yuith moderately
visad fluxd, mtravenous tube connector and asepto syringe. model
acts as shown (As mdicated, the process tn patient with bulbar
polio probably approvimates this without and with tracheotomy )
(Modufied from sllustration m Arch Otolaryng, 46 125, Aug, 1947,
with permssion )
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deute Bulbar Poliomyelitis

that disturbances of respiratory rhythm and of vasomotor
tonus might be explained on that basis From the chinical
viewpoint it does not appear to be that easy Pathologic
considerations also raise considerable doubt.

Bodian (71) after intensise study from 24 fatal human
cases of poliomyelins and from studies on experimental
monkeys, concluded that “the use of pathologic material
from such fatal cases in the correlation of symptomatologic
lesions 1s dangerous.” He further said, “As far as the pathot-
ogist is concerned all cases of poliomyelttts are encepha-
htre ™ He adds, “Apparently severe destructive lestons are
necessary to produce dysfunction at the chmeal level ” It
is also mmportant to emphasize,” saxd Bodwan (72), “that
althongh lesions appear in certan centers in the central
nervous system, symptoms attributable to such njury need
ot result, Injury must reach 2 certain threshold of sever-
1ty, varying with the margin of safety of cach center before
a dmual effect is observed " He also saw no evidence in
this material thar edema plays a consprecuous role in
paralysis

Neuberger (73) and others have suggested that some of
the brain damage 15 due ta hemorrhage and anoxia Cour-
ville {74) states that “alterauions in the nerve cells are due
to the combined effect of . the spectfic virus and of the

S
e

Figure 2 Model showing the effect when secretion hes 1o the upper
awway When by pass 1s open fuud 15 not drawn i by voluntary or
mechamcal respiration as shown m lower dugram, upper diagram
shaws the effect without by pass or tracheotomy With moderately
vistid flud, mtravenous twube connector and asepto syninge, model
acts a5 shown (As mdicated the process m patient with botbar
polio probably approxiteates thu without and with tracheotomy )
(Mothfied from iltustration 1 Arch Otataryng . 46 125, Avg, 1937,

with permussion )
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holds true in human drowning. It is probable that in
many cases if flooding occurs, it 1s 1n the terminal asphyxial
depression.

The experiments of Coryllos (74) on asphyxia by sub-
mersion are of interest in comparison with secretional
obstruction Dogs, he found, succumbed after four or five
minutes of submersion. He divided the process into four
phases each lasting about one minute. In the first phase
there was apnea caused by reflex closure of the glottis.
Rise 11 blood pressure also occurred which, he states, “is
a constant phenomenon in ail forms of asphyxia.” Stage
two in the second minute is characterized by labored
respiratory movements and continuation of the rise in
blood pressure (This maght parallel the rise seen often in
bulbar polio, ascribed by some, and 1 believe rightly so,
to carbon dioxide accumulation ) At the end of this phase
consclousness disappears and tonic and clonic convulsions
appear. In the third phase respiration is arrested, blood
pressure drops and reflexes and muscle tonus disappear—
mcluding loss of corneal and glottic reflexes The fourth
phase 1s characterized by progressing weahkness and arrest
of cardiac contraction

Prognosis varted greatly in each phase, If submersion
was terrupted before the middle of the third phase
i diate and s T itation always followed.
At the end ot tius phase even aruficial resuscitation was
difficult or tmpossible In the Jate third stage, as the heart
began to fail, there was a period of only 10 or 15 seconds
when resuscitation might succeed Coryllos’ statement
that “seconds count 1n asphyxsa and often determine the
life or death of the pauent” should spur to decision any
one who temporizes with any form of respiratm:y ob-
struction

In some of our patents with bulbar poliomyelitis with
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and Canfield (32) suggest that a partial paralysis destroys
the protective function of the larynx. This could be so,
especially if the paralysis were of the flaccid type.

The comparison to drowning is useful since in polio-
myelitis the time may be almost as short and the moment
for favorable action may as quickly pass. Ignorance or
indecision and inertia may hold to stupid inaction a man
who would without hesitation leap into a raging torrent
to save 2 child in hardly graver danger. .

TREATMENT !

Treatment of these patients may be relatively simple
or hopelessly involved. If undertaken early, decisively
and with a clear 1dea of the problem, it usually offers
little dufficulty although it requires meticulous and unre-
mitting care. If delayed by lack of early opportunity or
indecision, it may require the utmost in experience, skill,
team work and equipment. These cases should have the
services of a well integrated team of general clinician,
internist or pediatrician, anesthesiologist, neurologist 2nd
laryngologist The last 1s an tmportant member of the
group. He should see these cases early and frequently to
be able to note any unfavorable course. Decisions for or
against tracheotomy should not be made by men who
have not had experience with respiratory obstruction
without consulting the laryngologist.

POSTURAL DRAINAGE AND ASPIRATION

Postural drainage and continuous suction, best obtain-
able by a Venturt type pump or central vacuum tank are
m our opimon the most important steps early in treat-
ment When the patient first gives evidence of pharyngeal
paralysis by muffled votce and mability to swallow secre-
t1ons, even though he can apparently cough or push them
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dependence cannot be placed on intermittently applied
mechanical suction. We know of no mechanical apparatus
which will bear constant use except one attached to a
vacuum tank or with continuous water suction The
device pictured (see Fig 3) is easily attached. effecuve
in the pressure desired, almost foolproof and does not get
out of order. Some plumbing codes interdict its use, yet
if it is connected to a half liter collecting bottle filled
with antiseptic solution, contamination of the general
water system seems impossible.

Thirty years of experience with postural drainage in
respiratory obstruction, especially in acute infectious
tracheobronchitis, has persuaded me that it is of the
utmost value and without danger if used early Lateral
x-ray with radiopaque oil outlining the tracheobronchial
tree mdicates that elevation of the foot of the bed in
the supine position must be at least 17 to 20 degrees to
prevent flow of secretion into dependent lung bed (Fig
4). We have advocated 35 degree elevation but now be-
lieve that is extreme and seldom obtainable. Twenty to
twenty-three degrees 1s usually satisfactory If the patient
will e prone with the head to the side, as usually only
infants will do, dramage 1s effective and normal physiol-
ogy is not disturbed. By the use of special foam rubber
supports the face down position has been made easier to
mamntain (83) If this can be made comfortable so that
the pattent will easily accept 1t, it should be valuable.
e have found 1t difficult, however, to get adalt patients
to cooperate with this positton It 1s, of course, important
also to shilt the pauent’s position frequently in order
to prevent congestion and atelectasis in dependent por-
tions of the lung

Bower (76) and s group have raised a question as to
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Figure 4 The trachea and bronchi are outled with radiopaque o1l

A represents the declisity of trachea and main bronchi from body

aus B shows mimmum elesaton desirable  (Reproduced, with
permission, from Arch Otolarvng, 46 Aug 1g37)
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the safety of the Trendelenberg position in seriously ill
patients. They found 11 a limited number of patients -
that at an elevation of 15 degrees for 15 minutes the
average drop of tidal air was 2o per cent. This, howeser,
left an average tidal air of about 350 ml. on which a
patient at rest, I believe, may be carried, especially if
aeration of the lung is uniform and if adequate oxygen 15
given. My experience with postural drainage for over
30 years in the treatment of acute laryngotracheo-
bronchitis has been highly favorable. The dangers do not
seem to outweigh its great benefits in a patient who may
have important amounts of secretion or fluid in the
trachea or bronchi. It fielps to msure that the lower air-
way is not flooded and that the whole alveolar area is
accessible to nspired air; that the absorption of oxygen
and excretion of carbon dioxide is well distributed
throughout functsoning lung; that areas of atelectasis
with or without pneumonius do not develop. It is true
that long conunued postural drainage must be used
with caution in patients with marked vasomotor disturb-
ance or possible cerebral edema. To Judge by the pa-
tient’s response the procedure 1s usually beneficial, often
dramatically favorable

NUTRITION AND FLUIDS

Fluids and nutrition are to be maintained pnremerally
whle there 15 any danger of flooding the airway because
of disturbed deglutition Sufficient flmd must be provided
to carry on normal metabolism and to prevent dehydra-
tion Secretions should be kept normally thin so they may
be more eaaly removed from the respiratory tract, espe-
crally 1f tracheotomy 1s done, Excess fluid may overburden
the arculatory system and promote cercbral or pul-
monary edema Due allowance must be made, however,
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parrment and nitrogen retention. Adrenal damage by
anoxia might lead to disturbed potassium balance since
hormones of the type of desoxycorticosterone are potent
in causing potassium excretion, and adrenal cortical
insufficiency leads to a decrease in potassium excretion.

Darrow (86) has stated that Ius solution contaning
potassium may be safely given subcutaneously and has
reported favorable results with 1t Bower (87) has gisen
potassinm intravenously, but has carefully regulated its
use by blood determimations.

Hoyne and us associates (88) reported dramatic results
in weak and lethargic patients to whom potassium was
given intravenously. It was administered in dilutions of
two to three grams per hiter and given slouly at the rate
of 8 to 12 cc. per mmute Potasstum serum levels were
very carefully controlled by the use of the photometer.
When levels became normal parenteral potassium chlo-
ride was reduced to 4 grams per day. This was stopped as
soon as the patient could be fed

Fox (8g) and his group have recently proposed 2
physiological replacement solution winch contains sodium,
calcium, magnesium and chloride jons m normal plasma
concentrations Its potassinm concentration is twice nor-
mal 1alue and bicarbonate 1s provided in double its
normal concentration mn plasma Their data indicate that
this solution prevents hypopotassemia without danger of
toxiaity, corrects moderate acidosts without inducing
alkalosts, replaces extracellular electrolytes and induces
copious secretion of urme and salt. Its use 1 palioary-
elitis seems reasonable

Gamble (81) says, however, that “the danger of damage
to the heart 1s so sertous that I should not like to sce the
parenteral use of potassium go at once mto cluncal cur-
rency " If so 1t should be controlled by careful routine
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analyses best done by photometry which appears to be
reasonably accurate

1f, however, potassilum can be given by gavage or swal-
lowed the orgamsm appears to be able to absorb and
retain the proper and safe concentration of this electrolyte
from the gastrotntestinal tract That 1s a good argument
for earlier use of tube feedmg, possibly by the third day,
if a tracheotomy has already been done to lessen the
danger from regurgitauon The feeding tube also permus
aspiration 1n the occasional gastric hemorrhage. On ac-
count of the danger from vomiting, we still choose to use
only parenteral admmistration of fluids, glucose, electro-
lytes, vitamin C and B complex and protemn hydrolysate
until patients can swallow.

VITAMINS AND PROTEIN

For repair of tissue damage and the tracheotomy wound,
and to avoid edema and promote general well bemng, it is
essential to prevent vitamun deficiency and hypoprotemn-
emia

Vitammn C 1s given from the outset, but we have not
thought there was spectal benefit from very large doses.
Vitamin B complex has been given parenterally after the
first week Some expertmental work 1n muce (go) has ind:
cated that the virus of poliomyelitis was less virulent when
vitamn B was deficient Thas was held to be an indication
that the virus thrives best n healthy host cells That might
explam some recent cases where vigorous healthy young
men proved to be our poorest risks

Bower and his associates (87) demonstrated that serum
atbumin levels drop early in poliomyehitis between the
first and third day and progress unfavorably for at least
ten days They found also that the serum globulin ratio
was likely to be reversed They believe this drop in serum
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albumin is an important factor in the development of
edema, especnally of the brain. This edema, they postulate,
tends to further diminish circulation to brain tissue and
thus increases anoxic effects They found this drop in
serum albumin retarded or prevented by the use of pooled
irradiated blood plasma with apparently considerable ben-
efit to the patients. We have used plasma with benefit in
severe cases especially where the patient’s condition ap-
proached that of shock We give a protein hydrolysate or
amuno acids by vein after the second or third day in addi-
ton to glucose Irom the outset. Gavage is begun alter
some return of ability to swallow starting with 50 to 75 cc.
increased to goo to 400 cc. per feeding alternating with
water and formula every hour, A balanced formula is
used which gives a mmimum maintenance requirement.
In the adult this 15 at least 1800 calories daily.

TRACHEOTOMY

While the measures already outlined will carry many
patients to tecovery, n others certain danger signs point
to the need for further relief Tracheotomy was apparently
first suggested by Wilson (61) for use in some circumstances
in bulbar poliomyelitts, but only in recent years has it
come to be widely employed. A clear concept of condi-
tions which make it necessary, more precise indications
for 1ts employment, the almost complete lack of danger
in its use and the fact that 1t 1s Iife saving in a large per-
centage of cases have come to be generally appreciated. .

Probably 1ts greatest value comes from the fact that it
bypasses secretion m the pharynx and provides a clear air-
way (see Fig 2). Although Wilson (g1) has been conserva-
ve m his advocacy of tracheotomy he has well stated its
value. He sard, “Tracheotomy 1s a radical step but often
lifesaving Its purpose 1s to furnish a free airway so that
the air necessary for resprration does not need to be moted
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down a pharynx full of secretion and through a larynx
continually 1n spasm.” I beltese the observation quite
correct although I cannot agree with his condemnation
of this simple operation by calling 1t radical under
such circumstances. Secretions in the trachea and bronchi
may eastly be removed by suction through the tracheotomy
tube, especially if the patient is placed in the positien of
postural drainage After tracheotomy the use of the respr-
rator 1s safe and this may be important 1n a depressed
patient

Greater use of tracheotomy was advocated 1n 1913 (62)
and an attempt was made to rationalize the procedure.
Since then reports of large numbers of operations by
Priest, Boies and Goluz (65), by Bower (36) and others
offer definite proof that it 1s of great value and a relatively
harmless procedure

INDICATIONS FOR TRACHEOTOMY

Qur ndications for tracheotomy in poliomyelitis are:

1. Progressne anoxia in spite of other treatment

2 Coma, wrrationality or marhed restlessness or other
signs of severe anoxia, not 1mmediately relieved on suc-
tiomng

3. Marked restlessness or stupor m a patrent 1n a respi
rator, even if the disease appears to be spinal.

4 Flud accumulation not certainly taken care of mn
any patient.

5 Marked spasm (or bilateral paralysis) of vocal cords.

6 Rapudly prog; bulbar symp or
paralysis

7 Bulbar involvement in any patient requiring a respi-
rator

8 Low tidal air not corrected by aspiration or safe res-
pirator pressures

9 Untramed 5 d
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cooperation with any doubt that airway will be kept free
of secretions.

These indications merit further discussion,

Symptoms of anoxia must be closely watched for, in-
cluding restlessness, dyspnea, disorientation, mental de-
pression, increased blood pressure, or later fali, and cyano-
sis. No patient should become unconscious under obsersa-
tion.

Under the third indication it is not always possible to
diagnose exactly the type of involvement, especially be-
cause an insolvement originally spinal may spread quickly
to the bulb. Moreosver, fiuid may accumalate not only
from pharyngeal paralysis but because of bronchial or
pul 1 1on or pul ry edema.

Additional indications have been given Sudden nse in
blood pressure has been considered as evidence of carbon
dioxide accumulation It has been observed that if blood
pressure readings taken at half hour intersals showed 2
nise of 15 to 20 potnts, tracheotomy gave early relief from
developing anoxia On the basis of physiologic factors I
am willing to believe that this might be an important
indication

We are not quite ready to recommend routine prophy-
lactic tracheotomy 1f the chinictan 15 prepared to intervene
at any moment and realizes how rapidly such patients can
farl But it is much betrer to do tracheotomy unneces-
sarily 1n many cases rather than too late n a single one,
and too early rather than after ireversible damage We
have seen no mmportant complication from the operation,
nor any case 1n which 1t contributed to an unfavorable
outcome That should be unnersally true if proper tech-
nique 1s used This 15 discussed in a following chapter
The high operation should be done—usually through the
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first and second 1nterspace and the second or third trach
ring to permit later nse of the respirator if that becor
necessary.

Tracheotomy is not to be withheld, as it is too often,
the last forlorn hope. It should be done more often wit
physician's first experience with the disease, as m
greater skill, training and equipment are required to @
on without it As Strobel and Canfield (82) state, ever
very ill patients delay of tracheotomy is more danger
than its performance. They point out also that trach
omy permts a patient 1n a respirator to swallow m
easily because the usual pause in resptratory action ¢
ing which a pauent swallows is not possible with n
tan) respirators,

Postoperative care of tracheotomized patients is ¢
cially important since cough 1s 1mpaired or absent, e
cially 1f they ave m a respirator For such a patier
trained resident or interne should be on the floor at
times Great gentleness to avosd trauma ts required. W.
continuous water suction from the pharynx is contin
through the nose, mtermttent suction 1s used through
tracheotomy tube, removing the inner cannula f ne
sary A soft whistle tip catheter 1s gently used or a
rubber catheter obliquely cut and smoothed in a
flame with a small second opening near the end to b1
excessive grasp of mucosa, while permitting remova
secretion or plugs Dew point humdification, gentle
nigation as tndicated with warm three per cent soda bi
bonate solution followed by normal saline, both remc
by suction i postural dramage will usually pres
atelectasts and obyiate the need of bronchoscopy

Wetting agents (sodium lauryl sulfate) have been v
but T have seen one case m which they caused foan
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which contributed, I believe, to an unfavorable outcome.
Grace (g2) has added wetting agents directly to the water
in the mechanical bumidifier with what he thinks is a
better effect. Forceps technique is employed for asepsis
Antibiotics are used but not Jong enough to permit the
overgrowth of monilia and other fung. If penicillin and
streptomycin are used instead of the broad spectrum anti-
biotics this danger appears to be greatly lessened. Sulfona-
mides are, we believe, sometimes harmful in poliomyelitis

I have not taken a definste stand for prophylactic trache-
otomy believing that with experience we could anticipate
the need for intervention mn time It had even seemed
that with an appreciation of the mechanics involved and
with meticulous care a patient with some difficulty might
be safely carried mn a yespirator with postural drainage and
continuous aspiration. Strobel and Canfield’s (82) advice
to operate when there are early and progresstie bulbar
symptoms, or when a long siege in a respirator is likely
with any fluid accumulation now scems to be sound

A growing beltef 1n the importance of laryngeal spasm
even with small amounts of fluid in the pharynx, unhappy
expertence with reluctant consultants and untrained and
skeptical house staff on whom final dependence rests for
proper treatment, and delayed requests for help make me
now thunk 1t should be a fixed rule that any patient going
into a respirator with any difficulty with secretion should
have a tracheotomy.

On studying our own records I was shocked to find that
of mne pattents with bulbar symptoms who were placed in
a respirator without tracheotomy at any time, only one
survived Jacobson, Cohen and Carter (gg) studied roent-
genologically pulmonary complicauons in relation to tra-
cheotomy in respirator patients, Of 26 patients who had
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wracheotomy the same day they were placed in the respi-
rator only 14 developed atel is ot ather d
thanges. Of 17 who went imto the respirator one day be-
fare the operatton was done, 14 had such complications.
It 15 not easy 1o detect beginning atelectasts even with
X-ray (2¢) nor always practicable to use it When once such
a pathologic condition in the lung is established, 1 15 also
difficudt or frequenaly impossible to correct . The con-
scientious plysician cannot easily brush off the self re-
proach thar niit follos the postmortem finding of exten-
sne atelectasis that deyeloped because he has done nothing
because symproms, though defintte, were nat amumate
enough to stap him awale It 1 certamly much beteer to
perform such an easy 2nd safe proceduse as tracheotomy
many times too early or unnecessanly than to hne faded
to do it once sn time to prevent senions consequences

TriE RESPIRATOR IN BULBAR POLIOMYELITIS

It was at one time considered useless and dangerous to
use the m bulbar pol 1 but now 1t
seems to be widely employed i that disease This em-
ployment has closely camcided with more widespread
adoption of tracheotomy wn treatment We hase fornd 1o
bulbar poliomyelitss that 1 may be of tremendous talue
and without danger if a clear atrway 1s msured Jt 15 easy
1o see that if the upper mrway is filled with visad secre-
ten and suction produced below it by a normal or me-
chanical resprratory mechamsm, the arr column will tend
*o push ahead of 1t 2 diaphragm of vivtd secrenon Some
air wil} bubble through This action 15 shonn by the model
Hlustrated 1n Frgure 2 1t 15 evident that such a procedure
Might easily drown a pattent n hus own secretions §i wal
be indicated later i thn chapter how such negatne pres
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sure aganst obstruction also tends to produce pulmonary
edema.

It should be equally clear that if such secretion is by-
passed by a tracheotomy so that changes in pressure are
equalized, or nearly so, within and without the area of
ventilation no fluid will be drawn in The immediate
relief of depressed patients and their usual adaptation to
the riythm of the machine, as well as the greatful rest
which they then enjoy, offer excellent proof of the respi-
rator’s safety and value.

Bulbar patients may need a respirator for several rea-
sons. Occasionally we have seen a primarily spinal type
of paralysis spread up to imolie the medullary center.
Durmg the last year the process has seemed more wide-
spread and purely classifiable types less frequent. Cases
seen 1n 1951 have shown some bulbar involvement and
some weakness of the respiratory muscle control at the
same time. Our experience has indicated, however, that
most often the medullary center is depressed by anoxia and
carbon dioxide, and that the depression may have become
rather profound before the anoxic factor is recognized
and corrected There 15 usually a serious degree of exhaus-
tion before acton s taken, This is due m part to the
muscular effort in breathing against obstruction In addi-
tion there 15 on the nervous and mental side considerable
tiring and depression by the conflict between reflex and
voluntary mechanisms which strive at the same tune to
ventilate the lungs yet prevent the aspiration of secretion.
Also the r may, if the medullary center is out,
trde over the patient during the difficult switchback from
control of respiration through the chemoreceptors, ef-
fective under hypoxia, to a recosered medullary center
which will normally respond to carbon dioxide and
changes in hydrogen 1on concentration Again the fact,
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hat usually m the serious cases, relief was rather rapid on
learing the amrway and instuuting use of the respirator,
ndrcates that anoxia and not virus infection of centers
was the vital factor. It is repeated that 1t should be the
rule that tracheotomy should be done on the patient with
sccumulating secretions before he is placed in the respi-
rator

Walson {g4) has well described the general management
of the respirator, and we hase rather closely followed his
directions We, howeuer, feel that the respirator 1s both
safe and very valuable 1n bulbar poliomyelitts We follow
Wilson’s advice to 1nitiate rates of 15 to 20 per minute
for adults and 20 to go for children, but we allow the pa-
tient’s sense of well bemg to dictate moderate changes
The shghtly faster rate seems to be better accepted in the
beginning, but we have thought that a shghtly lower rate
1s more physiological and permits more complete diffusion
of air in the Iungs and greater change it the dead space
We have used negative pressures as a rule between 15 to
18 and occasionally to 2o cm of water The positive pres-
sure ad of the tank resp seems of little or
no value That, however, 1s not true of mtermittent posi-
trve pressure such as 1t provided by the Bennet apparatus
and synchronized with the negative pull of the tank This
may be of considerable help in desperately 1l patients,
especially when pulmonary edema 1s threatened

In unobstructed patients rates and settmgs described
seem to give adequate ventilation to judge by the patient’s
comfort, absence of symptoms of anovia, and good volume
of tidal arr as measured by the ventilation meter Except
for short intervals greater negative pressure may slightly
increase the danger of pulmonary edema, interstitial
emphysema or pneumothorax.

Great caution should be used in attempting to secure
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relief of discomfort, distress or symptoms of anoxia by
marked increase in the rate or depth of respiration. Fail-
ure to secure adequate ventilation at or under 20 cm. of
water of negative pressure should raise a question of
blocked amrway, atelectasis or beginning pulmonary
edema. Every other means including aspiration and prob-
ably posiuve pressure should be used to restore proper
venulation without unduly increasing the setting of the
machine As described later higher pressures quickly
released may help reliese atelectasss.

OQUTLINE OF TREATMENT

Theatment at the Evanston Hospital is outlined-

1. Postural drainage with continuous water or vacuum
tank suction 1nstituted at beginning of swallowing dif-
ficulty.

2 Parenteral fluids, electrolytes, vitamin G and glucose
followed later with intravenous vitamin B complex and
protein hydrolysate or amino acids

3 Oxygen admunistration, but as an adjunct to clear-
ing the airway and elinmpating carbon dioxide

4. Tracheotomy when signs of anoxia persist or develop
in spite of the above

5 The respirator when respiration is depressed from
anox1a, exhaustion or any other cause.

6 Antibiotics agamst infection (but not to the point
of overgrowth or fung)

7 Careful nursing and great care to mamntamn morale,
to allay fear and to heep the patient reassured.

Such treatment should be usually effective if under-
tahen early Gertamly even without much experience with
the disease these measures are to be preferted to special
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apparatus which perhaps places wrong emphasis and
delays proper measures. These need spectal discussion as
some are very valuable, especially in serious cases

Oxygen has proven of great value in resprratory ob-
struction It should, howeser, be emphasized that much
more mmportant are the measures taken to provide for
the elimination of carbon droxide. A clear airway is the
prime need and no special device to provide oxygen
should divert attention from this

SPECIAL APPARATUS

The oximeter has been proposed to determine oxygen
need It needs to be set against a normal base, is said by
some not to be a reliable apparatus, gives no direct indi-
cation of carbon dioxide excess, and 1n our experience is
chiefly of value in determiming when a chronic respirator
pauent may leave the respirator

The electrophrenic resptrator has some value 1n emer-
gencies but does not have the applicability or dependa-
bility of the tank respirator It is not well tolerated for
long periods and does not seem to warrant the emphasis
given 1t Bower (g5) watched 2 trial of this device and
discarded 1t as impractical

Various portable resprators are of defintte nse 1n doing
tracheotomy and in weaning the patient from the tank
respirator  They do not yet have the dependabilnty or
efficiency of the tank respirator

The rocking bed seems to have proven of real value in
making the valescent patient independent of the res-
prrator and shortemng the transition period weeks or
more It can not replace the tank resprrator in a patient
with serious respiratory depresston
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Attempts at determination of chemical acidosis in our
experience have not replaced careful clinical observation.
Respiratory acidosis, as pointed out by Gamble (g6), gives
opposite blood findings from those of metabolic acidosis
and must be interpreted 1 the hght of blood pH and
compensatory mechanisms, To be significant, tests must
be done on alveolar air, here impossible, or on arterial or
capillary blood. We have not found them of great prac-
tical value in individual treatment, but they are very
important for research and to study the efficacy of methods.

The Los Angeles group, under the lead of Bower and
Bennet (76), have designed a number of mechanical de-
vices which careful physiologic studies indicate have much
promise. They are only now becoming generally available.
They include:

1. The Bennet ventilation meter which aids in deter-
mining the setting of the respirator. It also shows when
dangerous lessening of the tidal air indicates need of add1-
tonal help by tracheotomy or the respirator. We have
found this easy to use and of considerable value.

2. The termutent positive pressure attachment which
synchronizes through mask or tracheotomy with the nega-
tve pull of the resprrator Some physiologists insist that
in any case the true value of the negative pressure is the
same as the algebraic sum of combined positive and nega-
tive pressure However, the Los Angeles group scem 10
have de; rated that the combined positne and nega-
tive pressure is definitely beneficial 1n more wide jnflation
of lungs and prevention or reltef of pulmonary edema and
atelectasss They found that when using the two together
usually a smaller total pressure 15 required which is better
tolerated by the patient Motley (g7) believes that the
reason oxygenation of the blood may be improved when
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established it may be extremely difficult or impossible to
carrect. Especially is this so of atelectasis and its train of
impaired respiratory function and secondary infection
Likewise, pulmonary edema when once mutiated in polio-
myelitis may be nreversible.

ATELECTASIS

Some factors in the development of atelectasis have been
discussed in Chapter II. Obstruction by spasm and secre-
tion and impaired circulation operate especially adversely
in poliomyelitis, and most patients dying of this disease
present findings of atelectasis The condition may be hard
to diagnose, but it is to be suspected when a patient pre-
viously doing well develops dyspnea and other signs of
anoxia If these persist afrer the airway 1s cleared, and the
ventilation meter then shows diminished tidal volume,
the presence of atelectasis 1s more Itkely. If any important
area of the lungs 1s not aerated we have found, especially
in tracheobronchitis, that with the stethoscope over that
area the breath sounds are muflled or absent. Roentgeno-
grams may be of Iimited value since they will be taken
under trying ctrcumstances with a portable machine.
Anspach’s (22) work indrcated that unfortunately atelec-
tatic areas usually did not give a shadow until infection
was already present.

To prevent atelectasis the airway must be hept clear, 1f
necessary by tracl y, and the pul y circulation
presersed by adequate lung mosement. Frequent change
of position helps prevent stagnation and congestion of
bleod 1n dependent portions of the Iung.

Galbrawh's and Steinberg's (14) experiments on dogs
cited earlier, indicated that atelectasis after 24 to 48 hours
might not be cleared c¢ven by relief of obstruction, espe-
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Respiratory Emergencies

PULMONARY EDEMA IN POLIOMYELITIS

Pulmonary edema in poliomyelitss has been sometimes
ascribed, along with vasomotor and eardiac disturbance,
to direct action of the virus on brain stem and autonomic
ganglia. Although the neurogenic theory has been used
to explain the pathogenesis of pulmonary edema in skull
injury and subarachnoid hemorrhage, others have con-
sidered the effects due to secretional obstruction and
laryngeal paralysis or spasm. The controversy is not jet
settled.

But for poliomyelits Polley (gg) has assembled data,
for which he provides good documentation, to explain
pulmonary edema without directly involving factors of
brain infection or damage. It can be explained on the me-
chaneal effects of hydrostatic and osmotic pressure in the
pulmonary circulation, plus greater negative intrapul-
monic pressure associated with obstruction. To this may
be added increased capillary permeability due to anoxia
and carbon dioxide excess as shown by Drinker. Associated
cardiac failure may furdcher predispose to edema, as may
also serum albumin deficiency

The funcuon of systemic capillaries is to surrender
nutrition, electrolytes and fiud to general tissue cells and
take up metabolites Excess fluid 15 removed by lymph
flow On the other hand in the lungs tespirator) gas ex-
change 1s sertously hampered by fluids. Here excess can-
not easily be disposed of by ts relatieely scanty lymph
flow Especially 1s this so shen there is Iimitation of active
lung movements on which blood flow depends.

A chart modified from Poliey indicates sarying condi-
tions of hydrostatic and encatic pressure m systemic and
putmonary capillaries This 15 deseribed 1o the text which
follons
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Acute Bulbar Poliomyelitis

HADROSTATIC AND ONCOTC (OSMOTIE) PRESSURES OF CAPILLARY CIRCLLATION
(Alter Polley)

Filtranon (Retatning)
Pressure Pressure Result
A
Normal 22 mm Hg s5mm Hg 7mm Hg
Systemsc hydrastatic onconic Fltranon
pressure pressure dnving
force
Normal tomm Hg 25 mm Hg No hltration
Pulmonary hydrostatic oncouc 13 mm Hg
(neglimble pressure opposing
ntrapulmonary fltration
pressure)
c
Palmonary somm Hg 25 mm Hg 25 mm Hg
Circulation hydrostatic oncotic filtration
fomm Hg presue drrving
Closed negative mtra force
Arway pulmontc
5o mm Hg
Rltraton
pressure
Pulmonary 10 mm Hy 25 mm Hg 5 mm Hg
Cireutavion hydrostatic oncotic futration
with zomm Hg pressure driving
Respirator— effecine neg force
irnay ntrapulmome
Ocduded pressure

As outlined 1 the table from Polley (A) the systemrc
capillaries have a relatively tugh hydrostatic pressure of
about 22 mm Hg They are surrounded by tissue cells
and interstitial fluid so that the oncotic or osmotic balance
tending to retam flmid 15 approximnately 15 mm. Hg Thas
leaves the filtration force of 7 mm Hg drixng fluid out of
the capllary.
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On the other hand normally in the greatly widened
lung bed the hydrostatic pressure is held to be as low as
to mm Hg. (B). The alieclar cell lies against capillary
endothelium without intervening intersutial fluid and
oncotic pressure 1s about 25 mm. Hg. With unobstructed
airway intrapulmonic pressure approaches zero. The dif-
ference, 2 minus 10, leaves a force of 15 mm. Hg. oppos-
ing filtration. This secures the fluid free surface at which
gaseous interchange may take place. This force is so
effective under normal conditrons that Colin in 1873 was
able to give a horse 21 liters of water intratracheally in
three and one-half hours with no ilf effects

With obstruction of the airway the effect is quite dif-
ferent (C). The negarve intrapulmonary pressure in forced
inspiration may go to —go mm. Hg. or higher. This would
leave a filtration pressure of 25 mm. Hg. tending to force
fluid into the lungs While such pressure might cause little
harm 1 a short ume in normal lung with good Iymph
flow, 1t seems reasonable that 1t might, if continued, be
disastrous 1f the cells are mjured by anoxia, hypercapnia
and impared circulation, If such obstruction persists
pulmonary edema would be expected to occur.

The filtration driving force in a respirator set at ~20
is 5 mm. Hg which 1s not great (D), but if multiplied by
the approximately 1000 cycles per hour ol the apparatus
1t could be important 1t certzinly allows no safe margin
1f any obstruction 15 allowed to occur. It is also a warning
against an attempt to compensate for poor ventilation by
undue increase of the negative tank pressure.

The conditions with a smoothly working respirator,
tracheotomy and free airway are the same as shown in
condition B, that 1s, approximately pormal

Pulmonary edema 1s a relatively common finding post
mortem. It 1s almost wreversible although Kernan and
Barach (13) and Bower, Dillon and Bennet (76) have
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———= CHAPTER V

TRACHEOTOMY —ITS EXPANDED ROLE
AND TECHNIQUE

TIL RECENTLY tracheotomy had been held in reserve

U as a rather hazardous and reportedly radical proce-
dure to be used in bulbar poliomyelitis and other condi-
tions rather as a last resort. Howeter, in several papers
reasons were given for considering it a relatively innocuous
and effective procedure to use in respiratory obstruction
before irreversible pathologic changes developed Long
before this many physicians workmg with tracheobron-
chitis and other obstructive conditions had realized the
relative simplicity and frequently lifesaving effect of the
operation In recent years 1t has come to be acccpted by
men in many fields, including internal medicine and con-
tagious disease, anesthesia, surgery and neurology as
having a wide field of application

The good results from tracheotomy may be summed up
as follows

1 It prevents mmmediate asphyxia from obstruction,
spasm, paralysts or flooding secretion

2 Tt prevents anoxia and carbon dioxide accumulation
with brain damage and general and medullary depresston.

3. It prevents exhaustion by reducing respiratory effort.

4. It permits remenal by suction of secretion, plugs
and crusts If necessary, they may be removed by irnga-
tion from trachea and bronchi.

5 It bypasses secretion and permits deglutition to
function during respiration
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amounts of local anesthesia are required. If young pa-
tients struggle or are antagonistic it is usually because
of anoxia. This can be prevented by preliminary bron-
choscopy, or such patients can be controlled by mummy-

ng.

The shoulders should be raised on a flat pad, and the
head extended well if that does not increase the diffi-
culty in breathing. It is important that rotation of the
head and neck be prevented so that exact midline
orientatton is maintained. It is well to remember Jack-
son'’s tracheotomy triangle lying below the level of the
cricoid cartilage and within the median borders of the
sternomastoid muscles with 1ts apex at the suprasternal
notch. No vital structure should be injured in that area,
and the chief difficulty would be bleeding from the thy-
roid isthmus. The incision should be in the midline
beginning below the thyroid notch which may be pal-
pated by the forefinger with the thumb and middle
finger fixing the thyroid cartilage for orientation. The
emergency seldom justifies the collar incision except in
some nech mjuries. The primary incision should extend
only far enough to gne adequate exposure without an
undermined wound 1n which emphysema and infection
are more likely to occur

Except for one horizontal mcision through the thyroid
fascia to mobilize the sthmus, all incisions should be
made in the midhne The strap muscles are separated
exactly in the midline and the pretracheal fascia incised
i that line so that no carulage is left denuded. To do so
increases the risk of perichondritis The isthmus may be
pushed up or down although I prefer to lift it on curved
Kelly forceps, cut verucally through 1t with scissors and
transfix the ends with suture ligatures. Hemorrhage into
the trachea 15 an mportant complication to be avoided.
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Resnratory Emergencies

and care. I prefer to make a small transverse cut in the
interspace and remove an ovoid of cartilage through
which a tightfitung tube will just pass with a nearly
water-tight connection (Fig. 5). Jackson's cartilage hook
retractors are useful for this maneuver as well as for
lifting and holding the trachea m the wound while it is
apened. If time permits, the needle of a hypoedermic
springe is passed into the trachea to identify it by aspira-
tion of air. Preferably a few drops of 2%, to 8%, cocaine,
depending on the patient’s age, are then injected into the
trachea to allow tranquil acceptance of the tube.

The tube should be long enough and of a suitable
curve so that it rests smoothly in front of or against the
posterior wall without pressure or irritation. At first, the
largest tube easily taken permits easier breathing, aspira-
tion and care Later as the arrway becomes more free a
smaller tube shunts more air through the larynx and
causes less drymg and allows more effective removal of
secretion by coughing.

Packing 1s placed rather tightly below the tube to
prevent bleeding, emphysema and infectton, and it is
usually removed after two days A smaller pack is put
above the tube for hemostasts and removed after one day.
For packing 1 prefer a cod lhver oil preparation such as
“Gadamint” on strip gauze as it seems to causc less irrita
tion and infection I formerly taught that leaving the
wound open was less hkely to cause emphysema and
wnfection, but now close rather tightly around the tube to
hold the packing tightly in place. Less scarring results and
apparently less emphysema and infecuon.

Emphysema, 1t has been rather well shown, can usually
be prevented 1f, by passage of bronchoscope or endo-
tracheal or Mosher tube, an open airway is guaranteed so
that during operation air 1s not drawn into tissuc spaces
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CHAPTER Vi

TRACHEOTOMY IN OTHER DISEASES
WITH RESPIRATORY OBSTRUCTION

T HAS$ RECENTLY come to be recognized that respiratory
Iabstruclion plays an important role in many conditions
where anovia and changes secondary to obstruction add
a critical overload to an already depressed organism If
these factors are recognized, patients previously con-
demned as hopeless may be saved by treatment directed
to the relief of obstruction. Proper posture and change
of position, temporary arway, oxygen and catheter or
bronchoscopic aspiration may be enough in many cases
if patients are not overwhelmed by the essential disease.
If these measures are not sufficient tracheotomy may be
life saving

Some of these conditions I have classified as disorders
due to secretional obstruction and/or spasm or paralysis
of the larynx I have already stated why I consider spasm
much more important than paralysis 1n discussing polio-
myehtis Among these conditions are*

1 dcute nfections and toxins.
Bulbar poliomyelttis, tetanus, diplithera, botulism
Drugs and powons, espectally.
Anesthetics and barbiturates.
g Central mjury
Trauma, especrally war wounds, tumors, vascular
accrdents, brain abscess
3. Svstemuc disease involving the bulb
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Respiratory Emergencies

cheotomy had been advised for severe cases of the disease
by Spaeth (108); Isaacson and Swanson (109) used a
respirator with apparent benefit but without recovery n
one case of tetanus, but tracheotomy was not done. We
combined the three measures and in our experience the
combination was very valuabl
We outlined our treatment of severe tetanus as follows:
1. Drainage and debridement of the focus
2. Antitoxin—although there is doubt about its use
fulness except for prophylaxis.
3. Control of convulsions by (a) sedatises and anes-
thesia, (b) curare
4. Tracheotomy which
(a) prevents asphyxia from spasm and should be
done in all severe cases
(b} by-passes secretion and prevents aspiration
of secretion.
() prevents lung complications such as pulmonary
edema, atelectasts and pneumonitis found in go%
of fatal cases.
() allows use of a lower level of curarization,
5 Resprrator 1f needed.
6 Postural drainage and continuous nasal suction if
there 1s any flurd accumulation.
7. Tracheal asprration
8 Oxygen, usually
9 Parenteral flurds early and gavage feeding later.
Some of these points need further discussion Sedatives
i muld cases, espectally 1f supplemented with small d(.ncs
of curare may control spasm 1f comvulsions at any tme
threaten to become severe or generalized, trachcotomy,
which 1s easy and safe if done at an early stage, should be
performed It 1s very easy to precipitate a comulsion in
whih 3 pattent may asphyxiate without tracheotomy.
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With tracheotomy one may use a much smaller dosage
of curare and dus is much safer. If curare is long used
m full enough doses to destroy voluntary muscle move-
ment and tone, there 1s much danger of a state simitar
to shock perhaps associated with stasis of arculanon We
maintain the patients so there are mild tome movements
on ustng a needle for medication.

A faurly high level of © had to be maintained
ta prevent cemoulsions. Without mechanical aid respira-
tion was seriously depressed from the drug and also from
the actton of anoxia and carbon dioxide on the respira-
tory center Although probably not necessary in all cases,
the resptrator seemed ‘aluable for exchange of gases as
well s for lang movements whch probably have much
ta do with pulmonary circulation and the preventon of
atelectasis. Synchromzation with the machine may not
be perfect, and there may be munor ectopic Tesprratory
movements, but the patienc falls rather quickly ino
thythm with the respirator and does not wish to be
remosed until several days after curare has been stopped
and normal cone and strength are regatned

It tracheotomy has been done a feeding tube may be
used relamnely early and electrolytes, especially potas
stum, so grven will be taken up in the amount required

The pattent may need the respirator up to eight to
10 days and the tracheotomy tube should be leke in 2 few
days longer Tracheotomy should be done lugh to permut
care 1 the respirator

DIPHTHERIA

Diphtherta may produce a complex of laryngeal and
deeper obstruction and palatal, pharyngeal and deglutt-
tory paralysss, along with severe toxtc depression, as well
as anoxia This may have been overlooked in eardier
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safety 1t affords when the condition becomes threatening
1f, as Von Leden points out, aspiration by catheter or by
bronchoscopy affords only temporary relief, tracheotomy
1s the treatment of choice and should be done at once

BARBITURATE POISONING

In moderately toxic doses of barbiturates, after remos-
g the excess drug from the stomach, the patient sleeps
off 1ts effect. With larger doses the effect is a profound
depression with slow elimination or detoxification 1¢
quiring up to five to eight days. Cough is obtunded.
secretions accumulate and pulmonary complications de
velop, or the patients may die of 2 combination of central
drug and anoxic depression with atelectasis and pnet
moniis Respiratory efforts may be produced by stimula
tion with picrotoxin, ephedrine and other drugs, but suc.h
management alone 1s very hazardous “Tracheotomy agaim
15 a slight step to take to save a life. It bypasses secretions
prevents anowia by their obstruction and permits their
cayy temoval from the trachea. IE respiratory depression
15 profound and persisting, the respirator should replact
less tentain methods of arificial respiration. lIts us¢ *
wuch sater after tracheotomy. By such techniques ¢
of these patients have recovered from very large dosts ©
the baibaturates
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Tracheotomy n Olther Diseases

age, recovery was fairly prompt In many central injurses
anexia and carbon diovide accumulation may be an
important part of the picture adding markedly to de-
pression and shock

Echols (114) and s group from the Ochsner Clinic
state that 1 patients unconsclous from head injuries
“the airway 15 of first importance because of its 2id in
the prevention of cerebral anoxia, a devastating sequel
to craniocerebral trauma * The use of tracheotomy for
thys purpase has been neglected, but more general inter-
est in this procedure in neurosurgery bas followed it
employment 1n tetanus and bulbar poliomyelitis They
report that tracheotomy was done mn 89 patients solely
to prevent or correct respiratory complications. In g7
pattents it was done prophylactically.

In head 1nyuries withont tracheotomy the nasal passages
2s a rule are closed by travmatic edema, blood and mueus.
The tongue drops back, and hematoma or fracture of
the mandible, hyoid or larynx may add to the difficulty
Saliva, blood, vomitus and cerebrospinal fiuid may pool
i the pharynx and run down the trachea The uncon-
sciotts patients present a grave problem as they are fre-
quentty eblivious to secresion, cough little, swallow poorly
and breathe slowly with shallow resprrations They are
likely to have severe anoxia and to develop atelectasis,
pneumonitis and pulmenary edema.

The 1mprovement 1n such patients after tracheotomy,
as Echols potnts out, is ysually dramatic Color improves,
the patient relaxes, and the labor of breathing diminishes
Secretions can easly be removed by suction catheter
through the tracheotomy tube “The assurance that the
patient will be free of respiratory complications . for
the coming desperate days or weeks 15 a relef to all
concerned.”
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Echols and his group performed tracheotomy in 15
patients with head injuries with gratifying results, although
all did not survive. They advise the use of the endotra
cheal tube if aid is needed for only 12 to 2o hours. If it
is to be required for more than 24 hours they urge
tracheotomy.

If severe trauma involves the larynx or trachea itself,
especially with fracture which may lead to speedy asphyxia
by sudden spread of edema or hematoma, tracheotomy
should be done prophylactically.

IN NEUROSURGERY

Recently Taylor and Austin (115) recorded the great
usefulness of tracheotomy in certain cases in which neuro-
surgery had been done They point out that in such pa-
tients consciousness is diminished perhaps for many days
The cough reflex is depressed, liquids or foods may be
aspirated into the lungs, the pharyngeal musculature and
tongue are relaxed and fluid 1s Likely to reaccumulate after
tracheal aspiration Laryngospasm, they believe, may be
important. Tracheotomy was in their opinion very valu-
able in selected neurosurgical patients in preventing an-
oxia and pulmonary complications They reiterate that
“patients in a diminished state of consciousness secondary
to organic central nervous system disease may be unduly
sensitive to even slight degrees of oxygen want.”

The clinician will not nfrequently be gratified to find
marked and rapid improvement in the neurosurgical pa-
tient whose airway has been cleared or on whom a tra-
cheotomy has been done This can be accepted as valid
proof that severe symptoms considered due to the central
dsorder itself should have been ascribed to the overlay
of anoxma .

If vascular accident, tumor, abscess and the like post-
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Respiratory Emergencies

reaching may be the effect of that disturbance. Respiratory
obstruction, anoxia and carbon dioxide accumulation,
unless recognized and relieved, perpetuate and augment
themselves often to a fatal issue. If recognized and opposed
even by relatively simple means they may give some of the
most satisfying victories in the field of our endeavor.
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