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PREFACE

Tuar an anaesthetist needs to be a doctor and one well trained the
principles of anatomy, physiology and pharmacology, as well as of other
sciences as apphed to his art, 15 1 belief by no means umversally accepted
These qualiies we believe are nceded particularly when employing the
techmques of anaesthesta used 1n thoracic surgery, for m these circumstances
the most fundamental mechamsms of hfe are upset Yet to onlookers, and
they have imcluded not a few thoracic surgeons of international repute,
anaesthesia for thoracic surgery nowadays looks absurdly easy, consisting
apparently of little more than a rhythmc and monotonous squeczing of a
bag In fact, m more than one clinic abroad, a mechanical device takes the
place of the human hand, the whole affair being looked after by 1 machine
minder directed by the surgeon

By such apparently simple means, mtrathoracic operations of the greatest
complewty are carried out as a daily routine, and the risk of a fatal outcome
duning such an operation 1s probably lttle more than that during an
abdamnal operation of sumilar complestty  That ths 1s so, 1s largely, 1f not
entirely, due to safe anaesthesia It must be a source of wonder that for over
fifty years the practical expression of principles on which the present-day
techniques re based eluded men of the calibre of Matas and Sauerbruch
As recently as 1937 m a book on thoracic surgery, at the time regarded as
authoritative, the method of anaesthesta described had not changed since
1t was put forward m 1908 by Tregel

Let no one readily assume that because squeezing a bag 1s a sumple
manocuvre, anaesthesia for thoracic operations 1s also sumple, for behind
that simple squeezing lies an accumulation of knowledge and experience
of the physiology and physics of respiration, the exchange of gases between
blood and alveoli and the pharmacology of a number of drugs unused
clinical medicine 1l a few years ago

The early development of anaesthesia for thoracic surgery was charac-
terized by the fact that interest in 1t was hmted to surgeons, and an important
Iiterature on this subject has accumulated Unfortunately, this Iterature
seems to be hittle known, for scarcely a month goes by, but an mstrument,
techmque, or 1dea, which had already been described or mnvestigated by
exrher workers, 1s rediscovered We feel that the proper understanding of
present day methods of anaesthesta for thoracic operations, 1f not dependent
g"’ 1s at any rate enhanced by, a knowledge of the difficulties encountered

y the proneers of thoracic surgery, and how they were overcome To those
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V1 PREFACE

conducting research 1nto new forms of anaesthesia or developing new mstru-
ments for this purpose, such knowledge 1s essential

This 15 not a *how to do-1t book, since such a book to be complete would
necessarily have to include a detailed account of the anatomy and physiology
of resprratory function, as well as of the physics and mechames of breathing
and of gas exchange, and of the pharmacology of the various drugs used
We have, 1n fact, deliberately omutted the practical details of present-day
techmques simce they are as likely to change as those of thirty years ago

Being active chinical anaesthetists ourselves, we are aware of the practical
importance of proper equipment and how a seemingly trrvial modification
of an apparently useless mnstrument can make possble a technique until then
elusne Some emphasis i this book, therefore, 15 placed on the mstruments
used m these anaesthetic techmques Not only because thev have been
and are of great practcal interest, but because 1 additron they form con-
venient pegs on which to hang the story of how the problems posed by the
open chest have been overcome

We offer no apology for wnng in a conscrously simple manner The
eatra time mvolved has not been small, but by 1t we hope we have made
clearer to practising anaesthetists and research workers parts of a complicated
story formerly little known Many of the 1llustrations are poor, and fall far
short of present day standards They are the originals, however, and we
hase no means other than their authors’ own descriptions to understand therr
details

Grateful thanks are given to the authors and publishers of the many books
and journals hsted, for therr permission to reproduce illustrations, and for
the help grven both by the hibrary staff of the Royal Society of Medicine
and by Miss Lumley Jones, the hibrarian of the Welsh MNational School of
Medicine  We also recenved mnaluable assistance from Drs Marcel and
Stephen Gangand R Armstrong with translations  Our thanks are also due to
Dr E A Underwood of the Wellcome Historieal Mcdical Museum for several
of the 1llustrations, to Mr A Welch of Cardiff and to Mr Wilson and the
staff of the Photographic Department of the Royal Soctety of Medicine for
their expert photographsy and to Miss June Wilbams for several of the line
drawings Acknowledgment 15 made to Messrs A Charles King Lid , The
Gemto-Urinary Manufacturing Co Ltd  and Down Brothers Mayer and
Phelps Ltd for the kind loan of certain blocks We are specally grateful to
Dr L West our colleague at Sully Hosprtal for his careful reading of the
manuscript and for his many helpful crincisms and suggestions Needless to
say, our Secretary, Miss M Fairweather, and her assistants, Misses R Riehl
and A Cumnuck, have our earnest grautude for therr unfailing energy, care
and cheerfulness 1n prepanng the manuscript
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The Pumaples of Thoracic Anaesthesia

INTRODUCTION

Tae practicl solution of the many problems nssocsated with surgery of the
open chest 1s 1 comparatively recent event For some twenty years before
the opening of the present century many attempts had been made to operate
within the thoracic cavity by surgeons already well versed 1n the abdominal
surgery of that d1y  All without exception were hampered m their work
and troubled 1n therr minds by what has been terrred the ‘pneurmrothorax
problem * Scarcely would the chest be opened but the lung would collapse,
and the patient begm to make vigorous respiratory efforts, the mediistinal
structures would move violently and the surgeon find 1t nearly mmpossible
to operate  The patient would become cyanosed from anovia due to nefficient
respiration and this be further complicated by imnterference with the action
of the heart, occasioned by the medinstmal movement The condition of the
patient would rapidly become worse 1nd he would be hable to dic if the chest
were not closed without delay

Vanous measures, mostly empirical, were tried through the years to
obviate the dire effects of the large opeming 1n the chest wall One of these
measures, for example, which was generally known as ‘Muller s Handgrnp,
consisted of pulling out the lung through the wound 1mmediately the chest
was opened, and so, as 1t were, plugging the opening with lung In another
of 1895° the opening 1nto the chest wall was kept so small that the exploring
fingers blocked 1t nearly completely The effect of the opening was thus
nulhfied

It was also noted that httle trouble was encountered mn cases where the
lung was found to be adherent to the chest wall So striking was the beneficial
effect of an adherent lung in preventing pneumothorax difficulties that
several surgeons attempted to provoke such adhesons if they were not already
present, by tnjecting 1rritants nto the pleural cavity some little time before
attempting thoracotomy

In the face of these comparatively simple safeguards 1t 1s little wonder
that though thoracotomy was possible, the prognosis after major resections

was extremely poor Nevertheless, ammal experiments and hmuted chmcal
experience showed that even by the employment of these means, lobectomy
and pneumonectomy

could not only be performed but that hfe was possible
after such operations

*Th term poeumothorax. was comed by the Freach physician Itard 1n 1803 1



2 THE PRINCIPLES OF THORACIC ANAESTHESIA

Tor a proper understanding of the methods of anaesthesia which to day
make possible the lengthy and 1nvolved operations upon the contents of the
thorax, 1t 1s essential to have a clear conception of the problems which
confront the anaesthetist in these circumstances If progress 1s to be made
i this field 1t 1s advantageous, 1n addition, to be famihar with the evolution
of practice and thought with regard to these problems during the last hundred
years We propose, therefore, to discuss first the nature of the problems of
anaesthesia during thoracotomy, and mn broad outline how they may be
solved A roughly chronological account then follows of the evolutionary
process that led to present dvy methods

REFERENCLS
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PART 1

THE PNEUMOTHORAX PROBLEM AND
ITS SOLUTION



CHAPTER I
THE PROBLEM

It had for long been known that life 1s incompatible with a large opemng
through the thoracic wall into the pleural cavity But 1t was also known
that the harmful effects tended to be proportional to the size of the openmng
The smaller the opemng the less the upset, until when qunte small, an opening
could be made mto the pleural cavity with hitle upset to the patient' (sce

p 6)

The collapse of the exposed lung

When the pleural cavity 15 opened to the exterior, the lung on that side,
normally distended so that it comes into close apposition to the chest wall
and mediastinal contents, 15 seen to fall away from the chest wall and to
become much smaller although stiil expanding and contracting 1n a rhythmic
manner with resprratton The now shrunken Jung 1s about one third 1ts
normal size

In order to understand why the lung collapses, the various forces acting
mside and outside the lung must be considered

Certamn forces tend to keep the lung mnflated, while others tend to the
reverse Of the former the mam one 15 the pressure of the air in the alveolt
This 15 the same as the atmospheric pressure, for the alveol are in free
communtcation with the esterior Another force? tending to keep the lung
from collapsing, msignificant mm magmiude compared to the atmospheric
pressure, 15 the adhesion between the visceral and parietal layers of the
pleura, due to the surface tension of the flusd which lubricates these layers
Such adhesion between these layers may often be demonstrated at operations
When a nb has been removed and the panetal pleura carefully exposed,
the moving lung can clearly be seen mn close contact with the transparent
panetal pleura A small incision may now be made in the panetal pleura
without collapse of the lung A little separation of the pleural Inyers, how-
ever, breaks the film of hquid, and the lung quickly falls away from the chest
wall

In normal life these two forces keepmg the lung expanded are opposed
only by the natural clastiaty of the lung resultng from the pull of the elastic
fibres of the interstitial tissue and the elasticity of the bronchial tree (g 1)
The so called negatne pressure wn the pleural space really represents the
elastiaity of the lung unsuccessfully trymng to make the organ smaller In the
mtact thorax the absolute magnitude of the ntrapleural pressure 1s the

4



PARADONICAL RESPIRATION 5

\J
atmospheric pressure minus the retractinve force of the lung  When the
pleura 1s opened, 1tmospheric pressure now 1cts on the outside of the lung,
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SURFACE
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Fic 1 Fic

neutrahizing that within the alveol: The sole effectnve force 1s the elasuc
retractability of the lung itself, and the lung therefore collapses (Fig 2)

Medrastinum

Though the mediastinal structures dnvide the thorax mto two halves, they
are normally sufficiently elastic to make the behaviour of each half of the
chest durmng respiration dependent on conditions 1n the other  The capacity
of each side of the thorax to function independently 1s determined by the
degree of elasticity of the mediastinum  When this 15 rigid as from disease,
an opening into one side of the chest makes little difference to the pleural
pressure and to the tidal volume of respiration on the other side, though
paradosical respiration occurs  With a flexible mediistinum the presence of
a pneumothorax on one side causes 2 marked movement of the mediastinum
to the unopened side on mspiration  On expiration the reverse occurs
The effect of this movement of the mediastinum 1s to reduce, sometimes

marhedly, the volume of air entering the lung on the mntact side 2t each
breath

Paradoxcal resprration

It 15 easy to observe when looking through a thoracotomy opening, that
when the patient breathes spontaneously the collapsed Iung expands and
contracts mn a rhythmic manner Closer observation will show that unlike
the normal state of affairs, the observed lung becomes smaller on mnsprration
and larger on expirition  This 1s the paridox

On inspiration the whole thorax enlarges and the extra space 15 occupted
by the entry of air mto the lungs and of blood 1nto the heart from outside
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the thorax In the intact subject the arr enters the thora through the trachea,
and each lung recerves an addition of fresh air  In the presence of a thora-

cotomy openng, arr enters the thorax not
only through the trachea mto the alveols,
INTACT

but also through the thoracotomy opening
mto the space around the exposed lung
PNEUMO- The amounts of awr which pass through
THORAX each of these depends on the relation
between the cross-section area of the
trachea and that of the thoracotomy
\@' opemng  On nspiration, therefore, there
15 a competition, so to speak, between the
ATMOSPHERIC
PprESSURE | air entering the thorax down the trachea
and that through the chest wall opemng
With a large opeming 1n the chest wall,
the greater amount of arr enters the thorax through this, and the mediastnum
1s pushed to the hirmit of 1ts flexibility towards the unopened side
During inspiration the air pressure 1n the bronchus of the exposed lung
1s greater than that i the trachea, since to the atmosphenc pressure 1s added
the elastic recoil of the lung (Fig 3) The increase m size of the mtact half
of the thorax on spiration 1s satisfied by air which comes first from the
exposed lung and secondly from the trachea and exteror On inspiration,
therefore, the exposed lung becomes smaller
On expiration the reverse procedure occurs  The thorax bccomes smaller
m size On the side of the pneumothorax the air lying outside the lung s
freely discharged into the extertor through the thoracotomy opeming On
the other side air 1s discharged partly into the trachea and partly into the
exposed lung  The latter therefore becomes larger on expiration and smaller
on 1nsprration, and the mechanism of paradoxical resprration 1s explamed

/\

Fic 3

Wy 15 paradoxical breathing harmful’

When the exposed lung becomes smaller on mspiration, the air discharged
from 1t passes into the unexposed lung The arr, therefore, that enters the
lung on the wmtact side comes partly from the trachea and hence from the
outside and partlv from the exposed lung Paradowcal respiration thus
means 2 transfer of air from one lung to the other at each breath, and this
has been somewhat picturesquely but aptly named pendulum arr *

The bigger the thoracotomy opening m relaton to the tracheal opening
the greater will be the proportion of pendulum air 1n each breath entering
the lung on the mtact side  This crrcumstance not only occurs when the size

The pendelluft of Brauer
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of the thoracotomy opeming 1s Iarge, but also when the trachen 1s reduced
1n size by an obstruction 1nd the size of the thoracotomy opening 15 relatively
mcreased

Paradosical breathing 1s mncreased mn extent by respiratory obstruction
and by vigorous respiration It 1s clear, therefore, that in order to minimize
pardoucal respiration the wnaesthetist must ensure a perfect airrway and the
gentlest and quietest respiratory activity consonant with adequate ventiltion
Coughing, for example, by increasing the mtrapulmonary pressure behind a
closed glottis causes very marked paradovical movement

From the point of view of oxygenition the harm that results from para-
dowical respiration 15 obvious Fresh arr mawmly enters one lung only and
even this one does not expand as fully as 1t does normally Of that expansion,
part only 1s due to the 1ngress of fresh air, the rest bemng air from the opposite
lung

Other harmful effects of paradowical breathing are the reduction 1n the
suction effect of natural breathing i aiding the return of blood to the heart
With decreased filling of the heart the output falls The movement or “flap-
ping’ of the mediastinum which accompanies paradovical breathing mmitates
reflex circulatory phenomena which, if 1n sufficient degree, present as the
chnical syndrome of shock The mechamsm whereby marked movement of
the mediastmum sets up the reflexes leading to shock 1s not well understood
From the analogy of shock occurring durmg cardiac operations when the
heart 1s rotated on 1ts long as, 1t may be that mediastinal movement during
paradonical breathing rotates the heart somewhat m a stmilar manner

‘That the shock 1n these circumstances 1s reflex 1s shown by the good effects
which have been reported following infiltration of the pulmonary plexuses
at the hilum of the lung or of the vagus nerves in the neck with local
anaesthetic

The mediastinum 15 sometimes fixed by disease and n these circumstances
the movement during thoracotomy and paradovical respiration 1s small 1n
extent, and as chnical experience shows, shock 1s not so likely to occur
Also, when the patient 15 so placed that he lies on the opened side the effects
of paradoxical movement are minimized, because the medastinum 1s kept
towards the opened side by gravity* (see also p 136)

The patient with a large thoracotomy opeming, and who 15 breathing
spontancously suffers, therefore, from mcreasing asphyx1, poor return of
blood to the heart, and shock, each of these mitiatng and mutually strength-
ening their own vicious crrcle of events

In addiuon to these serious physiological upsets, paradoaical respiration
15 also believed to be the means of spreading infection from one lung to the

other, an occurrence to he dreaded at any tume, and particulirly during
resection for tuberculosis
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Complications added by disease 1n the lungs

Decreased ventilatory capacily

The state of affairs which has been described, occurs when « healthy
subject has his chest opened  The pitient who comes to operation suffering
from some intrathoricc disease often presents certamn complicating factors
A varymg amount of lung tissue may be disersed and non functiomng, and
without certamn precautions a thoricotomy 1 such 1 pauent may be rapudly
fatal, for the ventilatory capacity 1s an important factor affecting his
capability to withstand operation

The healthy patient tries to neutralize the 1ll effects of a pneumothorax by
increased respiratory effort, and 1f hus vital capacity 1s large enough and the
hole in the pleura 1s small, the anox11 may be prevented As the vital capacity
becomes smaller the ability to compensate decreases and when the size of
the vital cipacity approaches the tid1d air there 1s little room for compensation
and any hole 1n the pleura, however small, may produce the gravest effects

Secretions

Sputum and pus mav be present wmn the bronchial tree, and these may not
only be an obstruction to respiration, thus heightening the degree and effect
of paradoxical breathing and increasing the nisk of nsphywia, but they may
also spread dise 1se to healthy parts of the lungs

In the conscious state these secretions are maunly removed from the
bronchial tree by coughing aided by cihary actinity Little wonder, then,
that until recently 1t was believed that the retention of the cough reflex was a
vital requusite for safety during thoricic operations During coughing, how
ever, the laryns 15 closed and a high ntrapulmonary pressure built up
With an open chest the pressure nise causes great inflation of the exposed
and unsupported lung Thus are produced the most violent examples of
pardoxical movement, since 1n these circumstances of closed glottis and
rarsed trapulmonary pressure, the unexposed lung empties itself mto the
exposed lung, causing 1t to balloon up 1n the most alarming manner before
the surgeon’s eyes After the cough the following sharp inspiration empties
the exposed lung mn an cqually striking manner, and paradoxical movement
of the most turbulent and severe type occurs  Coughing during a thoracotomy
not only m+kes the operation virtually impossible for the time bemg, but 1f
allowed to persst quickly reduces the patient to a state of asphyxal coliapse

Operatize stimult
A third complicating factor during a thoracic operation 1s the presence of
operative sumult These stimuli applied to the hilum of the lung, the bronchy,
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and the pulmonary tissue produce reflex disturbances i the shape of broncho
spsm, outpourtng of secretions 1nd coughing, All of which heighten the other
harmful effects of thoricotomy  Bronchinl spasm, for example, may lead to a
state of extreme 1nowin n the space of 1 few minutes, while falls 1 blood
pressure and cardiac arregulanties are well known sequelae to rough handlhing
of the hilum

REFERLN\CT'S

? GARrE and Quische Grundmsse der Lungenchirurgie Jena 1go

*Gramayt E A in Thoracee Swgery by H Lulenthal Phuladelphia 1925 p 83
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Complications added by disease in the lungs

Decreased zentilatory capacity

The state of affairs which has been described, occurs when 1 healthy
subject has his chest opened The patient who comes to operation suffering
from some intrathoracic disease often presents certamn complicating factors
A varving amount of lung ussue mas be diseased and non functioning, and
without certamn precautions a thoracotomy m such a patient mav be rapidly
fatal, for the ventlatory capacity 1s an important factor affecting hus
capabilitv to withstand operation

The healthy patient tries to neutralize the 11l effects of a pneumothorax by
mcreased respiratonn effort, and 1f Ius vatal capacity 1s Jarge enough and the
hole 1 the pleura 1s small, the anoxia may be prevented  As the vatal capacity
becomes smaller the abilitv to compensate decreases and when the size of
the vital capacity approaches the udal air there 1s Iittle room for compensation
and anv hole m the pleura, howes er small, may produce the gravest effects

Secretions

Sputum and pus mav be present in the bronchial tree, and these may not
only be an obstruction to resprration, thus heightenmg the degree and effect
of paradowical breathing and mcreasing the risk of asphvwia, but they may
also spread disease to healthy parts of the lungs

In the conscious state these secrenons are maimnlhy removed from the
bronchial tree by coughing aided by ciliary activits  Little wonder, then,
that untl recentls 1t was behesed that the retention of the cough reflex was a
vital requisite for safety during thoracic operations During coughing, how-
ever, the laryns 15 closed and a high mtrapulmonary pressure bumlt up
With an open chest the pressure nise causes great mflation of the exposed
and unsupported lung Thus are produced the most violent examples of
paradoxical movement, since mn these circumstances of closed glottis and
rawsed mtrapulmonary pressure, the unesposed lung empties itself mto the
exposed lung, causing 1t to balloon up mn the most alarming manner before
the surgeons eves After the cough the following sharp nspiration empties
the exposed lung 1n an equally stnking manner and paradoxical moiement
of the most turbulent and severe tvpe occurs  Coughing during a thoracotomy
not only makes the operation virtually smpossible for the tume being, but 1f
allowed to persist quick]y reduces the patent to a state of asphyial collapse

Operatie stimult
A thurd comphcaung factor during a thoracic operation 1s the presence of
operatine stnult. These sumul: applied to the hilum of the lung, the bronchs



OPFRATIVE STIMUII 9

and the pulmonary tissuc preduce reflex disturbances m the shape of broncho
spasm, outpouring of secrctions 1nd coughing, 1l of which heighten the other
harmful effects of thoricotomy Bronchinl spasm, for example, may lead to 1
state of extreme 1novin 1n the space of 2 few munutes, while falls 1n blood
pressure and ¢irdine irregularsties re well known sequelae to rough handling
of the lnlum
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», CHAPTER II
SOLUTIONS OF THE PROBLEM

Tue largely physical problems of overcoming the effects of thoracotomy
have been solved partially or wholly in a number of ways  All these solutions
are still m use 1 one form or another in different parts of the world, 1n
Britain, the Umted States and Scandinavia only controlled or assisted
resprration, and to a very minor extent positive pressure anaesthesia, remain

Positue pressure breathing

At first, attention was directed to preventing the collapse of the exposed
lung, then belteved to be the main cause of the associated asphyxa It seemed
to the early observers that so long as the lung was well expanded all was well
The lungs of a2 dead animal may be inflated easily by raising the air pressure
m the trachea 5o, too, may those of the living one If the air pressure in the
trachea and lungs 15 maintained above that of the atmosphere, the exposed
Jung will keep distended though the chest be open  If the difference between
the pressure mn the trachea and that of the atmosphere 1s not too great,
breathing continues spontancously Paradoxical respiration, however, occurs
n the same manner as described on page 5, though the extent may seem less

Fig 4 shows what happens when the pre.sure of the inspired ar 1s raised

o -
e € o o

Fic 4

above atmospheric  The sprrometer tracing was taken during spontaneous
respiration at atmospheric pressure At the pomnts marked, the pressure 1s
10
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mcreased by plicing 1 weight on the spirometer The tungs qmichly distend a
Iittle and then breathing carries on s before  The lungs, however, do not
collapse to the sume extent 1t the end of each expirition The increse
i pressure has ncrensed the functional residual ur and, therefore, the
physiological dend space* *

There comes 2 pomt when, with increasing pressure, asphyxial symptoms
appear even though spontincous breathmng 1s mamntuned  With the less
complete emptying of the lung -t the end of each breath, the tidal volume
decreases and both the ovygen supply and the carbon dioxide clearance are
correspondingly reduced It 1s interesting to read that those who advocated
positine pressure breathing of this sort for wnaesthesia durmg thoracotomy,
advised® that every few minutes the pressure should be reduced and the lungs
allowed to collapse (see also p 64) The correctness of this advice, mtially
based on experience, has been confirmed experrmentally 1in more recent years,
and 1t 15 clear to us now that serious carbon dioade accumulation may
easily occur m the presence of normal arterinl ovygenation ! $

Positive pressure breathing mn the manner described was used as one way
of overcoming the collapse of the exposed lung during thoracotomy (Fig 32,
p 51), though the lung may be kept distended to any desired degree, para-
dowical movement, however, persists (Fig 7)

When the positive pressure 15 increased beyond a certain degree efficient
breathing becomes impossible If the patient 1s to live 1 these circumstances
the pressurc must be released, so that the accumulated carbon diovide may be
removed and sufficient oxygen reach the alveol

A simple way of producing positive pressure for this techmque 1s to use
an exprratory valve, the loading of which can be varted A continuous stream
of gases from cylinders 1s run 1nto the apparatus, and the exptratory valve
adjusted so that at the height of expiration the desired pressure 1s reached
n the respiratory tract  Such a valve s exemplified by the now common spring
loaded type Better still 1s the sumple valve consisting of a tube dipping under
the surface of water (Fig

By varying the depth ‘h’ of the tube under the wter the expiratory pressure
may be increased to any desired and known
extent These water valves were often WAWE =g
placed on the floor so that although a
positive pressure of, say, 2-4 cm of water
was required before gas escaped 1t was 112

almost impossible for the patient to suck the

water into the face mask  Such 1 valve be

comes, in effect, an efficient one way valve Fie 5

£ :::f;sng:]?:r conducted by this method 15 obviously difficult to maintain
¢ to be removed by suction It seems from the literature that
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in the days when this method was the popular—in fact, almost the only one
in use—surgeons and anaesthetists were not so much concerned with the
removal of secretions s the removal of vomut (T'ig 49)

Positive pressure anaesthesia remamned the accepted method up to 1937 ¢
Its persistence until as late as this was due not only to the advocacy of such
powerful authorities as Sauerbruch but also to the seeming unawareness of
more effectine methods, which had already been published many years
before (see p 78) The disadvantages of the positive pressure method had
already been clearly pointed out by Giertz 1n 1916, who showed not only
that ventilation was mnadequatc but that with 1t carbon droxide retention
accurred, oxygenation was mterfered with, filling of the heart was poor and
that a gener:l interference occurred with the venous return to the heart
and the cfficiency of the arculation It was also apparent that patients
became fatigued 1n trying to expire agamnst a heavily loaded valve and that
the distended lung was more a nuisance than a help to the surgeon Also,
secretions may be blown into the termnal bronchioles,® leading to the occur-
rence of atelectasts  Venous pressure 15 ratsed causing mcreased oozing and
haemorrhage (see also pp 53, 64) The venous pressure mises n direct
proportion to the pressure transmitted to the heart A 15 mm Hg nise in
intrapulmonary pressure causes @ 70 per cent mcrease In \enous pressure
The rise mn venous pressure during positine pressure breathing leads to
venous congestion, obvious not only m the reddened and blotchy skin of the
patient, but also 1 the free bleeding duning the operation

\egatne pressure breathing

This method differs only 1n degree from the positive pressure method
The difference 1n pressure beiween the gases in the trachea and lungs, and
the atmosphere surrounding the exposed lung, 1s produced and mamntained
by enclosing the body of the patient, but not his head, 1n a chamber 1n which
the pressure 1s below that of the atmosphere (Fig 30, p 50) Since such a
chamber must be large enough to accommodatc the surgeon and his assistant,
the method never became more than of passing and historical mterest

Both the positive pressure and the negative pressure methods may be
designated as differential pressure anaesthesia In both of them a pressure
difference 1s maintaned between the air in the lungs and the air surrounding
the exposed lung  Since, however, one pleural cavity 1s mtact and the
diaphragm continues to mamtain spontaneous respiration, paradoxical
movement still continues The magnitude of the opumum differential
pressure 1s simular to that which exists 1n ordinary hfe, that 1s, the negative
mtrapleural pressure If the differential pressure 15 greater than this the
exposed lung inflates bevond the limits of the thoracotomy openmg  If 1t 15
less, expansion of the lung 15 less than normal  The differential pressure both
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i the cse of these methods of wnnesthesiz and 1n normal hife represents the
force of the clasticity of the lung

Insyfflation

In this method  catheter, generally with a bore rather small compared
to the trachea, 15 inserted down to the cannt And a constant stream of gases
blown through 1t, so that a pressure of about 10-20 cm H O 15 registered
m the manometer on the apparatus  The gases escape to the exterior between
the tube and the trachea In strcaming out to the exterior, the gases carry
with them the carbon diovide from the lungs  The oxygen i the gas nuxture
(usunlly ur 1s the mun component) 1s blown 1nto the bronchi and diffusion
as well as respiratory movements carry 1t to the 2lveol The good oxygenation
and carbon diowide removal, and the reduction of the physiological dead
space to 1 fraction of the normal, quickly makes spontineous breathing very
shallow, and on occastons the patient’s breathing may appear to be at a stand
sull Nevertheless, 1n spite of poor or even absent resprratory movements,
ovygenation remains excellent  Here, too, as with positive pressure breathing,
1t became the practice to interrupt the flow at regular mtervals and to allow
the lungs to collapse If this 1s not done, cyanosis and impairment of the
circulation may gradually appear (p 64) It can be seen that in effect the
continuous nsufflation of gases into the trachea 1s a vanation of the positive
pressure method, with the difference that dead space 1s reduced and better
carbon diowide clearance effected
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CHAPTER I
CONTROLLED RESPIRATION

Control of secretions

As the scope of thoracic surgery increased and the immediate danger to life
of opening the thorax was reduced, ttention began to be grven to the problem
of dealing with secretions m ‘wet cases There was a striling absence of
reference to this problem by the carlier surgeons  As late as 1937 the option
was expressed that, ‘Aspiration of mfected contents from the bronchial tree
has greater theoretical than practical advantages > For some twenty to thirty
years before World War 11 the retention of the patient s own cough reflex as a
means of getting rid of secretions was considered essentral  This meant that
if general anaesthesia was used, the hightest level, with 1ts attendant diffi
culties of reflex movement and vomiting, was desirable  More than one anaes
thetist advocated regional or spmal block for these operations, solely with
the retention of an ‘active’ cough reflex 1n mind 3 ¢

A great step forward was taken when 1t was realized that coughing duning
thoricotomy was not only mefhicient 1n expelling secretions, but resulted m a
turbulent operative field, with exaggerated paradoxical breathing, in which
1t was often mmpossible for the surgeon to work With this realization came
the use of catheters passed 1nto the trachea to remove secretions by means of
mechanical suction (se¢ pp 122, 120)

Riythmuc inflation

With light anaesthesta no longer needed for the retention of the cough
reflex, came the rediscovery of the comparative ease with which apnoea
can be induced Guedel, Iike Janeway before him m 1906, discovered mn
1g34° that a combination of deep anaesthesia and hyperventilation by the
anaesthetist squeezing the bag, soon brought breathing to a standsull Ex-
perience reassured his dubtous colleagues that this state of affairs need give
risc to no anxiety, so long as the patient < lungs were rhythmically mflated
by squeezing the reservoir bag of 2 carbon dioxide absorption apparatus

Guedel used this method during abdomnal and simular operations where
control of the depth of breathing and of the movements of the viscera would
be of assistance to the surgeon Gradual realization came that 1n this techmque
lay the solution of the problem of obviating the harmful effects of thoraco-
the abohuon of the cough reflex, so important for a tranqul
field, could now be more than offset by the use of mechamecal

2

tomy, for
operating
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suction to remove secretions ¢ Pardowical breathing was abolished by the
induction of 1pnoet and hfe was mamtuned by rhythmic and controlled
inflation of both lungs simultancously, urespectine of the size of the
thoracotomy opemng All that was essential was 1 perfect ar-way between
reservoir bag and aleol, 1t became common practice to ensure this by the
imsertion of a large calibre endotracheal tube  For the consenvauon of an
evpensive gas like cvclopropane, and to ehminate leakage between tube and
trachea, the incorporation of an iflatable cuff on the tube was usual

Most of the advocates of spinal and sumilar methods of anaesthesta sooner
or later changed their method, some, 1n fet, acknowledging the poor results
they had had with spinal anaesthesia? During regional anaesthesia the
draphragm remains actne and though 1ts activity 1s lessened by the depressed
and quiet breathing of opiate medication, paradoxical movement, mediastinal
shift and the troubles associated with voluntary coughing still occur

Inflation pressures

‘The elasucity both of the lungs and of the thoracic cage must be overcome
before the thorax enlarges and the lungs inflate  The pressure required to
overcome the elasticity of the lungs 15, m fact, equal to the difference which
normally ewsts between the pleural and pulmonary (that 15, atmospheric)
pressures This pressure may be as hitle as 5-10 cm H O To enlarge the
thoracic cage requures a pressure varving from 1—2 cm H O 1 an mfant to
as much as 20-30 cm H O 1n an elderly patient with a ngid cage

Once the chest wall 1s opened the lung on that side 1s free to expand without
any coincident enlargement of the thoracic cage The bag pressure required,
therefore, 1s now much less than before the chest was opened

In chmical practice, before the chest 15 opened, an mflation pressure of,
say, 25 cm H O or more 1s needed for efficient ventilation  Once the chest 1s
opened widely, 10 em H O may suffice for ample expansion of the lungs
Extra pressure may be required 1f the lung 1s hindered from expanding by
the surgeon s fingers or by the use of retractors

The usual method of mflating the lungs 1s by squeezing a thin-walled rubber
bag By using one or two hands 1n the ordinary way, the maximum pressure
reached 15 rarely more than about 20-30 cm H O because at that level
the rubber stretches without further nse 1n pressure  If the bag matenal 15
of other than the thinnest rubber, or if there 15 a possibility that pressures in
excess of 30 cm H O are likely to be generated, a sumple safety blow off valve
of the pattern shown n Fig 5 should be used

In connection with the possible nshs attendant on the use of manual
squeezing of a bag for nflatton of the lung, 1t should be noted that a normal
subject can without difficulty produce a pressure of about 100 mm Hg
(lgo cm H O) in the lungs on coughing or strmming It seems unlikely, except
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i those with 1bnormalities such as subpleural emphysematous bullae, that
pressures up to 20 cm H O n the lungs will do much harm

10 Al0
o g \/
g E
£ 5 £5
w w
o« o
=Y >
n 0 w0
AV W i
- &
£ -5
1o P -10 PR
7] 2 3 4 5 6 secs [] 3 4 8§ 6 secs
TIME TIME
Fiw 6 Pressure Curve “ormal Breathing Fic 7 Pre sure Cune Spontancous Posine
Pressure Breathing
10
£
Es
w
5
» 0
[
&
a5
10
0 I 2 3 4 5 6secs

TIME
Fic § Pressure Curve Controlled Respuration

During “controlled respiration’ the pressure mside the lungs varies between
atmospheric and little more than + 10cm H O The pressurenever, as during
spontaneous respiration, falls below atmosphertc Reference to Fig 6
shows that during spontaneous respiration the mtrapulmonary pressure varies
shghtly between atmosphenic and a few cm H,O below that The lowest
pressure 15 at the height of inspiration  The reverse 15 the case n controlled
breathing (F1g 8), the pressure 15 always above atmospheric, bemg greatest
at the height of insprration  This may have some effect on the blood flow
through the alveolar vessels sice the blood pressure in them 1s verv small
mdeed It 1s for this reason that the peak of insprration durmg controlled
breathing should be kept as short as possible, and prolongation of this peak
avoided When squeezing the bag, as soon as the desired compression has
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been effected, the hand should be opened smartly and the lungs allowed to
freel

cmSl::'t}long 'is the lung 1s not mflated beyond the limits of the thoracotomy
openuing, the differentinl pressure 1s not 1n excess of that normnlly present
during the Life of that mdivadual  Excessive pressure 1s indicated by expansion
of the lung beyond the imts of the chest wall opening

Once the chest wall has been opened the mobility of the mediasinum
allows expansion of the unexposed lung without necessarily any accompany-
ing enlargement of the thorin

Adrantages of controlled respiration

1 Paradowical breathing 15 abolished and adequate oxygenation and
carbon diowude clerrance ensured

2 The mediasinum 1s centralized and both 1t and the diaphragm no
longer move 1n a manner disturbing to the surgeon

3 The moving lung can be controlled at will so that at any moment,
when the operation demands, movement may be reduced tll the lung 15 at
a standstill

4 The good ventilation ensures ease in mamntaming the desired depth
during mmhalation anaesthesia

5 Since the work of respiration 1s expended by the anaesthetist’s hands, the
patient’s muscles are rested and the oxygen need, 1n general, reduced

6 Much mformation regarding the depth of anaesthesia 1s derived by
the anaesthetist from the “feel’ of the bag during inflation  The bag pressure

required to produce adcquate inflatton increases 1n proportion to the muscular
tone of the patient

Disadiantages of controlled respiration

The posstbility of rupture of alveoh 1s remote, unless a condition lthe
bullous emphysema 15 present  Injury to the alveol 15 probably no more
likely to occur during controlled resprration with the common thin rubber
anaesthetic bag, than during normal life

The posttsve pressure in the lungs at the peak of each inspiration has the same
cffect 1n reducing the cardiac output, though to a less extent, as continugus
posuive pressure breathing (p 12) For this reason 1t 1s important, not only
to release the pressure at the height of mspiration quickly to atmospherc,
so that the lungs can collapse to the fullest extent, but to allow A sufficient
pause between each mflation for a large enough number of normal heart
beats to make up for the impured output durmng the inspiratory pertods ¢

Other reputed disadvantages are the possibihity that hyperventlation
mght lower the carbon diovide content of the blood—though experimental
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observations show this to be extremely unlikely—and also the difficulty the
anaesthetist might have in assessing the depth of anaesthesta, when the
patient 1s apnoeic  The feel of the bag and, m the case of certain anesthetics,
a smff at 1ts contents, combined with the usual careful obsersations of the
patient m general, gne all the mformation the experienced anaesthetist
requires  In connection with the possibihity of acapma occurring through
excesstve ventilation, the opinion, based on experiments, has been recently
expressed!’® 't that the prolonged apnoea in these crcumstances mght be
due not so much to a combination of hyperventilation and respiratory depres-
ston as to reflex inhibition of the resprratory centre as a result of the distension
of the lungs

The danger of further mmpacting plugs of sputum mto the bronchi has
already been mentioned

In certam circumstances controlled respiration may be 1nadvisable
The anaesthetist may not have the equipment necessary although this may
be no more complicated than a4 face mask, canister of soda Itme, bag and a
supply of oxygen Though, in general, the circulatory changes during con-
trolled respiration are so small as to be hardly detectable, they may be of
moment 1n a patient already severely shocked Exen so, the method may offer
the best chance of success 1f his chest 15 to be opened, no other method will
give such good oxygemation and carbon diowide clearance Controlled
respiration should be used with caution when no endotracheal tube 1s 1
place Dilatation of the stomach with anaesthetic gases 1s almost certamn,
and to avord the consequent discomfort to the patient and the mterference
of a dilated stomach to the surgeon 1n operations near the diaphragm, 1t 15
better to have an endotracheal tube 1 place connected to the anaesthetic
apparatus whenever controlled respiration 1s to be used In the days of
continuous positive pressure anaesthesta acute dilatation of the stomach
was a well known immediate post operative complication ?

A patient known to have bullous emphysema or a cyst such as described
on page 20 1s better left to breathe spontaneously until the chest 1s opened,
when the effect of inflation can be seen and corrected if necessiry

Trnlene and soda hime must not be used together Therefore controlled
respiration with a bag on an absorber 1s contra mdicated in the presence
of this anaesthetic

Assisted resprration

This term 15 given to the procedure m which the patient 1s allowed to
breathe spontaneously, every breath or so being augmented by the anaesthe-
tist squeezing the breathing bag  Opmion at the moment 1s somewhat
divided on whether assisted respiration by no means easy to carry out
successfully over long pertods of time has any adsantage over controlled
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respiration The advocates of assisted respiration clum that the method
lessens the lhelthood of hyperventilation and the production of acapnin,
that 1t reduces the danger of anaesthetic overdose, and that 1t minimizes the
arculatory upset, small though 1t 1s

The importnce 1 practice of these pornts s doubtful 1In qny case, when
assisted respiration 1s attempted, 1s often s not, the anaesthetist finds humself
before long doing controlled respiration, the patient hiving quuetly stopped his
voluntnry efforts

Broncho pleural fistula

This 15 a communication between the resprratory tract and the pleural
cavity It may be present before the operation or 1t may be produced during
the operation  Its size m1y v1ry from almost microscopic punctures, such as
occur so often when, for example, the visceral pleura 1s stripped off the lung,
to the full section of » mam bronchus close to the trachea The dangers of a
fistula during thoricotomy are two

1 Interference with rentrlation When the lungs are mnflated 1 portion of the
gases squeezed out of the bag into the trachea escape through the fistula
The volume of gas whick escapes through the fistuln 1s of hitle interest
What 1s important 1s that sufficient gases should still enter the lungs and that
ventilation of them be adequate To compensate for the presence of a fistula
a large enough volume of gas must be forced into the trachen so that mn spite
of the escape through the fistula, adequate ventilation of the lungs occurs
In the case of alveolar or small bronchwlar fistulae httle alteration n
techmque 15 needed The anaesthetist may even be unaware that such o
fistula 1s present until hus attention 15 directed to 1t by the hiss of escaping
gas or by lus surgical colleague In the case of 1 large fistula such as occurs,
for example, when a mam bronchus 1s cut across, grave anowa quickly
develops unless energetic measures are taken to provide adequate ventilation
Gas flows of 20 or more litres per mmute combmed with vigorous bag
squeczing producing pressures of, say, 25-30 cm H O may be required to
mimimuze the presence of such a large fistula

It must be obvious that 1t 15 lnghly dangerous to use diathermy m the
presence of a fistula when an inflammable anaesthetic 1s m use  More than
one explosion has occurred 1n recent years mn these circumstances  Not even
:l‘\? wtact pleura between fistula and diathermy needle gives protection 12 1¢

b;:adg)s,lthc use of explosive anaesthetics ke cyclopropane and ether 15
g displaced by techmiques m which combmnations of mitrous oxide,
analgesics and relaxints form the basis 15 ’
o :n E;lclg't :{ ﬁz:nmédr thlt:gzril mllo l?e re:pflr‘?‘lar)rtmct This perhaps constitutes an
ey o o a%)scess ca‘t he first e fistula may communicate with an
1ty and the anaesthetist may be ficed at ny time
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observations show this to be extremely unhkely—and also the difficulty the
anaesthetist might have n assessing the depth of anaesthesin, when the
patient1s apnoeic  The feel of the bag and, 1n the case of certain 1naesthetics,
a smff at its contents, combmned with the usual careful obscrvations of the
patient m general, give all the information the expersenced anaesthetist
requires In connection with the possibility of acapma occurring through
excessive ventilation, the optnion, based on esperiments, has been recently
expressed?® 1 that the prolonged apnoea in these circumstances mught be
due not so much to a combimation of hyperentilatton and respiratory depres-
sion s to reflex mhibition of the respiratory centre as a result of the distenston
of the lungs

The danger of further impacting plugs of sputum into the bronchi has
already bt¢en mentioned

In certan crcumstances controlled respiration may be 1inadvisable
The anaesthetist may not have the equipment necessary although this may
be no more complicated than a face mash, canister of soda lime, bag and a
supply of oxygen Though, 1n genera), the circulatory changes durtng con-
trolled respiration are so small as to be hardly detectable, they may be of
moment 1n a patient already severely shocked Even so, the method may offer
the best chance of success if his chest 1s to be opened, no other method will
give such good oxygenation and carbon dioside clearance Controlled
resprration should be used with caution when no endotracheal tube 15 1n
place Dilatation of the stomach with 1naesthetic gases 1s almost certam,
and to avoid the consequent discomfort to the patient and the mterference
of a dilated stomach to the surgeon 1n operations near the diaphragm, it 1s
better to have an endotracheal tube n place connected to the anaesthetic
apparatus whenever controlled respiration 1s to be used In the days of
continuous positive pressure anaesthessa acute dilatation of the stomach
was a well known immediate post operative complication

A patient known to have bullous emphysema or a cyst such as described
on page 20 1s better left to breathe spontaneously untl the chest 1s opened,
when the effect of inflation can be seen and corrected if necessary

Trilene and soda lime must not be used together Therefore controlled
resprration with a bag on an absorber 1s contra mndicated in the presence
of this anaesthetic

Assisted respiration

This term 15 gwven to the procedure mn which the patient 1s allowed to
breathe spontaneously, every breath or so being augmented by the anacsthe-
tist squeczing the breathing bag  Opmion at the moment 1s somewhat
dnided on whether assisted respiration by no means easy to carry out
successfully over long pertods of time, has anv advantage over controlled
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respiration The adsoctes of assisted respiration clum that the method
lessens the lihelihood of hypervenulion and the production of 1capnin,
hnt 1t reduces the danger of annesthetic overdose, nd that it minimizes the
arrcultory upsct, small though 1t 15

The importance m practice of these pomts 1s doubtful - In ny case, when
~ssted respiraton 1s wempted, as often s not, the nestheust finds himsclf
before long doing controlled respiration, the patent having quietly stopped his
voluntary efforts

Broncho pleural fistula

Ths 15 2 communmcation between the respiratory tract and the pleural
cavty It may be present before the operation or it 1y be produced durmg
the operation  Its size may vary from 2lmost microscopic punctures, such s
occur so often when, for example, the visceral pleura is stripped off the lung,
to the full section of 1 mun bronchus close to the trachen The dangers of 2
fistulr during thoricotomy arc two

v Interference wath venfilation When the lungs 1re inflted 2 portion of the
gases squeczed out of the bag into the tracher escape through the fistuln
The volume of gis which escapes through the fistulh 1s of httle anterest
What 1s important 1s that suflicient gases should stll enter the lungs and that
ventilation of them be adequate  To compensate for the presence of n fistula
a large enough volume of gas must be forced 1nto the tracher so that i spite
of the escapc through the fistulh, rdequate ventilation of the lungs occurs
In the case of ahveolar or small bronchiolar fistulie httle alteration in
techmique 15 needed The anaesthetist m1y even be unaware that such 1
fistula 15 present unul fus attention 1s directed to 1t by the hiss of escaping
gas or by us surgieal colleague  In the case of 1 large fistuln such s occurs,
for example, when 4 mam bronchus 1s cut ~cross, grive anout quichly
develops unless encrgetic measures arc taken to provide 1dequate ventilrtion
Gas flows of 20 or more litres per minute combmed with vigorous bag
squeezing producing pressures of, s1y, 25-30 em H O mny be required to
mnimze, the presence of such a large fistula

It must be obvious that 1t 1s highly dingerous to use diathermy 1 the
presence of a fistula when an mmflammable anacsthetic s 1 use  More than
one explosion has occurred m recent years 1n these circumstainces Not even
an antact pleura betwecn fistula and diathermy needle gives protection 12 1
Nowndays, the use of e¢xplosive anaesthetics hke cyclopropine and ether 1s
beng displaced by techmques i which combmauons of nitrous ovide
analgestes and relaxdnts form the bass 15 )

2 Entry of pus and blood into the respiratory tract ‘This perhnps constitutes an
even greater danger than the fist  The fistult miy communicate with an
€mpjema or an abscess cavity and the anaesthetist may be ficed at 1ny time
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with a sudden 2nd unexpected flooding of the resprratory tract with pus
This may even occur within a few moments of starting the anaesthetic

The prevention of this calamity 15 clear  These patients should always be
kept 1n such a posture that the fistula 1s above the fluid level n the abscess
or empyema cavity For cxample, dramnage of an empyema 1s commonly
performed with the patient m a half sitting position, so that 1f a fistula 1s
present, decanting of the pus mnto 7 bronchus 1s unlithely  During the operation
blood easily, and often without bemng suspected, enters the respiratory tract
through a fistula The blood quickly clots and cannot then be removed by
suction  Such flooding 15 to be feared because once 1t has occurred httle can
be done to overcome 1ts cffects At best an atelectatic area with 1 stormy
comvalescence follows, at worst, if the flooding 1s extensive, the patient
may die, with the anaesthetist and surgeon almost powerless to prevent 1t

The prevention of these dire happenings hes mainly 1n the use of frequent
and vigorous suction by means of a catheter inserted as low into the respiratory
tract as possible The greatest care should be excrcised by the surgeon also
to prevent blood from entering 1ny fistulous openmng present This care 15
parucularly needed when the fistula 1s perhaps 2 rather small bronchus
n the middle of an oozing operative field Any fistula should be closed 1s
soon as posstble -

Should a really large flooding take place from 1n abscess cavity or an em
pvema 1n the middle of an operation, suction alone may not be able to remove
the flurd quickly enough and the operating table should be tilted so that the
secrettons may run down the trachea to the extertor as well The previous
msertion of a bronchus blocker wherever practical 1s a great safeguard m any
patient 11 whom the problems associated with a fistula are hibkely to ocour

A dangcrous state of affairs may ewst mn the rare case of a cyst, usually
large, of the lung commumcating with a bronchus The communcation 18-
often valvular so that on mflation the cyst 1s distended without reduction in
size duning deflation  Compression of the surrounding lung occurs If the
condition 1s unsuspected by the anaesthetist duning the mduction of anaes-
thesia, the more energctic his attempts at resuscitatton by winflation, the more
the lungs are collapscd by the mcreasing distension of the cyst Rapid
asphywin and death of the patient results unless the chest 1s quickly opened
and the lungs allowed to expand In these cases the need for inflation of the
lungs should be carefully avoided unnl the chest 15 opened, relaxants and
respiratory depressants are therefore contra mdicated during mduction of
anaesthesa 1®

Automatic devices
The monotony of rhvthmically squeezing a bag for long periods of time

may not only be apparent but sometimes 1> real The anaesthetst may also
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need to have his hands free for such tings 1s setting up 1 transfusion, tiking
blood pressures and genernlly looking nfter the paient  Sometimes there 15
uncertunty that the one 2t the head end of the prtient has the required
shll 1nd knowledge to carry out muually controlled respiration These
considerations have been responsible for the antroduction of mechanenl
devices for mamtanung controlled respiration

The use of these forms of 1ppartus mny be attended, however, with certun
grue disadvantages  birst and foremost, the mformaton which the anaes-
thettst s hand guns from contact with the breathing bagas lost - Very much
information, mdeed, 15 obtaned dunng the process of squeezing the bag
The amount of cffort necessary to produce the desired pulmonary inflation
gnes informauon 1bout such things s the level of anaesthesia, exsier inflation
means relination of the respiratory muscles and therefore deeper wnnesthesia
or more complete curanzation  The presence or otherwise of condtions like
bronchospism and respiratory obstruction may also be mdicated 1n this way
The volume exchange that occurs when the bag 1s squeezed with 2 particular
manual effort 1s nother valuable picce of information  The hand, too, feels
transmutted to the bag every flicker of the dinphragm, and every attempt at
coughing By looking at the bag between inflations the volume changes due
1o the heartbeat can easily be scen Manunl squeezing of the bag 1s nosseless,
there 1s hittle mechameal to go wrong, dangerous pressures are unlikely to be
generated 1nd the only, and not unreasonable, requirement for eflicient
operation 1s the presence of the annesthetist

It must be 1dmutted, however, that frequently for the major part of an
operation the rhythmic squeezing of the bag may be a tedious 1nd mono
tonous procedure, and there are times when 1 mechanical device 1s most
helpful, even 1fonly to take over for short periods of ime when the annesthetist
wishes to have hus hands free

Some critenia for a satisfactory mechanical, rhythme inflator

t Any clectne motor 1 the ppiritus must be hermeticnlly sealed
Otherwise the motor should be situated outside the operating theatre The
nisk of explosion 15 thus mmmmized by lessening the chance of contact between
explosne vapours and sparking brushes  The more silent the motor the better

2 The peak pressure developed within the lungs at the height of the
inspiratory cycle must be within the control of the anaesthetist and the possible
range of such pressures should v iry from atmospherc to +25cm HO

3 A safety valve must be provided which will blow off at ny pre-
determmned pressure within the range of atmospheric to 425 cm H O Tphls
valve will safeguard the patient s respiratory system should ’1‘;1*1(30}!’1!11(:'1] fult
develop and high pressure be generated !

4 The fluctuntions of pressure during controlled Tespiration ¢an neyver
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be the same as durning natural breathing Nevertheless, m certain ways the
two processes should resemble ench other The pressure differennial between
the mside and the outside of the lungs should be the same  The rate of infla

tion of the lung, and therefore of change of pressure within 1t, should be the
sime 1n controlled as in spontaneous respiration  In particular, the peak of
wsprration should be sharp and not prolonged (see Iigs 6 and 8)

5 Should the patient make attempts to breathe himself, the machme
should pick up the patient s rhythm, and not carry on its own rhythm m
defiance of the pauent’s breathing activity

6 The change of cycle from nspiration to expiration should occur without
lag as soon s the predetermmed maxtmum pressure has been reached At
this pomnt the pressure i the lungs should fall rapidly to atmospheric so
that the lungs deflate passively at therr own rate

7 Within reasonable himuts there should be control over the length of
exprration, so that the pause betwecn the end of exprration and the beginning
of msprration may be varied at will The same applies to the length of
nspiration

8 The device should be capable of delivering a sufficiently lugh peak flow
rate (at least up to 6o litres per minute) at the height of mspiration, to cope
with rapid rates of respiration

9 The device must be mechanically sound and capable of withstanding
constant use without breaking down

The few machmes of this sort on the market at the moment cach have
therr own shortcomings It 1s likely that a techmque combimng manual
squeezing of the bag with the occasionl use of 1 mechamcal device wall be
found of most value (Examples of 1utomatic inflating machines will be
found on pp 86-r02)
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CHAPTLR IV
CLOSURI OF TH! CHIST WALL

Crosure. of the chest wall after 1 thoracotomy mevitably lewes the pauent
with a pneumothoras since 1t 1s nearly impossible to remove all the wur
before the Tast stitch 1s nserted  S6me degree of pulmonany collapse alwas
custs 1t this stage  Tlus means 2 reduction 1n the pauent’s respirttory
efficiency, and 1 delay an Iis return to full respiratory actiaty until the
poeumothoriy has been absorbed nd the lung cvprnded  This delhy mav be
sertous after an operation m which functioning Jung tssuc has been remosed
and the venulitory capacity of the patient reduced The pneumothoray
must be abolished and the lung fully expanded at the earliest possible
moment <

The following methods have been employed to minumize the pncumo-
thorax left at the end of tlw operation

Inflation of the lung during pleural closure

The chest wall 1s closed until only a small opeming remains  The bag 1s
squeezed and the inflated Iung held agaunst the chest wall unul the latter 1s
completely closed This method entails a prolonged peak pressure 1 the
lung, and the final closure of the chest wall 15 carned out by the surgeon
under duress of tme  Expertence has shown that amr-tight closure of the
chest wall may not occur until all the layers nght to the skin have been
sutured A vanation of this method practised by some 15 to suture the chest
wall round a small catheter 1 the pleural cavity When the closure of the
chest wall and skin 1s complete, the lungs are inflated and, nt the perk of
mflation, the catheter 15 pulled out rapidly, the shin having been sutured
ughtly i the hope that air will be prevented from getting back along the
catheter track

These methods are mapphcable when a drunage tube 1s to be left 1n the

cnest and 1 any case arc not very efficent yudged by post operative ridio-
logical appearances -

Suction during or after closure

In this method a catheter connected to a suction 1pparatus is inserted into
the cauvty, and suction mamtained unul the wound 1s closed The catheter
15 pulled out at the end  Alternatively, the chest 1s completely closed 1nd a
wide bore needle connected to a suction Apparatus s thrust mto the pleural

23
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cavity and suction continued until an attached manometer shows that a
negative pressure of some 8-10 cm H O 1s present m the pleural cavity
This method m1kes no allowance for temporary blochage of the needle or
catheters by the lung giving a false impresston of the intrapleural pressure

Closure with tntrapleural catheler and water seal

A tube 1s nserted mto the pleural cuvty through a separate stab hole,
and the main wound closed The tube 15 then connected up as shown in
Fig g The tube 1s mnserted 1bout 2 5 cm under the surface of the water m a
bottle whose diameter 1s not less than 15 cm The glass tube inside the bottle
has 1 diameter not less than o 5 cm, so that httle effort by the pattent 1s
required to expel the air from the pneumothorax out of huis chest When
closure of the chest has been completed, inflation of the lungs or even spon
taneous respiration by the patient pushes 2ur out of the chest cavity because
the air has only to overcome a resistance of 2 5 cm of water  The resistance
offered by the glass tube 1n the bottle 1s neghgible However, 1f the bottle 1s
kept on the floor, no air or water can be drawn back mto the chest dunng
mspiration because, m order to do so, the panent would have to it water
up a distance of say 1 metre No effort of the patient can do this The ‘water
seal,’ i fact, forms a one-way valve It allows air to leave the chest whenever
the intrapulmonary pressure rises above +2 5 cm H O It prevents arr from
entering the chest since 1ntrapleural pressures of —1 metre of water do not
occur The bottle must be of large diapeter, so that however high the water
rises m the tube when the patient mspires, the end of the tube dipping mto
the water will not be uncovered The tube diameter should be on the large

Fic g

side so that resistance to the flow of air through 1t 15 mimmal Needless to
say, the bottle must, at all times, be kept 8o-100 cm below the level of the



CIOSURI O THF CHFST 25

N
prtient s chest  Tafung the bottle tugher than this mav be disastrous since,
with 1 vigorous mspirtion, some of the water from the bottle my be suched
mto the pleural ety

An explination of the simple principles on which the water seal depends
should be given to cverny doctor 1nd nurse who lias charge of such patients
It 1s customanry to mark the imtinl level of the water with 1 prece of strapping,
s0 that the amount of blood or other hquids wiich emerge from the chest
cn be mersured  The tube 1n the patient s chest may be removed within 2
short while after completion of the operation, or 1t masy be left m place for
one or more davs untl the lung 1s fully expanded As soon 1s the patient
breathes spontancously fter the operation, water will be seen to nise nd fall
inside the tube n the bottle On insprration the water nises, 1nd on expiration
it falls  The intrapleural pressure remuns below atmosphene, except when,
during coughing or forced exprration, some ur 1s pushed out of the pleural
cwaty, or when a bronchopleural fistul 1s present

When the lung occupres the whole of the hemuthoran the difference m
pressure 1 the pleural canty between inspiration and expiration 1s small,
sav, 1-2 cm H O When, however, as after resection, or when atcectasis
15 present, the contents of the hermthoras do not fill the space designed for 1t,
large fluctuations 1n pressurc occur on breathing Inspection of the water
scal therefore provides valuable mformation as to the degree of evpansion
of the lung  The amphtude of flucturtion indicates the difference betwecn
the valume change of that side of the chest 1nd the volume change of the
lung  The greater the amplitude, the poorer 1s the expansion of the lung
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cavity and suction continued until an attached manometer shows that a
negatine pressure of some 8-10 em H,O s present 1n the pleural cavity
This method makes no allowance for temporary blockage of the ncedle or
catheters by the lung gring a false impression of the mtrapleural pressure

Closure with intraplenral catheter and water seal

A tube 15 mserted mto the pleural cavity through a scparate stab hole,
and the main wound closed The tube 1s then connected up as shown 1n
Fig 9 The tube 1s mnserted about 2 5 cm under the surface of the water 1n a,
bottle whosc drameter 1s not less than 15 cm  The glass tube inside the bottle
has a diameter not less than o 5 cm, so that little effort by the patient 1s
required to expel the ar from the pneumothorax out of his chest When
closure of the chest has been completed, inflation of the lungs or even spon
taneous respiration by the patient pushes arr out of the chest cavity hecause
the air has only to overcome a resistance of 2 5 cm of water  The resistance
offered by the glass tube 1n the bottle 1s neghgible However, 1f the bottle 15
kept on the floor, no air or water can be drawn bach nto the chest during
mspiration because, m order to do so, the patient would have to hit water
up a distance of say 1 metre No effort of the patient can do this The “water
seal,” 1n fact, forms a one way valve It allows air to leave the chest wheneser
the mtrapulmonary pressure rises above +2 5 cm H O It prevents air from
entering the chest since intrapleural pressures of — 1 metre of water do not
occur  The bottle must be of large diameter, so that however high the water
rises 1n the tube when the patient mspires, the end of the tube dipping 1nto
the water will not be uncovercd The tube diameter should be on the large
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side so that resistance to the flow of air through 1t 1s mmimal Needless to
say, the bottle must, at all umes, be kept 8o-100 cm below the level of the
'
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hold of them with one Hand nd holding my other on his Brewst at the left Pap,
I blew a2cun my breath as strong 15 1 could, ruung s Chest fullv with 1t, and 1m
meditels T felt six or <even ven quick Beats of the Heart, his Thorax continued to
plas and the Pulse was felt <oan after in the \rteries

To Paricelsus in the sinteenth centurs belongs the credit of inflating the
lungs with 1 bellows connected to 1 tube inscrted nto the mouth of the
asphvted panent His method was taken up by Vesalius 1 hittle Iater to heep
ammals 1lne while demonstriting thar anatomy  The Mustration® (Fig 10)
taken from the Jatter s book, De Corports Humanis I abrica, published 1 1535,
shows 1 prehminary tracheotomy bemng performed

In the words of Vesahus

That Iife may 1n a manner of speaking be restored (o the anumal 1n opening
must be 1tempted 1n the trunk of the trachea into which a tube of reed or cane should
be put, vou will then blow 1nto this, so that the lung m1y nse agan and the animal
tahe m ar  Indeed wath 1 shht breath i the case of this Iving Aammnl the lung
will swell to the full extent of the thoricic canty, and the heart become strong and
exhibit a wondrous vanety of motions ¢

In 1667 before the Roval Society, of which he was curator, Robert Hook
read a paper cntitled

in lecount

Of an Fxperument made by M Hook of Preferring Ammals alice by Bloang through
thar Lungs with Bellous

This Noble Isperiment came not to the Pubhlher s kands 1l all the preceding Particulars
uere already fent to the Prefs, and almoft all Printed off ( for which caufe alfo 1t could not be
mentioned among the Contents ) And 1t might have been seferied for the next opportumsty
had not the confiderablenefs thereof been a motive to kaften its Publicaton It fnall be here
annexed 1n the Ingemous Author fus oun words as ke prefented ot 1o the Royal Societs Otob
24 16067 the Experiment ut felf having been both repeated (after a former fuccefiful tnal of 1,
made by the fame hand a good while agoe) nQ umprored the week before at thar pubhcl:
Afferably  The Relation 1t felf follous

I Dud herctofore give this Mufirous Society an account of an Experiment I formerly
tryed of heeping a Dog alne after s Thorav was 11l difplay d by the cutting 1wa

of the Ribbs and Diaphragme and after the Pericardum of the Heart alfo was taken cf%
But dners perfons feeming to doubt of the certamnty of the Expertment (by reafon
that fome Tryals of this matter made by fome other hands fasled of fuccels) I caus d
at the laft \eetng the fame Experiment to be fhewn 1n the prefence of this Aoble
Company and that with the fame fuccels as 1t had been made by me nt firft the Dog

being kepe alne by the Recy

procal blowing up of Ius Lungs with Bell
tuffered to fubf ous, and they
play ﬂ:d l;“?dc for the fpace of an hour or more, after his Thorax had been fo dif-

4
nols of the Be]lou/f!m arteria cut off jult below the Epiglottrs and bound on upon the



CHAPTER V
RESUSCITATION

Tue mportance to life of resprration and the fatal consequences 1f 1t ceased
for more than a few minutes must have been recogmzed from the earlest
times Even the most primitive and ancient peoples seemed to have known
that air blown 1nto the mouth of the apparently dead had powerful restorative
properties

A clear description of the resuscitation of a moribund patient by mouth to

Fic 10 \ESALILs EXPERIMENTS \ ITH ARTIFICIAL Respiration (1555)
Ths sllummated letier appears at the commencement of the chapter describing
the experuments 10 which an amimal was kept alive after the chest was opened by
wnsufflating atr into the lungs through a tube 1n erted nto a trachcotomy opening
mouth inflation of his lungs 1s given i the Bible  There 1s described how Ehsha
resusctated the child of the Shunammute woman in the following manner

And he went up, and lay upon the child and put his mouth upon his mouth, and
his eyes upon his eyes and his hands upon his hands and he stretched himself upon
the child and the flesh of the child waxed warm?!

In conformity with present day custom the name of Elish1 should perhaps
be attached to this method of resuscitation  In at Ieast two papers 2 the mouth
to mouth method of artthcial resprration 1s named after hum, though 1t 1s
used m a modified form  An example of the application of the original method
1s given 1n the following quotation of 1744 *

1 applied my mouth close to his and blowed my Breath as strong as I could but
havng neglected to stop his nostnils all the Arr came out at them  Wherefore taking

28
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hold of them with onc Hand 1nd holding my other on s Breast 1t the Ieft Pap,
1 blew agum my breath as strong, s |oeould rusing Ins Chest fully with 1t, and 1m
mediately 1 felt sin or seven very quick Bieats of the Heart, Ins Thorix continued to
pln and the Pulse was felt soon after m the Arterses

To Paracelsus n the sinieenth century belongs the credit of flaung the
lungs with 1 bellows connected 10 1 tube inserted into the mouth of the
asphyviated prtient His method was tihen up by Vesahs 1 hittle Jnter to keep
antmals 2lne while demonstrating therr anatomy  The llustrivon® (Tg 10}
taken from the latter s book, De Corports Humams Iabrica, published 1n 1555,
shows 1 preliminary tracheotomy bemg performed

In the words of Vesalius

That Ife mvy m 1 manner of speahing be restored to the timnl, 2n opeming
must be attempted in the trunk of the trachen, mto which 1 tube of reed or cne should
be put, you will then blow nto ths, so that the fung m1y nise 2gun and the 1mmnl
take 1n air  Indeed with 1 slight breath in the case of this Iving animal the lung
will swell to the full extent of the tharicic cuaty, nd the heart become strong and
exhubit 1 wondrous vanety of motians ¢

In 1667 before the Royal Soctety, of which he was curator, Robert Hook
read a paper’ entrtled

An decount

Of an Experiment made & V[ Hook, of Prefereing Ammals alwe by Blowing through
thar Lungs with Bellous

This Moble Expenment came not to the Publilher s hands tll all the preceding Particulars
uere already fent to the Prefs and almoft all Printed off, ( for which caufe alfo 1t could not be
mentionied among the Contents ) dAnd 1t mught hare been referved for the next opportumiy
had nol the confiderablenfs thereof been a motue to haften sis Publication It fnall be here
annexed s the Ingensous Author hus own words as he prefented 1t to the Royl Socicty Oéob
24 1667 the Lxperment 1t felf hating been both repeated (after @ former Juccefsful tnal of u,

made by the fame hand a good whnle agoe) nd smproved the week b : th
Affembly  The Relatton 1t felf follows 5 v e dler pubhek

I Did heretofore give ths Hllufirious Soctety An account of i Experiment 1 formerly
o t}?:?e (;i;kcqscv]mg a Dog alwe after hus Thorax was ll difplhy d by the cutting 1w 1
Bur d"; S-‘ ‘":{ Du;plzmgme, and alter the Perscardium of the Henart 1l{o was trhen off
o (Omz 'IPC ’cmsrccmmg to doubt of the certunty of the Experiment (by reafon
at the Iaft ﬁ"‘ : of this matter, made by fome other hands fuled of fuccefs) I crus d
Company. and ‘i; l?g ﬂ;le fame Experiment to be fhewn 1 the prefence of this Neble
berng bept ahvcabwnh the fame fuccefs, as 1t hnd been mide by me at firft the Dog
Gaffered 10 fubfid Vf‘ e Reaprocal blowing up of s Lungs with Bellows, and they
play 4. and h\s,Aj"o:r the fpace of an hour or more After hus Thorat had been fo dif
note of the Bellgcr 4 artena cut off juft below the Epiglotis and bound on upon the



CHAPTER V
RESUSCITATION

THe importance to life of respiration and the fatal consequences 1f 1t ceased
for more than a few munutes must have been recogmized from the carlest
times Exven the most primitive wnd 1ncient peoples seemed to have known
that air blown mto the mouth of the apparently dead had powerful restorative
properties

A clear description of the resuscitation of a monbund patient by mouth to

FI1G 10 VESALILS nXPERIMENTS WITH ARTIFICIAL RESPIRATION (1505)
This lluminated letter appears at the commencement of the chapter describing
the expertments i which an anumal was kept alive after the chest was opened by
insufflating air into the lungs through a tube inserted nto a tracheatomy opening
mouth mflation of his lungs 1s given m the Bible  There 1s described how Ehsha
resuscitated the child of the Shunammite woman in the following manner

And he went up, and lay upon the child and put his mouth upon his mouth, and
his eyes upon his eyes, and s hands upon his hands and he stretched humself upon
the child and the flesh of the child waxed warm!

In conformuty with present day custom the name of Elisha should perhaps
be attached to this method of resuscitation In at least two papers?®  the mouth
to mouth method of artificial respiration 1s named after him, though 1t 15
used m a modified form  An example of the application of the onigm il method
1s grven 1 the following quotation of 1744 4

1 applied my mouth close to his, and blowed my Breath as strong as I could, but
having neglected to stop his nostrils all the Air came out at them Wherefore taking
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society published 1 handbook on resuscitation which was transiated 1nto
English by 4 certan Dr T Cogan He and 1 fniend, Dr Hawes, called 1
meeting of fellow cnthusinsts at the Tondon Coffee House on Apnil 18th,
1774 \tthis mecting 1 soctety was formed Jater to become the Royal Humane
Societs  The records of the socicty show that the members soon sought the
advice of John Hunter, the surgeon, on methods of restoring Iife to the
drowned In Ius reph Hunter quoted the results of experiments he had
carmied out on dogs it 1755 ° In these, the thor of the dog was opened by
removing the sternum exposing the thoraeic viscert The dog w1s kept ahive
by artificial respiration carned out by means of 1 double chambered bellows—
Iis own anention  One chamber of the bellows filled the lungs, the other
exbrsted them  On the basts of these experniments Hunter advised that
similar means be used to resusaitite drowned people

Hunter s advice recened confirmation in an mdependent report 1n 1776°
imated by the Humane Society from Dr Willinm Cullen, Professor of Physic
at Edinburgh  Cullen, too, 1dvised mnflation of the lungs with bellows,
recommending i particular the pattern developed by Dr Alexander Monro
the Second, Professor of Anatomy 2t Fdinburgh, and who, hike Hunter, used
Ine ammal preparnons both for teachig nd research

As a result of the formation of the English and Dutch societies, and perhaps
stimulated m this country 1t any rate by Hunter s and Cullen’s suggestions,
many devices for resuseitation were imvented

To many of the inventors the Humane Society twarded medals or other
prizes  The following quotation'® mentions some of the better known of these

Desgranges of I yons (1786) wns the nuthor of 3 pump which he called the pyulque
Hans Courtoss, of Tourncy m 1789 miented 1 double pump which lternately
mjccted and aspirated arr into the lungs through 1 tracheotomy cnuln To avoid
the complicating operation of tracheotomy Fine of Geneva (1800) devised 1 specnal
tralaryngeal tube made of leather winch he snserted through the nose  Pra and
Garcy used long gum clastic tubes or Iryngeal catheters, which were loosely fitted
mto the nose or mto the lirynx through the glotis  The experiments of Goodwyn
(1788) contributed considerably tow wrd the genernl adoption on the Continent of an
English pump devised by Nooth The wtrilaryngeal canul of James Cuarry (1791)
was also well known It was stmpler than Courtois machine, 1nd could be used either
m the nose larynx or trachea  John Murriy modified this apphance so that it would
mject warm arr Cap of I'yons (1828) also described 1n mtubating tube attached
to a pump Tecat [ows Tissot Reimur Iontwmt Mare A Portal France
_l]l'::)m:(}: m England and Troja 1 Italy were strong advocates of msufflation of the
l'ror?: nor asphyxia beheving this the best method to restore the victims of asphy<ia
o sccouTntlelr “l'h“ cause The emergency chests  first ard outfits ind the boite
P o(SI: wluc& were supplied to police surgeons and Iife saving stations on the

ngland Trance and the Continent were not considered complete without

some form of air pump o
- pump or 1pparatus for mtrt oral nisal or pharyngenl msufflation
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And beciufe fome Eminent Phy{inans had affirm d, that the Motion of the Lungs
was necelfary to Life upon the account of promoting the Circulation of the Blood
and that 1t was concery d, the Antmal would rmmedntely be fuffocated as foon as
the Lungs fhould ceafe to be moved, I did (the better to fortfic my own Hjpothefis
of this matter, 1nd to be the better able to judge of feveral others) make the followmg
additional Experiment, 212

The Dog having been hept alive, (1s I have now mentioned) for nbove 1n houre,
wn which tme the Tryal had been often repeated, mn fuffering the Dog to fall mto
Conuulfive motions by ceafling to blow the Bellows and permittng the Lungs to
fubfide and lye {ull, and of fuddenly reviving him agam by renewing the blaft, and
confequently the motion of the Lungs Thus, I fay having been done, and the Judictous
Speftators fully fatisfied of the reallity of the former Experiment, 1 ciufed another
pair of Bellowes to be immedintely joyn d to the firft, by 1 contrivance, I had prepar d,
and pricking all the outer coat of the Lungs with the (lender point of a very fharp
pen hnife, this fecond pair of Bellows was movd very quick whereby the firft pair
was alwaves hept full and alwayes blowing mto the Lungs, by which means the Lungs
alfo were alwayes kept very full and without any motion, there being a continual
blaft of Awr forc d nto the Lungs by the firft pair of Bellows f{upplymg 1t as faft, as it
could find 1ts way quite through the Coat of the Lungs by the fmall holes priched 1n 1t,
as was faid before  This being continued for a pretty while the Dog, as 1 exfpeéted
lay full as before his eyes being all the ume very quick, and his Heart beating very
regularly But, upon cealing this blaft and fuffering the Lungs to fall and lye full, the
Dogg would immedsately fall into Dying convulfive fits but be as foon reviv d agamn
by the renewing the fulnefs of lus Lungs with the conftant blaft of frefh Air

Towards the l1tter end of this Experiment a piece of the Lungs was cut quite off,
where twas obfervable that the Blood did freely circulate and pafs thorow the Lungs,
not only when the Lungs were kept thus conftantly extended but alfo when they were
{uffer d to fublide and lye foll  Which feem to be Arguments, that as the bare Motion
of the Lungs wuathout frefh Air contributes nothng, to the life of the Ammal he being
found to furvive as well, when they were not mov d as when they were, fo 1t was not
the fub{iding or movelefnefs of the Lungs, that was the immediate caufe of Death or
the ftopping the Crrculation of the Blood through the Lungs but the want of a fuflicient
Jupply of fief Air

1 (hall Chortly further try whether the fuffering the Blood to circulate through 2
velfel {o as 1t may be openly expofed to the frefh Ar will not fuffice for the life of an
Ammal, and make fome other Experrments, which I hope will throughly difcover

the Genune ufe of Refprration and afterwards confider of what benefit this may be to
Mankmde

The story of thoracic anaesthesta proper begins during the eighteenth
and nuneteenth century with the accelerared development of methods of
resuscitation

The latter part of the eighteenth century saw the establishment and
development 1 the Low Countries of a society for the resuscitation of the
apparently drowned (Maatschappy Tot Redding Van Drenkelngen] This
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The Royal Humane Society’s Annual Report for 1806 shows the 1pp1ratus
then advised for resusatation (Lig 11), the explanatory text to which
1s tihen from the socicty’s report for 1812

The following description of Nooth’s ingenious
pump ([ig 12) 15 tihen from 1 book by L
Goodwyn 1!

Tor this purpose, I proposc the instrument ABCDE
The brass cyhnder AB contuns 100 cubic inches of wr, 2nd
communicates with the atmosphere by the small eirculwr
opeming ‘o The piston DE 15 of wood, wnd lined with 1
soft substance 1t the bottom L, so 1s to be urtight The
two openings d b, arc to allow the air to escape, when
the piston 15 dewwn higher than the arculrr opening ‘1
The tube C 15 for the ttachment of a smaller one to be
inscrted mto the nose, 1rynx or trachea ¢ E

If the lungs are to be inflated the extremuty of the small I
tube must be mnserted mto one of the aenal passiges, nd <
the others properly shut  The piston bemng drawn up
and the onfice 1 closed with the finger, we press down »
the piston and force the contents of the cyhinder nto the -
lungs A few seconds after, we draw up the piston and
the air passes from the lungs mto the cylinder again Then A "
we remove the finger from the onfice a  press down the
piston, and the greater part of this expired ur escaped T =% 3
mto the atmosphere  After this, we draw up the piston a
second ume, while the onficc a continues open, and a
volume of fresh air enters into the cyhinder which may be
forced into the lungs mn the same manner €

Ll

L

Goodwyn also referred to pumps employing valves
which had recently been invented by a Mr Kate of Fio 1
Gravesend, and 2 Mr Hurlock of St Paul's Churchyard Goodwyn did not
approve of these mstruments with valves, because ‘they must be entrusted
often to the ignorant’ It 1s also interesting to see Goodwyn’s recommend-
ation regarding oxygen when he states that “where dephlogsticated aur can
be procured 1t should be always preferred to atmospheric arr’

James Curry’s? instruments of 1792, illustrated Fig 13, were invented
before the Royal Humane Society pubhshed therr own apparatus  The
tllustration shows an endotracheal tube made of silver and an oesophagenl
tube with a shding obturator to prevent aw being forced mnto the stomach
These two tubes were passed on the same patient 1 the manner shown n
Fig 14 By the ime Curry published the second edition of his book 1n 1815,
however, hus views had changed ° I believe that neither’ (the endo‘
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Fig2

Fic 11 RovaL Huuase Socter s ApparaTts
(1806)

“Fig 1 2 3 are different views of a parr of
bellows for the double purpose of 1nflaung the lungs
and imjecung warm or sumulanung vapour as of ro«
many lavender valerian, asafoetida, etc.

The mark A Fig 2 15 a lever for filling the bellows
with fresh air i inflaung B in Fig 3 18 a movable
carcular piece of wood o1 er the clack hole which must
be tumned ovey stan anflating and remosed a e when
the bellows are used a8 commeon bellows for mjecting
stunulating \apours

C, Fig 2 15 2 brass nozzle which fits wto Fig 5
at D for wnflating and into Fig 6 at E for injecting
stunulaung vapours

Fig 41 a long flexible tube of the same desniption.
asFig 7

Fig 515 a sbort fleuble tube fitted to the nozzle of
the beliows C for mflatng s tube F fits mto Fig 8
9 10 11 17

Fig 615 a brass box, inclowd 1 wood to contaw
1he sumulating substance and is 1o be connrcted atE
with the nozzl¢ of the bellows Fig 5 and at H with
the long p pe Fig 7

Fig 7 a long flewsble tube which being fitted at G
upon Fig 6 at H 15 used for impectng vapour or
smoke

Fiz 8 2 cuned siher pipe to 6t on Fig 5 for
mflsung the Iunzs by passing 1t down the threat
bevond the glotuss.

Fiz o a canmula for bronchotomy at fits on Fig
5atC.

Fig 10 11 12 are nostnl pipes of vanous sizes they
fitonFig 5 F

Fig 13 15 are clvster pipes of different sizes they
fitonFig 7atl

Fig 14 15 a svinge with a fewble be hh for
mnyecting cordsals mto the stos



RI'SUSCITATION 35

‘ f much usc, from the
heal tube not the ocsophageal blocker) ‘will be o 3
g;lcdlxt; of the muscles n the greater number of eases of drowning, locking

e 14

the jaws so close, as to render 1t impossible to mtroduce ecither with cer-
tanty > He advocated the routine use of the boxwood nostril tube m drown-
g, and only made use of the flexible oesophngeal tube for the injection of
cordials and the removal of laudanum or other powsons from the stomach 2

Cutting across the now firmly established and naccepted beliefs on the
efficacy of the bellows 1n resuscitation came Leroy’s dramatic and devastating
pronouncements mn 1827 In a series of paperst® to the I'rench Academy of
Science he cast grave doubts on the safety of forced mflation of the lungs
carried out with bellows

He demonstrated with practical esperiments that by blowing forcibly

Fic 13 CuRRY s REsUSCIFATION APFARATLS (1792)

Tig t+ Silver tracheal cannula  The cannula is round untl within two inches of the end at A when i1t becomes
flat and continues 50 to the point 1n order to adapt 1t 10 the oblong opening of the windpipe To prevent
any 1nyury being done to the sides of the aperture which forms the voice the pomnt of the cannula s closed and
rounded off and the open ngs are made 1n the sides to allow the air to pass into and out of the lunes
Fig 2 A floxable tube with a brass socket C to fit on the end B of the cannula
funnel D which can be tied round the nozzle of a common bellows
17 3 Wooden no tri! tube T'nd A 1s inserted into nostnl - B connects to bellows
Fig 4 % brass synnge for 1njectine sumulating fluids 1nto the stomach via flexible tube (Fie 5} or into
rectum v1a the glyster p pe (Fig 6)
g 5 A fleable tube made of spiral wire covered with leather for introducine liquids 1nto stomach A—

wory tp  B—nory shding piece used to block oesophagus and prevent air entering stomach during 1nflation
C—brass mount

Tig 6 Flexible glyster tube
Fig 7 Brass connccung piece A 1s attached to cannula Bellows are attached at B

At the other end 15 a leather
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to it the volume of ur nflated  With us bellows Leroy chm:cd ﬂlnl
damnge to the lungs duc to over inflation was unlihely to occur  Neverthe

oS

{
.

'
.
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Fic 16 Fricuses s Rescserramion Puaee (1845)
Pump of 20 cubsr inches capacity

18 gallon gasometer

Rubber tube connecting pump to patient
Intubanon tube or nostril pipe

Yot water reservoir or gasometer

Contents gauge

Fic 17 F~iARGED Drawne oF ERicsen s Puae
A Piston rod with s en 1 diisions marked onat
B Shding collar with fixing screw (b)  Losition of
collar on piston rod controls stroke volume of

Pra-Tat Y

pump

© Rubber wbe connecuing purmnp with patent

E  Flute key lever controllingthe two-way tap {T)
F Inlet to pump from gasometer

less the practice of resusatation by nflation of the lungs with bellows fell into
general disfavour  Even the Royal Humane Society did not disregard these
opimons and withdrew bellows wherever they had supplied them for
resuscitation

Tor the next fifty ycars, until Tell and O Dwyer relundled mterest, mflanon
of the lungs as a method of resuscitation lapsed snto desuetude, wnd duning this
pertod reliance was placed on warmth, friction, the ‘exhubition’ of stumuliting
vapours and the ntroduction of cordials into the ahmentary canal The
1dea of inflation however was kept alive by sporadic inventors like Enichsen,
whose apparatus (Tigs 16 and 17) was described 1 18451 In the course of
tis very lengthy paper Erchsen stated “in those desperate cases in which
submersion has lasted for more than four minutes, or 1n which there s no
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with the lips apphed to the resuscitation cannula 1t was possible to rupture
the alveoh causing emphysema and tension preumothorax, with fatal results

Fio 15 LEROY § saFeTy BELLOV $ AND INSTRUMENTS FOR InTUBATION (1827}

On the Icft 15 shown the bellows with 2 sanable stop marked 1n ages When the stop was placed aga nst the
age of the drowned or monbund subiect the bellows would deliver a safe volume of air  To permut the escape
of expired air there was a side tube near the nozele like Hunter 5

On the right 1s the two-bladed tubating spatula which holds the mouth open depresss the tongue and
epiglotus and allows the tracheal tube to be pas ed v1a the gund ng rings through the larynx mnto the trachea
{Compare with Fig 169 Lrafoord s sumiar wstrument 1938 )

It was lis opinon that many patients who othen 1se would have recovered
were speedily dispatched, by the over enthusiastic use of the bellows mn the
equipment then 1ssued by the Prefecture of Police (see Appendix, p 151)
These expertments greatly perturbed the Academy, the members of which
had been responsible for designing the bellows and recommending that they
be wssued A committee of mvestigation was apponted This commuttee
repeated Leroy s ammal experiments and confirmed s findings 1n a report
1ssued m 182915 To obwviate the worse defect of the bellows then m use Leroy
myented ‘safety bellows (Fig 15), which had an adjustment marked 1n ages
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Durine All tos time winde physiertns e general were concerned with the
problems of resuscitation of the drowned, obstetrieins were occupied with
those of revival of the newly born Tor esample, Chnwusster, n obstetriciin
of Dyon, wrote 1 memorandumt 1n 1780 entitled

Sur les moyens propres a delermner la vefpuration dans les enfans qui narffent fans
donner aucun figne de vie, & a relablir cette fon&lion dans les afphyxies, & fur les
effets de L aur vital ou dephloge fuque employé pour produre ces avantages

Tins memorandum was presented to the Royal Socicty of Medicine of
Pans, and i 1t Chaussier condemns the mouth to mouth method because
At has been known for 1 Jong time that expired ur m 1ts passige through
the lungs ncquires 1 defetenious quality which s harmful to animals winch
breathe 1t again  The evcellent expeniments of Priestly and Tontana hwe
demonstrated that the ur leaving the chest contuns 1 lirge quantity of
phlogisticated ur* and fived aur, neither of which s of any use for respiration,
and far from aiding this function, the fised ur which 1s found 1n the evpiration
carrzes into the Jungs a lcthal effect 'f

Ordinnry household bellows had lrendy been 1 use for resuscitiuon for
some years  Chaussier pointed out that they were not without drawbcks for

3¢ 18 Cuaussier s Bac AnD Mask kor INFLATION (1780)

‘almost always, kitchen and houschold b llows are full of

ash and dus
msufflation carnes this mto the mouth and lungs of the , e

asphyxiated chuld

¥ Ihlogist cated air = mtyoy
Dephlog sticated air = oxyg f Trnsiation

Tixed ur carbe n dic xide

30
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sign of vitality left and in which, as has already been stated, the measures at
present adopted are very generally meffectual, T would most strenuously
recommend the trial of the inflanon of the lungs with oxygen gas’ He
advised that the chest should be inflated with 15 cubic imches of oxygen
ten times a munute, the chest and 1bdomen bemng compressed after cach
mflation He stressed the danger of foraible inflation
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to 1 vessel A The connecting tube I consists of soft leather fitted over wire
rings s m the modern manner, to muntun ats lumen 1nd prevent flattening

e

I 20 Ciavcirrs Cassura (1807)

The vessel A has two openings, the top one G connected to the brenthing tube
and the bottom one B wlich 15 left open, and through which the vessel 15
filled with onygen  The outer contuner G 1s filled with water, so that when
the patient breathes 1n and out through the fice mash the water flows m
and out of the vessel

Later m 1807¢ Chaussier also designed 1 cannul (Tig 20) for aintubition
of the laryny to permmit more cfficient wnflation of the lungs Thus cannul
of oval section for easy handhing not only had a curvature which appronimated
to the anatomucal shape of the pharyny, but had fixed near the laryngeal end
a small sponge which occluded the laryny round the tube Leakage round the
tube was mimmized, making inflation more effective The latter manocusre
was carned out by the operator blowing down the broad end of the tube
This cannula became the prototype for many of the cannulae which were to
follow, although some designed 1n 1ignorance of Chaussier’s work were almost
wdentical (see Iigs 113 and 115)

However efficient Chaussier himself found his mstrument, 1t never became
very popular owing to the practical difficulty of intubating the laryn< of a
new-born child through the mouth by the sense of touch alone  This difficulty
combmed with Leroy s damaging attack in general on the method of
msuffiating the lungs with bellows, led to the almost total cclipse for the ume
bemg of tracheal cannulation as advocated by Chaussier Depaul, however,
Chaussier's successor at the Matermite, published i 1845 a comprehensn e

et
- )
—!

bic 21 Depact s Canstra (1845)

paper® supporting 1ts use

Depaul modified Ci
making the laryngeal ope p 1 pussier s tube (hg 21) by

ning termmal and by altering the corvature
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also 1f the lips and nostnils are not closed tight enough, one blows mn vam,
the air escapes without entering the bronchi’

In order to overcome these difficulties and objections, Chaussier designed
1 1780 a simple apparatus (Fig 18) This consisted of a large rescrvorr bag A
and a face mask C connected by a tap B The reservorr bag was filled with
air or oxygen, the face mask appled to the child’s face and the bag squeezed
rhythmically The appearance of this apparatus and the method of 1ts use
bears a striking 1dentity with those of the present day

The lower illustration m I'ng 18 shows a tube D which plugged mnto the
outlet mside the face mask, for inflating the lungs through a nostril  Both
the reservoir bag and the face mask were made of chamois leather, though
1 the case of the bag a ‘well cleaned bladder’ or a ‘strong varmshed taffeta’
would serve  When the nostril tube was 1n use the face mash was turned
mside out over the tap B The need for airughtness between the face mash
and the face was stressed by Chaussier who advised adhesive plaster to make
a close joint between the two

Complementary to the bag and mask was an oxygen therapy outfit (Fig 19)
which Chaussier described 1n the same paper To the left 1s seen the oxygen

Fic 19 Cuavsster s Oxvees Tuerapy OCTerT (1780)

’s shop On the
tarage vessel for the transport of oxygen from the chemust’s shop
;ghtgls the inhaler consisting of the face mask T connected by tubmng and tap
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the nose nto the trachen of 1 pruent  This led him to treat several cases of
ocdemn of the glottis by successful blind endotracheal mtubation

Tor the rchef of respiratory obstruction n diphtheria, Bouchut used 1 short
trachenl tube less than onc inch long, having two projections 1t its upper
end resung on the Itryny  He reported huis work in 1858 to the I'rench
Acrdemy, but s method was condemned outnght? after 1 muserable failure
at an arrainged demonstrition before Trousscan, then 4 medicnl demigod
and 1 proncer and advocate of trichcotomy

Fortunatcly, when O Dwyer, of New York, i 1885° (g 23) published his
report of 1 successful tnal of the same techmque as Bouchut, the reception
was more hindly  So much so, n fact, that 4 decade after O’Dwyer’s report
Matas wrote that

O Dwyer s resurrection of Bouchut s crude 1deas on mtubation, 1nd his magical
transformation of the bloody 1nd tragic prcture of tracheotomy in diphthena into a
simple, pamnless, and bloodless bit of techmical jugglery by Ins perfected method of
mtubation has practically closed for all time one of the most conspicuous chapters 1n
the history of surgery *
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Ribemont 1n 1878 listed many criticisms of these earlier devices i his papert
describing his own tube (Fig 22)

A

I | ssvpaee
o 0

Fio 22 Rusesonts Tusze (1878)

A tube designed for arnficial respiration 1n the newly born child and claimed to be an smprove
ment on that of Chaussier The shape of this tube was designed after many observations on cadavers
and closely resembled the natural curves  The eross section varied 1n different parts of the tube  The
tracheal end was cone shaped and was flattened from side to side to pass through the larynx easily and
to give a nearly air ught fit The main part of the tube was cireular in cross secion while near the
mouth 1t was agamn flattened from side to side for ease 1n handling with meconium covered fingers

Fic 23 O Dwyer's TuBE AnD INSTRUMESTS (1885) FOR LARYNCEAL INTUBATION 1
reuTHERITIC CROUP
The tube was designed to 1 € 1n the larynx with the expanded upper part resting on the cords
1 Intubation tube showing expanded upper end which rested on cord
2 Tube m place on mtroducer
3 Introducer sho ng extensible pr g points which gr pped tnside of tube
4 Mouth gag

Meanwhile, two other attempts at mtubation as part of the treatment of
asphyxia had been made Desault® acadently passed a stomach tube through
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Navertheless, one cannot but wonder whether John Snow would not hue
forestalled Tum fifty years before had the surgeons of lus dny been rendy to

(N

CRR

Fic 25 Tue FELL-O DWYER AppaRaTiS Fic 26 \Marass \optricamios orF tHe Ferr-O Dwyvexr

(c 1888) ApPARATLS (1900) ¢ (See also fig 140)

Thas was sumlar to the onignal Fell The device consists of an O Dwyer pattern tube with a
P (Fig ~4) but handle and provision for the maintenance of anaesthena
the operator s thumb was placed over added The anacsthetic was dripped on to the cone (1)
theexpiratory orifice O Dwyer slanyn The vapour passed via tap (2) into the laryngeal tube  The
geal tube was agreatimpror ement over tap was closed during milation and the latter would be
the face mask.  The laryngeal end was interrupted whilst the pauent nhaled air and anaesthete
e ata it anale o fucd e o fom the cone
ent sizes designed to fitsecurely into the 1 Anacsthetic cone (Trendclenburg pattern)
larynx preventing the escape of ar 2 Ta

during mflaton Rings were provided

3 Connection for supply of compressed air
for the operator s fingers

34 Expiratory onfice—closed by thumb during inflation

Snow’ used the very principles which Matas describes

A young rabit rather more than half grown, was made msensible by breathing ur
charged with four per cent of vapour of chloroform 1n a large jar  The trachea was
then opened, and a tube was introduced and tted The lungs and heart were then
exposed, by making an inciston and removing the lower half of the sternum with the
adjoming part of the cartilages of the nbs on each side  The front of the pencardium
was also cut away to expose the heart Whilst these operations were performed,
artifictal respiration was hept up by means of a bladder of air attached to the tube in

the trachea The heart contracted vigorously and quickly, and the lungs were of a
hight red colour

open the chest

Other surgeons also experimenting 1n this new field of surgery, begin to
try rhythmic inflanon of the lungs combined with anaesthesia Tuffier 1nd
Hailion® * reported to the Socicte de Biologie 1n 1896 on ‘Intrathoracic
operations with artificial respiration by mnsuffiation’ and ‘On the regulation
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AFTER an unsuccessful attempt by the then standard Sylvester and Marshall
Hall methods of artifictal respiration to mantam life 1n a case of morphine
powsoning, Dr George Tell, of Buffalo, apphied m the human being the
laboratory techmque farmbiar to him
of artificial respiration with bellows
In 1887' he described an apparatus
(F1ig 24) he had successfully used to
maintamn artificial respiration, erther
via a trachcotomy tube or a face
FG 24 Tie oriGivAL FELL APPARATUS FOR ARTIRICIAL mask O’Dwyer, with his esperience
RESPIRATION of ntubation mn diphthenia (see
comney 1o (o) e the oo e e pavcnts lumgs P 158), soon modified? Fell’s ppar
during the inspiratory and mto the atmosphere during atus, obviating both the posstbility of
the expiratory phase
a poor atrway when a mask was used,
and the nced for the operation of tracheotomy before resuscitation could be
started A tracheal tube was substituted for the tracheotomy tube or face
mask (Fig 25), the bellows were operated by foot and the cornet valve
replaced by a simple exprratory hole closed by the thumb This apparatus
became known as the Fell O’Dwyer apparatus
Matassaw that the Fell-O’Dwyer apparatus could revolutionize chest surgery,
and successfully adapted 1t for anaesthesta (Fig 26) He reported m 1899 the
first successful use of this apparatus for a thoracotomy during which a tumour
of the chest wall was removed The far sightedness of Matas 1s shown mn the
following extract from one of hus papers® 41n which he advocatesthe methods in
use to day, but which were to recerve little encouragement for some forty ycars
We have now come to 2 ume when new expedients are bemng, devised for preventing
pulmonary collapse and for mamntamning the functional activity of the lung after
openng the pleura It 1s these new expedients which promise most hopefully to resolu
nonize the surgery of the thorax m a manner that will relegate adhesions to a secondary
and humbler plane
The procedure that promuses the most benefit mn preventing pulmonary collapse 1n
operations on the chest 1s the aruficial mflation of the lung and the rhythmical mamn
tenance of artificial respiration by a tube 1n the glottis directly connected with a
bellows Like other discoveries 1t 1s not only elementary n 1ts simplicity but the
fundamental 1deas mnvolved 1n this important suggestion have been lying idle before
the eyes of the profession for years It 1s curious that surgeons should have failed to
apply for so long a nme the suggestions of the physiological laboratory, where the
bellows and tracheal tubes have been in constant use from the days of Magendie to
the present mn practising artificial respiration mn ammals
44




FARIY CHIST ANAFSTHFSIA 47

others the blow off tube w1s used to control the degree of residunl distension
of the Jungs 1t the end of expiration

In 1896, simultancously with Tufficr and Hallon’s paper, Quenu nd
Longuet deseribed'® therr unsuccessful attempts to present the pncumothorax
syndrome by dchiberately provoking the formation of adhesions by irntatmg the
pleurt some lttle ime before the operition  In common with many of the
surgeons of their d1y they belicved that the cause of the pneumothorat
syndrome was the collpse of the lung 1nd that the condition ould not occur
if the lung was prevented from collipsing It was natural, therefore, that
therr net approach to the problem was to prevent the collpse of the lung by
ncreasing the intrabronchinl pressure,’ forang ‘the lung 1gunst the window
1 the thoricic wall throughout the operation ” This was achieved by ‘making
the animnl breathe into 1 contamer of compressed ur which encloses the upper
part of the body, mn apparatus very sumilar to that used by divers” Sod hime
and a chloroform soaked sponge were pliced mside the contuner and a
mercury mnometer used to obscrve the degree of positive pressure When
5-6 cm of mercury (1 rather lugh pressurc as it now appears to us) were
rcached, ‘A large window 15 opened 1 the chest wall and the ribs retracted
to one sitde  The lung tends to herminte through the opening and appears
1o the surgeon, comvey, smooth, pink and breathing ’

Unhike Quenu and Longuet, Tuffier and Halhon thought that thus state of
affaurs was unsansfactory,? pomnting out that ‘in most mntrithoracic operations
118 an advantage to have ight and space m the pleural ety This means,
then, that the lung far from filling 1}l the cvaty occupies the smaltest s clume
posstble compatible with efficient circulation ®

Tuffier and Hallion clearly anticipated present day methods by using
rhythmic inflation  The incorporation and use of 1 watcer valve for varying
the exprratory pressure was later to be adopted by Tiegel Tiegel, however,
did not follow Tuffier and Hallion’s good practice of assisting the respiration
Had he done so he mught not have encountered the problem of carbon
divade retention, which was to prove such 2 stumbling block 1n the positine
pressure and insufflatton methods during the next thirty years
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of intrabronchial pressure and anaesthesia m artificial respiration by m-
sufflation,” 1n wlich they stated that
one of us has been able to apply successfully
£ n man, a techmique for partal resection of
the lung, with which he had previously ex
perimented 1n ammals
They felt that for sausfactory operiting
conditions
exptration should continue unencumbered,
despite the wide opening of the pleura, even
when this 15 completely free from adhestons
Artificial respiration by msuffiation  alone,
would appear cipible of meeting these
requirements
A diagrammatic representation® of the
method Tuffier used for mantainng hfe
during open chest surgery 1s shown mn
3+ Fig 27 Rhythmic inflation of the lungs
E was carred out but esprration occurred
oA against a resistance, the back pressure of
Fic 27 Tersier avo Havtios s Memion (1896) which could be vanied The mam part
of the apparatus consisted of the Frangors
Franck cannula (CFF) connected to the respiratory tract (tr) To another
himb of the cannula (1) 1s connected a bellows while to the third 15 connected
a tube (TC) leading to the water valve Inside the cannula 1s a flap valve (2)
having two artight seatings, one vertical aind one horizontal (§S) When
air 15 forced from the bellows along the horizontal pipe (1), the flap valve
1s forced into the horizontal position and the ur passes via the pipe () 1nto
the lungs At the end of the inflation stroke of the bellows the valve flls anay
from 1ts horizontal seating and allows the expired 2ur from the Iungs to pass
out along the tube (T G ) through the water valve (T V) wto the outside
atmosphere A very sumular valve for use with the Oxford Vaporizer was
described by Neffin 1945°¢ The degree of resistance to exprration, and with
1t the degree of distension of the lungs, 1s controlled by the depth to which
the tube 1s submersed in the water The manometer wis added to the
diagram to mdicate the fluctuations of pressure (B G) within the lungs
The Tuffier and Halhon method of anaesthesia with this apparatus fore
shadows to a striking extent present day methods A perfect airway was
mamtained by mtubation of the trache: with 2 long copper tube  When the
lungs had been inflated to the desired degree with the bellows, expiration
was allowed to take place through the blow off tube In some cses the blow-
off tube was not used and expirations passed freely into the outer ar In
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opening the chest, important circutatory changes oceurred 1 the collpsed
lung  He clumed that distension of the alveoh 1n the norml lung tended to

Iic 28  Sauerbruch s experimentl Negatne Pressure Box used 10 open ¢hest operations
ondgs The dog schest s enclosed in the box 1 which the pressure 1s —~romm Hg (1904)

restnict the arculation through the lung  The collipsed lung, on the other
hand, became hyperaemic and the circulation through it might be even greater
than through the opposite side  Thus a considerable shunt of blood through
a non aercating lung occurred with a consequent reduction 1 the oxygen
carriage, and an merease of carbon diovide 1n the blood It was ths, he
believed, that caused the cyanosis and dyspnoea of the pneumothorax
syndrome

Tt was natural, therefore, for him, 1n searching to remedy this condition,
to concentrate on restoring the distended condition of the lung by producing

P

|
1

v

Fic 29 Negawse Iressure Operating Chamber [
operD, v (sau"brmhp:gm )g or use in experimental open chest

1 differential pressure within and without the lung Like most of fus
colleagues he thought that spontaneous respiration on the part of the patient



CHAPTER VI
THEL POSITIVE PRLESSURE PERIOD

Leroy’s adverse report i 1827 (see p 35) to the rench Academy of Science,
m which he condemned the use of bellows as being dangerous, led to the
decline 1n populanty and the virtual disappearance of this method of artificial
resprration, and with 1t the art of intubatton of the trachea Little wonder,
then, that the techmque of intubation and the design of tubes for this purpose
advanced little duning the mineteenth century Thus 1t came about that when
thoracic surgery was taking 1its first halting steps, the art of blind tactile
mtubation through the mouth had been almost completely lost So much so,
that when O’Dwyer commenced his researches on ntubation for croup n
1880, he was, on his own admussion, unaware that this had already been
attempted some thirty years before

The techmque of artificial respiration by intubation and nflation with
bellows was widely used for experimental animals m the laboratory This
rather traumatic procedure, and the somewhat crude instruments then
available for 1t, occurred to surgeons as possibly adaptable for use in human
beings, but the difficulties of mserting the tube 1nto the human laryns were
apparently sufficiently great to damp any but those with the most tenacious
mtiative  The frequently expressed opinion of authorities of the stature of
Willy Meyer! m papers of this period was that intubation as a routine
clinical method was not a practical procedure Lven nearer to the present
day more than one Contmental surgeon regarded intubation as a manocuvre
needing more than average skill As late as 1938 an introducer for endo
tracheal tubes stmilar to that of Leroy was mvented, because the author
thought that direct laryngoscopy and intubation required exceptional skill
(see Tng 169, p 134)

The difficuluies of mtubation sumulated a search for methods other than
those used for laboratory ammals of defeating the problem of pneumothorax
1n chest surgery

In Germany, Sauerbruch, then a young assistant, was charged, in 1893, by
s chief, Professor von Mrckulicz, to ivestigate further the pneumothorax
syndrome and not only to discover why the harmful effects occurred, but 1f
possible to evolve a means of defeating them

Sauerbruch published? after a considerable amount of experimental work
(Figs 28 and 29), a paper which though repeating many of Quenu and
Longuet’s suggesttons of 1896 introduced a new era of understanding and
research mto the problems of anaesthesia for open chest surgery Sauerbruch
believed that when the intrapleural negative pressure was destroyed by

8
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nside the chimber was hept 1t 10 mm Hg below that of the atmospherc
The patient continued to breathe spontancously

Fic 92 Tue ORtennaL BRAUER APPARATCS FOR TosrTne PRESSLRE ANAESTIE 1A
15 OPEN CHEST SURGERY (1603}
Compressed aif was fed 1o the box which enclosed the patients head and the
bets t5 arms Anacsthesia was § bv oxygen and chloroform from a
Roth Drager apparatus in a manner similar to that shown mn Fig 33
When anaesthetized the patient s head was thrust through the large air tight collar
and then placed in the chamber through the large aperture  The collar was bolted in
place  The anaesthetist passed his hands into the chamber s1a the two holes at the

s de which were rendered arr ught by cuffs  The patient was obseried through the
top window

In spite of the widely open thorax the exposed lung did not collapse as 1t
would do 1n the ordinary way There were, of course, the practical difficultes
of operating n such a closed chamber, but these were mummized when 1t
appeared then that the pneumothorax problem had been solved

Sauerbruch was no doubt aware of the Spirophore (Fig gr1) which had
been invented by Woillez 1n 1876,* and perhaps even of its precursor described
by Lewins in 1840 ** The negative pressure chamber of Sauerbruch my well
have been 2 development of the Spirophore adapted for thoracic operations

* Dt Lewns of Leith described an apparatus for arficial respiration 1n which the body with the exception
oftheYead be m tacus or nearly so Thisis easily don by putting the body to be operated upon in a bos that
<an be made a1t ught On the top a Jarge syringe 1s placed which communicates with the interior

By elevating the piston of the synnge a parual void 13 created to fll up which the air

of the atmospher:
rubes) te the lungs through the trachea and distends the chest Exp 15 ac d by d g the
pston
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was essential  To accomplsh all this Sauerbruch devised the ‘negative
pressure” method The operating room (Fig 30) consisted of an artight

Fic 30 Negatne Pressure Operatng Chamber Fatients legs and abdomen were
enclosed by a cuff to cutside here 904 )

Fie 35 Wowsiez s SpiropHoxre (1876)

The apparatus consists of a ¢ylinder of zinc or gal anized 1ron big cnough to recene the body of an adult
up to the neck  Itrs fusnished with small wheels which allow 1t to be dragged quickly 1o the place where t1s
needed This cylinder placed almost horizontally and a 1 ttle inclined 1s hermetically closed below and open
above Through this upper opening the body of the patrent 15 shid with the help of a sort of stretcher furnished
with rollers on to which 1t 1s placed first of all Then the upper opening 15 closed round the neck with the help
of a diaphragm which s fixed 1o the edzes of the opeming  The head thus left frec Tests on an appropriate
support  An airght and floaung matenal_hanging from the obturator diaphragm 15 fixed around the neck or
head (from the chin to the occrput) 1o 2 0 d as much as possible the passage of the exterior air 1nto the intertor
of the apparatus when 1t 1s being empuied  The air thus confined 1n 1de the apparatus around the body of the
patient can be rapidly part ally withdrawn by the ad of a strong aspirating bellows with a capacity of about
Po litrcs placed outside the principal contaner

“The morement of the chest was observed through the wandow D or by watchiag the ni e and fall of th sod E
which rests on the paticnts sternum

chamber which contamed the whole team as well as the patient with the
exception of his head which projected outside the chamber The pressure
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mside the chamber was hept 1t 10 mm Hg below that of the atmospherec
The patient continued to breathe spontancously

Fic 32 Tug ORIGINAL BRALER APPARATLS FOR POSITVE PRESSLRE ANAESTHEfA
™ open Cuest Strcery (1904)
Compressed air was fed nto the bot which enclosed the pauent s head and the
het: 13 Anacsthesta was 4 by oxygen and chloroform from a
Roth Drager apparatus i a manner sunilar to that shovn 1 Fig 33
Vhen anaesthetized the patient s head was thrust through the lar,e air ught collar
and then placed 1n the chamber through the large aperture The collar was bolted in
place The anaesthetist passed his hands into the chamber via the two holes at the

side wh ch were rendered air twht by cufls  The patient was observed through the
top window

In spite of the widely open thorax the exposed lung did not collapse s 1t
would do 1n the ordinary way There were, of course, the practical difficulties
of operating m such a closed chamber, but these were mimimzed when 1t
appeared then that the pneumothorax problem had been solved

Sauerbruch was no doubt aware of the Spirophore (Fig 31} which had
been mvented by Woillez in 1876,* and perhaps even of 1ts precursor described
by Lewns m 1840 #* The negative pressure chamber of Sauerbruch may well
have been a development of the Spirophore adapted for thoracic operations

Dr Lewwns of Leith described an apparatus for artificial respiration in which the body with the exceptiont
of the head be in racw or nearly so This 1s eas ly done by puttng the body to be operated upan 1n 2 box that
<ap be made a1 tigh1 On the 10p a Jarge syrmge 1s placed which communicates with the wtenior

By elevaung the piston of the syninge & partial void 19 created _to fll up which the air of the atmosphere
(u:txﬂ 1t the lungs through the trachea and distends the chest  Exp ¥ plished by & the
piston "
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The publication in 19o4 of Sauerbruch’s panstaking researches monopo
hzed the attention of the professton, and such a deep impression was made

F1G 33 BRAUER'S SECOND APPARATLS PRODUCED IN CONJUNCTION WITH Tiie DraceR CompaNy (1905)

The compressor L supplicd aur under pressure to the spring loaded bellows R the pressure within which 1s
kept umform by the springs  The air passes v1a the tubing Lo and L3 to the box in which the head 1s contamed
The degree of pressure 13 ndicated on the manometer M and controlled by the shding weight A B1 a damper
which pre ents chattesing of the escape 1ale

The anaesthetic circuat 1s quite separate  Oxygen from the cvlinder O 1s led nto the Draver drp vaporizer
N and then v1a N1 to the face mask  The resenvoir bag § 1s contained in a bell jar which 15 1n communication
with the head container and 1s thus subject to the same amount of positne pressure

that the stimulus to develop methods which utilized principles other than
those of differential pressure with spontaneous breathing was removed for
the next twenty years

A medical colleague of Sauerbruch, Brauer, who for a short time also
worked at Marburg, independently and at the same tume as Sauerbruch
carried out ammal experiments with the sxme end 1 view Instead of
enclosing the subject m a negative pressure chamber, Brauer preferred to
mcrease the intrapulmonary pressure, by placing the head of s subject 1
a posive pressure chamber His results were published stmultaneously®
and 1n the same 1ssue of the journal as Sauerbruch s

There was apparently httle difference, 1f any, to be noticed chnically
between the two systems In fact, Brauer pointed out that so long as there was
a difference of, say, 10 mm Hg between the extrapulmonary and intra-
pulmonary pressures, 1t did not matter greatly whether the latter was 760

or 770 mm Hg
Of necessity the negatrve pressure method nvolved bulkv and expensive
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apparatus which could not casily be trnsported (Iigs 30 and 36) In the
positive pressure method, only the pauent s head needed to be enclosed mn the

Fic 3, DiaGRAM OF MURPHY 5 \PPARATLY

A\ simple apparatus of Brauer pattern consisting of a
double vahe foot pump (B) for mamtaiming pressure a
rubber reservorr bag (R) and a jacketed ether bottle (E)

The arr may be dinerted over the ether or not by
manipulat on of chp {€)  Inter and outlet air pipes are
of § inch diameter which can be opened i positne

pressure 13 not needed (W) =water vahve for control of
Fic 34 Mereiy sPosrrne PRESSURE APPARATUS (1gn5)?  pressure

apparatus  Within a short time, other forms of positive pressure apparatus
were devised which were both portable and cheap

Brauer s onginal apparitus (Fig g2) consisted of a large box into which
the patient s head was placed after 1naesthesia had been induced  Anaesthesin
was mamtamned by oxygen and chloroform from a Roth Driger apparatus
Before opening the chest the pressure nside the box was rased, by feeding

compressed air into 1t The following comment on Brauer’s method 1s
lumnating

Some observers who have seen Professor Brauer s head chamber chimeally 1pplied
surgery of the human state that cyanosis and dyspnen have been conspicuous factors
In such instances one or two avordable conditions 2re present  If unnecessary high
pressure 15 employed under compression* of the pulmonary capillaries ensues the
nght heart may become engorged and a rise pulmonary pressure occurs This
should not occur however except 1n the hands of unskilled operators The more
frequent caunse of dyspnea in these cases 15 incomplete vennlation of the lung alveoh
due sometimes to the msufficient supply of axygen but more often to the stagnation of
carbon dioxid, the escape of which 1s not adequately provided for either in the
construction of the apparatus or m 1its mampulation 7

* Presumably over-compression was intended by the author
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Fie 37
Fic 36 Wity MeveR s COMBINED POSITIVE AND \EGATIVE PRESSURE APPARATCS (1909117
The operating chamber inside which the pressure was kept below atmospheric
Fic 37 Wihin theNegatn ¢ Pressure Chamber of Fig 36 wasanother chamber kept at positive pressure and mto
i rthe hets and hus eq

which projected the head of the panent  There was al g ac fo

Brauer devised® a second machme (Fig 33) with the help of the Drager

View of the mterior of
Meyer ~Negatne Pressure Operating
Chamber show ng the operat ng table

Fic 38

Standing

and stoals for the surgeons
s the

mside the operating chamber
posive  pres ure  chamber lor
patient s head and the anacsthetist

The differential pressure
was very quickly taken up

company The size of the box was reduced and
as i the previous machine, the Drager anaes-
thetic apparatus used A cylinder supplied
oxygen to which was added ether or chloroform
A reservorr bag and breathing tube lading to a
fice mask completed the apparatus Into the
box a flow of g30-60 Iures per minute of com-
pressed air was maintamed to ensure that ex-
pwed atr was removed from the head chamber
It should be noted that the reservoir bag of
the anaesthettc machme 15 enclosed 1n a glass
chamber connected to and, therefore, 2t the
same pressure as the head chamber Brauer
preferred to use a large hinged flap valve and 2
wetght to control the degree of positive pressure,
having found that water valves and rubber
balloons (see Fig 42) developed harmonic
frequencies which caused the pressure to
fluctuate greatly

principle of Brauer’s and Sauerbruch s machines
by surgeons not only throughout Germany but



POSITIVF PRESSURE CABINET 50

Fic 39 Fie go
Fic 39 RoBrssos s InprovED Posttive PRESSURE APPARATLY (1910 1

The apparatus consisted of two parts a sheet metal cabinet 53 ¥ 33 > § feet whnch contained the anaesthetist
and the patient s head and 2 wooden box 2§ ¥ 2 X 3 feet which contained two venulating pumps and two
1 hp motors
* “The front of the cabinet and the pump bot shows the orifice with a rubber coltar for the pauen s head
Abore it 1s 2 window and hight so that the patient 3 face can be observed b the susgeon (M M) ase speaking tube
opernes to allow communication between surgeon and anacsthetist (B) Window brhind which 1s a manometer
andicating pres ure within the cabmet  (G) Heavy rubber glove permiting control of pumps by anaestheust

Fic 40 Anacsthetsst seated 1n Robinson s Cabinet with nght hand on regulates of air escape vahe and
«carpices 1n postion Rubber glove hing on pump controls

Fic 41 Front of Robmsons Cabwnet from
1 terjor  shawing A— wnncr door of air lock via
which anacsthetist 15 supplied  B—barometer
E—carp eces nabling anacstheu tro hear surgeon s
rematks S—prak ng tube connected to mega
phone \{
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elsewhere (Fig 34) The positive pressurc method was most favoured
because the apparatus was comparatively stmple

I1c 42 kunn s PostTive PRESSURE APPARATLS (1905)

A Connection for endotracheal tube F  Oxygen cyhinder

B Threc way tap G Balloons for oxygen and chioroform
D Drager chloroform vaporizer H_ Balloons for oxygen only

E Watervahe M Manometer

By 1910 the basic principles of the differential pressure cabinet type
apparatus had reached 1ts zemth of complexity m the form of Meyer s and
Robmsons cabiets (Fig 36 and 39) By the time, however, they were
imvented and beng used, the equally effectve and more simple positive
pressure machmnes of Tiegel had been developed and taken up everywhere

Kuhn of Kassel was one of the few who persisted m the use of endotracheal
tubes passed bhindly through the mouth and he became very expert in their
passage, s well as an ardent exponent and propagandist for their use He
was responsible for the 1vention of two positive pressure machines for use
with endotracheal tubes His first machine (Fig 42)'* 15 mteresting m that
two positive pressure CIrcuits are used one for oxygen and chloroform and
one for oxygen alone  Oxygen was admutted from the cylmder F ether via



POSITIVI PRISSURF MITHOD 57

the Drager chloroform drip apparitus D mto the tho chloroform reservorr

bags G, or dircct mto the two ovygen bigs H s required  The tip B con-

nected the patient arther with the

CHLOROTORM VAPORISER ovygen bags or the chloroform nd

ST T a—maomeren ovygen bags so that the depth of

L g‘\ anaesthesi1 could 1t once be light-
!

,\\é encd should dangerous symptoms
|
[

be manifest
The minture thenpassed downthe
pressure tubing to the endotracheal

Paatestt £

Fic 43 Fic 44
Fic 43 Ruis s Revisep Poste PRESSURE APPARATUs (1906)
Fic 44 Diacrasm oF hunn s Posmve PRESSURE APPARATUS (1906)
tube connection at A All surplus gas and expired gases passed out into the
atmosphere via the water valve E, which also served to control the degree of
positive pressure  This apparatus was modified, and 1ts final form 1s shown
m Fig 43 and 44 13 Like the previous one 1t 1s divided mnto two circurts, one for
oxygen and air and the other for chloroform The oxygen from the cylinder
(B) 15 diverted by = tap to onc or both of the concertina bags (LR) In
passing to the contamer (L) the oxygen picks up chloroform from the
vaporizer In passing to the other bag (R) air may be added from the foot
bellows  The pressure in the concertina bags (R and L) 1s mamntamed by
weights on them, cxcessive pressure being prevented by automanc blow off
valves The tubes leading from the bags to the breathing tube are provided with
li‘nked taps so that the mixture of oxygen and chloroform can be varied at will
h}is}iﬁrzel:f gs‘s;‘t:;:; pll;lesslurc 15 controlled by a mechanical expiratory valve
go6, at the same time,* a ‘arcle’ closed cirewit
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elsewhere (Fig 34) The positive pressure method was most favoured
because the apparatus was comparatively simple

Tic 42 KUV Posttve PREs URE APPARATUS (1905)

A Connection for endotracheal tube F  Oxygen ¢ylinder

B Three way tap G Batloons for oxygen and chloroform
D Drager chloroform vaporizer H Balloons for oxygen onlv

E Watervalve M Manometer

By 1910 the basic prinaples of the differential pressure cabinet type
apparatus had reached 1ts zenith of complexity in the form of Meyer s and
Robmson’s cabmets (Fig g6 and 39) By the tume, however, they were
nvented and bemng used, the equally effective and more simple positive
pressure machines of Tiegel had been developed and taken up everywhere

Kuhn of Kassel was one of the few who perststed 1n the use of endotracheal
tubes passed blindly through the mouth and he became very expert in their
passage, as well as an ardent exponent and propagandist for their use He
was responstble for the mvention of two posttive pressure machines for use
with endotracheal tubes His first machine (Fig 42)** 15 interesting n that
ve pressure CIrcults are used, one for oxygen and chloroform and

os1t1
er Jone Oxygen was admitted from the cylinder F either via

one for oxygen al
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absorption apparatus (Tg 45 and 40), for use with chloroform It 1s hule
wonder m view of the obviouh excessive dead space and the probably high

Bl 4 Bratant Sonumtiss Meaan 1 pd
11 a
Oxz

e

Pparain wavde sned f re ¢ oantpoatn pres ure rf rehathmi mfloen of the lungs
2 fe m th o hind rpa s §enher the wigh the L fan estheue vape nzers (and m)
choz i) rdiralsinotte Al rhogie Th manc ne ! b ba twctaps one (k)
permitted 1 rmalfespirat nor s tnegres ure the sther @ap 1 stuated n e (k) had three

Poeits s which all med estter nflats 6 file lung wil  xygen an ) rpres ure expuration at

atmnpleric pres wre v expiran nated Uy negatne fres uredes | ped by divering the ovveen

e an iy €t ¢ mechant m (
resistance of the small bore breathng tube that this apparitus did not
progress beyond the expenmental stage

In 1908 appeared one more of the by now numerous reviews't of chest
anaesthesta The authors, Brat and Schmieden, came to the concluston that
artficral respiration by infliung the lungs when the chest was open would
be more cfficient 1f the pauent s own respirtion could be abolished  They
suggested that this abolition could be nccomplished either by the mjection of
Curare which would pralyse the respiratory musculature (1 suggestion never
pEt nto practice), or by the production of decp 1naesthesia They also
observed and noted that if (he patient s lungs were mflated with an excess of
Q‘)Bgen, apnoea was likely to occur  Artificial respiration then became easy
trollm(; and Schmieden therefore anticipated present-d1y techmques of con-
me\li dre§lgxratnon In pracuce, however, they used the positne pressure
whlleodee hey were unwilling to use curare, 1 drug with 1 lethal reputation,
3 P anaesthesia with chloroform had tts own hazards They reserved
e nflation device hyJy 1nto thy fi
o their machine (Fig 47) for emergencies only
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Fio 45 KURVS Postve Presscre CLosen GIReuT APPARATLS (1906)

Oxygen from a cviinder picks up chloroform mn the vaporizer (Chl) and passes into a
bellows (B) A positsve pressurc svarable at will between 5 and 15 cm H O 15 produced by
sarying the tension of a spring acting on the bellows The gases then pass via a non return
salve to the breathg tube (r) thence to the endotracheal tube (T) The expired air returns
along the single breathing tube through the shunt tube (W) to the camisters contaimng

caustic soda (PP) After passimg through these the gases return to the bellows and the
msprratory side

Fio 46 Diacray 0F husis s cLOSED Circurr PO TTivE PRESSURE APPARATLS (1906)
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emergency chest operations, ndapted Brauer’s positive pressurc principles,
and 1n 1908 tmprovised 1 machme (Tig 48)' winch proved so trouble-free nd
effectne that he recommended st for all chest cases It was simple, cheap nd
portable In thus 1pparatus ovygen from the cylinder was led into the rescryorr
bag (B) winch also served s a vaporizer for the ether, and thenee 1o the fice
mash  The surplus minture escaped v11 the water vabve (W), rusing or
lowerng the tube of which vared the degree of resistance to expirrtion nd
with 1t the degree of distension of the fungs The depth of wnacsthesi was regu-
lated by mjecting cther mto the reservorr bag via the tap (H) with 2 syrmge

The neat year, 1909, Tiegel'” mprosed his 1pparatus (Tig 50) ddmg two
drip vaponzers for chloroform and cther  He also mvenied, wnd meorporited
with lus apparatus, 1 special bag for the disposal of vomit (Fig 49) without
wterrupting the positive pressure annesthesia  The bag was shid mto place
1o collect the vomit and was returned to the position illustrated when the
romuting had ceased  The hiterature of this period, and indeed for the next
twenty years, 1s characterized by the interest and concern pud to the problem
of vomuting duning anaesthesiy, and by the striking absence of mention of
the part played by secretions esther m increasing the difficulties of anaesthesia
or 1 spreading discase from one part of the lung to another

The design of Tiegel’s positive pressure apparatus was eventually adopted
by Sauerbruch n spite of the latters ongml advocacy of the ncgative

Fio 51 The Trecer Hente PostTine PRESSURE APPARATUS Lsep pv SALFRBRLCH §
LNE N 1937
This more modern apparatus 13 divided mto t
WO separate circuits—as was the ol
Fattern - Oxygen from the cylinder (Q) passes &3t} er direct into the nspiratory circuit d:ar
tap (T) or first picks up cf loroform andlor et

r;;cssure mcthod, and st 1s mnteresting 1o see that the anacsthetic pparatus
tlustrated (Fig 51) and advocated m the 1937 editon of Sauerbruch and
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The important suggestions and observations of Brat and Schmieden had
also been made by two American surgeons, Green and Janeway, i 190g,'s
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It 49 TiEceL s Voxir CATCHER (1909)

Fic 50 TiGEL 'S SEGOND APPARATUS (1909)
In ths drip for chl (C) and cther (E) were added

Oxygen or compressed air was used as a source of pressure Normally oxygen was only
added if the patient was not verv fit

Fresh muxture s led mto mask by one tube and expired gases leave via the other
1o pass through the water valve (W) before reaching the atmosphere

who, putting these 1deas into practice, designed and actually used an apparatus

for thythmically nflating the patient s lungs The apparatus, the first of this

type, was mtended to perform and mamntamn what 15 now called ‘controlled
s

* (see Tig 68 and p 8o) 'l
res&:ﬁ{:&z gvx.h Henle t Dortmund, Tiegel, needing an apparatus for
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Fit 535

Ix 54 CENERAL ViEw OF MoORRISToN Davies Powmve
PresURE ANAESTHETIC MacHne (1911)

Thss was an elaborate air and chloroform apparatus designed
as an improvement on the Brauer Tiegel Henle and Lotsch
machines

Fic 55 Mormiston Davies endotracheal tube and junction
with the mspiratory and expiratory sides of the apparatus  “ote
the bite block the position of which s adjustable the inflatable
cufl fitted at the end of the tracheal tube and the fine tube
through which the cuff was inflated

-— 1 p stery Crevt __l [_.ﬁ:n(pr/&‘m/l—

ewst ¥ fog o comiral
P ooty

Fic 56 Diacras o MoxrisToN Davies POSITIVE PRESSURE APPARATLS (1911)

The appatatus consists of a gas chamber (1) fed with compressed aw and oxygen from the cylinders (2) The
pressure within this chamber 15 regulated by weights placed upon 1t_and 1s made higher than required within
the chest Ou leaving the chamber the air passes i rough the adjustable pressure control valve (3} which mamn
tawns & steady pressure [t then passes through the Alcock s chloroform vaporizer (4) then through the electrically
heated chamber (5) and so mto the trachea via the endotracheal tube (6) The expired air passes via the exit
pipe attached 1o the endotracheal tube and leaves the circut through the expiratory chamber (7) which contains
a waighted vale  M—manometers which reguster the pressure in the mspiratory and expiratory circuits
¥
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O’Shaughnessy’s book' on chest surgery differs only in detail from that
described by Tiegel 1n 1gog

Fre ,z Tuz Lorsen Tostrive Presstre
APiARATLS (1910}

An apparatus for poutne pressure anacs
thesia designed by Lotsch which consistsof A
compressar (C) driven by an clectric motor (M)
supphes air 1o the go-litre rescrvorr bag (R)
The atr pas es from the bag through the control
tap (T} and the anacsthetic vaponizer (A} along
the flexible metal tube to the endotracheal tube
(F)  The expired gas escapes throus h the spnng
Ioaded expiratory vahve (V) The degrec of
positine pressure 13 controlled by the spring
tension of this valve and )5 indicated by the
mancmeter (M)  Oxygen can be gnen mnstead
of air if necessary by turnng tap (T) This
automatically switct esoff the electric motor( M)
Apacsthets was added as required by pulling
out the vaporizer hde (A) dripping the ether
on to the absorbent gauze within 1t and then
returmng the <hde

Spring Device

- = Slider

onVolv
e 43 BUELI § SPRIG LOADED FxPIRATORY Lever pressing onVolve

ALvE (1912)

A deuce fer controlling the pres ure dunng
nitrous axide and  xvgen anae thewa admintstered
by the postt ¢ pressure m thod for chest surgery
The device chipped on to the expratory 1al £ of
2 Teter anacstteuc mask A spring bears on t0 a
lever which preses on tte rahe stem  The
pring tepsion 1 controlled by a stider which
compresse the spring 1o 1be deared exiem The
more the spring s ¢ mpreved the greater the o o ,
pressure on the expiratory vahe and the greater  9np Clamp
the posise pressure i the patient s th rax onVal e Stem

\Many variations on the positive pressure theme were produced, ranging
from Lotsch s ssmple machine' (Fig 52} and Bunnell s valve (Fig 53),* to
Mornston Davies’ elaborate vartation (Fig 54, 55 and 56) *
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A very umportant conclusion can be drawn from these experiences Tt nln?ccsnlry
n the course of thoracic operitions of long duration to interrupt now and then the

Fio 57 DRrAcer Poumive I REsSURF APPARATUS (1)18)
Features of this apparatus are an adjustable expiratory vale a sﬁnng loaded plate
beaning on the breathing bag an mjector device which allows air to be mived with the

ga s 1n known proportions for the sake ¢f economy and drip vaporizers for ether and
chloroform

pressure, allowing the lungs to collapse, in other words, to imterpose at regular
mtervals brief periods of artificial respiration by means of the apparatus, in order to
clear the system of 1ts CO  accumulation

In the same paper Meyer describes another case in which thoracotomy
was performed Rhythmic pressure was applied for several minutes 1t 1 time
cvery quarter of an hour By this means the anacsthetic was rendered s
smooth and as satisfactory as though 1t were for an operation on some other
part of the body Meyer also described how he used an intravenous saline
mfusion contaming adrenalin to muntan 1 satsfactory blood pressure—n
method more recently revived® m connection with spinal anaesthesin

The posiive pressure method sl Lingers on 1n spite of the great amount
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These differential pressure methods appeared to solve the immediate
problem of pneumothorax by preventing the collapse of the lung  But many
surgeons, however, were baffled by the frequency with which patients who had
been submitted to several hours of this anaesthesia gradually deterioratea
and died or became apnoeic and pulseless when the positne pressure was
removed Meyer describes an oesophagectomy carried out under positine
pressure anaesthesia with mtrous oxide and ovygen At the end of which

the patient 15 taken out of apparatus with lps red, pure oxygen having been
admimstered during last 11 hours as soon as the head 1s removed from the apparatus
hus hitherto red lips turned a deep blue The jaw was pushed forward, the tongue
pulled out, and oxygen agamn admimistered Subcutaneous stimulition and mtra
venous fusion  Duning the latter the patient epired, about ten nmnutes ~ter
completion of the dressings

Meyer felt that death might have been due erther to general 1naesthesia,
haemorrhage or shock  The general anaesthesia was in the hands of an expert
and plenty of oxygen was given There was little bleeding, so shock remained
a possible explanition, and this he believed was produced by accumulition
of carbon diowide m the blood Meyer 1 support of this belief said that
Verworn, a then well known physiologist, had ‘succeeded as early as 1892
1n asphyxiating an animal by carbon diowide retention while 1t was breathing
pure ovygen’

Meyer also drew attention to Volhard s (p 70) mstructive paper of 1908
m which 1t was shown that curanized dogs could be kept alive by continuous
gentle sufflation of pure oxygen through a narrow rubber tube mto the
trachea with free escape of the oxygen round the tube The length of ume
ammals could be kept alive in this way vaned with the rapidity of the ovygen
flow and hence with the efficiency of the carbon diouide removal

It gradually became clear that carbon dioude retention occurred when
differential pressure anaesthesia was used, and that 1t was necessary to let
the lungs collapse at frequent mtervals by reducing the intrapulmonary
pressure to atmospheric  Some surgeons, m fact, indulged m rhythmic
variations 1n pressure comnciding with the pauent’s respiration, amounting
to what we would now call assisted respiration  This would be done for short
periods of time, reverung to positive pressure anaesthesia m the tervals

The following are taken from one of Meyers papers *

The so called shock m these cases 15 enidently partly due to an accumulation of
carbon dioxide 1n the blood In an exploratory thoracotomy of short duration such
retention of the noxtous gas 1s not sufficient to do imjury  But n the longer operations
for stance the resection of the oesophagus the greater CO, accumulation and the

added cffect of the necessary blunt handling of the network of the preumogastrics both
acting cumulatively m the same direction 15 too great astram upon the heart, and »t
gives out
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18}
A sery important concluson <an be drawn from these expeniences It u‘n(l'ru 'lry
in the course of thoraac opernons of long durtion to wterrupt now and then the

Fi 57 Daaces lowmnr Ire (R Arraratus (1948

Features of this apparatus are an adju tatle expiratery vahe a spring loaded plate
bearing nth breathing bag an injector device which all ws air to be muxed with the

#a ex 1n known proports ns f £ the sake ¢f eccncmy and dnp vaporizers for cther and
chlproform

pressure allowing the lungs to collipse in other words, to mterpose 1t regular
intervals brief periods of arufical respiraition by means of the apparatus, in order to
clear the system of its CO accumulation

In the same paper Meyer describes another case m wiich thoracotomy
was performed  Rhythmie pressure was apphed for seyvernl minutes 1t 1 time
every quarter of an hour By this means the 1niestheuc was rendered s
smooth and as sansfictory as though 1t were for an operation on some other
part of the body Meyer also described how he used an intrw enous sahne
infusion contaming adrenalin to mamntain 1 satisfactory blood pressure—a
method more recently revied® 1 connection with spinal anaesthesia

The positive pressure method sull lingers on 1n spite of the great amount
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These differential pressure methods appeared to solve the immediate
problem of pneumothorax by preventing the collapse of the lung  But many
surgeons, however, were baffled by the frequency with which patients who had
been submutted to several hours of this anaesthesia gradunlly deterioratea
and died or became apnoeic and pulseless when the positive pressure was
removed Meyer describes  an oesophagectomy carried out under positive
pressure anaesthesia with nitrous oxide and oxygen at the end of which
the patient 15 tiken out of apparatus with hips red, pure oxygen having been
admnistered during st 13 hours, as soon as the head 1s removed from the apparatus
his hitherto red lips turned a deep blue The jaw was pushed forward, the tongue
pulled out, and oxygen again administered Subcutineous stimulation and ntra
venous mfuston Dunng the Iatter the patient expired, about ten munutes nfter
completion of the dressings

Meyer felt that death might have been due either to general anaesthesia,
haemorrhage or shock  The general anaesthesia was m the hands of an expert

and plenty of oxygen was given There was hittle bleeding, so shoch remuned
a possible explanation, and this he believed was produced by accumulation
of carbon dioxide 1 the blood Meyer 1 support of this behef sud that
Verworn, a then well known physiologist, had succecded as early as 1892
1 asphyxiating an animal by carbon dioxade retention while 1t was breathing
pure oxygen'’

Meyer also drew attention to Volhard’s (p 70) mstructive paper of 1908
m which 1t was shown that curarized dogs could be kept alive by continuous
gentle nsufflation of pure oxygen through a narrow rubber tube into the
trachea with free escape of the ovygen round the tube The length of time
ammals could be kept alive 1n this way varied with the rapidity of the oxygen
flow and hence with the efficiency of the carbon dioude removal

It gradually became clear that carbon diowide retention occurred when
differential pressure anaesthesia was used, and that 1t was necessary to let
the lungs collapse at frequent intervals by reducing the intrapulmonary
pressure to atmospheric  Some surgeons, 1n fact, indulged n rhythmic
variations 1n pressure comnciding with the patient’s respiration, amounting
to what we would now call assisted respiration  This would be done for short
periods of time, reverting to positive pressure anaesthesta mn the intervals

The following are taken from one of Meyer’s papers **

The so called shock mn these cases 15 evidently partly due to an accumulation of
carbon diouide 1n the blood In an exploratory thoracotomy of short durttion such
retention of the noxious gas 1s not sufficient to do myury  But 1n the longer operations
for instance the resection of the oesophagus the greater CO accumulition and the
added effect of the necessary blunt handling of the network of the pneumogastrics, both
acting cumulatively 1 the same direction 15 too great a stramn upon the heart, and 1t
gives out
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A alternatn ¢ form of posttive pressure anesthesin was successfully Funched
by Meltzer ind Auerm the Umited States m 190g, when they published their

penmental paper on ‘Continuous respiration without respirtory move
pents T When studving ‘the nature of the mechansm of the respiration m
we presence of 1 double preumothoray, while the ammal 1 breathung
compressed ur by the Braver methad of over pressure’ they discovered the
fret that under eertun conditions respirition ¢ be crned on by continuous
mfiauon of the lungs, and without 1y normal or aruficinl rhytimical
respiratory maovements whatever’

The following extract from Meltzer and Auer s paper deserihes the detuls
of their expermmental method  Anaesthetists of to day will be interested that
~nce agun the suggestion was made that curre be employed to 1bolish
resprratory activity 1nd reflex mosement

A longutudinal sht 15 made 1 the trachen of an macsthenzed dog or rabint and 2
glass tube mtroduced down to the tricheal furcation  The protruding end of the
tube 15 then connected with 2 pressure bottle by means of 1 I tube, the opening of
the free branch of which 15 regulated by 1 screw elamp  The ur which streams from
the bottle under pressure partly escapes through the free branch of the 7T tube and
partly enters the trichen and reaches the afurcation from wineh st returns through the
space between tracheal wall tnd tube and escapes through the shit in the trachen wnd
through mouth and nose Tt is essential that the tube should fill out two thirds of the
tumen of the trachea that the shit in the trichien be not too short and that the pressore
of the air which enters the T tube should 1mount to 1bout fifticen to twenty millimeters
of mercury  The pressure within the trachea 13, of course much lower than that  In the
connection between the trichea and the pressure bottle are mterpolated 1 manometer,
an ether bottle and a bottle with Runger ¢ solution ta keep the mucous membrane
of the trachea moist * The essentinl pomt of the arraingement 1s that e 1s reachng
the bifurcation under pressure and returns through another path than that through
which it entered  When the air 1s thus arculnting through the trachen the dinphrigm
descends the thorax becomes moderately distended 1nd the respiration mostly becomes
very slow  The heart beats also frequently become dangerously slow  This danger,
however 15 casily obviated by an intravenous njection of one milligram of atropin,
n 2 few seconds the pulse becomes frequent and remuns so for many hours  The
ammal may receive now an ntravenous mjection of curare sufficient to completely
abolish any spontancous or reflex movements, its hife 15 as safe as under regulr wrbfiont
resprranon. When the anterior thoracic wall 1s removed, the distended lungs are seen

.

Spparses b ot o e e o erg 2 e yers fier Ml showcd (i 50) a sy s
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of experience and research during the last ten years, which have made
rhythmic mflation of the lungs during induced apnoca, the almost umversal
method of anaesthesia for thoracic surgery For example, a positive pressure
apparatus (Fig 57) 1s histed 1n the 1948 catalogue of a well-known European
manufacturer #  The apparatus 1s replete with every refinement that
mechanical ingenuty can devise, but the troubles of positive pressure
anaesthesia ansing, as they do, from fundamental causes connected with the
method, and bewng therefore inherent in 1t, occur with this elegant and
mgemous apparatus as they did with the onginal Brauer apparatus
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CHAPTIR I\
INSUFHILATION

An alternatine form of positine pressure annesthesia ws suceessfully Itunched
by Meltzer ind Auer i the Umited States i 190g, when they publhshed their
cxperimental paper on Contmuous respirition without respiritons move-
ments ! When studying *the nature of the mechamism of the respiranon n
the presence of 1 double pucumothorn, whie the annml s breathing
compressed ur by the Briuer method of over pressure’ they discovered the
‘fct that under certam conditions respirition ¢1n be earnied on by continuous
mflanon of the lungs, and without amy normal or aruficinl thythmenl
respiratory movements whatever

The following extract from Meltzer and Auer s paper desenbes the detuls
of therr experimental method  Anaesthetists of to day will be interested that
once agun the suggestion was made that curare be employed to nbolish
respiratory actiaty and refles movement

A longutudinal shit 1s made m the trachen of an 1naesthetized dog or rbbit and 2
glass tube mtroduced down to the tracheal bifurcaion  The protruding end of the
tube 1s then connected with 1 pressure bottle by means of 1 T tube, the opening of
the free branch of which 1s regulnted by 1 screw elamp  The e which streams from
the bottle under pressure partly escapes through the free branch of the T-tube nd
partly enters the trachea and reaches the bifurcation from which it returns through the
space between tracheal wall and tube 1nd escapes through the shit in the tracher and
through mouth and nose It 1s essentn! that the tube should fill out two thirds of the
lumen of the trachea that the slit in the trachea be nat too short 1nd that the pressure
of the air which enters the T tube should amount to 1bout fifteen to twenty millimeters
of mercury  The pressure within the trachen s of course, much lower than that In the
connection between the trachea and the pressure bottle 1re interpalated 1 manometer
an ether bottle and a bottle with Ringer s solution to heep the mucous membrine
of the trachea moist * The essential pont of the wringement 15 that r 15 reaching
the bifurcation under pressure and returns through another path than that through
which 1t entered  When the air 1s thus circulating through the trichen the dinphrigm
descends the thorax becomes moderately distended 1nd the respiration mostly becomes
very slow The heart beats also frequently become dangerously slow Ths danger,
however 1s easily obviated by an mntravenous injection of one milligram of Atrapin
m a few seconds the pulse becomes frequent and remams so for many hours The
ammal may recenve now an sntravenous mjection of curare sufficient to completely
abolish any spontaneous or reflex movements 1ts hfe 1s as safe s under regular wrtificial

respiratton  When the anterior thortcic wall 1s removed, the distended lungs vre seen
* The authors did not dlustrate the aper but a few years later M,
elizer shos
apparatu he had devised for the thoracie Yargery experiments of Alexss Carrel | reed (15 58) 8 very smitar
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to be immobile while the heart continues to beat with a regular thythm  If the above
described arrangement 1s carred out properly the lungs retam therr punk color,

B

=
e R AF T I SIS,

Fic 58 MeLrzer aND Aver Inscrriatiov Apraratis (1913)

A foot bellows provides a stream of a r which by means of 2 serses of stopcocks esther passes through the
ether bottle (E) or by passes 1t _The air then passes to the tracheal tabe (INT) M 13 2 manometer SV 112
mercury blow-off safety valve The author stresses the importance of tap ST3 which 1s used to mnterrupt the
stream of air at regular intervals The end of the tube SV (calibrated 1n mm ) 15 lowered bencath the surface
of mercury i the bottle and thus controls the pressurc and acts as a safety vale
the heart continues to beat regularly and efficiently for many hours and the blood
pressure shows but little vanation

They pomted out that the respratory movements were essential only 1n
so far as they facilitated the exchange of oxygen and carbon dioxde between
biood and outer air  If'the exchange could be effected without the respiratory
motements, thelatter could be dispensed with, without detriment to theammal

In this techmique a continuous stream of fresh air was blown into the lower
part of the trachea The returning stream carrzed away with 1t the carbon
dioxade Most of the respiratory effort thus became redundant and respira-
tion was not only quiet but under suitable conditions ceased altogether

Though Meltzer and Auer were responsible for making this method widely
known, they were by no means the ongmators of the method for in ther
own paper they mention that
Hook i 1667 mamtamed the life of a dog for an hour by contnuous inflauon of
the lungs prc\musl) punctured at varous places In the second place we have to
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mention Nagel s commumeation® according to which the hfc of curnzed prgcons
were muntuned h sending 1 continuous stream of ur through the humerus which

15}

The fint ratd er primative u e of an end tracheal in ufflat nometh «d 40 permit the
snaintenan e ¢f anamthena fr m a di tance i operall n ontheead The auther were
aware ¢ e availalle aliernatives such as Doyens tube (18 121) rectal anaestt eva
and th yntranasal i ufllatt 0 meth o futws hed £ have the accuracy of ¢ nir 1 gnen
by the Vern n Harcourt spparatus  The bulb was squeezed each tme the panent t k
2 breath the flm «f air way thu nadequate ta prevent the entry «FHwd ant s the
ractea (unlih Meltr r and Auers m thod) and hight packing ¢f the pharynx with
gaure was theref e u

11 Hand bulb
C (4T ref rm comtamner o the N ernon Hareeurt app aratus
I Intuban n catheter

L) Barmurone asp Dootr s Eaparracnirar Is vaniamiox Minion (1407}

n birds 1s connected with the air sacs  In this case the -ur escaped through the trachen
In both instances the arr escaped through the paths opposite to those through which 1t
entered In our method the r enters nd escapes through the trachen, although
through the separate piths withm

There were, n fact, other forerunners to Meltzer aind Auer in developing
the msufflation technique, both for clinrcal and for expersmental use  In
1907 Barthelemy and Dufourt had already evolved 1 somewhat sitmilae method
1 an attempt to solve the problems of surgery around the hexd and face
where the presence of the wnnesthetist ind his mask was always un\\clcome‘
A urethral catheter of 1 size which allowed free exprration round 1t was
passed 1nto the larynx of the anaesthetized patient, and an ur and chloroform
mixture from a Vernon Harcourt apparatus delivered directly into the
trachea (Tig 59) Each ume the patient took a breath the bulb of the mhaler
was squeezed This application of the endotracheal catheter method m1y
have foreshadowed 1ts future m Luropean anaesthesia where tracheal -
sufffaion was employed for operations around the head, whilst positive
pressure anaesthesia became the routine for thoracic work ’
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to be immobuile while the heart continues to beat with a regular rhythm I the above
described arrangement 1s carried out properly the lungs retamn therr puk color,

Fic 58 MeLTZER AND ALER [nSUFFLATION APPARATUS (1913)

A foot bellows provides a stream of air which by means of a senies of stopcocks euther passes through the
ether bottle (E) or by passes 1t The air then passes to the tracheal tube (INT) M 1s a manometer SV 12
mercury blow-off safety valve The author stres es the importance of tap ST3 which 13 used to interrupt the
stream of arr at regular intervals  The end of the tube $ V' (calibrated i mm') 15 lowered beneath the surface
of mercury 1n the bottle and thus controls the pressure and acts as a safety valve

the heart conunues to beat regularly and efficiently for many hours and the blood
pressure shows but little vaniation

They pomnted out that the respiratory movements were essential only m
so far as they facilitated the exchange of oxygen and carbon dioxide between
blood and outer air Ifthe exchange could be effected without the respiratory
movements, thelatter could be dispensed with, without detriment to theanimal

In this techmque a continuous stream of fresh air was blown 1nto the lower
part of the trachea The returning stream carried away with 1t the carbon
dioxide Most of the respiratory effort thus became redundant and resprra
tion was not only quiet but under surtable conditions ceased altogether

Though Meltzer and Auer were responsible for making this method widely
known, they were by no means the onginators of the method, for n therr
own paper they mention that
Hook 1n 1667 mamntamned the Iife of a dog, for an hour by continuous imnflation of
the lungs previously punctured at various places In the sccond place, we have to



INSUETT ATION 69

mention Nagel s commumication? accordimng to which the Iife of curinzed pigeons
were muntumed by sendmng 2 continuous stream of ur through the humerus which

Fie ,9 Barweresn aso Durour s Esporracusas Ivstrrtatiov Menioo (1907)

The first rather primine use of an endotracheal nsufllation method to permit the
maintenance of anaesthena from a dstance in operations on the head  The authors were
aware of the avaslable alternatines such as Doyens tube (Fig 1 1) rectal anacsthesia
and the intrana al insufflation method _but wished to have the accuracy of control gnen
by the \ ernon Harcourt apparatus The bulb was squeezed each time the patient took
a breath the flow ¢f air was thus inadequate to prevent the entry of blood into the
trachea (unlike Meluzer and uer s method) and hight packing of the pharynt with
gauze was therefore used

B Hand bulb
C Chloroform contamner of the \ ernon Harcourt apparatus
I Intubation catheter

1n birds 1s connected with the air sacs  In this case the ur escaped through the trachea
In both nstances the air escaped through the paths opposite to those through which it
entered In our method the air enters and escapes through the trachea, although
through the separate paths within 1t

There were, 1n fact, other forerunners to Meltzer and Auer i developing
the msufflation techmque, both for chinical and for esperimental use In
1go7 Barthelemy and Dufour? had already evolved a somewhat similar method
m an attempt to solve the problems of surgery wround the hend and face,
where the presence of the anaestheust and his mask was always unwelcome
A urethral catheter of a size which allowed free espiration around 1t was
passed 1nto the larynx of the anaesthetized patient, and an air and chloroform
mixture from a Vernon Harcourt apparatus delivered directly mto the
trachea (Fig 59) Each time the patient took a breath the bulb of the inhaler
was squeezed This applicanon of the endotracheal catheter method m1y
have foreshadowed 1ts future in European anaesthesta where tracheal in.
sufflation was employed for operations around the head, whilst positine
pressure anaesthesta became the routine for thoracic work
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Volhard (p 64) had published® m 1908 the results of some expermments
cirried out a few years before ¥ In these experiments he was able, by

Fi¢ 6o VorHARD 8 MeTHOD OF ARTIFICAL REsPIRATION (1908)

This method was used for artificial respiration in the curanized animal  The tube 1 the ammal s
trachea 1s connected to the oxygen supply (A) The lungs inflate until the pressure within them is
sufficient to force the mercury away from the bottom of the tube (B) Oxygen then escapes and the
lungs deflate shghtly the mercury desvelops a pendulum motion resuling tn periodic mnflation and
deflatton of the fungs The pressure within the funge can be increased by ramsmg the tube (C)

sufflating oxygen mnto the trachea, to maintain the life of an animal for a short
tune only Volhard believed this difficulty was due to ineffective carbon
dioxide clearance  He elaborated his apparatus (Fig 60) so that rhythmic
nflatton of the lungs was carried out by the stream of oxygen mto the trachea
With this modification of the msuffiation techmque, the animals showed
none of the former 11l effects

Volhard was so mmpressed with the success of his experiments with what
he still cailed ‘mmsuffiation’ that he thought that ‘the fact that ife can be
mantamed by msufflation of the trachea should be more widely known’
As a result, several mvestigators took up this method, mcluding no doubt
Melizer and Auer Thus Robimson reported® in the same year (19o8) that
he had performed siv experiments by this method, for which he gives credit
not only to Volhard, but also to Soliman, an American physiologist of some
repute  Oxygen was introduced by a catheter through a tricheotomy opening
to the bifurcation of the trachea, while both sides of the chest were wide open

The alveoh of a two thirds collapsed lung can thus be ventilated and the animal
Lept alne  Not only 15 a direct access of oxygen to the partially collapsed alveol thus
established but a ready escape and flushing out of carbon droxid 1s also provided
through the tracheotomy wound around the catheter In one of two attempts I found
it posstble to mamtain oxygenatton by simularly mtroducing air and ether mixture
by tracheal catheier with both chests opened and both lungs collpsed The secret
of the success of these tracheal experiments with sem: collapsed lungs 15 the absolute
prevention of 3 dead space for carbon dioxid retention  In order to 1word tracheo

+ Valhasd s pupil Hirsch had published part of these experiments 1 3 thesis several years previously which
had been widely abstracted
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tomy nd introduce r by the mouth, the lungs must be kept mflated by resisting
the outflow of the ur compresston The Aerting surfice 1 thus merensed nd the
ventilrting ur 1s hept in motion s i the teacheal experiments

Robsson did not beline that insufflation through  tracheat etheter
would ever be 1 practical method i human bemgs bechuse of the hificulty
of mscrting the tube  He transferred hus attention to the Brauer prinuple
(Fig 39) of positne pressure Robinson was sareastic, not only bout the
practical utility of the tracheal nsufflation method, but that its ongin was
attrthuted to Meltzer and Auer A somewhat acrimomious exchange took
plce between Robinson and Melizer as to who desery cd credit for priorty
for the nsufflition method  Thus Robinson wrote ?

In 3 paper read 1t Chicago before the Surgieal Section of the Amenican Medical
Association n June 1908, 1 referred to the admimistration of oxygen through the
trachen to the bronchial bifurcation, also to 1 stmilar decp introductton of «ur to the
same pont The 1der of so using oxygen w1s suggested to me by Dr Sollman of
Cleveland and by the publications of Volhard T was intercsted to substitute arr to sec
1f oxygenation of the blood could be muntuned with the lungs 1 1 state of collapse
1 found 1n my expertments that deep intratracheal admimistration of oxygen would
maintain the normal pulse rate and respiritory movements 1n spite of removal of the
front of both chests and in the presence of almost complete collapse of the lungs
In substituting air under the same conditions, I found that 1t was necessary to heep
the lungs at almost full inflation  In other words smide from the necessity of passing a
tube to the bifurcation of the bronchi, which 15 a proccdure of considerable difficulty
mn the human though simpler 1n the dog, I could sce no advantage in the method
for practical purposes over the simpler use of 2 mask, as 1s shown i this small apparatus,
or 1 the application of a peroral intubation tube such as I described 1n 1909 Meltzer
and Auer have since utihzed this intratricheal air method That the lungs may be so
mflated with sufficient ur exchange as not to disturb the circulrtory functions, I
became convinced m my experiments 1n the phystological laboratory of Professor
Cannon at the Harvard Medical School 1n the spring, of 1908 Had I then believed
that this method would ever substitute the mask or cabinet method either m the
buman or m ammals I should have continued with 1t But reminded by the throat
specaalist of the difficulty in mtroducing and mamtaming mstrumentition within
the deep trachea I look with grave doubts on the application of this method to the
human  And knowing that the simplest mask method without rrritation of the asr
passages 15 equally efficient mn experimental thoracic surgery on tmmals 1 am not

convinced that there 15 any advantage 1n the so called Meltzer Auer method

As we now know, while Volhard, and Meltzer ind Auer deserve much
credit for thar important contributions, none of them could be called the
ongmator of the msufflation method  All three owed their 1deas to carlier
workers {see page 6g)

Within a few years after his expressed disapprovl of the method, howes er,
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Robinson realized his mistake and transferred his interest once more to endo-
tracheal msufflation (see Fig 66)

TG 61 Etsnero s FIRST MACHINF FOR ENDOTRACHEAL INSUFFLATION ANAFSTHESIA (1910)

A intple expansion pump driven by

an electnic motor  The air was compressed into

a resenvorr cyhnder with

a pressure gauge

Automauc cut ofl which stopped the motor at required pressure (60 Ib per square inch)
Regulator which maimtained constant pressure 1n tube F

Bottle contaiming sterile warm water to warm and moisten the gases

Ether bottle with by pass

Manometer

Safety vent to permut lungs to be collapsed and also to control pressure of air entering trachea
Tube leading gases 1nto trachea

[gkamialsloll-Tolbd

The possibilities of the insufflaton method for human thoracic surgery
were soon explotted by many American surgeons, promiment amongst whom
was Elsberg, who became achnowledged as the expert on 1ts chnical apphca-
tion His first machine m 1910 (Fig 61)* incorporated most of the essentials
but was very bulky The hght portable model described the next year
(Fig 62)° was the pattern which all future msufflation machines followed
Though the electric motor for the air compressor was situated 1n farrly close
proximty to the ether contamer, no trouble with fires or explosions was
recorded

Until this time 3t was usual for mtubation for anaesthesia to be performed
by the ‘bhnd’ digital method The epiglotts was pulled forward with the
index finger of the left hand and the tube introduced with the night hand
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Elsberg advocated that ‘m the lrge myonty of e1ses it my be preferable to
c\po‘c‘ the laryny with an appropriate speculum such s the Kallian (Fig

Fic 62 Tisserc s PORTABLE INSUFFLATION APPARATUS (1911)
Deserplion of apparatus
Flectric mains swatch
Rheostat controlling
1hp electnc motor
Lllower ar from which passes v1a tube E into
ol filter and via tube G into
bottle containing hot water through which the air bubbles
Ether resenvaur
Hand wheel by which arr 15 dinerted 1nto the ether chamber
manometer which records the pressure
Stop cock by which oxygen may be added
Tube leading to (oot bellows (in case of electrical fadure)
In use wop cock M was Ieft partly open to provide means for controlling the degree of positive pressure
(20 mm Hg)
By opening stop cock T  the air stream could be interrupted and the lungs deflated

WATTSIMOOR .

125) or Jackson (Fig 144) mstrument used m bronchoscopy, and then to
mntroduce the tube with the larynx in full view He also advised that the
stream of air be interrupted every two or three mmutes, thus allowing the
lungs to collapse {sec p 64)

Many modifications of the ongmal Elsberg apparatus were made, and
we have chosen but 1 few representative examples for illustration In the
United States msufflation anaesthesia became the method adopted for
thoracic surgery and Janeway’s (Ing 63 and 64),' Ehrenfried’s {Fig 65),* and
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Fic 61 JaNEwAY s INTERMITTENT INSLPFLATION APPARATLS (1912}
Front view

FIG 63 JANEWAY 5 INTERMITTRNT INSUFPLATION APPARATLS (19¢2)
Rear view
An electric motor (1) drines a blower (2) whict sends a siream of air thrauph & filter and stencer (3) A tap (4
dserts the air ertber through the ether saperiser (6 and then over the waem water i an electrically heated jar (5)
or directly through the latter and by passing the ethes sar T) increase the strength of etfier vapous the manpu
lation of tap (7) causes the asr stream to bubble through the hqmd ether  The valie /g) 1s opened at regular
tntervaly by mcans of a ram and worm dri en off the electne motor The air flow ta the ﬂyancn: I

€ this
ily iterrupted at regular intervaly the frequency of which may be adjusted The eflect o
lhmh'::xcs,rl:,:r:o {—;mc mlpn-mnlmt wflation of the pattent s lungs  mulating respsration  Th  other function
T haualve 15 to preven the pressure from rng above a fixed it The mechamn by which int ctient
O o of the lungs 15 produced should be compared with that i Fig 89
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Fio 65 THRENFRIED S INSUFFLATION \PPARATUS

0 of a WolfTe s bottle contarning ether surrounded by 2 copper hot water jacket
AZEZ:ZP&’:: from 2 foot pump passes either over the surface of the ether or bubbles through the hquid the
proportion of aw by these routes being controlled by two taps The ether laden air now pa.ses through a el
immersed 1 the water befre being delnered to the patient A mercury blow-olf safety vale prevents the
dexclopment of excossive pressure I erted in the delivery tube between the apparatus and the patient 1s a filter
which prevents droplets of condensed ether from being carried over ta the patient

Fic 66 Roprsons
INSUFFLATION APPARATLS (1g1°)

The apparatus consists of a
Wolffe s bottle contaming cther
surrounded by a copper water
bath standing on an clectrically
warmed plate the gentle heat
from which prevents the temper
ature of the ether falling below
15 C ornsing torts boihing point
Astreamofair from an electrically
drinen blower passes through the
ether bottle the taps controlling
the admuxture of air and ether
The tap on the left allows the
anaestheust to diert the ar
stream into the atmosphere when
ever he wihes 30 allowing
deflation of the lungs  No safety
device 15 provided to prevent
excessise presuse  The speed of
the motor and hence the air
pressure 13 controlled by a theo-
stat
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Robwmson’s (Fig 66)'* apparatus were designed for that purpese In Britam,
as m Europe generally, positive pressure anacsthesia was the mode for this

t
|
}
¢

ey

Fic 67 Swipway s INSUFFLATION APPARATLS (1914)

Here the ether 15 contaned in a metal chamber (D) The air stream from an electrically drnen pump may be
mixed with oxygen and after admixture with ether vapour ts humidified by passng through a morstening
chamber (E) and 1s then warmed tn a chamber {G) heated by hot water A blow off (F} 1s provided as 1s also
a mercury manometer (I) and a thermometer (H) which indicates the temperature of the issung gases No
electrical heater 1s provided because of cost though Shtpway makes the rather nalve suggestion that a spint
lamp 1s probably quite safe if properly guarded but I hase not cared to run any nsk with so much ether close
at han

branch of surgery and insufflation anaesthesta was chiefly used for nose and
throat surgery Shipway s apparatus'® (Fig 67) was intended for the latter
purpose Kelly of Liverpool did much to populanze insufflation anaesthestt
1n Great Britain, but this was not primanily for chest surgery, and we have not
reproduced or given a descniption of his apparatus because 1t so closely
resembles Elsberg’s
Meltzer’s observation (Fig 58) was soon confirmed that penodic mterrup

tion of the air flow allowing momentary collapse of the lungs was essential
+f carbon dioxide retention was to be avoided Janeway s apparatus (Fig 63)
provxded this action automatically and, m fact, though called 1n msufffation
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apparuws, the regulr mterruptions 1 flow and pressure made this method
morc like present day rhythnuc mflation of the lungs

Kuhn 1 19121 esperimented with this new method of insuffluon (see
p 122), but considered it mnferior to the combinntion of differentinl pressure nd
the wide bore tracheal tube  Kuhn's view was general throughout Europe
and the thorneic surgeons there continued to use differentinl pressure methods

Insufftation was onginally mntended to cope with the problems of thorcic
surgery  Rather madently, Meltzer demonstrated that the outflow of ur
round the tricheal tube prevented the entry of debris from the mouth mnto
the lungs  This was noted by anaesthetists and surgeons 1 Great Britun,
and the method soon beerme standard there for surgery i the mouth and
nsopharyny, s mdeed for the head in general
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Pabn ons Fig 65,1 apparatus ¥ ere denigned for that purposs In Bouam,
25 18 E_rop~ oenerzlh, poau e prescure anzesthesa 325 e node for ti

Bs 6= & rmareIn 13LAT v APpARATUS f1a14
Suvitr bt nor sty ared bz b (D Tir ax s rezen from an clcineallv drven prp s ¥
P N A D PR r o wih sty .s/nnx;..—‘_x&dbrpzmguxuxhxmfﬂxng
e tod 1} ) 2 15 b mars wd ) 6 e ey G beated by hA water & Dot (F) 15 provided as s 38
sy yaamtr wtes (L ot 2 Uer rener Howhil gt e b temperature of the sl d

e L pr ped brcass A s L st N e ke the raber mave marsuod (a0 3 T
L.-px‘:’pv)mﬂ) nrre L prser v~ b 1 cenacedt mﬂ\mg“_g,y,m,dnbndf"
athe

pranch of surgery and mnufflation enaesthesia was chuefls used for nose and
throat surgers  Shipway s apparatus’* Faz 67 was itended for the latter
purprse Kl of Laverponl did much o populanze mnsuffianon anaesthesta
1n Great Britain, but this was not primanls for chest surgen, and we have not
reproduced or gnen 4 descipuon of s apparatus because it 50 closel
sesembles Elsberg's

Mltzer's obsenation (F13 58, was soon confirmed that periodic interrup
on of the air flow allowing momentary collapse of the Jungs was essenttal
\f carbon diovide retention was to be avarded Janewaw s apparatus (Fig 63)
pmudcd this action automancally and, i fact, though called an 1nsufflation
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lungs and the same ihibition of musculr efforts At respirtion 13 obtuned s by the
intubation method  Professor Blake, for whom this cabinet has been made, has on the
human subject demonstrated that such an mhibition occurred - Duning an operation
for empyem i 1 cluld, whenever thus device was uthized, the dinphragm and inter
costal muscles remuned 1t rest  This contrasted strongly wath the respirttory cfforts
which occurred a8 soon s the vlies were turned which permmit of 1 change to the
muntenance of 1 constant positine pressure Ve desire to Iy speenl stress on this
pont beeuse the absence of musculir movements during operations in the thoracic
cavity contributes 1n an important degree to the speed 1nd ease of the operation

Thus carly adsocacy of what 1s now clled ‘controlled respiration’ appears
to have escaped the notice of Iter investigators of this subject 1nd the method
was to he dormant for some twenty five years

Cotton, Boothby, Guwathmey 1nd others successfully adapted the use of
mitrous oside anaesthesia to the endotracheal insufflation technique, making
use of cther solely for the introduction of the catheter wnd then continuimg
with nitrous onide  But as Janeway 1n 1913 obscrved ¢

Such a method 1s wasteful of the anaesthetic, which under these conditions must be
supphied 1n such excess that at cach inspiration by the patient, there 1s very little
dilutton of the antesthetic within the trachea by ur, which, otherwise, would be
drawn through the larynx around the mtratracheal catheter  There must, i other
words be such a supply of mtrous oxide, that only a mimmum mount of ar 1s drawn
in around the intratracheal catheter during snspiration  To supply such an excess of
anaesthetic 1s not perhaps objectionable when ether 1s used, as ether 1s cheap n
companson to nitrous oxide, 1nd further 1t 15 a2 comparitively easy matter to secure
a sufficient degree of concentration of cther vapour to anaesthetize satisfactorily a
patient by the usual mtratrachesl techmque

Janeway now described (see p 123) 1n 1913 a method of economzing 1n the
use of nitrous oxade which will be familiar to every anaesthetist to-day

In order to overcome these difficulties n connection with anaesthesia by mitrous
oxde the writer has devised the hittle bag allustrated [Fig 146] Itas tubular 1n shape
possessing 2 double wall so that 1t 1s capable of distension whether fitted aver the
catheter or not It 1s pulled over the latter to a short distance 1bove 1ts extremuty, and
after the cathcter 15 mnserted 1nto the trachea, the bag 1s distended with air thr:Jugh
the fine rubber tube attached to 1t, thus effectually closing the space between the
outside of the catheter and tracheal walls The patient may now breathe 1 and out
through the intratracheal catheter, and when the external end of the latter 15 attached
‘o a respiration bag recenve the nitrous oxide and oxygen directly from the tanks un
diluted with air The dimensions of the catheter are mmportant It must have a
lumen of at least ; inch The author has used a very thin walled, fleuible metal tub,
covered with a piece of Penrose drainage tube ’ ©

Though Janeway gave himself the credit for mventin

g the device, 1t h

already been described and 1llustrated by Dorrance (Fig 138, p 12;) tth::;

years earher The 1l ’
2 ustrations of both Dorrance’s and Janeway’s catheters



CHAPTER X

EARLY AUTOMATIC DEVICES FOR
RHYTHMIC INFLATION

Or the Amencan surgeons, Green! had made great use of the rhythmuc
mnflation method in experimental surgery His laboratory techmque used a
mechanical pump which rhythmically inflated and deflated the lungs through
a tracheal cannula  He noticed that this method frequently abohshed spon-
taneous breathing and that ths state of affairs gave a tranquul operating freld
to the experimental surgeon working within the chest In later years this
observation was applied to chmcal surgery 2 *

In workmg with the mtralaryngeal cannula 1t was noticed that the alternating
mncrease and decrease 1n intratracheal pressure produced an artifictal apnoea which
largely ehmunated the movements of the diaphragm The advantages of such an
elimmation of movement during operation were so apparent that 1t induced the other
of us (H H J) whose previous work had been done entirely with the negative and
positive pressurc cabimnets to devise another cabmet* provided with a mechamsm

Fie 68 Jaweway asp Grees s Ruvrasic INFLATION
APPARATLS (1909)

Though sumilar 1n general appearance to Brauer s onginal
cabmet this one nto which the patient s head 1s also serted
(B) 15 designed to produce apnoea and practically abolish all
spontancous respiratory actnity A stream of air from a pump
enters the box thus building up 2 positine pressure  The valve
(4) operated either by gear or cam from the electric motor
opens at regular intervals al thep e
to drop to atmosphenic  The frequency of the artifictal respira
tion can be raned over 2 wide range as can the ratio ol the
duration of inspiration to expiration  Port holes fitted with
rubber gloves (D and E) arc pro ided for the anaesthetist s
hands and there 1s also a glass observation window (C)

Thus Janeway and Green accomplished in 1909 the method
of anaesthesia which thirty years later was to become the
standard technique for overcoming the problems mcident on the
widely opened chest  Their method 1s identical with that now
known as controlled respiration

which accomplished duning operation a simular cessation of respiratory movements
By means of this mechanism pracucally as complete mflation and deflaton of the
*5ce Fig 68
78
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a1s¢s exhaled from the pitient’s fungs - It permuts, in other words, of 1ny destred '\n;nunt
%xf rebreathing from no rebreathing up to complete rebrentiung of the expired ur

FIG 69 JANEWAY S APPARATUS FOR AsuSTED OR CONTROLLED RESPIRATION (1g13)

Fic 70 Tnz DrAcer Puisioror (1g11)

This apparatus was intended for art:ficial respiration
for resuscitation 10 mines and n fires A mixture of
air and oxygen 1s forced 1nto the patient s lungs at a
prossure of 20 cm  H,0 during the mspiratory cycle
The lungs are emptied by a negatne pressure of — 20
cm H,Q duning the expreatory cycle

‘The left hand picture shows the lung (here repre
sented by a rubber bag) being inflated  Ovygen from
the cylinder passes through the inyector (S) entraming
air and through the open valve (L) and the breathing
tube (E) to the patient s lungs At the same time the
£28 mixture enters the concertina bag (B) When the
pressure i the breathing tube has reached a certain
level (say 20 cm H,0) the now distended concertina
bag operates the toggle mechanism and the apparatus
15 now as shown 1n the night hand picture  When the
spring and toggle mechansm kicks over into the
expiratory position the valves are aliered so that the

suction produced i the mjector mechanism now sucks the air out of the lungs closes the aperture through

which the gases entered the breathing tube and mstead of cntramin
through the same aperture mixed with ovygen from the cybnder

g air now discharges the contents of the fungs

We have, therefore 1n this apparatus a means of true arbficial respiration with what
ever gas (esther air or mitrous oxide and oxygen) that 1s allowed to fill the respirition bag
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could well be used in present-day manufacturers’ cttalogues, so httle has
design changed 1n the intervening years

If Janeway's place of honour among the proneers of anaesthesia needs
confirmation 1t 15 provided by his caution regarding the mmimum diameter
of his tube, though this 12 on the small side by modern standards, and on his
use of the flesible metal tube made of spiral wire to prevent kinking, covered
with Penrose drainage tube

Janeway also invented 1 19134 an apparatus (Fig 69) which was designed
to provide ‘true artificial respiration synchronously with the patient’s respira-
tion, 1n other words, merely accentuating the patient’s efforts of respiration’—
an 1dea to be redescribed as recently as 1952 * This apparatus was connected
to the endotracheal catheter when the patient’s chest was opened Inspira
uon alone was assisted, expiratton bemg unhindered n any way

These results are accomplished by enclosing the respiration bag mn an aiw tight
aluminium box (2), attached to which are four valves a spring ind two flaccrd rubber
tambours (3 and 5) A stretm of air 1s allowed to pass alternately mto the space
around the bag within the box and outside the box mto the room When the air
passes into the box 1t increases the pressure around the respiration bag which contains
the mitrous oxide and oxygen This increase of pressure 1s transmutted to the gases
within the bag so that they are forced nto the patient s Jungs It must be borne m
mind that there 13, of course, no communication between the terior of the respiration
bag and the space enclosed outside of the rubber bag by the aluminum box
When the pressure within the box reaches a certain height for which the spring (4)
may be set the air blows out the rubber tambour and reverses the position of the four
valves This reversal of the valves occurs suddenly, inasmuch as the rubber draphragm
cannot start 1ts movement until the resistance of the spring 15 overcome agam the
resistance offered by the spring 15 greatest at the extreme positions of 1ts swing  In the
reverse posttton of the valves the current of air from the machmne no longer enters the
box, but exhausts 1n part mto the room and 1 part mto the space enclosed by the
second tambour The stop cock controls the amount of air acting on this tmbour,
and, consequently, the time when the membrane of this tambour blows out, changing
the valves back to therr ongmal position It will be appreciated that the speed with
which the position of the valves 15 changed back to their original position depends only
1p part upon the second tambour If a mmus pressure suddenly occurs within the
aluminum box, this will tend to suck i the first tambour which of itself tends to change
the position of the valves back to the first position perrmtung the entrance of arr into
the box Because of this fact there 1s a strong tendency for the mncrease and decrease of
pressure within the box to be synchronous with respiration

The synchromsm of the movement of the valves with respiration depends upon the
fact that the changes in the pressure of the gases within the rubber bag transmit them
selves to the space outside the bag and within the aluminum box and so to the rubber
tambour The pece (1) 152 valve permutting of the loss of any desired amount of the



AUTOMATIC INITATION 83

Trom tlus description, 1t wall be evident that Janewny’s apparitus of 1913
1s the forerunner of artifical respiration anaesthetic machines hike the Spiro-

1

Fic 73 Lamoy s Puomovary
{exnLator (s932) @
This apparatus was designed for u ¢ 1n
r:spwz(o‘r” failure and 1n aniesthetic 22
emergencics It conusted of a rotary
Blower {15) drven by an clectne motor
(x1)  The vahe (4) dnven by another 0
dlectnc motor {10) aliemately connected A
the patient with the inlet and exhaust sides w
of the blover producing altermaung 21~ i
negative and positive pressure v itlun the
lungs The speed of the motar moving the
vale governed the frequency of the
respiratory cycle and was controlled by 18— 13 T 2 ™! = 23_a
the theostat (21) The degree of negatne 47 A, —>;
pressure could be varied by rahe (17) 16 ; e d 7
Excess pressure 1s prevented by automatie e b 1% |
blow-oil valves The mercury manometer °
(16) indicates the wntrapulmonary pres 15 / ' 10
sure The apparatus incorporated a f
carbon dioade Glinder (1) which could
be used 1n conjunction with the man 414
ovygen supply (14) The breathing tubes
(5) end 1n 2 Y connector contaning an

Spiratory salie (6)  These tubes are ‘a H — 1!
shown connected with an endotracheal A\ 1 12
tube (g) The gases are moistened 1n the 13 — N

water botule (8) ‘

pulsator (Fig 74) and the Pulmofintor (g go) 1s well as of resuscitators
like the Pulmotor (Fig 70) and the E & J apparatus (Ing 71) In spite of
the effectiveness of Janeway’s apparatus 1t must have appeared t the time
unduly complicated, for the simpbaty and apparent effectiveness of the
posttive pressure method continued to hold the field

The adaption (Fig 53) by Bunnell in 19128 of the positive pressure method
to mtrous oxide anaesthesta gave an mdicttion of the technique which was to
share populanity with the Tiegel-Henle method for the next twenty-five
years Bunncll’s method had the advantage of simplicity, requiring only
the addition of a delicate spring loaded expiratory valve to convert a
standard mtrous oxude and ovygen machine mto one suitable for thoracic
anaesthesia

Interest 1n machines for the application of automanc rhythmic artificial
respiration passed for the ume being from the field of chest surgery to that of
resuscitation m asphyxia and drowning  The Pulmotor? (Thg 70) 15 n example
of an adaptation of the principles of Janeway’s apparatus, while Lundy s
machine, described 1 1932°, produced the same effect but operated 1n a

different manner (Tig 73) By 1934, when Frenckner® surveyed the respiratory
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Fic 71 Tuz E anpJ Resuscirator (Inspiratory Phase)

An apparatus designed to provide mechanical artificial respiration suction or oxygen for
mhalation

The apparatus 1s shown 1 the inspiratory phase  Oxygen from the cylinder passes through the
ventur: and channels A and B to the patient  \hen a certain pressure 1s reached 1 the patient s

lungs this depresses the diaphragm and trips the toggle mechanssm hifting the two-way valie and
thus starting the expiratory phase

DIATHRAGM CHAMBER

o~ 3WAY SELECIOR VALVE SET AT RESUSCITATOR
OXYGEN SUPPLY FROM CENTRAL CONTROL VALVE

DURING INHALATION

INFLATE LUNGS

CHANNEL B

Fic 72 Tue E anp J Resuscrrator (Expiratory Phase)

Oxygenfromthe cylinder here passes through the venturi and escapes to the atmosphere causing
a vacusra 1n channel B through which the gases are sucked out of the patient 5 lungs When the
pressure in the system drops below the predetermaned level the diaphragm rises and the apparatus
reverts to the wnspiratory phase once more
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problems of thoracotomy, the Pulmotor was the sole machine of this type m
general use, being advocated for resuscitation only
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Tuny, collap cs completely 1nd the expiritory stream 13 therefore stopped at 1 certan
predetermined mmmum pressure  There 1s 1 regulble short or long pausc fter

Fic 73 The FRENCKAER SPIROPLLSATOR (1934)

“ote the endotracheal tube with cuff lying at the extreme right A hand bellows at the
rear 15 for inflating the cufl while an aneroid manometer indicates the pressure within the cuff

expiration before the mlet valves are opened 1gain and mspiration begins  The basic
prinaple 1n the automatic operation of the apparatus 1s that changes in pressure,
regulible according to desire within the closed system deterrne the beginning and
end of mnsprration and expirition  With a closed thorax these are brought 1bout by
the movements of the thoracic wall and the apparatus then follows normnl breathing
with an open thorax, breathing 1s agam regulated by the degree of expansion of the
lung and the frequency, depth of resprration and varnations n pressure are varied
according to the adjustment of the apparatus

The onginal Spiropulsator 1s ilustrated in g 74 The automatic action
of the machine dcpends upon a pressure sensitive magnetic control valve
( the flasher )* which 15 50 designed that the port through which the gases
flow to the patient 1s erther completely open or completely closed The action
of the Spiropulsator 1s shown in Tig 75

Gas from the cylinder (1) passes through two reducing valves (2 and 3)
and cmerges at a constant pressure of 50cm H O The equalizer (4), acting

S0 called because of 1ts direct descent from a similar d fc t
gl beaume of s ilar device for automatically controlling the flashing of



CHAPTER XI

MODERN AUTOMATIC DEVICES FOR
RHYTHMIC INFLATION

In hus now classic paper® Frenchner draws attention to the work of Gertz, *
who m 1916 had already confirmed expenmentally the weahnesses of the
differential pressure methods (see p 12) Frenckner repeated some of Giertz’s
experiments, and reported

In positrv¢ pressure narcosis even with relatively Jow values one sees how much the
exptratory phase 1s hampered and what - strun the whole procedure 1s for the patient
It 1s very easy to convince oneself on this pomnt  One must be 1bsolutely well and strong
not to feel worn out by an hour s breathing agamst a positive pressure of 7~8 cm H O
without narcosss It may seem pecubar and 1mprobable that such an msigmificant
obstruction as a bach pressure of a few cm of H O should actually be able to tire out a
patient This1s however, undoubtedly the case 1nd the cxplanation must be that
expiration 15 the passive portion of resprratory work and the muscles intended for
expiration re not accustomed to active work

He also noted that 4f during the operation one gives some rhythmic
msufflation with positive pressure through the tracheal catheter the patent
seems relteved !

Frenckner was ‘convinced by such observations that the rhythmic mtro-
duction of air 1nto the trachea under favourable circumstances would be the
most 1deal type of positive pressure breathing' and 1n 1934 designed the
‘Sprropulsator ’

This apparatus functioned according to the following principles

(1) The dnung force 15 air, oxygen or the narcotic gaseous mixture, which 1s
delivered under sufficiently high pressure (2) The apparatus works automaticaily
accordmg to pressure conditions within the lung so that with the thorax closed 1t
follows the normal and occasional respiratory movements (for example, in coughing)
but with a unilateral or bilateral open thorax 1t immediately takes control of the
breathing with a frequency depth 1nd pressure which are controllnble m all the finest
details

The gas cyhinder {or other apparatus which delrvers the compressed air or gaseous
muxture), the sprropulsator the tracheal catheter and the lungs form a closed arrught
system withan which arr or the gascous muxture 1s conveved to and removed from the
lung through automatic valves The inspiratory air 15 admutted unul a certain pre
determined pressure 15 reached within the lung  This maximum pressure closes the
snlet valve at the same time as the passage 1s opened for exprration With 1 closed thorax
expiration can take place freely while with an open thorax 1t 1s not desirable that the
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cewses As spring (21) 18 set 1t 1 lugher pressure it will have nlready opened
valve (12) and the *fasher’ sull heeps valve (6) closed, thus delhying inspira-
tion 1nd providing 1n cxpiratory puse
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e 36 hie 77
Fic 56 Tue First CRAFOORD MODIFICATION OF FRENCKAER § SpiRortLsaTor (1938)
A tesenorr bag 1 incorporated from which the patient can obtain a breath even if out of step with the machine
The paucnt s lungs are in communication with the bag only

F16 77 DiacraM oF CRAFOORD s \MODIFICATION OF TIE SPIROPLLSATOR

The apparatus consi ts of a combwation of the Frenckner Spiropul. and an pp: of the
continuous flow type “itrous oxide and oxygen from flowmeters Hlanking the muung chamber (5) pass to the
Fubber bag (3} On the way to the in piratory tube (10) the pases pass the spirometer (16) which mdicates the
volume of cach breath The endotracheal connector (12) 13 joned to a ‘T picce to which are attached the
pass through (11) and bubble out of the tube which dips a
% as a one way valve The rubber bag (3) 1s thythmcally
by alterations m pressure of the arr m the sessel (7). The pressuse vamations are produced by the

p (2) drmen by compressed air from cylinder (1) A cyclopropane cybinder (13) 15 alsa shown
connected to the anaesthetic circuit

P y and exp ¥ wl e
few mullimetres under the water n (4) thus actin
compres ed

In order to start the new nspiratory phase, the “flasher’ chamber (8) 15
provided with a vanable outlet pipe (11) through which -ur slowly leaks out
durmg exprration unul eventually the pressure mn the chamber has sunk so
low that spring (35) 15 able to overcome the tension of the ‘flasher’ spring
and the ‘flasher’ reacts, opening the nlet valve (6) and closing the expiratory
valve (7) Thus springs (21) and (22), acting on valves (12) and (18), control
the pressure of inspiration and expiration The length of inspiration 1s con
trolled by the tap (5) which varies the rate at which gas 1s admitted, and the
duration of the expiratory pause 15 controllcd by valve (11) M-mpulation
of these two controls permuts the frequency of respiration to be varied between
one and sixty per minute  Liquid anaesthetic from container (31) 15 vaponized
by the heating coil (30) The gases ire moistened 1n their pusage through (g2)
and their temperature recorded by the thermometer at (33) The sensitive
manometer (34) records the actual pressure within the machine
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like a reservorr bag, allows the gas to pass from 1t during inspiration and stores
1t during expiration, thus providing a good flow of gas on mspiration  The gas

47

Fic 75 DiAGRAM OF SPIROPLLSATOR

passes through the tap (5) (which controls the duration of insprration), past
the open valves (6 and 12) and via the inspiratory tube (14) mto the lungs
at (17) As the pressure mn the lungs rises, this 15 transmtted to the diaphragm
chamber (13) via the exprratory tube (15) and the branch pipe (23) When
this pressure 15 greater than that cxerted by the spring (21) (which controls
the spiratory pressure and cin be regulated between 3 30 cm H O) vahe
(12) 15s closed Simultneously, the pressure increase 1s transmutted to the valve
chamber (20), pressing down the spring (22) which regulates the expiratory
pressure within the imuts 0-13 cm H O This 15 always set at a lower figure
than the mspiratory pressure  When this spring (22) 1s compressed, the gases
pass via valve (18) 1nto the ‘flasher’ chamber Valve (7) remains closed untd
the pressure of gas entermg the chamber via (5) (and which cannot escape
because valve (12) 1s closed) 1s sufficient to deflect the diaphragm (g) and
open vale (7) at the same time closing the inlet valve (6)

Expiration can then occur the g1s escapes and the pressure 1n both the
expuratory (15) and the mspratory tube (14) falls until 1t equals the setting
of the expiratory spring (22) which then closes valve (18) and expiration



AMODI RN AUTOMATIC DEVICTS ol

communtcition with themachine  The sprropulsator by lternately rasng ind
Jowering the pressure n the ur-tight chamber outside the bag compressed the
ltter rhythmically forcing the gascs into

the patent’s lungs Thus apparitus had no ot
sod1 lime cwmster ind operated on what

we would now call the contmuous flow

prnaple The expirations of the patient

passed out by means of tube (11) through comp 4 al

the ‘Rasher’

Though ‘1 prerequisite for saisfctory
funcuomng of the machine was ‘that the
respiratory muscles of the subject do not
worh actinely,”* the presence of the
reservorr big 1lways ennbled the panent
to obtamn 1 breath and thus prevented
conflict between patient 1nd machine
As a result the irregular disturbed breath
g often scen with the earlier pattern was
no longer cvident and the patient could

10 Langth
o
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Fic 80 Tue Frenckver
SeiRoPULSATOR Mecitanisu®
During mspiration compresed awr enters yvia

be quietly anacsthetized  ‘As soon s the
anaesthesta was deepened, 2l active re-
spiratory movement ceased and breathing
became automatically controlled by the
spiropulsator '

When the experimental machme was
found to work satisfactorily, a more com

salve (G) passes via the outlet () to the plastic
ulb contaiing the resenvotr bag A rise 1n pres
sure 1n the chest 1s transmitted to the intertor of
the valve pressiny, the diaphragm over to the Jeft
The daphragm moves the 1od (2) over 1o the left
against the resistance of the sprng (3) Themove
ment of the rod presses on the spring {4) and the
weight arm (5) moves over to the left clasing val €
(6) and opening (7) Lxpiration then takes place
via (8} The weight arm (5) 1s magneticatfy londed
50 that valves (6) and (7) are ether fully open or

pact commercial pattern was designed fuly closed
(Igs %8 and 7g), combining the Sulle closed arcust machinet and the now
perfected sprropulsator mechanism (Tig 8o)

From the diagram (Fig 79) 1t 1s evident that there are two entirely
separate crcuits within the machime  One 15 the sprropulsator circmt maun-
tamung rhythmic pressure vanmations around the bag The other, the
anaesthetic cireutt, consists of the flow meters for mtrous oxide, ovygen nd
cyclopropane, the carbon dioxide absorber, the rebreathing bag and the
connecting tubes There 15 a constant flow of 500 ¢c mitrous onde per
mumute through the imjector mechimism which creates a negative pressure
within the carbon dioxide absorber, drawing expired gases from the main
rebreathing tube into the absorber The fresh gases are brought to the
paucnt by a small bore tube entering the circuit at the endotracheal catheter
connection  The patent expires into the single wide bore tube connected
with the rebreathing bag

A high degree of absorption efficiency was clumed for this circuit arrange-
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Although Frenchner stated that the spiropulsator would etther supplement
or supplant the patient’s own respiratory cfforts, Crafoord found® that the

Fio 75
FiG 78 THe First CouuERciAL \ODEL OF THE SPIROPCLIATOR (1940)

Thus duffered from the presjous
1o be we

P P an absorber allowing cyclopropane

Fi 79 A DIAGRAM OF THE SPIROPLLSATOR \ANAESTHETIC \PPARATLS sHOWN IN¥ k1 78

A continuous flow of 500 ¢ ¢ per minute of gas from the nitrous oxide cylinder (1) passes throueh the iyector
(2) 1nto the pipe (3) and thus creates a negative pressure mn the soda ime camuster (8) This negative pressure
draws gas from the rebreathing tube (6) 1nto the absorber (8) and thus provsdes a circulation of gas from tube (1)
imto the pauent s lungs and 112 tube (b) mto the carbon digxide absorber  This 1s the principle of the \ga Sulle
closed cirrcmt circle " absorber machine

Additional N O 15 added w12 the flowmeter (24) The flowmeters (23) and (25) control the quantiues of
oxigen and cvclopropane used respect ely A narrow bore tube (3) takes the gases to the endotracheal
connection (5)

Dursing respiration the gases pass to and fro along the tube (b} mto the resenoir bag (10) which 1s encloved
within the glass dome (16) Ay excess of gas excapes via the spring controlled exprratory vahve (1) Tube (12)
connects the glass dome to the Sprropul ator val e (14} which receives compressed air from the comJ)rtssor (22}
\alies (17) and (18] control the duration of the exptratory and mnspiratory phascs respecti ely and valies (£9)
and (70) the maxunal and mumal pressures produced

\ alve {13) 18 kept open unu! artificial respiration 1 required  This permits the anaesthetic machine 10 be wsed
in the normal manner 1f1t 15 closed hor ever and the compressor started the Spiropulsator valc (1) produces
alternating increastng and de“reasing pressure in the glass chamber (16,

machine ‘was ideal only if the patients own breathing movements were
entirely elmmated  If the patient resisted the mspiratory cffort of the
machmne with his own expiratory muscles the machine promptly changed over
to the expiratory phase If, then, the panent trzed to inspire rapidly, the flow
of gas from the apparatus was msufficient to supply his mspiratory need
Crafoord, therefore, in 1938 mterposed a reservoir bag between the machine
and the patient s lungs (Fig 77)  This rubber bag (3) was enclosed i an ar
ught chamber (7) The bag recenved the muxture of anaesthetic gases and
formed a reservorr from which the pantent breathed It hid no direct
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ment Some doubt, howerer, 15 thrown on this clum by tl:c now almost
unnersal practice m Scandinmin of mserting 1 standard Whters' camster

Fic 83 Fic 8¢
Fic 83 Maurz s AUTOMATIC RESPIRATION APPARATUS {1930)

The apparatus consists of a transparent air tight plastic box (B) enclosing the rebreathing bag of the closed
eiramt machine  (A) 13 the soda lime camster of the Heirdbrinck apparatus and (C) the box containing the auto-
matic mechamsm A compressed air supply 1s connected to the apparatus at {8) Valves (9) and (6) control
the rate of flow of the air and admit it intermuttently to the box at (5} The gases in the resenoir bag are thus.
forced 1nto the patient s lungs by the mflow of compressed air into the box  The exhaust valve (7) then auto-
matically opens the box to the atmosphere the air escapes and expiration tesults The manometer (3) indicates
the pressure and the safety vahe (1) prevents excessive pressure 1 he hand-controlled exhaust valve {4) provides

d of the action and 1s used to throw the mechanism 1n and out of action and also
to vary the maximum pressure attained  Mautz observes that Crafoord s machine though differing mechan
teally 13 sumular m principle  Mautz does not guve details of the mechamsm of this apparatus

Fic 84 Maurz s AuToMaTic RespiRATION AppaRATUS CoNNECTED T0 HeibBrInex MAGHINE (1941)

into the breathing tube near the patient The Waters’ cansster 15 clenrly
shown in Tig 81 taken from the manufacturer s own post war catalogue ®
The same thing 15 shown even more clearly in Fig 82¢ It scems that the
Waters’ canuster, close to the patient, 1s really Al that 15 necessary, and that
the somewhat claborate njector device 15 probably redundant

The Spiropulsator found immediate acceptance 1 Scandinavia where At
that time nurse anaesthetists were the rule, and became the instrument of
choice for thoracic surgery and, in fact, has remained so there to the present
day Elsewhere 1t found little favour, the anaesthetist preferring to squeeze
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Fic 81 Aca STiLLE ANaEsTHETIC

APPARATLS WITH SPIROPLLSATOR (19,0}

The Waters camister can be clearly seen at
the left of the photograph serted between
breathing tube and endotracheal tube A
sacuum cleaner 1s bemg used as the source of
compressed air to drne the spiropulsator At
least one explosion has occurred through ths
practice cyclopropane £ither leaking or diffus
ing through the bag and getting to the sparking
brushes in the vacuum cleaner

Fio 82 DIAGRAM OF SPIROPULSATOR
sHowN IN HiG 8t
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an apprtus (Tigs 83 nd 84) somewhat simulr to the Spiropulsator for
use mn conyunction with the Herdbrinch closed circust michme

SECONDARY CIRCULATION MAIN ABSORPTION UNIT PUMPS AND SULCTION CIRCUIT
—

Fic 87 PinsoN s APPARATUS (1944}

“Thus consists of two main parts the breathing pump airctint with the suction pump cirewit and the main absorp-
uon umt

Two pumps are scen on the night handside A b p clectric motor works them both - The speed of the breath
ing pump can be saried from 19 10 36 strokes per mmute the stroke volume being also adjustable  The suction
pump draws the gases from the pavent and any mucus blood or pus through a series of botsles which retain the
1 quids absorb the carbon diovide and returns the anaesthetic gases nto the mam circurt The mamn absorption
umit contains two canusters for the soda lime and 1s arranged on the single phase circle principle A diaphragm
manometcr 1s included 10 indicate pressure  \hen the breathing pump 1s 1n action valves control the maximum
pressures In addition to prov iding controlled respiration the apparatus may be used as a carbon dioxide absorber
10 which the gases are mechanscally propelled round the circurt and through the soda me  In these circumstances
the patient breathes spantancously 1n and out of a sccondary cireulation bag near the face mask which 15
cannected to the mam absorption unit_Though the movement of the bag will be synchconous with the pump
the pauent may be breathing with a d flerent shythm the anaesthetst can detect this by means of a stethoscope
whose end 15 inserted 1nto a small pilat connection 1o the main breathing circut The arrangement of the

secondary circulation bag 1s exactly like that of Jackson s apparatus of 1915 (Fig 188 p 145)

Unable to obtain a Spiropulsator during the German occupation of
Denmark, Merch® constructed an apparatus (Fig 85) for rhythmic ventilation
which he used with a Mchesson closed circwit machme  Unlike the Spiro-
pulsator the actnvattng mechamsm m Morch’s ‘Resprrator was a piston pump,
and cycling was not controlled by the pressure changes within the chest
The apparatus forced a certamn volume of arr mto the patient’s chest with

each stroke of the piston, independently of the pressure changes within the
n
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the bag limself It must be realized, however, that the oniginal advocacy
of the Spiropulsttor was yeirs ahead of practice current at the time, 1t was

Fre 85 The Menrclt RespiRATOR

In this apparatus the rhythmic nflation of the patent s
chest 1s produced by a moter-driven piston pump The
volurne of gas entering the patent s chest at cach stroke can
bevaried by adjusting the pownt of attachment of the pitman
to the lever Thus each stroke of the piston dehiers a
certain fixed volume irrespectn e of the pressure withn the
chest  Safety valses are obviously neces<ary to prevent
excessin e positiy e of negative pressure  Maximum positine
pressure 13 controlled by the setting of the expiratory valve
The pressure control on the rebreathing bag whick 15 kept
connected to the circust 1 adjusted to o mm Hg The
bag thus provides an addrtional buffer aganst sudden rises
1n pressure

The negatne pressure produced by the withdrawal
2action of the piston 13 controlled by setting the Mckesson
pressure dual between Off and O  Should the piston
produce a negatne pressure of more than —3 to —5 mm
Hg fresh gases are dehisered by the anaesthetic machine
into the crewt

not until the outbreak of World War II that positive pressure anaesthesia
1 Britain and America gave way to controlled respiration

Fic 86 JAuEss APPARATUS For CONTROLLED
RespiRATION (1951)

The operation of the bag 15 activated directly by an
electncmotor The frequency of ¢ycling and the venailation
by the bag are determned by the anaestheust and not by
pressure changes within the patient

There svere exceptions to this general atutude  Mautz in 1939 descrabed” ¢
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a4 piston pump w1s the man mechamsm (T1gs 87 and 88) Heincorported
m this apparitus many refinements, the mun onc of wiuch wns the abihty

" Ou matsat
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COMPRESSION CH WBER' cu

Fic By Brease s Finst PLorLaToR (1946)"

A constant supply of compres ed ait from a pump 13 led to a compression chamber connectrd
to a glass Jor contaming the breathing bag A blow-off salve 13 operated by a cam which s
connected by gears to the pump  The mummum and maximum pressuses are controlled by
spring loaded valves The frequency of respiration 1s controlled by the speed of the motor
The relatie duration of and 15 lied by the charactenstics of the
cam and not by the pressures within the patient s lungs

to maintain constant suction without upsetung the anaesthetic mixture con-
taining cyclopropane, by loss of gas from the circunt

Though the general design and exccution of this apparatus 1s of a high
order, 1t still suffers from the disadvantages inherent 1n a piston pump
Since 1t was described no further reports of 1ts use have nppeared, nor to our
knowledge has the apparatus been duplicated In any case, now that com-
biations of analgesics like pethidine wath nitrous oxide and oxygent 13 14
are displacing the explosive and expensive cyclopropane, the necd for n
suction pump circut 1n which gas loss 1s obviated has largely disappeared

In Brtain interest 1n these machines has lately been fostered by the Blease
Anaesthetic Equipment Co, who have designed two machines The firstts
(Fig 89), now superseded, suffered from the same disadvantages as a piston
pump machine, because although such a pump was not actually used, the
frequency of cycling was controlled by a motor independently of pulmonary
pressures  Reference to Fig 63 will show how closely this apparatus 1pproxi-
mates 1n principle to Janeway’s msufflation apparatus

The second Blease apparatus (Figs go and 91), put on the market 1n 1950,
resembles m 1ts working principles the Spiropulsator  Compressed air from
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chest, though this volume could be varred at will The frequency of the
respiratory cycle was unrelated to the pressure changes within the chest

| nsaananat el S - - o

FIc 88 Prason s MacHine Reaby ror Use

‘With such an apparatus, the patient may require a larger tidal volume
than estimated, and with a slow pump rate h)povcntxlatmn may easly
result If the pump volume 1s considerably m excess of the patient’s needed
tidal volume the lungs may be held 1n inflation for an appreciable part of the
insprratory phase of the machime During this time the surplus gas 1s escaping
through the expiratory vale

The apparatus shown in Fig 86" also depends on a simple pump
mechanism, a corrugated bag talung the place of the puton of Merch’s

apparatus
p}gmson“ m 1944 also devised an automatic respiration device m which
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\alve (10) can be mereased by the lever O so that the pressure in the Jungs
does not fll to atmospheric - Should the anacsthetist wish to revert to manual

PATIENT PATIENT

i

F;:

=5l
N}

. L———‘

)

-t T

1
L Gas surpy” cas suPelY

Fig 92 Tie Burns PRessURe Barasce Resusaimator {c 1946)

The mechamsm of this device contams a double working 10 the h 1 posiuon as shown
against two ports of different sizes  The smaller lower onc 1s for the cntry of the gas supply the upper larger one
being on the s1de towards the patient  The pressure which pushes the diaphragm upw ards and allows gases to
flow ta the patient 15 therefore higher than the pressure which moyves the diaphragm 1n a downward direction
shutting off the gas supply and allowing the pauent s Jungs to empty to the exterior
Left hand fig Insprratory phase

A supply of gas at a preset pressure 1s connected to the mlet port of the valve  The twin diaphragm 1s hited
from 1ts scating and gas flows through the valve to the panent s Juny

When the mtrapulmonary pressure 1 ¢ the pressure on the patient s side of the diaphraem 1s 80 per cent of
that on the inlet side the double linked diaphragm mosves down shutting off the inflow of gas while at the same
ume allowing the patient s lungs to communicate with the exterior
Right hand fig  Exprratory phase

This takes place by the normal elastic recort of the chest wall and lungs  Once the diaphragm moves away
from the upper seating a larger area of diaphragm 1s exposed on which the gas pressure on the patient s side now
acts When the pressure 1n the respiratory tract falls to »0 per cent of that on the inlet side the diaphragm s
pushed up cycling occurs and inspiration commences once more

Since the nlet gas pressure 1s presct ho control over the inspiratory or expiratory pressures can be exercused
‘The s1z¢s of the ports and the characteristics of the diaphragm are fized during manufacture

controlled respiration at any time, tap Q disconnects the breathmg tube K
from the Pulmoflator and connects 1t to a bag R The mechamsm whereby
the diaphragm and rod N flicks over 1s samewhat similar to that used for the
same purpose in Janeway’s apparatus (Fig 6g9) In Blease’s apparatus the
mechamsm works as follows The pressure 1n the main chamber rises and the
diaphragm D 1s pressed outwards, stretching spring (12) and pulling rod (13)
with 1t Rod (16) 1s pulled over and disengages the pawl (14) from the
wheel (11) which now turns round m a clock-wise direction because of the
pull of the spnng (12) on 1t Valve (8) 1s therefore rapidly opened, and At
this pomt the pawl (15) engages m 1ts notch  The pressure . the man
chamber begins to fali rapidly and the reverse cycle of events now occurs
Now that mterest 1s once more alive to the value of rutomatic apparatus
for controlled respiration, one type after another, each cluming to hawe
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an electric compressor enters the main chamber A and 1nto the glass chamber
B connected with it The corrugated breathing bag T 1s therefore compressed,
forcing 1ts contents through the breathing tube (K) into the patient’s lungs

Fic g0 Brrase PULMOFLATOR (1g50) Fi6 gr Diacras o Buease PurstorLATor (1950)

As the intrapulmonary pressure rises the diaphragm D 1s forced against the
spring E unul at a certain pressure the spring operated mechamsm fhicks
over, openng the valve (2) and mamntamning 1t in this postion The pressure
mside A quickly falls to wtmospheric and the lungs deflate  The spring E
now pushes the diaphragm back and at a certain pomt the mechamsm flicks
over agan closig valve (2) and the wsprratory cycle starts agun  The
lever F controls the strength of the spring E and therefore the maximum
pressure developed Tap (6) controls the length of expiration and tap (3)
that of nsprration By closing valve (8) with its lever G the lungs can be held
inflated Opening escape valve (7) by means of its lever puts the Pulmoflator
out of action and allows the patient to breathe naturally When valve (8)
1s closed, opening and shutting of valve (7) 1s a means of rhy thmically inflating
the lungs A bleed valve (g,) allows air 1o be added to the ciremt A spil}
valve (10) allows excess of gises 1n the anaesthetic crrcurt to enter the mamn
chamber outside the bag If the anaesthetist wishes the lungs to remamn
partially inflated 1t the end of expiration the spring pressurc on the spill
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to chimeal annesthesin ' 1* ® The Bennett resusaitator® # (Fig 93) 15 not
far out of the evperimental stige  Bath these devices are extremely compact,

FROM BOYLES

APPARATUS
J K
— -

Fic 95 Wittsaws torovsric Brrating
ATTACIVENT FOR Bovis s V\PPARATUS {10,2)

The f llowing desersption is taken from the
onigmal paper i
Theapparatu con wts esentialls of fwostout ¢ I
rubber diaphragr A and T which act alier [}
nawch on a central shdme spindie €. This
fateral movement of the spindle di turbs the
balance of an eccentric cam 1) which thus
mo s 1n tantly from one extreme position to
the other  The cam 1s attached to a gasvahe T
which 1 one phase alloy+ mixed gases 1o pass
+12 the harrow rubber tubing F directly to the
endotracheal tube or face mask while in ats
other phase the valve completely cuts off the
gas supply and by the same movement com
plete expiration 1s permatted by the opening of
a laree bore exprratory salve G built into the
apparatus the exprred air sung up the cor
rugated rubber tube H andp:scaplnzpb) means A
of vents in the casiny of the attachment The

respiratory circuttis thus umdirectional so that {- ——
dead pace and carbon diovide retention are [ 1 L3
reduced toa mimmum In the prototype change I
of rate and depth of respiration are controlled
by two screw-chips J and h only
H
TO PFATIEENT FROM PATIENT

FI6 o6 Wittsams s AuTosiaTic BREATHING ATTACHMENT ON Bovie s APparaTLS

slipping 1nto the pocket with ease These valves convert 1 continuous low
pressure supply of gas into an intermittent supply,

th <)
and the length of each cycle bemg vanable 1t will 1n e Bonnett walh wsure

the Bennett valve
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advantages over the others, have made their appearance since the end of
the war  We have described here such machines as are mteresting mechanic-

Fie g3 Tue Bewsert Resuscrrator (¢ 1946)

The compactness of (lus device can be judged from s oyerall
dimensions _some 6 nches squarc and 2 nches thik Thi
tlustration shows the external controls

Inspiratory flow rate
Expiratory pressure
Expiratory flow rate
Exprratory cyching rate
Insprratory cyching rate
Outlet connected ta panent
Ouilet for expised gases
Tnlet for gas coming from reducing vale

In addition to these there are also a cough relief valve 1o release
the sudden high prescure 1n this csrcumstance and an emergency
ainlet salve should the mam gas supply fai?

The ingenusty of design and ihe standard of workmanship of the
suner mechanism s of the highest order and will repay study of the
ongmal publications by those interested 1n these detail

maTEmTQme

ally or are easily avadable commercially There are, however, some, soon
to be wwalable 1n this country, which in efficiency and compactness are

)

Fit. 94 Morca s LaTEST RESPRATOR (19,2)

dyffers from anv previcusly described 1n that the cycling and the action of the valves arc

T R imeally  Cueling 18 produccd by the « m of 3 moreury) switch which achomtes soreaoe) el
g ases amder pressure for (he nsp ratory phase and prosdimg suction for (he expirsiory phase

worthy of the closest attention  Two of these in particular desene mention

The Burns Pressure Balance Resuscitator'” (Fig g2) has already been applied
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THL DLVELOPMTINT OI TRACHLAL AND
BRONCHIAL INTUBATION AND OT' THL
CONTROL OTF SICRITIONS

Tue full development of present-d1y mcthods of aesthesi for thorame
operations has depended upon the successful applicrtion of laryngoscopic
and bronchoscopic methods for the correct and easy plicement of endo-
trachenl tubes and of endobronclnnl tubes and blochers

The combination of shilful plicement of tubes and blockers, with soundly
constructed mechanical devices of various sorts for rhythmic inflttion of the
lungs manually or mechameally, ind an understanding of the physiologicnl
processes 1mvolved, has brought thorrcic annesthesin to the present day level
of refinement

This chapter not only traces the development of methods of intubation
and of the control of secretions, but 1t 4lso fills in the spaces m the story of
thoracic anaesthesia left 1 previous chapters  The list of instruments and of
workers 1s not mtended to be exhaustive, particularly of those within recent
years

1754 Benjamin Pugh,? a surgeon of Chelmsford, in common with other
physicians of his day (see 1lso Chapter V), became nterested 1n resuscitation
of the new born from asphyxta He described (F1g g7)

The Air Pipe as big as 1 Swan s Quill in the Infide, ten Inches long 1s made of a
fmll common Wire turncd very clofe (in the Manner Wire Springs are made) will

Fic g7 Puens Aw Piee (1751)

turn any Way and covered with thin fofi Leather, one End 1s introduced up the Palm

of the Hand and between the Fingers that are in the Child s M.
Lapnx the other End external tids Mouth s far as the

103
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Morch’s latest respirator illustrated above (Fig g4) ingeniously utilises
electrical means for 1ts actuation
The device described by Wilhams s (Fig 95) 1s clearly a compact version

of Janeway’s apparatus (p 81)

‘Willlams’s device 15 intended to be fixed between the flowmeters and the
reservorr bag and breathing tube of the Boyle’s or other continuous flow
apparatus (Fig 96) When brought into use the continuous flow of gases
from the apparatus 1s converted into an mntermuttent flow The ensuing
rhythmic variations of pressure, ventilate the patient’s lungs
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Fic 100 Jaurs CURRY s INSTRUMENTS FoR ResuscrraTion (179 )
(See also Fig 13)
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The first tube included m this chapter was thus constructed m the manner of
the most modern— fine wire spiral covered with a soft non traumatic

Anlnftrument (o pafi derond the Glattis

— ]

Fic 98 Krre s IntusaTion Tuse (1788)

materral This pattern of mvention, and sometimes oft repeated rediscovery,
runs through the history of endotracheal tubes just as 1t did through that of
anaesthetic methods and apparatus described 1n previous chapters

1788 A tube designed to pass beyond the glottis was mvented by Charles
Kite (Figs 98 and gg) * He advocated the use of this tube for resuscitation
The manner of using the tube 1s clearly described in the following extract
from hus Essap on the Recovery of the Apparently Dead (1488)

The crooked tube bent hike a male catheter 15 to be mtroduced through the
mouth or one nostril into the glottis when on blowing, through the mouthpiece or
applying the bellows the lungs will be dilated
Kite reserved the use of this tube for cases in which the ‘nostril tube’ was
meflective or where respiratory obstruction occurred

1792 A complete set of mstruments (Fig 100) was designed by James
Curry,? a physician of Northampton, for the local Humane Socety and
was 1llustrated 1 s handbook on resuscitation, Popular Observations on
Apparent Death, published w 1792 A second editton of this book! appeared

e ()

~

Fig g9 Rites complete assembly ~intubation tube attached to the elastic connection
tube and 1oy mouth picce

but this ttme Curry remarks that the laryngeal tube and gullet
‘[ﬁoéﬁél—s’“ere included only for the sake of completeness (Fig 1o1) He
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1806 The Royal Humane Society
adopted 1 somewht smtlar sct of
wstruments® (see also p 32) (g 103)
with the 1dditton of 1 vanety of con
nectors to be inserted into Almost every
onfice of the body  These connectors
included 1 silver tracheal tube  Not
onh amr, but tobicco smohke, too,
was regarded s loghly efficacrous,
espeaially when msufflated nto the
rectum

1806 The Irench obstetnician
Chaussier* adipted one of these re-
susaitatton cannulie for use an the
newborn (Fig 102) (see also p 41)

1806 Bozzin’ of Trankfort at-
tempted endoscopy of the rectum and
vagma with an apparitus which he
termed a ‘hghtconductor * It consisted
of a leather covered tin stand, one-half
of wiich was taken up by the candle,
the other half having an aperture for
the observer’s eye (Ig 104) Various
sized speculac were attaiched to the
front of the lampholder depending on
the anatomical onifice to be examined
The Medical Taculty of Vienna con-
demned the instrument because of the
poor llumination A later pattern of
the endoscope (F1g 105) was fitted
with an eyepiece and a concue
reflector

1845 The use of tracheal tubes
for asphy«ia neonatorum would prob
ably have died out after Leroy’s
damagmg attack but for the enthus-
1asm of Depaul,® ® Chaussier’s suc-
cessor at the Matermte who produced
a modified Chaussier tube (D1g 106)

107

Fio

Fic 103 Rovat HOMARE SOCIETY § KESUSCITATION
InsTRUMENTS {1806)
{Sece also Fig 11)
Note the sihver tracheal tube (8)
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then says, ‘1 believe that nerther

(=

Fig 3
A
Fig/
A
B
) B
C

B
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will be of much use, from the rigidity
of the muscles 1n the greater number of cases of drownmng, locking the jaws

Plate 2

B

Mo~

£

Fic 101 Curry's Mootriep
RESUSCITATION InSTRUMENTS (1815)

Boxwood nostri] tube for nflation of lungs
Curry s improvement on Coleman ¢ modifi
cations of Kiies tube! Cusry preferred a
rounded up and lateral opemings to avod
trauma

Brass mount to connect cannula to bellows
Coleman's gullet blocker —leather covered
spiral wirc and vory shder ¢ Curry thought
that ngidity of the jaw muscles would prevent
mntubatton in most cases and that the nostrl
tube would be more practical The gullet
fube was also v ed to wash out the stomach
m laudanum porsoning

Fic 102 Tue orcal Claussier Tone for [vrusation or tie Larenx
v AspHYXIA NEONATORUM (1B0B!

so close as to render 1t impossible to mntroduce either with certanty’ (see

also p 35)



INTUBATION

lens on to = reflector which projected
the light down the tube mn the
observer’s hine of vision

1871 To fcihitate operttions on
the mouth and larynx Trendelen
burg'* designed 1 combination of 4
traicheotomy tube with an inflatable
cuff 1nd 1naesthetic cone (I'g 108)
The annesthetist was thus removed
from the field of operation, 1nd
addition the patient wAs protected
agunst the aspiration of blood and
debris At the suggestion of Tren-
delenburg, Schrotter’* developed the
use of boumes for the dilation of

chronic laryngeal stenosts  These
Fgl FgJ
~7
04ey a2

-

18

109

he joy

Drsorsieatx Faposcorr ror Lxaunnc
Variovs Orietces (18;3)

Fic 108 Trewperennure s TRACHEOTOMY
CAsSULA wiTnt IsveaTabLe Cuer (1871)

Figs 1 and 3 the tracheotomy cannula the cuff
and the tube for inflating 1t

Fig » The cuffl inflated

Fig 4 The assembled apparatus for anacsthesia
The cannula s in place in the tracheotomy opening
and 1s connected to the cone (b) by means of a flex
1ble covered spiral wire tube Note the awr space
between the lint and the top of the cone  The cuff
bas been inflated by means of the bulb (a)
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As will be seen later, another pattern of Chaussier’s tube was also produced
by Ribemont® (Fig 112) (sec p 111)

Fio 103 OwmicinaL Bozzint Fic 1o, Inprovep Bozzint EApOSCOPE sHowrvG Evepince LONGAVE
NDoscorE (1806) REFLECTOR AND SPECULAR

1848 Bouchut'® and Snow both made use of mntubation, the former m
an unsuccessful attempt to relieve diphthentic croup and the latter in the
course of aniesthetic experiments on animals (see p 45)

1853 The first successful attempts to examne the ornfices of the body
by direct vision were carrted out about this time by Desormeaux’? who
has been called the ‘father of endoscopy By now the somewhat pnmitive

") g I'j

Fic 106 Dgpave s Tuee (1845)

endoscope of Bozzimt had developed 1nto the more eliborate one shown m
Fig 107 The Iight from 2 ‘gasogen burner was concentrated by a condenser
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1858 \MacTwen of Glsgon! prssed oral endotracheal tubes by the scnse
of tonch 1 cases of ocdemn of the glottis He lso used them for 1naesthesin

o 0

-

Tie 112 Rizrwoxt s Tuer (18,9 (Se alw Fir 27)

during etensive operitions within the mouth The tube wis passed without
anaesthesth of am sort  The wsual cough followed the introducnon of the
tube, but 1t ceased s soon as he recened 1 few w uffs of chloroform, and
long before he beeame constitutionally affected by the drug’

1885 Unaware of previous worh on intubation by Bouchut 1nd MacEwen,
O Dwer, of New York, expenmented with mtubntion for diphthentic croup

e

Fic 11y

Fic 113 ODwvErs Trees avp INTRODULCERS
(1885)  (dec also Fiz ~3) crrRonte

Fi16 114 O Dy vER S LARynGEAL TUBE DESIGNED FOR
©se witn THE Feor REstscrmaTion AppagaTus (¢ 1g00)

Fell generally used a face mask or a tracheotomy tute
with his resuscitation apparatus

wrr from the bellows entesed at (A} The comcalend
of this tube (C) was designed to produce an air tighs fir
when in the larynx  The fingers of the operator s hand
fitted 1nto the nings provided and the thumb occluded
the expiratory hole (E) dunng mspiration Expiranon
Fie 113 took place v hen the bole was uncovered

with great success He designed = set of self retaimin
g tubes, the e\
upper end of which rested on the false cords (Fig 113) ’ panded
XL:ner O Dwyer'* designed a modified tube (Fig 114) for use with Fell’s
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bougies were also made hollow so that respiration could take place through
them The espertence gamed 1 passing these bougtes and 1n designing the

Fic 109 Worrrsere s EnponroncrraL CATHETER (1871)

Wolffberg 1n attempting to obtain gas from an 1solated pulmonary segment 1n dogs
adapted a Tarnier abortion eatheter  The catheter was introduced through a trachcotomy
opemng into the left maa bronckus  The cufl when inflated occluded the space between
the wbe and bronchial wall though blockage of the upper lobe bronchus on that side
not infrequently occurred

most suitable sizes and curves was of the greatest value to later workers
with endotricheal tubes

In the course of experiments on the circulation and on blood gas analysis
Wolffberg® in the same year ad :pted a Tarnier 1bortion cannula and balloon
as an endobronchial tube n dogs (Fig 10g)

1865 Brunton of London'® described an aural endoscope (Fig 110),
the principle of which was used by Voltolini in his tracheoscope The source
of lighting was daylight

1875 Voltolmis tracheoscope’” (Fig 111) clearly descended from
Brunton’s mnstrument  Voltolnt’s was mtroduced nto a tracheotomy open-
mg The trachea and the entrance of the mamn broncht could then be
exarmned

Fr 110 BRUSTON 5 SURAL Enposcort (186;) Fic 111 Vouroumts TRacroscore (1875)

1878  Ribemont’ redesigned Depaul s tube after extensive experiments
on cadavers (Fig 112) (sec also p 42)
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18g2  Wengo s endobronchual etheter for dogs was fitted with an
inflatable cuff Before use the catheter was mscrted 1nto 4 gliss tube of the

Fie 18 lirsursorgs Tone wimn
Curr (1893)

This was a hard rotber end tracheal tube
whose shape {11 med that of Schrotter s bougies
Titted 10 the end of the lube was a cutl infaued
by a small hand bell m through a narrow bore
connecting tube  Inserted o0 thi latter tube
way a small pid >t balloon which indicated that
the cuff wasinflated  Thi seems to be the fint
mvention of the pilot balloon th nigh the device
was yet to be rede covered mans imes

same nternal size 7s the bronchus, and the pressure required for an urught
fit noted on the manometer (Ng 117)

1893 A hard rubber tube with inflatable cuff and pilot balloon was
designed by Lisenmenger® (I'g 118) for orl surgery

F1o 119 Mavous Tuse (1893)

i

A

&
e

On the night 15 shown the complete apparatus which
consisted of an O Dwyer type tube resting on the larynx
connected by tubing to a glass funnel contaning a tuft
of gauze on fo which the chloroform was dropped  The
introducing forceps are 1 position 1 the holes provided
for that purpose  On the left 1s shown an enlarged view
of the tube It 1s toangular 1 section to fit the glottis
the expanded upper end lodging agamst the cords A
vulcantte connector screwed 1ata the tube and enabled
the tubing to be connected

{

1893 Mnaydl** of Prague adipted the O'Dwyer tube for anacsthesia
during oral operations (Fig 119)

1895 A tube with inflatable cuff was designed by Tuffier® on the



112 THE PRINCIPLES OF THORACIC ANAESTHESIA

bellows for artificial respiration—a combination named by Northrup the
Fell-O’Dwyer apparatus (Fig 25) and which was adapted and advocated
by Matas for thoracic surgery (g 26)

0

) A A

Fic 115 AnvAwDAL: s Tree (1889)
Thss tube was made of gum elastic To avoid compression of the tube by the tectha
bute block or gag of hard vulcanite was provided which could be shd along the tube to
the desired position

1889  An clustic catheter (Fig 115) with bite block was advocated by
Annandale,” Professor of Surgery at Edinburgh, m preference to tracheotomy
and to Trendelenburg’s cannula and cuff

\
\ Fig 116 Heab s EADOBRONCHIAL
q 5N\ Canxura (1889)

This consisted of a metal tube
curved at one end to which was
attached an nflatable cuff At the
same time another tube of wider bore
fixed to the top of the cannula layin
the wrachea The latter allowed the
dog to breathe through one Jung
whilst air samples were withdrawn
from the other through the cannula

FIG 117 WERICO s ENDOBRONCHIAL
Carnerer wirit INnttaTasce Gurs
(1892)

Fi 116 Fic 117

188g While working on the regularion of respiration m dogs, Head®
used an endobronchial cannula with an inflatable cuff (Fig 116)



1 \DOSCOPY 115
O Dwyer pattern for positne pressure anesthiesia in thorere surgery (g
120)

1897  Another apparatus ssmilar to that of Maydl, used by the Irench

116 124 THE SWORD SWALLOWING METHOL OF OFSOPIAGOSCOM PROM A PURLIGATION BY
vox Hacker 13 189!

surgeon Doyen, * utihized an O’Dwyer pattern tube and Trendelenburg s
chloroform cone (Fig 121)

1895 Rarstein? designed the autoscope’ (Ig 122) with which he
developed the techmque of examination of the larynx and trachea through
the mouth Though at first an enthusiastic advocate he Inter concluded that
1t was a hughly dangerous procedure, and warned agunst 1pproaching the
lower part of the trachea The source of illumination was an electric bulb
n the handle, the light being reflected along the blade by 2 prism situated
at the junction of handle and blide Karstem used ® his “autoscope n 1
manner rather different from that in which laryngoscopes are used to day
(Tig 123)

1896 kallian,® ‘the father of bronchoscopy, cnthusmstlcally followed up
harstein’s 1deas and constructed a series of mstruments which are the basis
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Fio 120 Frc 121
T16 120 Turrter s Tuse witk Curr (1895)

A scctional dra 1ng of the O Dwyer type tube designed by Tuffier for use with thythmic positive pressure
anaesthesia m thoracic surgery

As with the O Duyer tub  the expanded upper end rested on the cords the tube was connected 19 the anaes-
thetic apparatus by a lenwth of tubing

An inflatable cuff was provided to make an air tight fit The measurcments tn millimetres show that Tuffier
was well anare of the importance of an adequate airway
Fig 121 Dovevs Teee (1897)
Doyen s apparatus consists of an O Dwyer type cannula attached by rubber tubing to a Trendelenburg chloro-

form cone  According to Matas the cannula closely resernbled O Dwyer s though Doyen does not acknowledge
this as the source of his design

Fio 12 hmstes Autoscors (18g5)

Fio 123 KiRsten s Avtoscore i Use (1895)
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that fus tube not only prevented the disturbance that goes with somiting
in the muddle of an operttion, but 2o that pneumontt following inhalinon

A
= { Iy

e 127 hatson s Stosacn Tune wimis Cuer asp ot Bacroos {1903)

Fic 1 8 NMactvtosn s Orsorttaceat Tuse wrtn
Curr (1g,1)

of vomit ws prevented  Note the pifot balloon
After a lapse of nearly fifty years 4 somewht
simlar tube was deseribed 1n 1951 (Fig 128) »

1905  Another example of the use of a cuff
1s provided by I oewy and Schrdtter > They used
a fine rubber catheter 10 obtamn air samples from
segments of the lungs 1n experiments on the ar-
culation of blood 1n man (Fig 120)

rgoo-11  Kuhn® designed a serics of flexible
metal tracheal tubes which he passed by sense of ms:S,m',.i?,,;l&ﬁlmf'ﬁ,dsmﬁ‘:;j
touch (Tigs 130-133) Anaesthesia was ad- %5;:";‘;‘,’."{2'“"3‘“32:2‘5.:".,.5:?:” ol
mmstered etther by Trendelenburg cone, by balloon Aur samples were aspirated
huhns posisve pressure apparatus (p 56) or by‘l“::r:::‘i:]og‘:)llpaa:cll:’:x:;f:oflhe:uﬂ
by Ins closed crcuit carbon dioxide absorption 38 w8 wnflatng wbe 1o the endo-
apparatus (sec page 58) 3{,‘;’2‘,"5?!;;‘;‘,‘“" » shown uathe

1906 An endotracheal tube with o
experimentally by Green ¥ The tube ha

uff and pilot balloon w1s used
d metal ends nd 1 fleuble rubber
centre section (Fig 134)
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He removed, for the first time 1n Tustory, a
Killan developed the

of those used to day (Fig 125)
foreign body from 2 bronchus by bronchoscopy
[T RN f
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e 105 hatoas s Broscoscores (1806)
present day method of inserting endoscopes, so different from the ‘sword
swallowing’ methods® current at that tume (F1g 124)

1898 Van Stockum’s endotracheal tube® with cuff was used for nasal

operations (Iig 126

o,
Ean Y
\ﬁ&—:&:@

o=

)
1903 The cuff ordinartly fitted on endotracheal tubes was used by

fic 126 \an Stockum s Endotracheal Tube and Cuff (18)8) for use durmg nasal operations

Also> shown are the itroducing forceps
Kausch®® (Fig 127) on a stomach tube to prevent vomit being regurgitated
nto the pharynx during operations for mtestinal obstruction  He claimed
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1909 Meltzer 1nd Auer's expenimental work on ‘Centinuous Respiration
without Respiratory Moyement” using endotracheal msuffiation, md Lisberg's

-

a2 i
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Fic 333 CREFs s CapotracHEAL TUne ANn Curr witil Pirot BALLOOY {1906)

apphcation of the method to human thoricic surgery grve 1 tremendous
impetus to the study of intubation nd Jaryngoscopic techmques In this
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Fio 135 Hites SLOTTED LARACOSCORE (1909)

techmque of anaesthesia, narrow gum elastic 1nsufflation catheters were used
(sec p 68, also g 151)

1909 Hills laryngoscope® (Fig 135) and oesophagoscope (Fig 136)
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Fic 130

Fio 132

Fio 130 KUtNS DADOTRACHEAL ANAESTHESIA INSTRUMENTS
(1g00-11)

Kuhn s endotracheal tube and mtroducer The tube 1s made of
flexible metal At the tracheal end are lateral oufices so that a
smooth rounded ttp 1s obtained \ear this end 15 a collar which makes
an aw tight 6in th larynx At the other end of the tube  a bite
blo k for the teeth and through this end 1s tnserted the ntroducer
The wire face loop helped to keep the tube i positon

Fic 131 The tube was guided mto the trachea by the fingers 1n
(ke mouth the forefinger of the left hand palpating the epiglotuis
and holding ¢ forward ~ In this dllustration the tube 1s in place with
the collar agamst the larynx The mtroducer 15 being withdrawn

Fic 132 To the tracheal tube 1s conected a Trendelenburg

Lone  COVEre
anaesthetist s ear so that the respirations can be heard

Fro 131

Fiu 133

d with flannel to recene the chloroform The small tube from the cone 15 nserted nto the

Tic 133 Admmistration of anaesthesta 1+ 1 pregress The listentng anaesthetist has no doubt decided that

too much chiorofo

rm has been admunsster d the cane has been disconnected and the pauent breathes e alone
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between the lryngeal obturator cone on the Tell O Dwyer tube (scc T
114) nd the hryny duning v Jong opertion

=V

who§
}:/j“kh\\

Fic 138 Fio 139
Fie 138 Dorranc s Tootracurat. Tune asn CLer (1910)
This tube and cuff was evolved 10 provide an air u ht fit with the trachea for effictent inflation of the lungs
during thoracotomy
Fic 139 Dorrancr s Tune s Trace
Note the lateral hole outstde the meuth for expiratin  Compare this illu tration taken from Dorrance s
paper with Fig 15,

\

Fio 140 Dorravce s OGTRIT £o ANAEST 1ms13 v CresT SuRcery (1g10)

H; endotracheal tube and cuff replaces the Matas cannula shown in the fc d (F
Beband. the canmula on the ght 15 the purmp for thythme ination s hle wnome marre ar
aporizing liquid anacstheucs  Behind the endotracheal tube 1s the Foe cegrrcrane the e vt
essure

P for

1911 Morriston Davies® used a metal tube (Fig 141) and inflatable
cuff with Ins positive pressure apparatus (see also page 63, Fig 54)
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ntroduced the slotted blade This feature from then on appeared in nearly
cvery laryngoscope and was rediscovered for bronchoscopes more than once

r—— ------------- = =~ 20 CEMI ETRES —mmm = = = =; cemee o w B

(" =————— = o

F16 136 Hnis SLoTrep OperaTING OESOPHAGOSCOPE (1609)

1n later years (see Fig 162 and Fig 137) Hill was probably responsible for
the first laryngoscopes with a segment of the spatula wall removed for easy
msertion and removal of instruments (see page 124)

1910 Dorrance designed (Igs 138, 139, and 140),% and used, wide
bore endotracheal tubes, fitted with wn mflatable cuff, m every way sumlar

ke 137 ALarrts SLOTTED
Brovcuoscore (1952)°

“The instrument s mtended foru e
1n placiny, bronchial blockers  The
lot enables the bronchos ope to be
remo ed without the necessity of
theading the whole Jength of the
blocker through the bronchascope

to the modern pattern Dorrance s interest m these tubes was sttmulated
by the difficulty which he and others found in mamtaiming a good fit
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Chevalier Jackson* wrote his important paper on the correct
techmque for Iivngoscopy for mtubation He 15 shown (Ing

1913

Fio 144

123

143) demon-

Fio 145

Fic_ty4 Chevalier Jacksons larvngoscope or laryngeal speculum with shide opeming 2t side instead of on
top This farm origmnatly devised for other purposes has adsantages for the mtroduction of insufflation tubes
because the slide may be Jefi off altogether the msufilation tube being passed out sidews ¢ i the remosal of the

laryngescope (1913}

Fic 135 JASEwA s Laryngoscore witit Curved BLape (19r3)
A battery 15 10 the handle  Unlike the present-day Macintosh laryngoscope the curvature was intended to
direct the tube into the glotus rather than to expose the larynx by hftng the tongue and hence the epiglottis

strating the correct positions of the
patient and amesthetist A contem-
porary Elsberg apparatus can be seen
inthebachground A Jacksonlaryngo-
scope 1s shown in Fig 144

1913 Janeway“designedalaryngo
scope with a curved blade (Fig 145)
The curvature was intended to direct
the catheter into the larynx  The
instrument 15 destgned to be held in
the right hand during introduction
Janeway used his instrument to pass
gum elastic catheters fitted with his

Muller,** Cassel” and Wiggin ®
1920

\-

TG 146 Javeway s DETAGHABLE INFLATABLE

vFe (1313)
This was devised to elimunate the waste of nitrous

oude y sth the nsufflation method and to prevent
the angress of air {see pace 79)

detachable inflatable cuff (Fig  146)
Janeway’s modification of the Inryngoscope was to be later rediscos er

cd by

Grappling with the problems of anaesthesta posed bv maillo-
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1912 The first suggestion that secrettons should be removed by suction
was made by Kuhn' mn 1go5 In a later paper he advocated! the use of a

Fic 141

Fic 141 Moruiston Davtes Fapotracizat Tuee wrrit
InFLATABLE CUFF (1911}

Fic 142 Ruis s Tuse wimi Inser CATHETER FOR SLOTION
OR INSUFPLATION (1G1 )

Fic 143 LARYNGOSCOPY FOR ANAESTHETISTS DEMONSTRATED BY CHEVALIER JAcksov (1913)
+g a —The paticnt 3 ead 15 being placed in position for laryngoscopy The pillow 1s remved th heals
fat on the table and the anacsthetst 15 beginning to force the head into the extended position  Th thumbs
arc on the forehead and the fingers arc ar the ide of the head  The direction of motion 1s shown by the dan
Fie b The anarstheust 1s bftng with the up of the speculum i the direction of the dart The speculum xs
always held sn the left hand  The right hand. cf which the indes bas been protecting the upper Wip has now
recened the catheter from the nurse

large bore endotracheal tube through which a smaller tube could be passed
erther for insufflating the gases or for suction (Fig 142)
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{6 the lower end of the trachen  The ather of wider bore passed through 2
nostnt 1mio the pharyns only, wd ensured 1 free et for the gases It was

-

s

@

Iehamm——
<

bic 14 Rov notiau s \Moorrien Two ‘Tune | apoTracieal Mresion (1923)
Thwasamlar ta the onginal method except thatboth tubeswere passed intoth {arnyx
The allustrason shows the methad of cutting the wide bore rubber return wwbe

and attaching 1t 1o the snsufflation eatheter

A Lnd cut leaning a ning
B Ring ererted
C Tube in place on catheter

38
P oo |

e 150 Macie s ORICINAL PAFTERN LARYSNCOSCOPE (¢ 1920)

c

Il %
Fic 151 Mactr aso Rowsoritam s pount£ INDOTRACHEAL Guy
faasmic CatneTeR (1920)

Bel w 3t 15 a narrow bore gum clastic catheter m general use in Britam since \Meltzer
and Auer s publication

noticed that occastonally the latter tube ghded spontancouslv mto the lryn
This phenomenon was further develo,

] ped and described 1n 1928 by Magilt s
bhind intubation *® Magdl's first laryngoscope 1s shown m Fig 150

1923 Rowbotham® modified the two tube method (Fig 14g) Both
tubes were now passed mto the trachea under direct vison The two tubes
were later made fused togethers (Tig 151)
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frcial surgery for war mjunes, Magill and Rowbotham® gradually progressed
from the endotracheal msufflation techmique using narrow gum clastic
A

—ry

12 3

Fic 147 RowboTiayvs MeTHop oF Passing A TRACHEAL CATHETER
wiri A Hier s LARvNGOSCOPE
The narrow bore insufflation catheter was passed through the nose and
then using 2 Hill s laryngoscope was_guded through the larynx mto the
trachea by means of the metal rod hooked into the ey e at the end of the tube

Tic 148 Tue Rowsorsan Two CatHErErR Metnob v Use
The narrow bore atheter (C) carsses the anaesthetic mto the trachea
and the wide bore tube ending m the metal connection (M) directs the
efflux of ether away from the surgeon and obv iates any obstruction to the flow
of gases  This allows the mouth and pharynx to be packed with gauze

catheters to the wide bore imhalation method Orngmally two tubes were
employed (Figs 147 and 148) One of narrow bore conveyed the gases



INTUBATION 127

size 380 (12 7 mm outside ciameter) for men, and 32I" (10 7 mm outstdc
divmeter) for women  In thus paper Tagg tells how he had advocated in s

-
R
e

Fie 151 A REwovasiy CUFF WHICIH €AN BE sUID 0N To AW DEsIRED Tune
(CrEDEL AND WATERS 19285

ot

e 1,5 THETUBF 19 Puacey i Core DisTenDED (GUEDEL AND W ATERS 1928) (Comparewith Fag 149)
39,

textbook n 1915 the then already well known
endotrach
method through a single wide bore tube He was, ho\\Z?rZrez;x;rr:Tal lft' tor,
anraclgcd fgr 1 time by the popular insufflation technique ’ yoen
192 uedel and Waters®* mtroduced an endo
9 tricheal catheter (T
(5::,\ 155) with an inflatable cuff which, though at that time they believed t(o bge
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1928  Flagg,® after trying the Bntish double lumen catheter, deaided that
a single wide bore tube would be prcferable  With the help of Chevalier

B
T i, e,
-

Fic 152 FLAGG S APPARATUS FOR ENDOTRACHEAL INHALATION ANAESTHESIA WwITH ETnER {1928)

The tube conststed of a flexible non collapsible spiral bronze wire portion covered with rubber dramage tubing
This s attached to a bronchascope type metal tip * The tubes were made i three sizes and when fully introduced
the u1p lav 1} inches above the canna (1 inch m children) A stylet was used for introduction Ether was g1 en
bv punching tour holes in the top of a standard ether can  The pattent drew mn air via these holes and with 1t
cther vapour (The Flagg can )

A Jackson laryngoscope
B Flexible spiral wire endotracheal tube corered with ubber with g mm_ bronchoscope tip
7 mm size tube
5mm size tube
Suciton tube
Ether can
Connecting tubing

mOTOn

CATHETER
DEFLATED

7~ = CATHETER
i INFLATED

F16 153 Guepes axp WATERs New INTRATRACHEAL CATIETER (1928)

The tube desioned for use with carbon dioxide absorption anaesthesia vas 14 mches Jong with s snch thick
walls and an inside diameter of § mch It was made of rubber or other composition free from tendency to
et Theeuf either single layered and cemented in place or double layered and removable was mflated with 2
e ered quantity of air from a syrnge The catheter 15 hown deflated and then inflated  Artery forceps are
0 clip the tube lcading to the cuff A metal styfet lies inside the tube to stuffen 1t while being passed

Jackson he determined that the largest tubes which could be used with
safety to prOVldC a watertight fit for oropharyngeal surgery {Fig 152) were
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1932 Tlgg® deagned 1n improved pattern of Iaryngoscope which was
the prototy pe of the anesthetist s lryngoscopes to follow {Tg 157)

"

< ~

Fic 153 Tie Corstios Mchessos Fabotracuear Tuee (1932)

The tube consi s of two preces of metal tubing 9 mm 0 diameter the distal one having a beak like a Jacksen
bronchoscope  These are screwed intc an mtermediate piece of flexible wire coil (E) of the same diameter and
10 5¢m long covered with Penrose tubing The total length of this tube 13 26 5em  \ nigid anner tube (B)
with a distal hight (C) projects slightly beyond the end of the endotracheal tube A short metal collar {G) placed
around the praximal end serves as a bite block and has two holes for fiung tapes  The tube 13 inserted under
surface anacsthesia like a bronchoscope 1n the behef that spread of infection 18 particularly hikels to occur during
the indction of general anacsthesia  \ rubber or gum elastic uretbral catheter 13 u ed for suction every five
munutes during the operation and again before removing the tube

A Complete tube with bronchoscope and light in position
B Bronchascopic mner tube

C Light

Dand } Rigid metal parts of tube

F Fleuble spiral wire part of tube

G Bute block

Fic 150 FResckaer s Tupe Witk
Curr (1934)

Frenckners tubes were made in
\arious sizes for msertion iato the ==
trachea or bronchus for diagno tic or
therapeutic purposes  They were made
in three pieces The ngid meral ends
were attached by bayonet locks to the
silk woven flexible centre section The

dustal end carried an inflatable cufl An
cxtra entrance to the tube was proy ided
for gas sampling or suction 7‘,{

1932 The Coryllos-McKesson tube (Fig 158)® was designed to reduce
the deaths from atelectasis and spread of infection fter thorcoplasty  The

tube not only ensured 1 good arway, thus avoiding anovia and enabling
shght positive pressure to be used, but also allowed secretions to be remos cd
by suction
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new, they later acknowledged to carlier sources Comparison with Figs 146
and 138 will show that they had been forestalled by Janeway 1n 1913, and by

{

Fio 156 Fie 157

\\!l/;

Fro 156  GALE AND WATERS ENDOBRONCHIAL INTUBATION FOR OVE Lusc ANAESTHESIA (1931)
The inflated cuff blocks not only the bronchus intubated but also the bronchus on the other side thus effec
tively sealing off the lung operated upon

Fic 157 Fracos Larvncoscore (1932)

The features of this laryngoscope were a handle and blade 1 one piece for strength a battery in the handle
with bulb at the tip of the blade a longer blade than usual to allow for the oceasional deeply placed larynx
::]dy 3 blade and lamp which can be sterilized by borling (though Flagg hirmself was cautious enough to use alcohol
Dorrance i 1910 Lisenmenger (g 118) had already 1n 1893 fitted an
mflatable cuff to an endotracheal tube, while Head had used one in ammal
work 1n 1889 (Fig 1:6) Even as early as 1871 Trendclenburg had already
fitted a cuff on a tracheotomy cannula

1931 Gale and Waters®* made the first report of one lung anaesthesia
for chest surgery (Ig 156) Endobronchial intubation was performed with
a standard rubber and fabric Guedel-Waters endotracheal tube 14 mches long
with an mnfiatable cuff The tube was moulded 1n hot water and grven a
lateral curve The tube was then mserted mto the trachen with the tip of the
tube towards the bronchus to be entered and the bevel towards the carma
The tube was advanced slowly, stopping at the first feeling of resistance
and the cuff inflated The mtention was to avord the ‘pneumothorax syn
drome by solating the lung undergoing surgery A shight positive pressure
was used to muntmize mediastinal shuft  The advantages claimed were an
smmobile operating field, quiet respiranion, the absence of shock from sudden
pncumothora\i and the prevention of secretions entering the trachea, although
1t seems that the prevention of the spread of infection was not the main um

of the origmators of this technique
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Guffiths that the man bronchus of the infeeted lobe might be occluded by an mflatable
balloon, carried on the end of 1 catheter I have used this balloon eght times

o3 '1
T

—

Fio 162 Fic 163

FRENGRAER s BRONCIHOSCOPE FOR THE [NsERTION Of Gas Sawpring Enposronchuan Tuses (1934)
The optical system was stmilar to a cystoscope and as 1n the latter instrument a small lever near the Light
worked [rom a knob near the eycptece guided the tip of the catheter into the bronchus Ureteric catheters were
used W hen the catheter was in postion the bronchoscope was Femosed by taking out the side slide
Tio 163 MACILLS FNDOTRACHEAL TLBE AvD Cu¥r Wit T CONNECTION YO ENABLE

SLCTION TO BE CARRIED OUT (1935}

Fir 162

and 1t has prevented all escape of pus from the affected lobe 1n seven I have,
therefore, come to place a good deal of confidence 1n the balloon as a good means of
avording thas particular danger Insertion 15 not difficult for the Coude shape
guides the tip into the desired bronchus  An X ray film 1s taken immediately, and the
depth of the penetration of the balloon can be immediately adjusted 1f necessary

1935 Magll, the leader of thoracic anaesthestn m Britain, introduced
a series of instruments which were to have a marked and lasting effect on
the development of thoracic anaesthesta He® was an advocate of suction
as a means of removing secretons, and devised sumple but effective means
of dong this during the operation (Fig 163) Magll also developed further
the principle described 1n Coryllos’s paper of imtroducing tubes mto the
trachea and bronchus by means of an endoscope lymg withmn the tube
(Ing 164) By making endobronchial intubation comparatively easy and
more certain, the principle of one-lung anaesthesia described by Gale and
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1934 Frenckner® published his work on ‘Bronchial and tracheal cathe
terization’ describing his endobronchial catheters (Fig 159), broncho

BRaNCy 1A
aniigey’

BRONCHIAL
CHANNEL

v s Arf Toamn
scerayes LT, 80
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.
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Fig 160 Fic 161

Fic 160 FrenokAER 8 DouBLe B ror Bi TRY {19;

The mstrument 15 shown correctly placed with one cuff1n the trachea and the other sn the Ieft man bronchus
It foreshadows the Zasod and later patterns of bronchespirometric catheters 1 use to-day **

Fic 161 Zavop BroscrospiroMETRIC CATHETER (1940)%0
This in trument 1s made of latex rubber and ss used for asp: record from each lung
The catheter 13 passed with the aid of local anaesthesia through the larynx and advanced untl fluoroscopy
confirms that the small distal balloon lies 10 the feft bronchus  The larger proximal balloon lies 1n the trachea
A small metal plate 1n the up enables the end to be bent for easy entry mto the brogchus and also to make the
posttion of the tube visible on the fluoroscopic screen

sprrometric techmque (Fig 160) and the Spiropulsator * He also described
a bronchoscope (Fig 162) to facihtate the mnsertion of endobronchial
catheters, for gas sampling This bronchoscope had a slot simlar to that
shown m Figs 136 and 137 which permitted the removal of the bronchoscope
without disturbing the catheter
1935 Archibald® described the use of bronchus blockers for the control
of secretions durmng lobectomy
whenever sputum 15 profuse 1t 15 certain that this 1s one of the chief things
to be feared several years ago [ adopted the suggestion made to me by Dr Harold
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Fia 166 Mactrs Broscivs BLOCKER AND In erTine Tracueoscore {1935)

Thas imgenious 1 trument con 1 ted ¢f a batter handle and tube carrier {\) the endotracheal tube (1)
flexible 1n 11s central part and the bronchial blockes (D) comtnned with a suction catheter (C) In usc the tube
(B was fixed 10 the holder () and the wholc snutrument used as a tracheoscope  When the carna was seen
(he blocker was toserted into the bronchus and the balloon inflated The cammier \ was then remored leaving
the endotracheal tube and bronchus-blocker suction catheter in place

Fic 167 Macie s MopmirpBroscist rocner
AnD I eRTING InsTRUMENTS (1941)

[wog
Th modification of the instruments shown in
Fig 166 cons: ts «[a Brunning type extension to
the endiosee pe s that the blocker can be placed "ﬁ

within the bronchus more certainly and accur
ately The endotracheal tube now carries an
imflatable cuff &

Fic 168 Ro Enstive s EnponroncriaL Tuse (1936)
Th tube wasmade fwo ensilk and had two cuffs The catheter
was moulded t
e snd e 1t the trachen s 6 th'up pontng towards the rancini v be eped "It tube win
th n a antcdﬂhlmdly unl resistance was felt withdrawn a hittle and secured 1n place The u il v the
trach a was inflated fiest The lower cuff when inflated blocked the trachea across the carina When the ::;:x:

cuff alune was inflated both lungs could be acrated T)
Vs deswed 0 collapse the lunw on which the mrgn:xnc :S;e‘::&e‘:;as inflated and the upper one deflated when
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Waters (Fig 156) became a practical routine possibiity  Magill’s bronchus
blocker (Figs 166 and 167) mserted under direct vision became the model
for future blockers bhe Thompson’s (see Tig 198)

(
sy

Fic 165 MaciisE Tese avp B (1935)

‘The endobronchial tube consusts of finc spiral metal tubing covered with close fitting thin rubber tied in threc
places  The piece between the two fastenngs (B) and (C) forms the cuff The latter 1s inflated by means of a
syringe (S) the air from which passes ta the cufl through the fine metal tubimg forming the spiral In later years
the spiral tubing was gnen up i fasour of spiral wire and the cuff inflated by a small bore connecting tube
{see b1g 163) Into the lumen of the tube was inserted the endoscope (A) which provsded sllummation from a
battery wmn the handle The cuff when mflated occluded the trachea and the bronchus of the other side

.- L Bl
R

o L

Fic 163 Macir s Enposroscitiat TuBES (LATER PATTERN)®
“The tube intended for the left bronchus has the spiral wire entirely covered with rubber That msended for
(he reoht bronchus has the spiral wire bevond the cuff left bare so that although the tube may be located within
the night bronchus the neht upper. lobe 15 not obstructed when the cufl is blown up A recent modification has
tubes have been substituted for the rubber covered spiral ones  They are of the same

lace Rubber
ke D e are used in the same way 1¢ threaded on a bronchoscope

also recommended endobronchial ntubation and
one-lung anaesthesia, not so much to control secretions as to secure a quret
operatn¢ field for the surgeon (Fig 168) Rovensune also pointed out that
apnoea and controlled respiration were essential during one-lung anaesthesia

1936 Rovenstie®
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In the belief that endotracheal mntubation was 1 manocuvre requinng the
exceptioml shall of “aclever and pracused bronchoscopist,” Crafoord* designed

Fic 172 THE POSTURE AD\OCATED BY BEECHER TO PREVENT SPREAD OF SECRETIONS (\OSWORTHY 1941)
An endotracheal tube wathout a cuff is used  The sceretions coltect 1n the face mask

an indirect mtroducer (Fig 16g) for the tube A strihing stilnty 1s seen
between thus mstrument and the one (g 170) designed by Leroy just over
a hundred years before *

1938 Blocking of a bronchus with a nibbon gauze tampon was used by
Crafoord® (Fig 171) for the control of secretions

1940  Beecher® showed how spilling of sccretions from one lung to another
easily occurred when the patient 1s placed 1n the usual lateral position with
the diseased lung uppermost He advocated a posture (Fig 172)* m which
all the secretions from both the upper and lower Jung drained into the trachea
and so to the esterior {see also Fig 173)

1941 Nosworthy* published an importint paper on thoracic 2naesthesia
In this paper he reviewed current climical practice From this time onwards
there was more or less unanimity of opinion 'mong anaesthetists and thoracic
surgeons that the problems of thoracotomy were best overcome by a com
bmation of controlled respiration, tracheal or endobronchial intubation or
blochage, posture and suction

1943 Though not the first to employ a curved blade on a Iaryngoscope
Mncmtosh mtroduced ® a techmque of laryngoscopy at that time believed to
be new  His laryngoscope had a blade that was marhedly curved (Fig 174)
the t1p of which was mserted mto the vallecula between tongue nd epxgloms’
By elevating the tongue the emglottis was pulled out of the way and the
larynx exposed Not only did this make laryngoscopy easter sull, but by
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Fic 169

THORACIC ANAESTHESIA

Fic 1,0

Fic 169 CrAFOORD s INDIRECT ENDOTRAGHEAL TUBE INTRODUCER (1938)
The instrument consists of lingual and palatal blades with which the yaws are propped apart and the tongue

brought forward The tnner ends of the two blades are then so adjust

that the larynx between them can be

seen 1 a murror fitted 1n the curvature of the palatal blade  The tube 1s now passed between the cords

Fic 170 Leroy s Expotracugar Tuse INTrRoDucER (18.7)
When the palatal and limgual blades are 1n position the tube 15 directed by the ginding rings info the lanynx

Fic 171 Crarooro s Broncitrst TAspon4ce (1939)

The tampon 1s mserted through an ordinary broncho-
scope and when n place a tracheal tube with coff 18
1n erted into the trachea Ths lustration 1s taken from
Nosworthy s paper 1 1941
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Fic 135 ke 176
Fic ty;  Musiis 8 SELF INFLATING CUFF (1943)

The cufl was fitted to a Magill cndotracheal tube 1n which sexveral large holes were cut under the cuff The tube
was speqially designed to be used with the Oxford \ aponzer W hen the concertina bag on the latter instrument
was comprewsed. pressure in the tube rowe sharply and the cufl if of thin enough rubber inflated and eccluded
the space between tube and trachea  During expiration the cufl deflated

Fic 176 Wirw s SELy ixveaTing Curr (1gog)™

This was used on endotracheal tubes for experiments on dogs The action of the cuff was similar to that of
Mushins This tube was intended for use with continuous positise pressure anaesthesia  According to Wilms
when a posttive pressure of 10 cm H,0O was reached the cufl became inflated and an air tight fit was made wath
the trachea  Should the animal coush the rise i mtrapulmonary pressure made the cuff all the more distended
and any tendency to dislodzement was prexented

Fic 177 Haton s BrorciiaL OcCULDER
(1943)

This mstrument consisted of two parts
an endotracheal tub¢ and flange and an
oceluding unie Just inside the opening of
the flange were wo pms and on the
upper surface of the flange was a locating
arrowindicating the direction of cunature
of the tube The occluding unwt was made
of starnless steel tubing with a balloon
at onc end and a rack_with slots 1 cm
apart at the other The occluder was
curved like the endotracheal tube The
end tracheal tube was first passed in the
ordinaty v ay with the arrow ponting to \
the diseased sde  The occlud ng unit was =
then inserted with 1ts cunatre pontng  Orientating mark
the same way and th rack engaged in the
pins at she requi ed d stance  The balloon
was mflated with sahine through tubing Pins
connected 1o the rack of the occluder and
the tubing clamped The correct place Endotracheat
ment of the occluder in the bronchus was tube and Flange

canfirm d by auscultation of the patient s
chest

Occludin,
unit "3
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avoiding stimulation of the laryngeal surface of the epiglots the manoeuvre
could be performed at Iighter levels of anaesthesia  Kubn 1n 1go™ describes
the same method of exposing the larynx, calling 1t the ‘Reschert principle’

Fic 173 OvernOLT s PostTion FOR THORACOTOMY® (¢ 1945)

In(A) the patient 15 1n the lateral position and spilling of secretions occurs from the discased upper
lung to the healthy lower In (B) the advocated pronc position the secrettons are confined to the
diseased lung The patent 1s supparted at three pornts the hips the shoulders and the head with
the thseased side and the head sightly dependent

Fiu 174 MacrvToss LARVAGOSCOPE {1943}

1943 Mushin’s self inflating cuff (Fig 175) was devised to faciitate
controlled resprration with the Oxford vaporizer Though at that time
thought to be origmal, the 1dea had 1n fact been used many years before by

Wilms 3 for experiments on dogs (Fig 17b)
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Newton * with claws to grip the bronchinl wall and so prevent displhcement
of the balloon {1hg 179)

Fic 180 MAciLL BrosCHIAL BiockER (1949)™
“The suction tube and inflating tube are fused togethes A stilette 1 the suction tube gres the blocker stiffness
(o enable 1t to be placed in position  The stiletic 1s then withdrawn  The rubber balloon has no cloth covenng
but 1n the event of breakage 1s quickly replaced

)

W

Fic 181 Rusper CovERED Spirat Wine ENDOBRONCHIAL TuBE (RUTH GROVE AND KeOwN 1548)

This tube was passed by means of a bronchoscope 1nserted through ats lumen  (Compare th 1
tube described th rtcen years carber Fig 164) ¢ (Gompase thus wuth Maylls

1948 The revised and now current blocher (Fig 180) of Magill was
introduced

1948 Ruth, Grove and Keown* described an endobronclual tube

differing only 1n slight detul from that of Magill pubhshed thirteen years
earlier (Fig 181)
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1943 Two more blochers were devised Halton’s s (Fig 177), published
m 1943, did not become popular, but Thompson’s, ¢ though never described

Fic 178 Tioupson s Broncuus Brocker (1943)

Thus 1s a robust instrument consisting of two
tubes fused together one of which inflates a gauze
corered balloon and the other provides drainage or
suction from the blocked lung The blocker with sts
stylet 15 passed through a full-sized bronchoscope
and the cuff inflated. First the bronchoscope and
then the stvlet 15 withdrawn

L

Fic 179 Crawep BronGHse Sterion Brocseg (Moo Teeay AND \EWwTON 1947)
her
- catbeter 1s made from double Jumen Muller Abbott tubing One lumen inflates the distal balloon th of
. .fl:.? ;zﬁmnfmngcd round the balloon 15 2 circlet of thin metal claws the comstruction of which 15 shown 10
Y1 iwhen the balloon 1s mflzted the claws are preswed  urwards into the bronchial wall (B)

n detasl or illustrated except m a catalogue (Fig 178), 7 was tahen up all
tain and 1s in common use everyw here to-day
0\:;?;1 A modified bronchial blocker was designed by Moods, Trent and



INTUBATION 1

1950 Bork and Calens used thur bronchospirometnie catheter for
anesthesin (Tig 182)  That the use of 1 beak to locate the catheeer on the
camna 15 not new 15 ndicated by the reproduction of Hess™ catheter,
published 1n 1912 (Tig 183), which lso mcorporited this device

1950 The suggestion was made by Mully* nd Inter by Stephien®® that the
bronchus to the upper lobe alone should be blocked (Figs 184 wd 185) n
cases where disease was imated to that Jobe

1952 The sfot i Albert’s bronchoscope® represented an old iden put
fo 7 new nse—anaesthesn It fralittes the removal of the bronchoscope
when 2 blocker has been plhced n position (see Tig 137)
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Fic 182 Fi 183
Fic 18  Bjors anp Cartens DousLe Lusen CATHETER (1950)

This 15 a double lumen bronchospirometric catheter with a rubber beak situated just below the tracheal
opening The beak hooks on to the carina and 1s intended to ensure accurate placement i the left main bronchus

Fic 183 Hesss Exposroscurat. CATHETER wiTh Cure AND LocATING SPur (1ge2)

Ths catheter was devised for experiments on blood gas analysis and was inserted through a tracheotomy open
g The catheter was pushed on until the spur hooked over the carma thus locating the tip in the bronchus

desired  The balloon was mflated with water
8 Connecuon for syninge to inflate cufl’ Sp Locating spur

S ke % e

i
.

N o
p) K S
Fic 184 Muiy s Uprer Loss BRroxcHUS 4
BLOCKER {1g50) 4/ H
41th this blocker secretions arc confined to the upper A I\ /’K \

lobe without interfering with the izncllgmr;‘g of the rest
locker 1s snserted under fluorgscaprc
ofthe lumg T ok e o for s Fro 105 Disomast op Urnex Lome Broscnos Biockss
p%wpm Th curved tip enables the blocker to enter 1~ PostTion (ibid )
the upper lobe bronchus when the patient s head s

extended and flexed to the opposite side

\)
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CHAPTER \II
ANAESTHETIC AGLNTS CONCLUSION

Tue previous chapters have delt with the mun concern of anacsthetists and
surgeons duning thoracic operitions—the muntenance aof hfe while the
pleural cavity 15 open  This involves the use of mechamcal and other devices
to overcome the ‘pneumothornx problem’ While the choice of particular
Anaestheuic agents 15 of more than passing nterest, such chowce does not
affect in any ymportant way the principles whereby the pneumothors problem
1ssolved For this reason there was no ntention as the preface pomnts out,
of including descriptions of specific anaesthetic techmques  Nevertheless, no
‘book on any aspect of thorwaic anaesthesia would be complete without indi-
cating the part played, partucularly within the last decade, by the vanous
newer drugs used in this field of anaesthesia

Until the advent of cyclopropane the mamnstiys of thoricic anaesthesia
were ether, chloroform and mitrous oxide either singly or 1 combmaton
Far sighted suggestions, like those of Brat and Schreden (p 59) and Janeway
(p 78) (Figs 47 and 68), that controlled respiration was the answer to
thoracic anaesthemia could not easly be apphed with the anaesthetics then
available Except perhaps mn the case of chloroform, cessation of spontancous
respiration was not easy to produce, and rightly 1n none of them was such
apnoea considered to be either harmless or safe  Ether, though beheved to be
safer than chloroform, was inflammable and explostve, though httle informa-
tion ewsts about any of these catastrophes occurring  Chloroform, though
known to be dangerous, remamed the anaesthetic of choice for thoracic
operatians, particularly on the Conunent It had great potency, was easy to
admimister and was not inflammable Because of the respiritory depression
and the quiet breathing 1t inevitably produced, paradoxical movement ¢ven
during continuous positive pressure anaesthesta was small 1n amount In
addition the general belief was that 1t was less “irnitant’ to the lungs than
ether

As the illustrations 1n Chapter VIII to XI show, there was Little Iach of
ingenuity n developing apparatus for admnistering nitrous onde, ether and
chloroform m combmation with continuous positn e pressure or insufflation
With the change 1n emphasis from continuous positive pressure to controlled
respiration and from ether and chloroform to relaxnts and nalgesics, few of
thzse mngenious devices yemain 1n use to day A notable excephion 1s the

3
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rotameter (Iigs 186 and 187) which had alrcady been ndapted for purposes
of anacsthesin m 1grot® Its rantroduction 1n later years enabled the

Fic 188 Jacksow s CARBOY DIoXIDE ABSORPTION APPARATLS (1915)

Jackson gnves the reason which fed bim to wnvent this apparatus
\fy onginal object was mainly the production of a method by which mtrous
oxide anaesthesia might be made cheaper and safer thereby extending its use
parucularly te that large and unfc our it which
must depend on chanty for 1ts surgery
The apparatus consists of a mechameally venulated reservoir bag from
which the patient breathes spontaneou ly The contents of the resenvoir bag are
continuously circulated by means of a motor blower through the carbon dioxide
absorbent  Thus principle 15 also made use of 1n Pinson s apparatus (Fig 87 p 93)
1 Electric motor dniving
2 Rotary air pump The gas mixture passes via tubes 3 and 7 to
g wash bottle containing concentrated solution of sodium hydroxide and calcium
hydroxide to absorb carbon dioxide The gases then pass via tube to through
12 safety trap to catch any caustic solution  and enter
16 reservair bag from which the patient breathes to and fro via the face mask 18 The gases i the reservoir
bag arc removed via tube 21 and pass through
wash bottle contaning concentrated sulphuric acid to remove excess moisture and 1o sterilize them. They
then pass through the rotary blower back to the carbon dioxide absorbent

35and 36 Cyhinders of mitrous oxide and oxygen from which the gascs enter the circutt after passing through the
washbottle 39 which acts as a ssimple flow indicator

25

Fic 1By  JAcksos s FirsT EXPERIMENTAL CARBON DIOXIOE ABSORPTION APPARATUS (1915)
The motor and the bottles contaming the absorbent solution can be clearly seen

anaesthetist to control more accurately the flows of nitrous oxide and oxygen
and helped to play an important part m developing the techmque of nitrous
oxide anaesthesia

An important development which was to have a far reaching effect was
the first perfected carbon dioxide absorber, designed by Jackson 1 1915®
(Figs 188and 18g) Though the 1dea was not new, 1t hay g been mentioned
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Fic 187

Fic 186

F16 186 A~aestaeric RoTAMETERS (NEU 1910)

Thesc rotameters made by Rotawerk of Aachen are wdentical
1 princeple with thosc of the present day though perhaps a little
larger in size It may be that therr high cost was the reason for
the small interest displayed by the rest of the world in this type
of flowmeter for anaesthetic gases for the next twenty years
In Germany tself N O was not only costly but comparatnely
scarce and Neu s 1dea remained undeveloped

Fio 187 Tne FiNaL MoUEL OF NEUS ANAESTHETIC
ApparaTUS (1911) EMPLOVING RoOrAMETERS FOR NITROUS OXIDE
AND OxxoEN?
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by Snow,* used in mune rescuc worh by Schwannt (g 190) and adapted
for anesthesin m L somew hat unphysiologicl manner by Ruhn (I'g 45,

i

T
il

Fic 1gz Jacksons To asperro
ApsorBER ror Loonowcar | TiEr
ANAESTHESIA 1N Yanvalstigro)

I
i

The apparatus was constructed of
the homeliest components the matn
ones being a Jarge cake tin and a
rubber bathing cap  The carbon
diovide ab orbent 1 caustie soda solu
uon The ammal breathes in and out
of the cake tin throuch a wide bore
tube the bathing cap acting 1n place
ofareservoir bag Theris added from
the burette while basal ovygen 15
supphed from the Qlinder This
method was the direct precursor of the
Waters camster and the to-and fro
absorber of to-day

Fic 193 TO AND-FRO ABSORPTION AND TIIE 1\ ATERS
CANISTER (1574)

This s Waterss onginal drawing of his atsorption
system  Though described 1n 197g 3t has remamed
bastcally unchanged to the present dav  The entry of
fresh gases has now been changed from the bag to near the
face mask The stop cock scen attached to the canister
was used to obtain gas samples for analysis and 3 as
later dispensed with

p 58), Jackson’s instrument—particularly his chimeal model (Fig 191)—
was free from criticism

Soon after desigming his first rather complicated apparatus Jachson
described” a simple method of carbon diowide absorption for ether tnaesthesia
w ammals which was the direct precursor of the ‘to and fro’ method of Waters
(Fig 192) Waters® became mterested 1n Jackson’s dens of economizing in

anaes‘thetlc gases, and 1 1924 came the mvention of the now unmversally
used ‘Waters canister (Fig 193)

The chmea) vse of ¢
therefo

to 1nd

ycloproparte m 192g° 1 an economical manner was
re possible It was not long before anaesthetists learnt how easy 1t was
uce apnoea with cyclopropane and how simple 1t was to carry out
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Fic 191 Tue Inproved CLixtcaL MoEL or
Jackson's Carson DIoIDE ABSORPTION APPAR
‘atUs (1916}

The resers oir bag communicated directly with
the face mask cwculation of the gases from 1t
through the oluttons betog
by the motor driven blower

T1G 190  ScHwanN s CircLE CARBON DIOXIDE
AssoreTION Mine RescuE Apparatus (1853)

The apparatus which consisted of alarge tray
of alkals ( potassa ) for the absorption of COy a
reservoir bag and two one way valves was
camried on the rescuer s back and connecied 1o
the mouthpiece by two wide bore breathing
tubes Two small cylinders carried in the pocket
supplied the oxygen




ANALSTHI TIC AGENTS 149

use of dithermy, nmitrous owde scemed the obvious annesthetic 10 use
However, this gas when used with suflicient ovygen to ensure perfect oxygena-
tron w1s too weh to be certun that the patient was cven unconscious durmé;
the operation  To runforce mutrous ouide, thiopentone wis suggested®
and mdeed hs 1 followng  However, unless this combintton 15 used with
the greatest of caution and the repeated rtraycnous iyections of thiopentone
Lept to very small doscs, 1 cumulitie cffect of the barbiturate 1s possible,
leading to 1 very prolonged recovery ¥

In the search for 1 more suitable supplement to nitrous oude the inter-
mittent intr1venous 1dministration of small doses of 1nnlgesic drugs has been
suggested * ¥ The combination of nitrous oude and 1n analgesic hke peth
dine to ensure unconsciousness and freedom from pun, and a relasant like
curare or gallamme (Ilvedil) to muntun apnoca 1nd to obwite reflenes
from the thoracic viscer, gnes such excellent results both during and after
the operation that the techmque has been adopted very widely  With the
passing of cyclopropne as the main anaesthetic for thoracic surgery 1n favour
of mitrous ovide, economy 1s no longer the prime reason for the use of wn
absorber The absorber still forms an essentinl part of the anaesthetic equip-
ment because with 1t comparatively small flows of gas enter the breathing
arrcutt and rhy thmic mflation of the lungs 1s easy The larger flows of gases
which would be needed to ensure adequate carbon diovide clerrance 1n the
absence of an absorber would also mean much tiresome mampulation of spill
valves between each inflation

The future development of thoracic tniesthesta s difficult to forecast
It seems certain that rhythmic mflation of the lungs, whether produced
slalfully by hand or under control by an automatic desice, will remun
the answer to the pneumothorax problem for some time to come

Although at the moment seemungly hardly within the province of anaes-
thesia, new developments n the field of cardiac surgery are round the corner,
and when the 1rtificial heart and lung, already working well m animals, 1s
apphed climeally, a new era of thoracic surgery and anaesthesia will begin
One can envisage the intrathoracic operations of the future being conducted
while the heart and lungs are motionless and non functiomng, the maun-
tennce of the circulation, the oxygenation of and the mtroduction of
anacsthetic into the blood being carried on outside the body

Since we have been mamly concerned 1n this book with the ‘pneumo
thorax problem’ we hive made little mention of su
thoracic anaesthesia as the
makes feasible o
and the post ope;

ch important aspects of
pre operative preparation of the patient which
perations which would otherwise be hopeless undertakings,
ratve care without which some, 1f not many, of the operations
of to day, would be followed by a fatal outcome Nor have we enlarged upon
the valuable assistance given by measures like blood transfusion, mfiltrrtion
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artificial respiration by rhythmically squeezing the bag of the absorber
It was but a short step to revert to the older suggestions and to substitute
the easily performed and by now well-known manoeuvre of rhythmic inflation
of the Iungs 1n an apnoec patient, for continuous positive pressure as a means
of marntaining anaesthesia during thoracotomy

The surgeon was given an operating field characterized by little respiratory
movement of the viscera and such as did occur was entirely under the control
of the anaesthetist The patient was well oxygenated throughout the opera-
tion, carbon dioxide removal was efficient, the crculatory and reflex dis-
turbances were far less than ever expenenced before, and at the conclusion
of perhaps several hours of anaesthest1 the rapid recovery from, and the
comparatively few after effects of, the cyclopropane were astonishing  The
anaesthetist found 1 cyclopropane an anaesthetic which, with the aid of
laryngeal and tracheal cocaimization enabled lim to perform tracheal or
bronchial intubation with easc and speed In the flacud apnoerc patient,
with trachea or bronchus intubated, rhythmic inflation was easy

The practical disadvantages of cyclopropane, however, gradually became
apparent It was highly explosive, and a number of explosions with mjury
and loss of Iife occurred The most elaborate precautions had to be taken
agamnst this accident, from the surgical point of view the most serious outcome
was the virtual prohibition of the use of diathermy inside the chest Even
this did not prevent explosions® and nowadays diathermy 1s gencrally
banshed from the theatre altogether when cyclopropane 1s used for thoracic
operations Another serious disadvantage of cyclopropane was the frequent
occurrence of a post operative shock hke state which became known col-
loquially as ‘cyclopropane shock ™ This complication proved worrying
and placed a stramn on the nursing and medical staff 1n the immedrate post
operative period, though the patient generally recovered with little apparent
after effects The last disadvantage of cyclopropane was the difficulty of
assessing the depth of anaesthesia during the operation  Though many helpful
suggestions were made 1 this respect none of them prevented the possibility
of overdose of cyclopropane and though such overdose rarely caused the
death of the patient 1t could not be entirely excluded as a causal factor in the
production of post operative complications

The mtroduction of curare into anaesthesia mn 1943' was, 1n the case of
thoracic anaesthesia, one more 1nstance of the reappearance of a suggestion
made long previously (pp 59, 64,2nd 67) Anaesthetists now had an casy means
of inducing apnoea and 1bolishing reflexes from within the thorax, without
the need to use potent anaesthetics Since they were already famihar with
controlled respiration with cyclopropane, anaesthetists quickly took up the
use of curare as an aid 1n the production of apnoea

To meet the growng pressure from thoracic surgeons to be allowsed the
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ROUTINL INSTRUCTIONS I'OR RESUSCITATION IN FIRST-AID
BOXLS IN PARIS, 1822

t Pendant les frictions ct Papplication des fers a repasser, on s¢ mettra en devorr de
retablier le jeu de la respirnnon, et d introduire de Pur dans les poumons

On se servira 1 cet effet de la canule courbe en cuirve, qu'on mtroduirt dans 1 une
des narines, en ferment Putre wec un doge, on fermern exactement la bouche,
pour empecher 1 air de s echapper par ectte cavite

On adoptera a | autre extremute de 11 canule, le soufliet, qu on fera agir par petites
saccades et nec douceur, en evitant d introduire, a chaque mouvement, un trop grand
solume d air dans les poumons  Lntre chague coup de souffiet 1l sera bon de presser
{cgerement la portrine et le bis ventre, de bs en haut et des deux cotes, afin de solliciter
laction des poumons  L’ur qu on mntrodwit dans les poumons doit toujours etre un
air pur, ¢ est pourquot 1l faut, de preftrence, employer le soufflet, et ne souffler avec
1a bouche que lorsqu 1l est impossible de faire autrement

1 est important de lacher souvent la narme compnmee pour laisser echapper I'ar
par mtenalle, et pour observer si la respiration se retabhit

Ordannance concernant les secours a donner aux noves etc
Prefecture de Police
Paris, le 2 decembre 1822

REFERENCE
*Lerov Magendies J de Plysol 1829 9 o7

151



150 THE PRINCIPLES OF THORACIC ANAESTHESIA

of tissues with vasoconstrictor solutions or the mtravenous mjection of hypo
tensives to prevent blood loss, and the use of drugs like procaine and quimdine
to mimmuze cardiac irregularities  In connection with each and all of these,
active research 1s 1n progress and the chnical results of anaesthesia that we
regard to day as strihingly good may yet show up poorly when compared
with the results of anaesthetic techmques of years to come
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- - Coriey, William,® 1710-17g0  Scottish physician, obtaining
lns M D, Glsgow, m 1740 He succceded Johnstone there
as Professor of Medicing 1 1751 In 1755 he transferred to
Fdsburgh ns Professor of Chemustry, and 1 1766 became
Professor of the Institute on Theory of Medicine (Physiology)
When sixty three years old, he became Professar of Medicine
Cullen had A great reputntion s 1 teacher nd wrote several
books on materin medica and medicine One of his pupils at
Glisgow 2nd lus successor 1s Professor of Chemstry at Edin-

- burgh was Joseph Black, 1 proneer i scienufic chemistry and
1n the discovery of the true nature of cxrbon dioide

Curry, James® Born n Ireland and qualfying m Edin-
burgh 1n 1784 he worked as 1 physician first in Northampton
and later at Guy s Hospital 1n London  His Obserzations on
Apparent Death from Droumng Hanging, elc, appeared first m
1798 and as a second edition 1n 1815

Depaur Anne Jean Henri 7 1811-1883 Pansian obstetrician
and gynaecologist Born in the Pyrenees of a local legal family,
and an orphan by the age of twelve, he decided to study
medicine agamst the wishes of his family  With his allowance
stopped he ran away from home and studied medhome m Pans
while earming his Iving as a shop assistant  After qualifying 1n
1839 he became mterested 1n obstetrics and ultimately became
Professor of Obstetries m Paris i 1861 He contributed
mmportant books and papers to the literature on obstetrics but
his fiery nature made him a poor debater Conservatine by
nature Depaul rejected the use of anaesthetics for natural labour
his medical work he took 2 Iively interest 1 local government,
of his of the pal ’
Basses Pyrenees

In addition to

being a councillor
y of Pans and later of the Department of
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Bouenut Jean Antome Eugene? 1818-18g1  Trench physteinn Born and qualifying
m Pans he developed an interest 1n respiratory disease in chuldren, out of which arose
fus 1nvention of tubes for insertion mto the larynx m the treatment of respiratory
obstruction i diphthentic croup He was appomted Physician at the Childrens
Hosputal i Pars and advanced knowledge in practically all branches of paeditrics
His name 15 also given to a particular type of gasping resprration scen 1 children with
bronchopneumonia

Braver, Ludolph $ 1865-1951 Son of a West Prussian
landowner ~ German chest physictan and 1 leading pioneer in
the early surgical treatment of pulmonary tuberculosis The
operation of thoracoplasty owes 1ts mception to Brauer, who
himself suffered from tuberculosis He was an inspinng and
enthusiastic teacher and did much for the prestige of German
medicine, particularly abroad m South America durmng the
years between the tho World Wars He held the Chair of
Medicine 2t Marburg but left to become the Director of the
well known Eppendorfer Hospital at Hamburg where he
orgamzed medical teaching and created a research mstitute

Craussier  Frangois* 1746-1828  Pansian physiciin and
obstetrictan  Born at Dyon and starting his medical practice
at Besangon, he qualified after studying in Pans He was
already locally well known when m 1794 he was ashed to
organtze a school of medicine at Dyon Here he held the
Chair of Anatomy and Physiology and acquired his bfelong
reputation of bemng a brilliant teacher and savant Without
writing as many papers as was the custom in those days
men of his standing, there were few aspects of medicine to
which he did not contribute  These included forensic medicine,
ture and vetermary medicine  As Physician to the Maternite his interest
on ante and neo natal problems of the foetus Chaussier was

horticul

tume
:\Zrtlgie(ib:m;h: Quaker Iike severity of his dress and mode of hte
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qualified m medicine, nd his diry gues 1 wid tccount of scventeenth century
medicine with all 1ts nauscous 1nd horrble pharmacopoe:  Hooke devoted much
attention to the design of ur pumps 1nd their use i artficial respiration, but his
temperament ws not suited to 1mmnal expeniments and 1t was left to others to carry
on his proneer work

Jacwsov, Chevalier,)  Amencan endoscopist  Born 1865 m
Putsburgh of mixed Yorkshire, rench and Amencan stock
At the age of four he was already working with tools on wood
and carly n hfe became an expert wood turner, carver and
mlay craftsman  After a hard life as a boy he worked s way
through college and medical school as a china and glass
decorator, qualifying in 1886 from Jefferson Medical College,
Philadelphia  After a visit to London to study laryngology he
settled 1 Pittsburgh as a specialist 1n ear nose and throat
surgery From this time on his reputation grew steacily and
honours were ginen hum by every part of the world  Apart from the tremendous
advances which he made 1n the practice of bronchoscopy and oesophagoscopy he
was noted for the great hindness and consideration which he showed his assistants
Even after honour and secunty were his he still had to battle agamnst physical diffi
culties for he developed pulmonary tuberculosis which forced hm pertodically to
retire from climcal work  Charactensucally he utilized these peniods for writing and
study, producing for example his book Peroral endoscopy and Laryngeal surgery, during
one of these periods Perhaps the achievement which gave him most pleasure was
the success he obtamned after more than twenty years of lobbying 1n the face of strong
opposition 1n gettmg the Federal Caustic Act passed, which compelled the labelling
of caustic household cleaners like Iye Powson By this he hoped that the numerous
cases of oesophageal stncture 1 children as a result of 1ccidental sngestion would be
prevented Jackson 1s a great man i every way and anaesthetists have reason to

remember with gratitude the enormous impetus which Jachson gave to the de elopment
and spread of the art of endoscopy and intubation

Janeway Henry Harmington ® 1873-1921 Born m New Brunswick, New Jersey,
he quahfied 1 medicine from the College of Physicians and Surgeons, Columbia
Unneersity, New York 1 1898 He became head of the laboratory of experimental
surgery at Columbia and Professor of Physiology mn the New York Dental School
At the same tme he became chief of the radium department of the Memorial Hospital
Although his contributions to thoracic anaesthesta and to the pathology of shock were
great, he 1s manly known for his proneer work 1n radwum therapy He was both an
:‘;gf;:hlzggm physicist and a skilled surgeon and laid the foundations of present day
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Ersperg, Charles Albert, 1871-1948 General and neuro-
logtcal surgeon, New York Elsherg qualfied n 1893 at
Columbia Unnersity  After a brief period of study under
von Mikulicz and a few years as general surgeon, he turned s
mterest to neurological surgery, foundmg the Neurological
Institute of New York It was dunng s early days when
his terests were wide that he developed 1 machine for
endotracheal msufflation anaesthesia  His later writings were
almost exclusively neurosurgical

Fery, Edward George,® 1850-1918 Surgeon and nventor of Buffalo, US A
He was Professor of Physiology and Microscopy at Niagara University from 1885-1895
and though he retaned his interest 1n microscopy he settled down mn Buffalo as an
ear nose and throat surgeon Besides his interest and mventions m the field of
resuscitation, he also mvented the first electric chair for executing criminals n 18go,
and later a diving apparatus to enable a person to remain under water for a period of
time

Hawes, Wilham*® 1736-1812 A phystcian practising
Thames Strect 1n London who became the medical attendant
of Olver Goldsrmuith  Perhaps the frequency with which he
saw the bodies of drowned people brought out of the Thames
made him mterested mn resuscitatton In 1774 with thirty-
two other kindred spinits, be founded the Humane Society
The hst of original founders mcluded Oliver Goldsmith, David
Garnick and John Hunter Hawes continued as the leading
spirit of the society until his death

He lectured on resuscitation wherever he could find a
platform, he petitioned Parliament to erect recewing houses for the drowned or
suffocated 1 every pansh m England and to establish schools where medical
students might be taught the method of therr recovery *

Hooxe, Robert,* 1635-1703 Born at Freshwater, Isle of Wight While at Chnst
Church College, Oxford he met and worked with Robert Boyle who introduced him
to the Royal Society of which he was made Curator of Experiments 1n 1662, and
remained so untl he died  Hooke was a prolific worker, and carried out a great amount
of research work at the Royal Society durmng s forty years connection with 1t Has
inventions, of which there were over one hundred vaned from a watch balance spnng
sull used to day to the umwersal jomt still used m transmission gear  Hooke eventually
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qualified m mediane, and s din gives 1 vivid 1ccount of seventeenth-centurs
medicme with all sts nauscous and homble pharmacopoer  Hooke devoted much
attention to the design of air pumps and thar use m arufiaal respiration, but his
temperiment w1s not suited 10 xmmal expenments and 1t was left to others to carn
on his proneer work

Jacason, Chevalier* Amencan endoscopist  Born 1863 1
Pussburgh of mixed Yorhsture French and \mencan stock
At the 1ge of four he was alreads working with tools on wood
and early n Iife became an expert wood tumer, caner and
mlav craftsman  \fter a hard Dife as a boy he worked his wav
through college and medical school as a china and glass
decorator, quahfiing in 1886 from Jefferson Vedical College,
Philadelphia  After a visit to London to studs larvngology he
settled 1 Prtisburgh as a speaalist 1n ear, nose and throat
surgery From this time on his reputation grew steadidy and
honours were gives him by even part of the world  Apart from the tremendous
advances which he made i the practice of bronchoscopy and oesophagoscopy he
was noted for the great kindness and consideration which he showed his assistants
Exen after honour and secunty were hus he still had to battle agamnst phvsical diffi
culties for he developed pulmonany tuberculosis which forced him penodicalh to
retire from chmcal work  Charactenstically he utihzed these persods for wrniung and
study, producing for example, his book Peroral endoscopy and Laryrgeal surgery, durmg
one of these penods Perhaps the achievement which gave him most pleasure was
the success he obtamed, after more than twenty vears of lobbving 1n the face of strong
opposition 1n getung the Federal Caustic Act passed which compelled the labelling
of caustic household cleaners fike lye Poson By this he hoped that the numerous
cases of oesophageal stncture 1 children as a result of accidental ingestion would be
prevented Jackson 15 a great man m evers way and anaesthetists have reason to

remember with gratitude the enormous impetus which Jackson gave to the development
and spread of the art of endoscopy and mtubation

Jaseway Henry Harrmngton ® 1873-1921 Born 1n New Brunswich New Jersen,
he qualfied 1n medicine from the College of Physiians and Surgeons Columbiz
Unnemsin New York m 18¢8 He became head of the laboratory of experimental
surgens at Columbia and Professor of Physiology 1n the New York Dental School
At the same time he became chief of the radium department of the Memorial Hosprtal
Although hus contrbutions to thoracic anaesthesia and to the pathology of shock were

great he 1s mamnly hnown for hus proneer work 1n radsum thera,
py He was both an
t;.:g::;:hr:lg:x‘m Phystcist and a shilled surgeon and lard the foundations of present-dav
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+ Knuan, Gustay,' 1860-1921  Professor of Laryngology,

& - Berln  Though not one of the founders, hillian was largely

h responstble for the development of laryngology mto the specialty

> 1t 1s to d1y In addition to his contributton to the general

techmque of ear, nose and throat surgery (at least two operations

bear his name), he had a particular mnterest 1n advancing the

practice of bronchoscopy and oesophagoscopy He 1s reputed

to have been the first to remove a foregn body from the

bronchus by this means Of his many literary works he 1s

best known for his books on the nasal cavities, on oesophago
scopy and bronchoscopy and on suspension laryngoscopy

KirsTEIN, Alfred,! born 1863 German physician of Berlin  In 1895 he mvented
the method of direct examination of the larynx and trachea without using murrors,
which he called ‘autoscopy  For this purpose he designed the first self illummated
endoscope by adding a suitable spatula to Caspar’s hand lamp

Kkire, Charles,'® died 1811 A member of the Corporation of Surgeons m London,
practistng at Gravesend throughout us life  He was a prolific wrater, and included
among the diverse topics on which he wrote were two essays, one m 1788, ‘An Essay
on the Recovery of the Apparently Dead,” and the other 1n 1795, ‘Essays and Observa
tions Physiological and Medical on the Submersion of amimals etc  The former
essay was successfully submitted in competition for the silver medal offered by the
Humane Society for the best contnibutions on the subject of resuscitatton from
drowmng

hums Franz?* 1866-1929 Quahfying in 18g9r 1n Wurzburg he ulimately became
the Director of the St Norbert Hosprtal in Berhn Schoneburg  His mam work was
Dt perorale tntubation published m 1911 He was a great proneer of endotracheal
mtubation particularly by the bhind tactile method Working as he did 1n 2 country
i which regard for anaesthesta was at a low level, 1t was Iittle wonder that his
enthusiastic advocacy of intubation met with such little encouragement

Leroy » EtoILLEs, Jean Jacques Joseph 17 Born m 1798 m
Pans of an old military famuly Though of wide surgical
mnterests he 1s ¢hiefly remembered for his mnterest 1n stone m
the bladder and 1ts treatment by the Iithotrite and for his
condemnation of the use of bellows for resuscitiion He gnes
his name to an assortment of mstruments nciuding a lithotrite,
a tonsil gudiotine and a uterine speculum  He did not Iimit
his actwvtties to medicine for he was also the mventor of a
machine gun bullet, a shell which would burst on 1mpact and
a nfled breech loading cannon
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ATy, Rudofph ' Bom an 1860 m {oemwant of Spansh
parents he quilificd from the Unnersty of Loutstiny (now
Tulane) 1n 18% nd after an internstup 1t the Chants Hospital,

= - Q N\ew Orleans was made Chief of Climie there  Trom 1894 ull

W N\ Iis retirement an 1977 he was Professor of Surgern m New

/ Orlewns  His contnibutions o surgery were many and far

i 4 reaching and only A few of the subjects 1 which he was 2

poneer ean be mentioned  These meluded sepuic surgeny,

spinl anaesthesa, the 1dvocacy in 1889 of contnued mtr1

venous dnp for shock and hiemorrhage and i 1911 of con
tnuous gistro duodentl suction for intestinal obstruction intrathoraic surgens and
the surgers of incurvsms and other blood vessels s numerous papers tre chareter
1zed by their pungency of vocabulirs and clanty of expression

MeLTzer, Samuel James,” 1851-1920  Bornin N W Russin
voung Meltzer scemed destined at the age of sixteen to become
an emmnent member of the Rabbinute  He proved 1 disappoint-
- ment to lus parents by runming sy from home By 1882 he
’ had qualified in medicine but refused to sty 1 Genmany

) where the postions offered to hum were conditiona! on baptism
Arrnvang in the United States in 1883, he settled down in practice
m New York, but soon 1bandoned this to become head of the
) Department of Phystology and Phartancalogy of the Rockefeller
Institute in 1907 His scienufic career was 1 distinguished one
and he recened 1cademic honour from many unnemities, mncluding thar of St
Andrews He made contnibutions to practically every nspece of physiology, particularly
those which had direct chmcal interest  His Inboratory fostered romance for his
daughter Clara who w1s also hus asastant mried John Aucr, another of tus

assistants with whom he published the now famous mnsuffiation experiments described
on page 67

Mever Willy # 18,8-1932  Born at Minden Germany he
graduated at Bonn - He worked under Trendelenburg 1t Lepzig
S for three years and then emigrited to Amencn i 1883 setthng
BIAEL m New York Gy He was the first to perform uretertc cathe
N tenzation Meyer w1s a prodiious wnter ndicated by the fact
that to one journalalonebetween 1884 and 1924 he made 3,7 con
tributions It was 1n hus Inter years that he becime interested 1n
thoracic surgery and wrote numercusrticksones ery 1spectof the
subject  He was one of the founders of the American Association
of Thoracic Surgery, whose first president was § J Meltzer
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kareay, Gustav,” 1860-1921  Professor of Laryngology,
Berlin  Though not one of the founders, Killtan was largely
responsible for the development of laryngology nto the specialty
1t 1s to day In addition to his contribution to the general
techmique of ear, nose and throat surgery (at Ieast two operations
bear his name), he had a particular mnterest m advancing the
practice of bronchescopy and oesophagoscopy He 1s reputed
to have been the first to remove a forein body from the
bronchus by this means Of his many hterary works he 1s
best known for his books on the nasal cavities, on oesophago
scopy and bronchoscopy and on suspension laryngoscopy

RarstEis, Alfred,! born 1863 German physician of Berln  In 1895 he mvented
the method of direct examination of the larynx and trachea without using mirrors,
which he called autoscopy  For this purpose he designed the first self slluminated
endoscope by adding a surtable spatula to Caspar s hand lamp

Kirx, Charles,® died 1811 A member of the Corporation of Surgeons in London
practising at Gravesend throughout his ife  He was a prohfic wnter, and included
among the diverse topics on which he wrote were two essays, one mn 1788, ‘An Essay
on the Recovery of the Apparently Dead and the other 1n 1795, ‘Essays and Obsersa
uons Physiological and Medical on the Submersion of ammals, etc’ The former
essay was successfully submatted 1n competition for the silver medal offered by the
Humane Society for the best contributions on the subject of resuscitation from
drowning

hunn, Franz * 1866-1929 Quabfying 1n 1891 1n Wurzburg he ulamately became
the Director of the 8t Norbert Hospital m Berhin Schoneburg  His mam work was
Die perorale wniubation, published m 1911 He was a great proncer of endotracheal
mtubation particularly by the blind tactile method Working as he did 1n a country
in which regard for anaesthesia was at a low level, 1t was little wonder that his
enthustastic advecacy of intubation met with such Intle encouragement

Leroy p ErtortLes Jean Jacques Joseph!? Born m 1798 1n
Panis of an old multary family Though of wide surgical
mterests he 1s chicfly remembered for his interest in stone 1
the bladder and 1ts treatment by the hthotrite and for his
condemnation of the use of bellows for resuscrtation He gives
his name to an assoriment of mstruments including a hthotrite,
a tonsil guillotine and a utenine speculum  He did not himit
his actnaties to medicine for he was also the mventor of a
machine gun builet a shell which would burst on 1mpact and
a rifled breech loading cannon
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Paracristst? (the name by which Phullipus Aurcolus Theo
phrastus Bombastus von Holienheim became hnewn), 1490~
1541 Born n Swizerlind near Zunich Starting 3 1 chermist
11 1 led mune Jaboratory, he learnt medicine both in s father «
practice and during his extensine wandermgs Al over Furope
On his return to Switzerland an 1526, he wis appointed town
physician an Basle and Iecturer m medicine at the unnversity
Here he was something of 1 disturbing influence 1nd caused
commotion not only by lecturing in German instend of I atin,
but by hus condemnaton of Galen, whose works he publically
burnt on one occsmon He was soon foreed (o take to the rorad once more dving n
Salzburg 1n 1531 He goes down in Juston s 1 turbulent sprnt, upsctting the then
firmh cstablished reputation (1lmost dogmn) of Galen and the ancients, and for
starting off what Jater beeume known as the renussance i medicine

Pien Bemumin,® ¢ 1750 A surgeon of Chelmsford, Fssex, with 1 vers strong
mterest 10 obstetnes  His Treatise of Aidugfrn was based on over 2,000 cases of hus
own In this book he describes hus invention of the fleible “ur pipe which he used
m new born babies with respiratory difficulty, born after delay n the delnery of the
after coming head  Many other novel istruments are described in s book, including
ob tetnc forceps having for the first ume, the pelvic curve of which he 1s regarded by
some s the onginator 1n preference to Smellic

Risevovt Dessaignes Alban Alphonse Am
browse '* Born in 1847 in Vendome, Frince
, Quabfying in 1878 m Pars, he took up

obstetrics finally reaching the post of Professor
of Obstetrics m Pans Amongst hus many
contributions to his subject were ppers on
resuscitation of the new born 1n which itubr
tion of the trachea with 1 tube of s own
design was described Ribemont s diversity of
mnterest 1s indicated by the cartoon
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‘Monro, Alexander® (secundus), 1733~1817 The second of
the three Monros (father, son and grandson) who held the post
of Professor of Anatomy at Edmburgh continuously from 1720
to 1846 He proved, 1n fact, to be a greater and more brillint
man than his father, making many contributions to anitomcal
knowledge The foramen of Monro 1n the bram 15 named after
him  \Monro developed the method of demonstrating live antmal
preparations, the amimals being kept alive, after the removal of
the chest wall by inflation with bellows When the tongue fell
back and obstructed the larynx Monro had overcome such
obstructions by pasung a catheter into the larynx by way of the mouth ™® In 1776
Dr Wm Cullen Professor of Physics at Edinburgh, recommended the use of
Monro's bellows 1n resuscitation of the drowned mn a pamphlet, A letter to Lord
Cathcart,” Edmburgh, 1776 (Cathcart was President of the Board of Police m
Scotland )

In 1798 Monro, who had himself become professor at the age of twenty two, ashed
the Town Council of Edmburgh to appoint as his colleague and successor his cldest
son Alexander then twenty five After some demur the Council agreed, and the two
Monros held the Chair jointly for ten years until the elder retired 1n 1808 Monro
the third held the Char until 1846—thus the family had held the Char for 126
years

O Dwver Joseph ! 1841-18¢g8 Born i Cleveland Ohuo,

B he was brought up near London Ontanio  He returned to New
/ % York for his medical studies graduating in 1866 His nterest
*’“\ F i mtubation was started by 2 bad epidemic of diphthena m

‘/’ 1872 and he saw over 400 of the child sufferers doomed to

) the horrors of asphyxiation with doctors helpless to do any

y thing He applied himself to the problem of saving these

children mventing tube afier tube although his work was

¢ not recorded untl a history of the Foundhng Hospital was

wntten m 1884 His method of mtubation was not sell

recened by his contemporartes and O Dwyer did not recenve the credit he

deserned untl long after his death A colleague Dr Northrup, speaking of

O Dwyer, sad

In the matermty service he was the expert obstetrician n intubation an mventor

and teacher, i general medical service the constant consulting mind whose opinion
1n times of chnical difficultses and troubles everyone sought
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Turing, Theadare,* 18,7-1929  Barn at Belleme n France
he quabfied m Pans m 1879 becommg surgeon to threc
impostant hospitals an Pans Fuffier had an international
reputation wnd was onc of the first exponents of experimental
surgery  11e was 1 proneer i the operitie treatment ol diserses
of the hidneys, of fractures nd of discases of the lung - He also
made mmportant contributions to the knowledge of spinl
anaesthestr His major publications anclude those on surgeny
of the kidncy, on surgeny of the lung, on spinil anaesthesin
and on surgens of the stomach

Vrsauits  Andreis?? 1514-1564  He was born in Brussels
of 2 funily celebrated for the number of its eminent medical
men While sull almost 1 schootboy 1t Louvam, he deseloped
1 passion for anatomy, dissecting rats, dogs 1nd other 1nimals
Human anatomy at this period was scarcely 1 science  the
practice of dissection was regirded as unlwful and impious, the
terching of the Schools was looked upon 1s sacred, 1nd no one
dared question the vahdity of the ancient doctrines  In this
atmosphere 1t 15 stnhang that adiances in wnatomieal knowledge
were made and these were solely attributable to the exertions of
Nesahus  His work, De Humam Corponss T'abrica, w1s wnitten 1t 1n enrly 1ge, nd 1s
now an anatomical classic work  Vesthussenved as an 1rmy surgeon for 2 few years,
then n 1537 he became Professor of Anatomy 1t Padun He attacked the works of
Galen consistently and for this he was bitterly persccuted, nevertheless, the Galemists
were compelled to dissect the human body 1n order to refute the 1rguments of Vesahius
His portrait was pamnted by Titiin who also drew many of the illustrations 1 his
book

Voruarp Trinz!® 1872-1950 German physiaan Born in
Munich and qualifying 2t Halle in 1897, Volhard worked at
varous German centres before becoming Professor of Medicine
first 2t Halle 1n 1918 and then at Frankfort on M 1927
His mterests 1nd publicanions were munly on diserses of the
stomach (he discovered lypase 1n 18g9), heart and kidneys
His name 1s gien to the Volhard (1t breakfast’ and to the
Volhard water test for hidney function Among his publications
were three important books on Bright s Disense of the Kidney
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SaverBrucH, Ferdinand,'® 2 18751951 Born in Barmen,
Germany qualfied at Leipzig m 1902 For the next ten years
he worhed with such distinguished and stimulating men ns
Langerhans, von Mikulicz, and Friedrich  He becime Profescor
of Surgery m Marburg 1907, mn Zurich, 1g11, 1n Muntch, 1918,
and n Berhn, 1927 In 1893 Sauerbruch was sct the problem
of the pneumothorax syndrome, and his solution—differential
pressure breathing—remained the gwding principle for thoracic
surgeons until the outbreak of World War II  Sauerbruch
though Prussian mn his manner and methods, was a great
pioneer of thoricic surgery, and 1t must be a source of rdmuration that he accom
plished so0 much without the assistance of expert anmiesthetists and all that they
mean to the thoracic surgeon of to day

first wmterest w1s i general medicme and particularly its pre
ventive aspects At the age of fourteen while an 1pprentice to
a surgeon at Newcastle he saw a cholera epidemic 1n full force
In 1848 stimulated perhaps by this early experience, he deter
runed how cholera was spread His paper 1n 1849 on the
Mode of Communication of Cholera was to be confirmed
during the cholera outbreak in London in 1854 when Snow
showed the focus of spread to have been the Broad Street pump
Between 1841-1843 several papers on asphyxia and the cr
culation were written He took up the study of anaesthetics 1 1846 and before his
death 1n 1858 he had written two important books, The Inkalation of Ether (1847)
and On Chloroform and other Anaesthetics (1858) By admunistering chloroform to Queen
Victona he stilled much clerical criticism of anaesthesia in labour  During the twelve
years that Snow devoted to anaesthesia he carried out an astonishing amount of
ongmal re earch and laxd the foundation for the screntific and experimental approach
10 7naesthesia

e Snow, John,® 1813~1858 Of Yorkshire farming stoch His
N

TRENDELENBURG Friedrich #* 1844-1924 German surgeon
Although qualifying at Berlm he started his medical training at
Glasgow He became Professor of Surgery at Rostock Bonn and
Lewpzig and was one of the great men of German surgery,
making contrsbutions to almost every field of the 1rt  Among
Iis many proteges was Willy Meyer the inventor of the cabmet
on page 5¢ and Wilms (g2 ) He left his name attached not
only to a tracheal tube and cuff’ but to s fimous position,
certam tests (for example, for varicose vens) and to the
dramatic operation for the removal of 2 pulmonary embolus
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Witns, Max, ® 1867-1918 German surgeon As assistant to
Trendelenburg at Leipzig he acquired a reputation as a
pathologist, publishing a book on growths of the kidney, one
of which 1s known to this day as Wilms tumour He became
Professor of Surgery at Basle and Herdelburg Wilms was very
mterested 1n thoracic sargery and modified the operation of
thoracoplasty which had becn suggested by Brauer

Worrrez, E J ' # % 1811-1882 The son of Natalie Woillez, the famous French
novehst He was a physician of the Chante 1in Pans, and a member of the French
Academy of Medicine  His main interest was 1n respiratory disease, about which he
wrote several papers The Spirophore, for which he 1s principally remembered was
mvented 1 1876 but m spite of pressure from his mstrument maker Woillez refused
to patent his mvention The apparatus won a silver medal mn an exiibstion of hfe-
saving apparatus held at Le Havre
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