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PRLIACL

MIpIcInT has been called by Virml 1 Quict Art —yet so rapid has been its de
relopment of recent years that onc may with justification wonder when 1s the
opportunity of quictness presented The duly round the common task gives little
chance for the pracutioner 1n any branch to heep 1breast of the phenomenal rate of
expansion and 1ccumulation of new hnowledge, let alone to reflect 10 perce and
quict on the dircction 1n which we are moving The average specilist can only
manage to glance through the technieal journals of his immedinte interest and even
this must be done at the end of 1 tinng and exacting diy  Recent techmieal ad
vances however can seldom be safely practised without some hnowledge of the
basic facts upon which they are bised and these arc to be found dispersed throughout
Journals and volumes outside the usual ficld of re1ding of the chnierin
In this booX 1t has been our aim to present a review of new hnowledge covering
a wide area of theory as well as practice We have asked our authors also to scan
the horizon for signs of the direction 1n which we are moving and to indicate
the lines upon which we must work to advance further We had hoped that facts
would be laced with a stimulating source of justifiable speculation and so put our
readers i lne with the most recent thoughts tn this most absorbing field of
medicine Tt1s a first attempt to do this for anaesthesia in book form and, 1f we
have only been partially successful, that 1s no fault of thosc who have contributed,
the fault must be laid at our door and attributed to our inexperience in this, we
believe, new type of review
Francis Bacon gave some good 1dvice

Reade not to contradict and confute Nor to Beleeve and Take for granted

Nor to find Talke and Discourse  But to weigh and Consider  Some Bookes

nDrc to l:je Tasted Others to be Swallowed and Some Few to be Chewed and

1geste

It1s our hope that this volume might be counted worthy to be subjected to the
latter treatment

Our thanks must be expressed to 11l those who have given up therr valuable time
to contribute to these pages to our Publishers for their patience, forbearance
advice and cniticism  to Miss Finlayson, Secretary to the Department of Anaes
thesta 1n the Umversity of Liverpool for 1 deal of secretann! assistance with the
manuscnipts to those who have permitted us to reproduce illustrations from their
pages, to whom we have made an acknowledgement in the captions

FRANRIST EVANS

T CECIL GRAY
Mareh 1958
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CHAPTIR 1
THE RETANANT DRUGS

W D M Patos

INTRODUCTION

Tt mMasT stikang feature of the development of anacsthesia in the last twenty
vears has been the progressive assumption by the anaesthetist of responsibility
for the control of functions of the bodv normally excrted by the body ttsell
Ongmnally anacsthesia did little more than produce unconsciousness with the
resultant abolition of the sense of pan But now the anaesthetist may breathe for
a patient (having paralysed the muscles with relaxants) may control the patient s
blood pressure (having paralysed the normal autonomic control) may control
the body temperature (by aruficial thermal exchange as well as by 1utonomicatly
active drugs) and may even interfere quite substantially with the electrolyte balance
of the nulieu interne The first step i this progressine mastening of the physiology
of anaesthetized patients came when curire preparations were shown to be
chmcally useful 1n surgical anaesthesia The success of such substances 1n
rendenng surgery quicker and more efficient has been a stimulus not only to the
development of other relaxants but to the closer study of their action and to 1
general interest by anaesthetists 1n using drugs

THE MECHANISMS OF NLUROMUSCULAR TRANSMISSION

It 1s now generally accepted that tr at the neure Junction trkes
place by chemical means that ss, that a propagated impulse down a motor nerve
causes the release at wts terminations of acetylcholine which then excites the
specific receptor area underneath the nerveendings to ehicitan  endplate potentinl
this 1n turn excites the rest of the muscle fibre electrically Recent electrophysio
logical work on the neuromuscular transmission has 1dded some new nteresting
items of knowledge (see del Castillo and Katz 1956 for 1 valuable review n
which the principal references will be found)

The nature of the change in the endplate membrane

Katz and his colleagues 1n elegant experiments With mucro electrodes have
shown that acetylcholine produces at the endplate receptors a particular type of
change of membrane permeability They describe 1t as being equivalent to 1 short
arcuit  they mean by this that there 1s no specific increase 1n permeability to the
1ons either side of the membrane but that, so far as they could detect the membrane
becomes permeable to all 10ns indifferently If this bappens 1t 1 membrane then

l—MTA 1






THE MECHANISMS OF NEUROMUSCULAR TRANSMISSION

cord which actinates motoncurones (Lccles 1957) lthough we know that 1t s
not acet Ieholine

The site of acetvicholine receptors

Del Castillo and Khatz using micro injection techmques have also proved that
the receptors for acetvIcholine are only on the outside of the endplate membrane
Thes used micro-clectrodes filled with acetvicholine from which brief  pulses
of acetvicholine could be discharged by passing current through the clectrode
and they recorded the effect by means of intraceliular electrodes They found
that tvpical endplate potentials can be produced more and more rcadily as the

ssminge  approached the endplate membrane untdl the point at whech the
membrane was actually penetrated  From this point onwards acetylcholine was
nerther effective steclf nor did it modify the effect of acetsIcholine administered

(a)

FIG 2 —, dol
2 plat 1n frog muscle intracellular recordin
In (@) the mucro-electrode was mside the muscle fibre at the endplate rctmnl lgl’l

(b) 2 mullimetres away tn the same fibre The u

pper part of (a) shows the mun
endplate potentials recorded at figh amplification and slow spexd (calibration S'gll:r\t
and 47 msec) the lower part the response to a nene mpulse at fow amplification and

higher speed (calibration 50 mV and 2msec) The
way show that the mimuature dpt l’!.‘:\[::f:::\;‘l; (!.7) g l‘?e et

away irom the endplate and also show the n
pure muscle w
propagation from the endplate 2 mullimetres away cuon peteotal delaved by

(After Fatt a & Rat (195) by cou tesy of 7 Phyvs o)

from the outside This means that the rece|
ptors on which acetyIcholne acts
on the outer side of the membrane It renders highly lmproimble a theor;r\e\;’x:lclljl

postulates any action for acetylcholine w ith
tn the mus
in membrane potential are concerned cle fibee so fc as changes




THE RELAXANT DRUGS

the potential which will come to be recorded across it will be that seen when
two solutions of the same composttions as the extracellular and intracellular flurds
come mnto contct This so called junctional potential 15 farrly small (not more
than 15 mV, inside negatne) Wheneveracetylcholine acts at the endplate, therefore,
it will by means of this short circwit  action, tend to pull the membrane
potential to this level Thus, when 1t acts on a resting muscle fibre, the endplate
regton 15 depolarized, that 1s 1t becomes negative relative to the rest of the fibre,
and excites it But an even more mnteresting effect can be produced (Fig 1)
Suppose that the fibre 1s excited by stumulating the muscle directly, away from the

Fio ! —Effect of the transmutter released during a directly excited
muscle action potential Intracellular recording from endplate of
frog s sartorius Temperature 19 C The larger of the two recordsis a
simple A spihe Arrow indicates commencerent of N response just
before the crest of the Af sptke Upper horizontal trace zero mem
brane potential lower horizontal trace resting membrane potential

{4fter del Castilio and Kot {19545) by cou tess of 7 Physiol )

endplate (M response) Then an action potential will sweep over the endplate
regron and the usual overshoot of membrane potential (due to the very high
soditm permeabiity during the action potential) will be seen Now suppose
further that we time a shock to the nerve (N response) so that endplate activation
by relersed acetylcholine comncides with the passage of the directly stimulated
action potential Again acetylcholine s action 1s to short circuit the membrane,
but now 1t shows itself by cutting down the overshoot tending again to  pull

the membrane to the junctional potential—this time from the opposite direction

This work has been supplemented by the remarkable observation that the trans

mitter will produce sts effect even 1n the 1bsence of any standing, resting potential
across the membrane If a muscle s sorked 1n potassium sulphate (which completely
depolanzes 1t) 1ction of the trinsmitter can stil! be shown by the fall in membrane
resistance which 1t ehiats [t scem  therefore that the action of acetyicholine,
and drugs Iike 1t gt the motor endplate consists of a generilized increase n
permeabihity which dous not depend on 1ny other particular 1ons bemng present

nor ¢ven on a membrane potential being present It is interesting that an action
of the same sort scems to be exerted by the chemecal transmutter 1n the spinal

-



THE MLCHANISMS OF NI UROMUSCUI AR TRANSMISSION

cord which activates motoncuronces (Fecles 1957) although we know that it 1s
not acetylcholine

The site of zcetvicholine receptors

Del Castillo and hatz using micro injection techmques hive also proved that
the receptors for acetyIcholine arc only on the outside of the endplite membrane
Thes used micro-clectrodes fitled with acetvIcholine from which bricf pulses
of acetylcholine could be discharged by passing current through the clectrode
and they recorded the effect by metns of ntracellular clectrodes They found
that typical endplate potentaals can be produced more and more readily as the

synnge  approached the endplate membrane, until the point at which the
membrane was actually penctrated |rom this point onwards 1cetylcholine was
nerther effective el nor did 1t modify the effect of acetvicholine admmstered

-
\|

Ml

() )
Fig 2—5 dpl
p 1n frog muscle intracellul
In (a) the micro-clectrode was instde the muscle fibre at the cnd;::l:rm:lnfn
(5] 2l millimetres away n the same fibre The upper part of {a) shows the miniature
::?4‘"7‘:;:‘;“:::'5] IECOIdCC: ar: high amplification and sfow speed (calibration 3 6 r:\
< lower part the response to a nerve 1
tugher speed (calibration 50 mV and 2 msec) The rcspxg:slsfn :l:)lt‘c‘z:g:?l&‘llﬁmmn 2

way show that the endplate tn the same
are hardly d 2 mill

away trom the endplate and also show the pure muscle action potential del s

propagation from the endplate 2 mullimetres awa: 1al delayed by

(After Fatta d Kacz (1952) by cou sesy of 3 Piysioly

fi
;:xﬁltehzs:;sl:‘l;e'l;l}li}:neans that the receptors on which acetylcholine acts tre only
e membrane 1t renders highly improbable 1 theory which

postulates any action for acetylcholine wi ibre so far as changes
1n
ithin the muscle fi g
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THE RLLAXANT DRUGS

They have extended this work (del Castillo and Katz 1957) to show that the
receptors for d tubocurarine  decamethonium and suxamethonmum occupy the
same external site 1s those for acetylcholine, and have compared on frog mu cle
the 1ctions of these tgents

The quantal behaviour of the motor nerve endings

W hen Tatt and Ktz first came to penetrate with micro clectrodes the endplate
region they found that even when the nerve was not being stimulated the
membrane was not completely quiescent, but was the site of continuous small
fluctuations of potential (Fig 2) These potential changes resembled muntature
endplate potentials being of the same shape but about I per cent of the normal

F16 3 —Records from whole muscle (abote)
and from a single fibre with intraceltular
electrode (befon) alter treating prepara
tion with solutions of raised magnesium
and reduced calcium content  dunng
stimutation of the nerve at 100/sec In the
record from the whole muscle the
responses from some hundreds of end
platesare averaged Butin the record from
a single fibre the quantal make up of
the response can be secen The horizontal
traces are tahen in the resting state {note

I lly) the
nenve sumuh are indrcated by dots

(Afie d I Casulio and Kar (1954a) bv cou resy of

J Plvsiol y

endplate potential Further 1t was found that these mintature endplate potentials
were alw1ys quantal thatas of a particular size or some higher multiple of that
size, the quanta often being superimposed obviously one on another By calculating
the clectrical charge which was assoctated with these potential changes and on
other grounds 1t was concluded that they could be produced only by many
thousands of molecules of acetylcholine and not by single molecules Thus far
of course the mimaturc endplate potentials might not necessarily bear any
important rclitionstip to normal transmussion With the ordinary  full sized
endplate potential resulting from nervous excitation the potential change s so
large that even il indnidunl minnture potentials are tavalied, they could not be

4



THL MLCHANISMS OF NLUROMUSCULAR TRANSMISSION

\dentsfied But af ncuromuscular transmission 1s impured by rusing thlc magncu:m;
and dimimishung the caleium of the surrounding fluid, then the endplite p?ili: I;:c
can be progressnely reduced until 1t €1n be scen to be [rigmented :ml e
built up of mimature umts quanty comparable to those scen during the spontanc
< g 3

ac!ll"l:xxs‘ ilsui:n‘:vi:t:::‘}ér lghc zhcor\ of acetrvlcholine release 1t had usually léccn
supposed that the acetvicholine was 1n some way mobihzed 1t the nerve ending
and then diffused molecule by molecule out of the nenve endings towards the
receptor arca On the contrany 1t appears that the acctylcholine must be aggregated
1n packets 1n the nerve ending and that 1t is these pachets which escape from the
nerve ending there presumablh breaking up and producing the diccrete changes

FIG 4 —Electron micrographs of a reptilian neuromuscular junction The nene ending
tndents the sarcoplasm and fine junctional folds project from 1t The ending contains
tn addion to mitochondnia (large dark particles) many small globules less than 0 12 in
diameter

{After Robertson ctted br del Casr Ho and Ras (1956) by courtesy of Pe gamon Press)

of endplate activity just described It 1s interesting that electron microphotographs
of the nerve terminals show, 1n addition to mitochondria a mass of small vesicles
which might be 1magined each to contain the acetylcholine packet postulated
(Fig 4) The practical implication of this of course has still to emerge although
drugs active against acetylcholine release are hnown they are not yet of any
obvious use But it makes all the difference to theories of acetylcholine release
whether 1t 15 to be conceived as diffusing out of a transiently permenble membrane
or as a process whereby relatively large conglomerates must be allowed to escape

The existence of spontaneous activity at the nepe endings (which occurs 1n

5



THE RELAXANT DRUGS

mammalian muscle also) (Boyd and Martin, 1956a) has the further consequence
that the endplate 15 probably never at complete rest even when tonic motor
nerve activity 1s absent The frequency of the miniature endplate potential discharge
can be increased by previous tetanization of the nerve, by raised osmotic pressure
of the fluid surrounding 1t, or by potasstum, 1t 1s decreased by cold and by
botulinum toun The size of the endplate potentials 1s raised only by antt
cholinesterase drugs nothing else has been found to increase the effectiveness of
the quanta of acetylcholine released Correspondingly, a dose of a competitive
blocking agent will reduce or abolish the size of the mntature potentials

MECHANISMS OF NEUROMUSCULAR BLOCK

The interest taken i muscle relaxants, and the occurrence of rather puzzling
situauons after anaesthesia, have led to a good deal of speculation It 1s worth
recaprtulating the basic features of neuromuscular block, although these have
been fully deseribed many times (see Foldes, 1957, for a recent review) In neuro
muscular block firstly nervous transmission, and secondly muscular excitability
and force are intact This may seem almost too elementary to mention But 1n
fact many cases of apnoea after surgical operation are ttributed to the actron of
a muscle relxant without any test whether central nervous activity, nervous
conduction or muscular power are impared Classical curare like action 1s
associated, thirdly with a normal release of acetylcholine There do not appear,
as a matter of fact to be any chinical situations outside botulism n which a
depresston of acetylcholine release might be anticipated But drugs are being
discovered which interfere with acetylcholine synthesis (and hence with acetyl
choline release) so that this will become an important disinguishing feature
These three crtera suffice to characterize the classical agents like o tubocurarine
and the alkaloids from calabash curare

But the situation 1s different with drugs like decamethonium and suxamethonium
The classical requirements are stilf fulfilled, but when the action of the drugs 1s
probed et s found that they imutate the transmutter at the motor endplate Thus,
twitch of a mammalian muscle, the specific endplate depolarization, and the
classieal contracture of frog, avian and denervated muscle can all be produced
It my then be asked how neuromuscular block can be brought about Argument
procceds about this (Foldes 1957) and the wnter wishes here only to emphasize
one change which 1t 1s known takes place n the muscle fibre, but does not occur
i the muscle under o tubocurarine this 1s the devilopment of electrical
inexeitabiity of the endplate region and its immediate surroundings Fig 5 shows
measurements of the excitability of the endplate region under these conditions the
stmulus required to produce uxaitation by means of two closely spaced clectrodes
increases something ke 25 tmes after the action of decamethomum Burns and
Paton (1951) contluded that this incxatability was a direct result of cndplate
depolanization and attnbuted it to sr cscape of potassium through the reduction
of the membrane potential at thrs peint Wh ttever may be said about the fluctua
tions of membrane potentialin this 1 tv the fact th it the membranc has become
less excitable means that an end»lite potential set up 1n this region must be larger
than n the curanzed muscle 1f 1L 1s 1o cvaite the rest of the muscle fibre In other
words, trapsmission 1s gomg to fal with relatively large endplate potentints

t



MECHANISMS O NFUROMUSCUI AR BIOCh

aittng the normal muscle This in atself s sufficient to account for the
::?:21:;';3]“ hlﬁchng action possessed by the compounds It also acco‘;mls fo;
the charactenistic transicnce of the cxeitatory phenomena produccd by mgg o
this sort It 1s a cunious fact that, by injecting 2 depolanzing drug, 1 sll'm |r;§
depotanization at the endplate 1s produced which, other things baing equal, w auh
be sufficient to throw the muscle fibre 1nto 2 violent tetanus 11 1s only bhecruse lh c
endplate remon becomes less exaitable that the muscle 1s protecied froT l" 15
presumably ghly unphysiological nd potentially exhausting state Fig 61llu
strates graphically the sort of scquence of cvents which onc would rcconuru;t
from the information wailable on mammahan muscles (Boyd and Marti, 1956

"] Noa

Fic § —Cat chloralose graahs Graph of "
excitability measurements tn (4) normal ¥ /
tuscle () 18 and 23 min after 80.g'hg
decamethorium sntrasenously () after » //
07 mg'hg 4 tubocuranine mtrasenously Y /2
Ordinates  ‘olts required to produce  ~ ¢ %
standard action potential by direct - 4
sumulation Abscissae  distance along
muscle fibre of point of sumulation from
centre of endplate zone at zero

{Afte B nsa dPaton{1951) by courtesy of  Physisd )

spt)
— e
u. 5 4 3 B 1 [
D nc imm)

e ————

Burns and Paton 1951) The wrniter believes that these are the principal mechan

1sms nvolved 1 the ordinary use of drugs of this type, some special conditions
are discussed below It may be noted that the fundamental capse of neuro

muscular block by a depolanzing drug 1s not the depolanization atself (which
would assist transmission) but the electrical inexcitability of the muscle resulting
from 1t In many respects the change of excitability of the muscle 1s a better sign of
the nature of the block than a measure of the standing depolarization

Accommodation to transmitter action

Although repeated cycles of paralysis and recovery can be produced with
decamethonium or suxamethomum, 1t was early noticed that the depolanzation
produced n cat s gracilis muscle by successive doses dwindled somewhat (Burns
and Paton 1951) A similar phenomenon was seen 1n the depolinization of muscles
produced by large doses of an anuichohnesterase (TEPP) (Douglas and Paton
1954) this may contribute to the resistance to cholinesterase potsomng described
for certain phosphorus compounds 1f an anmnl could be brought through a
first poisoning 1t was partially resistant to further doses (Barnes 1953) A
dimimshing action by acetylcholine was also described on frog muscle (Fatt
1950) 1In these nstances, however, endplate depolarization never disappeared
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mammalian muscle also) (Boyd and Martin, 1956a) has the further consequence
that the endplate 15 probably mever at complete rest even when tonic motor
nerve activitvis absent The frequency of the mmiature endplate potential discharge
can be increased by previous tetamzation of the nerve, by raised osmotic pressure
of the flmd surrounding 1t, or by potassium, 1t 1s decreased by cold and by
botulnum toxin The size of the endplate potentials 1s raised only by anti
cholinesterase drugs nothing else has been found to increase the effectiveness of
the quanta of acetylcholine released Correspondingly, & dose of a competitive
bloching agent will reduce or abolish the size of the mimrature potentials

MECHANISMS OF NEUROMUSCULAR BLOCK

The nterest taken 1n muscle relaxants, and the occurrence of rather puzzhing
ituauons after anaesthesta have led to a good deal of speculation It 1s worth
recapitulating the basic features of neuromuscular block, although these have
been fully described many times (see Foldes 1957 for a recent review) In neuro
muscular block firstly nervous transmission and secondly muscular excitability
and force are mtact This may seem almost too elementary to mention But mn
fact manv cases of apnoea after surgical operation are attributed to the action of
a muscle relaxant without any test whether central nervous activity, nervous
conduction or muscular power are impaired Classical curare ike achion 15
associated thirdly, with a normal release of acetylcholine There do not appear,
as a matter of fact, to be any chnical sitvations, outside botulism 1n which a
depression of acetylcholine release might be anticipated But drugs are being
discorered which interfere with acetylchohine synthesis (and hence with acetyl
choline release) so that this will become an important distinguishing feature
These three critena suffice to charactenize the classical agents like o tubocurarme
and the alkaloids from calabash curare

But the sitnation 1s different with drugs like decamethonium and suxamethomum
The classical requirements are still fulfilled but when the action of the drugs 1s
probed 1t s found that they imutate the transmutter at the motor endplate Thus,
twitch of 2 mammalian muscle, the specific endplate depolarization, and the
classical contracture of frog 1vian and denervated muscle can all be produced
1t may then be asked how nenromuscular block can be brought about Argument
proceeds about this (Foldes 1957) and the writer wishes here only to emphasize
one change which 1t 1s known takes place m the muscle fibre but does not occur
in the muscle under tubocurarine this is the development of electrical
mexcitability of the endplate region and its immediate surroundings Fig 5 shows
measurements of the excitability of the endplate region under these conditions the
stimulus required to produce excitation by means of two closely spaced electrodes
ncreases something bhe 25 times afier the rwction of decamethontum Burns and
Paton (1951} concluded that this mn xctabiity was a direct result of endplate
depolanization and attributed 1t 1o ar wse1pe of potassium  through the reduction
of the membrane potentia] at trs point Wnatever may be said about the fluctua
tions of membrane potential in this 1ainity the fact that the membranc has become
less excitable means that an endplate p stentral set up i this region must be larger
than n the curanized muscle 1 ita to cvute the rest of the muscle fibre In other
words, transmission 1s going to fail with relauvely large endplate potentials
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by them not only dwindles but may totally disappenr The muscle now cannot be
exeited through its nerve nor by 1dded acctylchaline nor will antichohinesterases
restore transmussion He was able to demonstrate sn rat muscle 1 simulr
phenomenon, lthough the endplate depolanization never <1nk below 30 per cent
of ats mimial value 3T the acetylcholine 15 wished out the muscle Furly slowly
recovers 1ts normal response to acetylcholine Theslefl behieves that hus results
show that acctylcholime and other depolinizing drugs exert 1 curare like action
Zams (1953) has made 1 simifar propostd, 1n applying her worh to the genesis of
myasthemt suggesting that an these patients acetylcholine released 1t motor
nerves mAy come to have a dul action, first simuliting then bloching atsclf
Churchill Davidson and Richardson (1957) have put forward ssmilar 1dets on
the basis of ther work 1nalysing the achon of decamethomum 2nd nh
cholinesterases in mvasthenie prtients They noticed that 4 myastheme patient
deteriorated markedly whenever anticholinesterise therapy was continued  but
improved under conditions of rest 1nd withdrawal of antichohnesterise therapy,
when anticholinesterases would become temporarily effective 1igain From observa
tions such as this they concluded that her motor endplates were becoming resistant
to acetyIcholine (or 1ts breakdown products) in proportion to the amount of
acetylcholine released 1n their vicemity If this was the case then her condition
should be improved by resting the cndplite from its chemical stimulition
completely They attempted 1o do this by curanzing her wath o tubocuranine for
8 days Interestingly enough her requirement for « tubocurarine to produce a
satisfactory degree of gencral ncuromuscular bloch was 1n the normal range At
the end of this rest period, and after an interval duning which the effects of the
d tubocurarine wore off the patient returned to 1 stronger state than carher
When antichol ases were ad ¢d, there was a drimatieally satisfactory
response, and for a period of several months she was stronger than she had been
for a long time Tius 1s only one case, but so f1r 1s 1t goes 1t bears out to the full
the 1dea that 1n myasthenics at least the motor endplates can become refractory
1 one way or another as a result of continucd expostre to 1cetylcholine so that
a possible method of treatment 1s to diminish such exposure
The wniter finds the 1dea that acetylcholine can curanize the endplate 1 difficult
concept, for two reasons The first 15 the remoteness 1n structure between ordinary
curanzing drugs and acetylcholine All the active curare like compounds have
relatively large molecules and simpler analogues are usually much less effective
thus as an agent expected to imitate for mstanee, d tubocuranne, acetylcholine
l:tsalrsllllcctu?(l::l); lrr;prob}:lxble Secondly, 1t seems unlihely that acetylcholine, acting
o [})1 narly rich in the enzyme specifically destroying it, could persist there
er washing out, in the way required to black receptors For thus to occur would
imply a combination with receptors unhke the normal combination, 1nd of 1 type
x}l:::\nt:;‘sesi:m;;(ll\ cnxtr;llcl)rdmanly slowly Grob Johns and Harvey (1956) find
normally d:’po]a:le::] ’e response to choline 15 also changed, and this substance
action This would allogw om (type e L0 e an apparently - competitive
Which may pessst at the :e utargue that 1t 1s choline rather than acetylchohne
choline 1s about 1,000 nmccq; ors and cause block The mun difficulty 1s that
whether enough c};olms W;sldess active than acetylcholine, and 1t 1s doubtful
feels, therefore, that the clu appear 1o exert a significant effect The writer
3 hange n response of the endplate to acetylcholine
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ind the appearance was that of a depolanizing agent becoming less effective, rather
thin thet of its action changing quahtatively

Somewhat different was the phenomenon demonstrated by Zamms (1953) On
some museles for example of monkey, decamethonium on ats first admimstration
w. utd have 1ts usual action, but as doses were repeated 1t became less active, and
Lame to ¢xert actions very lihe those seen with o tubocuranine This could be
detected even wn the ¢at 1f the solens muscle was studied These results were very
wmilar to those found by Paton and Perry (1953) with mcotine on autonomic
canghs In this case mcoume starts by exciing gangha, with a well marked
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Fic & —~Diagran of reuromuseutar transmission and block Under normai condstions @
nenve stimulus gives nise to an endplate depolarization when this exceeds the threshold for
exciing the muscle fibre 2 propagated action potentiat ansses from 1t Afier tubocurarine
30 sufficiens dose the endplate de polarization does not reach the threshold reguired for
propagation and a pure endplate potental (EPP) 15 scen  After decomethomum or
suvamethomum the endplate 1s depotanzed by the drug and ths depolanzatton may
rise sbove the i But the threshold for alsa fises cuttng short the
penod over which the tmuscle can show stimutant eflects (hatched area) If the nerve 1s
stimulated now an endplate potential farge enough to excite under normal conditions
can be obtamed 1t 1s sneffectine becsuse of the rise in threshold

depolanization but presently the excitant depolanzing action disappears totally,
and although complete block may persist 1t 1s now of a hexamethomum type A
sumslar sequence has been observed with decyitrimethylammonum on the motor
endplate Here we seem ta have unequivocal evidence of a change i the character
of the block mot merely of the sntensity of action

Recently Thesteff (1955 1956} using mucro clectrodes for nternal recording of
membrane potentials of frog muscls wr 1uro made the remarkable observation
that s the muscle 18 exposed to depolanzing drugs including acetyichohne tself
for a sufficrent period (15 minutes or more) the endplate depolanzation produced
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by them not only dwindles but may tot1lly disappear The muscle now cannot be
excited through its nerve nor by tdded acetylcholine nor will anticholinesterases
restore transmussion e was able to demonstrte, it muscle, 1 simtlar
phenomenon although the cndplate depolanzation neser sank below 30 per cent
of 1ts mmtial satue If the acctylcholine 15 washed out the muscle furly slowly
recovers its normal response 10 acctyicholne Thestefl behicves that fis results
show that acetylcholine and other depolanzing drugs exert a curire Iike action
Zaimis (1953) has made a similar proposal, in applying her work to the genesis of
mvasthema, suggesting that in these patients acetylchohine released at motor
nerves may come to have a dual action, first sumulating then blocking tself
Churchill Davidson and Richardson (1957) have put forward simifar deas on
the basts of thar work analysing the action of decamethonum and anu-
cholinesterases tn myasthemic patients They noticed that a myasthemc patient
deteniorated marhedly whenever anticholinesterase therapy was continued, but
tmproved under conditions of rest and withdrawal of anticholinesterase therapy
when anticholinesterases would become temporanly effective again From obsena
tions such as this they concluded that her motor endplates were becoming resistant
to acctylcholine (or 1ts breakdown products) in proportion to the amount of
acetylcholine released i their victnity If this was the case then her condition
should be improved by restng the endplate from its chemucal stimulation
completely They attempted to do this by curanzing her with d tubocuranne for
8 days Interestingly enough her requirement for  tubocuranine to produce a
satisfactory degree of general neuromuscular bloch was in the normal range At
the end of this rest period, and after an interval during which the effects of the
d tubocuranne wore off, the patient returned to 1 stronger state than earlier
‘When antichol ases were ad ed, there was a dramatically satisfactory
response, and for a period of several months she was stronger than she had been
for a long ime This 1s only one case but so far as 1t goes 1t bears out to the full
the 1dea that in myasthenics at least the motor endplates can become refractory
1n one way or another as a result of continued exposure to acetylcholine, so that
a possible method of treatment 1s to diminish such exposure
The writer finds the 1dea that acetylcholine can curarize the endplate a difficult
concept for two reasons The first 1s the remoteness in structure between ordinary
curanizing drugs and acetylcholine All the active curare ike compounds have
relatively large molecules and simpler analogues are usually much less effective
thus as an agent expected to 1mitate for istance, d tubocurarine, acetylcholine
1s structurally improbable Secondly, 1t seems unlihely that acetylchohne acting
at a site peculiarly rich 1n the enzyme specifically destroying it could persist there
after washing out, 1n the way required to block receptors For this to occur would
1mply a combrnation with receptors unlike the normal combination, and of a type
which dissociated extraordinanly slowly Grob, Johns and Harvey (1956) find
::’ar\"::ﬁ;\e rgz;z’;\;;nzﬁ the lr:s{mnesc to chohtne }1’5 also changed and t‘l:us substance
action This would allo%v one t);pa}g(:::n:l::lt ft’ 1s ?:‘}’:)hanne ig{!é\rel:?]l)’ co{tnfel:nl“e
which may persist at the receptors and cause bl ] am dffiodhy 1o the
se block The main difficulty 1s that
c};\o]me 1s about 1,000 times less active than acetylcholine, and 1t 1s doubtful
}:elesthet:\:rle]{?c:-geh ‘C}Kh?;e“:;‘uld appear to exert a sigmficant effect The wnter
ange 1n response of the endplate to acetylcholine
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\ h ch occurs sn myasthenia and 1n various expertmental conditions may be better
reeorded not as a curanzation but as a developing refractoriness or accommodation
of tn receptors, comparable perhaps to the process which leads to ‘mactivation
of th~ sodrum pump 1f an excitable membrane 15 held 1n the depolanized state

Tne apphication of this work to chnical practice 1s still to come It seems to be
\mphed that a depolarizing drug may produce, 1n occasional patients or under
particular condrtions, one of two states, either one 1 which 1t 1s behaving like
Jevum.thomun does in the monkey 1n which cases anticholinesterases may be
he pful o onenwhich the endplates have become so refractory that acetyleholine
uselt produces further neuromuscular block, m which cases anticholinesterases
mav actually make things worse It remams for the application of electro
physiclogical techmiques to patients under anaesthesia to discover what 1n fact
happens and, no doubt to reveal still other mnfluences at work

THE SMALL MOTOR NERVE FIBRE SYSTEM

It has recently been realized that voluntary movement 1s controlled to a very
important degree by the activity of the small motor nerve fibre system (see
Hammond Merton and Sutton, 1956, for a discussion) This system consists
peripherally of small myehnated fibres (often called gamma fibres in contrast to
the alpha fibres innervating voluntary muscle 1tself), which leave the spinal cord
1n the ventral roots and innervate the contractile substance of the muscle spindles
(Fig 7) Insodoingthey ‘bras the muscle sprndles, so that their sensory discharge
to extension of the muscle occurs more readily, and 1s more vigorous for a given
extenston If there 1s an intact stretch reflex, so that a reflex motor discharge
occurs when the muscle spindles send 1n therr afferent signals then 1t 15 possible
that muscular movement mught be brought about entirely by the small motor
nerve fibre system Thus if they become active the afferent inflow would ncrease
and reflexly the large motor nerve fibres would fire producing a movement This
may seem a roundabout way of producing a muscular movement but it has
many of the advantages possessed by a  servo mechamsm  tn respect of producing
controlled activity 1n the muscle The tmportance of this pathway has become clear
from work on the central nervous system which shows for instance that one of
the tasks of the cerebellum 1s to control how far activity 1s mediated by this serve
mechanism and how far movements drcectly through the voluntary motar nerve
fibre system are produced (Fig 8) The two types of movement have rather different
charactenistics That controlled by the small motor (ganuua) fibres 1s esseatially
directed at controling the length of the muscle for the muscle spindles register,
not tension but any dispanity between the length of the fibres they are 1mbedde<i
1n and their own Jength Durect (alpha) activty on the other hand simply results
1n muscle tension of a given magnitude The difference between the two pathwavs
can be seen by the result of lesions of the curebellum 1n which the force of muscular
moyement may not be much reduced but the movements are charactenstically
clumsy as though the abihty 10 control position (that 1s the Iength at which the
muscle 15 acting) 1s imparred

The relesance of this to anaesthesia lies wa the fact that the small motor nerve
fibre svstem, like that of the motor fibres to the muscles 15 a cholinergic one
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This means that any drug which can parlyse the ncuromuscular junction will also
interfere with the effect of the ganuma fibres on the muscle spindles A paralysis
of the gamma fibre neuromuscular junction will have as one major conscquence
a reduction of the ffcrent proprioceptive inflow from the muscle spindles It 1s
already known that scfectine paralysis by procune of the gamma fibres m the
scatic nenv e of an animal with decerebrate nigidity will produce substantinl changes
1n the stretch reflex (Matthews 1nd Rushworth, 1957)

¥ rovte

o route

Renshaw cell

Recurrent axon collateral

o efferent —

~Large sp ndle

afferent
N A

Muscle spindle

Fic 7 —Diagram of stretch reflex and refated mechanisms The muscle
spindle lies 1n parallel with the mam muscle and 1ts fast-conducting
afferent 1s 1n synmaptic connexton with the large o motoncurone
supplying the maimn muscle fibres A slow conducting Yy motor efferent
(thin line) supplies the contractile poles of the spindle and thus ca
all_?rhlhe bias on the spindle sensory ending ?

e muscle can be made to contract esther by impul:
centres exciting the « motoneurone direct (lhc); rosx:)scnsrg;’:‘m};l%lt:;
in the y-efferents (the ¢ route) which activate the muscle indrect!
lh;slrcécl:jreﬂe); arc (the follow up servo) v
subsidiary feedback 1oop tsa the recurres
inhibitory Renshaw imterneurone may be rco:;;;t:: f:]::l‘::;?l‘l o ?1“
response of the a motoneurone to 1ts excitatory nput ine the
(Afier Hanunond Merton and Sutton (1956) by courtesy of B It med Bull )
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In the naesthetized patient then, the proprioceptive inflow will be considerably
reduced when he 1s receiving d tubocurarine On the other hand, »f a depolarizing
drug s given one would anticipate that for a pertod at least the muscle spindle
afferent discharge would be considerably enhanced, and amimals muscle
spindle firing ifter suxamethonium has actually been shown (Granit, Skoglund
and Theslefl 1953) There has always been some uncertunty 1s to the origin of
the vigorous fasciculntions seen when 1 depolnizing drug s njected The muscular
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Ic 8 — Muscular contracttons inittated era the follow up scrvo and tie the direct route  In
these experiments on s of the ankle 1s induced reflexly
by moving the head up and down Muscle tenston s recorded (continuous line) together with
the spike discharge from a single muscle spindle The interruption of the traces in (a) and (8)
signals the time of head movement but was late in ()
lad (4} de e cbrats n by intercoll ¢ lur section

ta} m wle contract on accompanied by great acceleration of spindle discharge indicating that the fotfow vp
Krvo (Y TO 1e) b Bctiv te
4 thi 1 confi med siter cutting the dorsal roats when spindle ucceleration occuss as before but there is
ontraction v 1ble € ¢n w th the greater sen i ity of the myograph

no I
4 )4dy nxhe ¢ 1d e chrated by tying the bus Lar sriery This alsa kills th' saterior Iobe of the cerebetfum and
fa_ours the direct iz o te) o}: €131 n
() contracti nivnot ¢ ompan cd by p ndle acecle at on
(d) ahter ‘Lu:I'X n‘l‘ doral 1oty cont actidn occurs as befcre The a motoneuronces are no longer dependent
pindle drt e
Arer Hited & dra d M 1 (1993) C gt Hobmg nanl M 1 0 (1955) 1 1la mond M son anl Surton
Uy’ nt vefd Thpstland Bit n d Bull)

twitches observed are much too vigorous to be due to the activation of single
muscle fibres A sccond possibility s that 1 sort of 1xone reflex might be sct up
tn which depolarszition 1t a motor endplite also depolanzes the motor nerve
terminals and causes 10 ntdromic dischirge which then by an axone reflex
fires off the motor 1xones belonging to the stme motor unit Unfortunately there
1s no clerr cvidence that such wn axone reflex occurs Conscquently the third
possibelity ts also worth bearning :n mund that the fisciculations are medited by
an action of the drug on muscle spindles ciusing an ncreased afferent disch wge
Teading to local motor contractions reflexly inimated
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CONCLUSION

Beswdes beng relevant to the penpheral fasciculitions the action of relixants
on the ganma system Wil 1lso wnfluence penpheral muscle tone One normally
supposes that the reduction of tonc seen 1n amesthesii s due to the neuromuscular
blocking action of the drugs employed, but it might to 1 significant degree lso
be duc to the removal of gamma fibre actsvatton of the muscle spindles producing
a reduction of tone not unlike that produced by section of dorsal roots Such 1n
action would have analogies with the reduction of tone by some central depressants
when they abolish the stretch reflex without necesstrily having any penipheral neuro-
muscular action Finally, 1t 1s worth bearing in mind that the mere reduction of
proprioceptine flow to the brain stem may have more subtle effects Experiments
by Bremer and his schoo! (Bremer, 1953) have shown that 1f a cats bram 1s
sectioned at about the junction between the mesencephalon and the diencephalon
(certeau 1s0le) so that all the sensory inflow except that from the cyes 1nd nose,
1s removed (that s, all the inflow from the spinal cord and espeeaially that from
the tngeminal nerve), then the forepart of the brain falls 1nto a stite indistinguish
able from sleep A scction placed a hittle more posteriorly (encephale isole), so
that the trgeminal nerve 1s active, gnes signs of wakefulness Thus 1s a remunder
of how far afferent 1nflow determines states of sleep 1t makes st a possibility that,
by the action of a relaxant paralysing the gamma fibres and so reducing muscle
spindle discharge a reduction of proprioceptive inflow to the higher centres
might actually contribute to a prolonged sleep lihe state Although true central
actions by mucscle relaxants are, 1n the writer s opimion, rather improbable by
virtue of the great efficiency of the blood brain barrier, 1ndicect actions of ths sort
deserve serious constderation

CONCLUSION

Since they were first discovered, curare and substances like 1t have not failed to
present itrigwing problems No attempt has been made in this review to suncy
the numerous investigations made 1nto the factors which modify the effect and
duration of these drugs It 1s hoped however that some tdea has been comveyed
of the fields sull 10 be developed the mumate detais of receptor action, the
tonic changes assoctated with 1t the applied pharmacology of the small motor
nerve fibre and muscle spindle and the whole of human neuromuscular pharmaco-

logy and physiology all these open up fascinating wistas for exploration by
laboratory worker and clinician alike
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In the anaesthetized patient then, the proprioceptive inflow will be considerably
reduced when he 15 recetving  tubocurarine On the other hand, if a depolanzing
drug 1s gnen one would anticipate that for a period at least, the muscle spindle
afferent discharge would be considerably enhanced, and i ammals muscle
spindle finng after suxamethomum has actually been shown (Gramit, Skoglund
and Thesleff, 1953) There has always been some uncertainty as to the orgin of
the vigorous fasciculations seen when a depolarizing drug 1s injected The muscular
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Fi6 8 —Muscular contractions initiateg tsa the follow up senvo and ta the direct route  In
these experiments on decerebrate cats contraction of the ankle extensors 1s mduced reflexly
by moving the head up and down Muscle tenston 1s recorded (continuous hine) together with
the spike discharge from a single muscle spindle The interruption of the traces in (@) and (8)
signals the tume of head movement but was late in (d)
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twitches observed are much too vigorous to be due to the activation of single
muscle fibres A sccond possibility 1s that a sort of axonc reflex mught be st up
tn which depolanization at a motor endplate also depolanzes the motor nerve
termunals and causes an antidromic dischirge which then by an axone reflex
fires off the motor axones belonging to the same motor unit Unfortunately there
15 no clear evidence that such an avone reflex occurs Consequently the third
possibility ts also worth bearing in mind that the fasciculations are mediated by
an action of the drug on muscle spindies causing an tncreased afferent discharge
leading to local motor contractions reflexly initrated
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CHAPTIR 2
PHARMACOI OGY OF NI'W DRUGS

J W Dusont

AT TIE EnD of the first century of the use of surgical anacsthesia the anacsthetist
had at his disposal at least one representative of each of the major groups of
narcotic drugs and adjuvants During the last decade no new group of narcotics
has come into routine use although the ganghon blocking drugs have been
introduced The new developments have been mostly concerned with the adjusants
(muscle relaxants analgesics and hypotensive agents), which are outside the scope
of this chapter, and also with modifications of anaesthetic techmques using drugs
already established

Many new agents have been subjected to clinical trals within the past few years
and the reasons for their introduction and their place in the future can best be
appreciated 1f the present day trends in anaesthetic techmque are first discussed

(1) Use of noninflammable agents Despite recent advances n operating
theatre and anaesthetic eqmpment, explosions still occur periodically and with
the increasing use of electrocautery, 1t 1s appreciated that complete safety can be
achieved only by the ehmination of inflammable agents

(2) Employment of hghter planes of anaesthesia and more use of analgesics
There 1s an ever increasing accumulation of evidence to condemn the view that
deep anaesthesta 1s essential to eliminate noxious simuli from the site of operation

(3) Minute to minute contro! of the degree of depression and selective control
of the vanous conditions which constitute the state of anaesthesia This necessitates
the use of shorter acting and more controllable agents Here most of the advances
have been made outside the field of the anaesthetic agents per se Examples are
the ntroduction of 1 noradrenaline suxamethonium, alphaprodine and tn
metaphan (Arfonad) The modern trend 1s a search for the ideal anaesthetic

combination of non toxic short acting agents rather than for the 1deal anaesthetic
agent

ETHERS
Although diethyl ether has been 1n clinical use for over a century, 1t 1s still
unnvalled as the anaesthetic ether preferred by the great majonty of anaesthetists
all over the world Apart from the divinyl compound which 1s used mainly as an
mduction agent or for mnor procedures where the irrtant effect and slower
acuion of diethyl ether are disadvantageous, no other ether has found wide
acceptance
Most of the recent work 1n ths subject 1s the result of
the systematic stud.

various ethers with anaesthetic action by John C krantz Jr :)llnd his colleagu(e{
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CHAPTIR 2
PHARMACOI OGY OF NIrw DRUGS

J W Dunpit

AT THE END of the first century of the use of surgical anaesthesia the anacsthenst
had at his disposal at least one representative of each of the major groups of
narcotic drugs and adjuvants Duning the last decade no new group of narcotics
has come into routine use although the ganglion blocking drugs have been
introduced The new developments have been mostly concerned with the adjuvants
(muscle relaxants analgesics and hypotensive agents), which are outside the scope
of this chapter, and also with modifications of anaesthetic techmques using drugs
already established

Many new agents have been subjected to clinical tnals within the past few years
and the reasons for their mntroduction and their place 1n the future can best be
appreciated 1f the present day trends in anaesthetic techmque are first discussed

(1) Use of non inflammable agents Despite recent advances in operating
theatre and anaesthetic equipment, explosions still occur periodically, and with
the increasing use of electrocautery, 1t 1s appreciated that complete safety can be
achieved only by the ehmmation of inflammable agents

(2) Employment of hghter planes of anaesthes:a and more use of 1nalgesics
There 15 an ever increasing accumulation of evidence to condemn the view that
deep anaesthesta 1s essential to eliminate noxious stimuli from the site of operation

(3) Minute to minute control of the degree of depression and selective control
of the vanous conditions which constitute the state of anaesthesia This necessitates
the use of shorter acting and more controllable agents Here most of the advances
have been made outside the field of the anaesthetic agents per se Examples are
the introduction of 1 noradrenaline suxamethomum, alphaprodine and n
metaphan (Arfonad) The modern trend 1s a search for the 1deal annesthetic

combination of non toxic short acting agents rather than for the 1deal anaesthetic
agent

ETHERS
Although diethyl ether has been 1n clinical use for over A
century, 1t 1s
unrivalled as the anaesthetic ether preferred by the great majority of zlyr'mo:slht:lsl‘slllsl
all over the world Apart from the divinyl compound which 1s used matnly 15 an
duction agent or for minor procedures where the tritant effect and slower

action of diethyl ether are disadvantageous no
etomtance 2 other ether h1s found widc

Most of the recent work 1n this suby

ect 1s the resull
various ethers with anaesthetic action { of the systematic study of

by John C Krantz Jr and his colleagucs
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PHARMACOLOGY OF NEW DRUGS

from the Unnersity of Maryland In 1946 Krantz and his co workers drew
attention to methyl n propy! ether This drug has attracted attentron from time to
time but never achieved widespread populanty Krantz and his colleagues (1947)
reported the anaesthetic action of ethyl vinyl ether, but 1ts clinical use was not
described until 1955 by Dornette and Orth and by Sadove Wyant and Cletcher
Partially fluoriated ethers were studied by Lu, King and Krantz (1953) who
suggested that tnfluoroethyl viny! ether gave promuse of being a useful anaesthetic
agent This drug was further investigated by Krantz and Jus colleagues (1953)
and clinical reports on its use have been published by Sadove, Balagot and Linde
(1956) Gatnza and his colleagues (1956) and Dundee, Linde and Dripps (1957)
This was the first fluorated volatile drug to be introduced tnto anaesthesia

Before discussing the actions of these new ethers, 1n order that their value may
be more rapidly assessed 1t seems advisable to review the aspects in which diethyl
ether falls short of the 1deal agent From the patient s pont of view, the pungent
odour and slow induction are the major drawbachs Irritation of the respiratory
tract causes salivation and coughing durning light anaesthesia In deeper planes
hypotension 1s not uncommon and the penipheral vasodilatation places a burden
on an unhealthy cardiovascular system which may be disastrous 1n severe pert
pheral circulatory failure Within the concentration used in clinical anaesthesta
the vapour of ether 1s inflammable and explostve if mixed with oxygen or mtrous
oxide and oxygen After prolonged deep anaesthesia the recovery of protective
reflexes may be slow and nausea and vormting are frequent and may be prolonged

The important physical properties of the new ethers are compared with those
1n current use 1n Table I Except for trifluoroethyl vinyl ether no ether shows any
advantage over diethyl as regards inflammability Even this fluorinated compound
1s inflammable within most of the anaesthetic range although Sadove Balagot
and Linde (1956) report that the mimumum spark ignition energy for trifluoroethyl
ether 1s lugher than for other ethers

Ethyl vinyl ether (EVE)

Ethyl vinyl ether must not be confused with the mixture of ethyl and vinyl
ethers (VAM) introduced by Bourne McDowell and Whyte (1937) although 1t
1s 1nteresting to note that Leake and Chen (1930) mentioned a bpef experiment
with ethyl viny] ether 1n their first paper on divinyl ether Ethy! vinyl ether 1s a
clear colourless hiquid with a very pungent odour not unlike that of diethyl ether
The pure drug 1s unstable and 3 0 per cent ethyl alcohol and 0 01 per cent pheny!
alpha naphthylamine are added 1n the commercial preparation to prevent
polymerization, oxidation and aldehyde formation

As might be expected from the few published chnical reports 1t appears that
the course of anaesthesia with ethyl vinyl ether 1s 1ntermediate between that of
diethyl and divinyl ether Induction 1s rapid but not so quick as with divinyl
ether phenomena attributable to iritation of the tracheobronchial tree are seen
less frequently than with diethyl ¢ther although saltivation 1s common Although
anaesthesia can be deepened easily one 1s not as likely to produce apnoea
1nadvertently as with divinyl ether Dornette and Orth (1955) record a 1 6 per cent
mcrdence of convulsions with ethyl vinyl ether as compared with 3 2 per cent
abnormal muscle movements with divinyl ether reported by D1 Giovanm and
Dripps (1936)
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morphine or pethidine Intercostal paralysss (planc 3 stage 3) may appear before
complete cessation of eveball movement or loss of the pharyngeal reflex (plane 3
stage 1) Although the clectroencephatographic pattesn of cerebral depression
desenibed for dicthvl cther by Courtin and his colleagues (1950) 1s frequently seen
during iduction with tnfluoroethyl vinyl cther, there 1s often difficulty in deter
mimng the depth of anacsthesia from the clectroencephalographic tracing
Generally speaking levels 2-3 indicate light surgical anaesthesta while apnoca
appears between lesels S and 7

One might expect from the presence of a halogen that tnfluoroethyl vinyl
ether would sensitize the heart to the effect of adrenaline, butin animals the opposite
effect appears to occur and an jection of adrenahine has less effect on the
electrocardiographic pattern during anaesthes:a than in the conscrous animal
(Orth 1955 Gainza and his colleagues, 1956) Hypotension invarably occurs
duning deep tnfluorocthyl vinyl cther anaesthesia and the frequency with which
deep anaesthesia 1s nadiertently obtained may lead to a higher incidence than
during the use of diethyl ether However, the blood pressure rapidly returns to
normat when anaesthesa 1s hghtened Apart {rom transient displacement aof the
pacemaker no cardiac wregulaniies have been reported dunng the use of
infiuoroethyl vyl ether In contrast with other ethers, effects on the blood
pressure which are secondary to tachypnoea are not infrequent Duning a short
period of increased respiratory rate there 15 a nse 1 blood pressure but of
tachypnoea persists for longer than an hour hypotension invanably occurs, and
this may persist 1nto the post operative period

Trifiuoroethyl vinyl ether appears to be a profound respiratory depressant in
deeper planes of anaesthesia Tachypnoea frequently occurs 1n patients who are
not given morphine or pethidine as pre operative medication The respiratory
rate increases with the depth and duration of anaesthesia but established
tachypnoea can be quickly reduced by the intravenous tnjection of 10-20 mulligrams
of pethidine Tidal volume 15 markedly depressed at high respiration rates and

d follows prolonged tachypnoea (Dundee and Dripps 1957)

Muscular relaxation 1s vanable with tfluoroethyl vinyl ether, but difficulty n
assessing the depth of anaesthesia may lead to poor operating conditions Lile
dicthyl ether the drug seems to be synergistic with d tubocurarine chlonde
Recovery from anaesthesia 1s more rapid than after diethyl ether Reports of the
incidence of post operative nausea and vomiting are varable (11-45 per cent)
but tn the absence of a controtled study 1t 1s not possible to say whether trifluoro-
ethyl vinyl ether has any advantage over other ethers 1n this respect

Some ncrease n blood sugar after one hour of triffuoroethyl vinyl ether
anaesthesia similar 1n extent to that observed during cyclopropane anaesthesia
has been reported by Gainza and his colleagues (1956) There 1s some ncrease m,
bleeding ime Although an increase wm bromsulphthalein retention dunn
?lr;aesf;_hcsla ?a; b:len repo{ted, t_Sadme Balagot and Linde (1956) consider tha%

e ellects of the drug on hver function
and spinal anaestheslag compare favourably with those of ether

It can be seen that while the new ethers may have slight ady
ether they are not such as will ensure them 2 lasting pglac: mzr::f:&gs‘;r gyl
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PHARMACOLOGY OF NEW DRUGS

The effects of ethyl vinyl ether on the cardiovascular system are simular to those
of dicthy! ether, circulatory depression occurring 1n a deep plane of anacsthesia
In general this drug seems to share with other anaesthetic agents a tendency to
displce the pacemnker during deep anaesthesia Premature auricular contractions
have been observed during its use, but 1t does not apparently cause ventricular
arrhythmias

Rapid emergence at the termmnation of 1naesthesta with very carly return of
protective reflexes and conscrousness 1s one of the advantages claimed for cthyl
vinyl cther and tiis has proved valuable 1n dental anacsthesia (Sadove, Kowalsk:
Balagot and Krol 1955) Nausea and vomuting arc furly common, and since
divinyl cther 1s known to have a toxic cffect on the liver after prolonged usc
(Goldschmidt and his colleagues 1934) this aspect of the usce of ethyl vinyl cther
hs been extensively mnvestigated However, repeated administration of the drug
to healthy dogs had no cffect on hepatic function (Dornette, Bragman and Orth,
1954) and 1n man the degree of impairment of bromsulphthalein excretion after
cthyl vinyl ether compares favourably with that recorded after diethyl cther
(Sadove Wyant and Cletcher, 1955) The drug has no scrious cffect on the blood
but a moderate leucocytosis occurs 1n tbout one fifth of the pattents Large doses
of ethyl vinyl cther scem to predispose to temporary acetonuria

Trifluorocthyl vinyl ether

Trifftuoroethyl vinyl ether 1s a clear colourless hiquid with a pleasant odour
which 1s less pungent than that of dicthyl ether and resembles somewhat methyl n
propy! ether The trfluorcarbon configuration 1s stable and the drug possesses
the properties of inorganic fluorides There 15 no tendency for the vinyl group
ing to hydrolyse at high temperatures and the drug can be safely used 1n a closed
circuit with soda lime

The induction of aniesthesia 1s much smoother than with diethyl ether, but the
high botling point of the fluoro compound makes the use of the open drop
technique difficult Although loss of consciousness 1s rapidly achieved with
trifiuorocthyl vinyl ether the onset of surgical anaesthesia may be somewhat
prolonged Dunng the induction period 2 very marked analgestt 1s present

Once the level of surgical 1nacsthesia has been achieved the control of the
depth of anaesthesia 1s much more flexible with tius agent than with its non
fluorinated 1somer or with diethyl ether In fact anaesthesia can be deepened or
ightened with a rapidity which can be alarming and alert attention 1s needed
during the administration In this respect as in others the drug resembles cyclo
propane Anaesthesia can be achieved with a respired gas concentration of
3-129 vols per cent and the blood levels vary from 10 milligrams per cent 1n light
anaesthesia to 40 milligrams per cent in the fourth plane of the third stage (Sadove,
Balagot and Linde 1956 Dundee Linde and Dripps 1957) The ease with which
the depth of anaesthesia can be varied with trifiuorocthyl vinyl ether may in part
account for the observation that jaw relaxation is less consistent during surgical
anaesthesia than with diethyl ether A few breaths of air during laryngoscopy
may highten the anaesthesia to such 1 degree that intubation becomes difficult or
impossible

The classical stages of ether anacsthesin as described by Guedel, are frequently
napplicable to trsfluorcethyl vinyl ether especially after the pre operative use of
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morplune or pethudine Intercostal paralyss (plne 3, stage 3) may appear before
complete cessation of cveball movement or loss of the phatyngeal reflex (plane 3
stige 1) Although the clectroencephalographic pattern of cercbral depression
deseribed for dicthy] cther by Courtin And his colle1gues (1950) 1s frequently scen
duning 1nduction with tnifluorocthyl vinyl ether, there 1s often difficulty 1n deter
mming the depth of anacsthesia from the clectrocncephalographic tracing
Generally speahing levels 2-3 indicate light surgical anesthesia while Apnoct
appears between levels 5 and 7

Onc might expect, from the presence of 1 halogen, that tnfluorocthy! vinyl
ether would sensiteze the heart to the effect of adrenaling, butin amimals the opposste
effect appears to occur, and an injection of 1dreniline has less effect on the
electrocardiographie pattern dunng anacsthesta than i the conscious ammal
(Orth 1955 Gainza and lus collergues 1956) Hypotension nvanably occurs
duning deep trifluoroctinl vinyl ether anaesthesia and the frequency with which
deep anacsthesia 15 nadsertently obtuned may lead to 1 hgher inaidence than
during the use of dicthyl ether Howeser, the blood pressure rapidly returns to
notmal when anaesthesia 1s lightened  Apart from transient displacement of the
pacemaker, no cardiac rrregulantics have been reported during the use of
tnfluorocthy] vinyl ether In contrast with other cthers, cffects on the blood
pressure which are secondary to tachypnoea are not infrequent During a short
petiod of increased respiratory rate there 1s a rise in blood pressure but af
tachypnoea persists for longer than an hour hypotension invariably occurs, and
this may perstst tnto the post operative period

Trifluoroethyl vinyl ether appears to be ¢ profound respiratory depressant 1n
deeper planes of anaesthesia Tachypnoea frequently oceurs in pauients who are
not given morphine or pethidine as pre operatine medicatton  The respiratory
rate ncreases With the depth and duration of anaesthesia but cstablished
tachypnoea can be quickly reduced by the sntravenous injection of 10-20 mulhigrams
of petidine Tidal volume 15 markedly depressed at high respiration rates and
actdosts follows prolonged tachypnoea (Dundee and Dnpps, 1957)

Muscular relaxation 15 vaniable with tnfluorocthyl viny! ether but difficulty in
assessing the depth of anaesthesia may lead to poor operting conditions Like
diethyl ether the drug seems to be synergistic with o tubocuranine chloride
Recovery from anaesthesia 1s more rapid than after diethyl ether Reports of the
incidence of post operative nausea and vomiting are vanable (11-45 per cent)
bt i the absence of a controlled study 1t 1s not possible 1o s1y whether trifiuoro
ethyl vinyl ether has any advantage over other ethers 1n this respect

Some increase 1n blood sugar after one hour of trnifluoroethy) vinyt ether
anaesthesia simidar in extent to that observed during cyclopropane anaesthesia,
lll";ls :een reported by Gainza and lus calleagues (1956) There 1s some incrense n;
ans:eslt%gcslgn}’]i\s f;\:;hough an increase 1n bromsulphthalein retention during

N n reported, Sadove, Balagot and Linde (1956) consider that

the effects of the drug on hver fun
ction compare favourabl.
and spinat onaec o P y with those of ether

1t can be seen that while t

he new ethers may have shight ad
ether they soe por s mile y gl vantages over diethyt

will ensure them a I1sting plice 1n 1naesthestn



PHARMACOLOGY OF NEW DRUGS

Ether analgesia

A new approach s 1n the use of diethyl ether analgesia This can be accomplished
with concentrations of the drug which are without any obvious effect on the
cardiovascular system

As the result of a detailed study of the first stage of ether narcosis, Artusto
(1954) has drvided 1t into 3 planes In plane 3, which occurs just before the loss of
consciousness, there 1s total analgesia and amnes:a This plane has been used for
operation on the mutral valve 1 110 patents and tn 25 other cases, including
abdomtnal sturgery (Artusio, 1955) Following a sleep dose of thiopentone mitrous
oxide~oxygen-ether 1s administered until surgical anaesthesia 1s obtained After
thorough application of a topical analgesic to the larynx intubation 1s performed
Hypersentilation 1s then carned out with oxygen only untit the patient 1s returned
to the stage of consctousness Should a pam response be evoked more ether 1s
added until total analgesia 15 obtamed, the patient remaining conscious and
co operative The average level of ether 1n the venous blood 1s 15 milligrams per
cent 1n this plane of anal The ab: of an ¢ stage durning the
hightening of anaesthesia 1s very notable, and Artusio suggests that there s really
no defitutive second stage on a dose response basts, but that the delirium may be
a result of a fear reaction to the mutial loss of conscrousness

Because of the narrow margin between partial analgesia and total analgesia
the electroencephalographic pattern of the stage of ether analgesia has been studied
in detail (Bellville and Artusio, 1955} The recording shows predominantly
rhythrc, sinusoidal activity of 20 to 22 cycles per second with an amphtude of
30 to 40 microvolts By using the electroencephalogram as a monttor 1t 3s possible
with the muscle relaxants to extend ether analgesia to operations requinng
profound muscular relaxation

Although there are as yet few published reports on the use of ether analgesia

it 15 possible that with this technique the response to stresses such as trauma or
‘blood loss 15 mmmal If this work 15 confirmed we may have a very valuable
new apphicanon of a drug for which by virtue of its undesirable effects durng
surgical anaesthesia pharmacologists and anaesthetists have been looking for a
more satisfactory substitute More mmportant still we may have a new approach
to the whole subject of surgical anaesthesia, m the light of which 1t may be
necessary to re examme the effects of the established anaesthetic agents with
spgcxal emphasis on their abihty to produce total analgesia (Liang and Dodd
1956)

OTHER HALOGEN COMPOUNDS
Isopropy] chlonde

Isopropyl chlonde 1s a non irntant volaule compound having a potent anaesthetic
action with a short induction pertod and rapid recovery Many of its actions
resemble those of cyclopropane but several reports on its use (Cope 1950

Lockett 1951, Elam and Moorhouse 1951 Liang and Dodd 1956) have shown
1t to be too potent a myocardial poison to warrant 1ts use i chimeal anaesthesia

Two cases of cardiac arrest have been described (Roualle 1950 and Macdonald

1950)
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OTHI R HATOGEN COMPOUNDS

Halothane (Iuothanc)

Halothane 1s the most promusing of 1 scres of fluoninated hydrocarbons
synthesized by C W Suckling of Impenat Chesuenl Industetes Ttd Its phirma
cology was imvestigated by Raventos (1956) Halothancisa heavy colourless hquid
with an odour which bears some sinulinty to that of both trichlorocthylene and
chloroform The drug decomposes slowly with the formation of volatile 1cids when
exposed to hight but ts stable if stored m amber coloured bottles or of 001 per
cent thymol 1s added The physical characteristics of halothane are shown 1n
Table I, where 1t 1s compred with new and established volatile agents Stability in
contact with soda lime permuts the safc use of the drug in 1 closed circuit and 1n
this respect 1t 1s superior to trichlorocthylene

Experiments with mice showed halothane to be about five tumes as potent as
dicthyl ether (Raventos, 1956) In these amumals 1t had 1n antesthetic ndex
(LCS0/ACS0) of 3 3 compared with 17 for cther, 15 for chloroform and cyclo
propanc and 5 0 for trichlorocthylene Raventos reported a smooth induction of
anaesthesia 1n animals with prompt recovery even after 5-6 hours of an-iesthesia
In view of the hugh oiljwater partion cocllicient this prompt recovery has been
questioned by Burn and tus collcagues (1957) They suggested that after prolonged
adminsstration a good deal of the drug would be absorbed by the fatty tissues,
thus taking a considerable time for complcte chmination Using the Anec jerk
as a cntenion for recovery, these workers found that the duration of recovery
depends both on the ume of exposure and on the depth of anacsthesia Several
climical observations have been made which arc in heeping with this latter view

In animals and man, halothanc 1n concentrattons up to 2 per cent causes hitle
wnitatton to the tracheobronchial tree and the sbsence of sceretions 15 a feature
of the anaesthesia, as compared with other volatile agents Both the amplitude
and frequency of respiration are decreased during anaesthesia with halothane
When the respiration ceased 1n ammals, the blood pressure was shll reasonably
high and the heart continued to beat for about mine to ten minutes (Raventos
1956) The degree of respiratory depression sn man dunng surgical anacsthesia of
moderate depth 1s such that cyanosis frequently occurs when the halothane 1s
volatilized with air As s to be expected, the depression of respiratory minute
volume is more marked after hcavy opiate premedication (Bryee Smith and O Brien
1956 1957) Most chnical reports mention the occurrence of tachypnoea n
hightly anaesthetised patients and this 1s quickly controlled by the intravenous
injection of a small dose of pethidine Brennan Hunter and Johnstone (1957)
consider tachypnoea to be more related to the surgical stimulation than to the
inhalation of halothane

Cardiorascular effects —There seems to be little doubt that the nhalation of
:alox:mn: produces lhypoh:nsnon n proportion to the depth of anaesthesia This
lggzl;r:’s&onr;;::::};ﬁ ?:coamp[amed &y bradycardia Raventos (1956) attributed
drug on thg mesenteric ganggl:‘f ‘\(V)l‘:;::]lll?: ‘:v::s e s qunarked effect of the

N ening of cardiac muscle Johnstone
(1956) and Brennan, Hunter and Johnstone (1957) support this view on clincal
grounds, because of the marked vasodilatation which occurs On the other hand
Burn and tis colleagues (1957) found that halothane produced a1 depression of the
dog heart lung preparation which was about 70 per cent of that produced by
chioroform and such greater than the effects of comparable concentrations of
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ether and trichlorcethylene Although they found that hulothane can weaken
ganghonic transnusston (and potentiate hexamethonium) they considered that this
was not of such mntensity as to account for the hypotenston and suggested a central
depression of the visomotor mechamisms as another possible explanation In
support of this they found that depression of a central nervous system reflex,
the knee jerk, occurred 1n proportion to the degree of hypotension Hypotenston
indeed seems to be the most important drawback to the use of halothane i chnical
anaesthesia Brindle 1nd his colleagues (1957) report severe postural hypotension
from subanaesthetic concentrations of the vapour during occipital cramotomy
carried out 1n the sitting position It rapidly responds to lightening of the depth
of anaesthesia and the use if necessary, of the vasopressors methoxamine and
phenylephrine As will be mentioned later, infusions of adrenaline or noradrenaline
should not be used to restore normal blood pressure
The preservation of vagal activity 1n the presence of halothane 1s the cause of
the bradycarda (Raventos, 1956) However there seems sometsmes to be a relation
ship between the blood pressure and pulse rate which 1s similar to the von Bezold
response seen n patients who have received veratrum alkaloids (Dwes Mott and
Widdicombe, 1951) Johnstone (1956) recommended that an additional 0 6 mulli
gram atropine be given with the induction dose of thiopentone and commented
on the rise of blood pressure which accompanies a tachycardia Chang McCariney
and Graves (1957) have venfied the value of an additional dose of atropine to
reduce the degree of hypotension It has also been suggested that where an
antidepolansing type of relaxant 1s to be used 1 conjunction with halothane
gallamine triethiodrde 1s the drug to use because of 1ts specific action 1n depressing
the ability of the vagus to slow the heart (Riker and Westcoe 1951)
Serjous abnormalities in cardiac rhythm are not commonly seen during halothane
anaesthesia  although multifocal ventricular extrasystoles have been observed
(Johnstone 1956) Ventricular fibrillation sometimes ocrurred following 1njection
of adrenaline 1n amimals (Raventos 1956) and Brindle Gilbert and Mllar (1957)
have found this to be a hazard m man In a series of neurosurgical patients they
found a higher incidence of serrous disturbances mn rhythm when adrenaline was
used with the local anaesthesia. Amounts up to 500 nulligrams of adrenaline were
mjected {in 125 rulhlitres of 1 1500 cinchocatne) and a nse 1n the adrenaline
content of penipheral venous blood was detected 1n these patients up to 15 minutes
after sts admimstration  Pending further investigation 1t appears from therr
evidence that the subcutaneous mjection of adrenaline during halothane anaesthesia
1n man may be hazardous and other vasopressors should therefore be employed
to correct hypotension The potential hazard due to endogenous adrenaline must
also be remembered Robson and Sheridan (1957) have observed bursts of ven
tricular extrasystoles during stretching of the rectal sphincter under Iight halothane
anaesthesia and comment that this s remuniscent of events under chloroform
anaesthesia
Muscular relaxarion —The consensus of opinion 1 the chimcal reports shows
that a far degree of muscular relaxation can be obtained during halothane
anaesthesia 1n man although Burn and his colleagues (1957) demonstrated that
concentrations of vapour as high as 4 per cent did not produce neuromuscular
block 1n amimals These workers found that halothane antagomses the action of
suxamethomum and potentiates d tubocurarine chlortde The antagonism of
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cuxamethomum by halothane docs not scem to be of great chinscal significnce,
but severe blood pressure flls have followed the 1dministration of o tubocurarine
chloride during halothane anacsthesr This is attnbuted 1o 1 polentintion of the
ganglion blocking action of the relixant Gallamine tncthiodide appears to be
devord of this hazard 1ollowing the use of muscle relxants, Johnstone (1956)
stresses that 1 profound cirdio mmlubitor, such s necostigmine 1s dangerous 1n
patients who have had hilothane and its use has c1used some 1nxiety even when
1t has been preceded by the usual dosc of atropine

Metabolie effects —In contrast to chloroform and cther anicsthesin, halothine
does not produce marked hyperglyctemia (Stephen and his collengues, 1957),
i fact 1t m1y nduce sensittvaty to wnsulin in diabetic patients (Brennan, Hunter
and Johnstone, 1957) Impurment of bromsulphalein excretion has been reported
after long naesthesia tn man by Brindle, Gilbert and Millar (1957) but Burns
Mushin Organe and Robertson (1957) and Stephen and his colleagues (1957)
consider the cffects of halothane on liver function to be no more marked than
those of other 1naesthetic agents

Other cffects —Rasentos (1956) found dilattion of the prouimal convoluted
renal tubules with shight cytological changes 1n the cells of these tubules n animals,
after repeated periods of anaesthesta with halothane Renal function tests, carrted
out 1n man by Burns Mushin Organe and Robertson (1957) and by Robson and
Sheridan (1957) did not reveal any speaific toxic eflects of the drug on the hdneys

Opinions differ on the incidence of post operitive nauser 1nd vormiting after
halothane Brennan and his colleagues (1957) and Stephen and his colleagues
(1957) quote a 6 per cent incidence 1n over 3,000 administrations, while Burns
and s colleagues (1957) place the moidence at 28 per cent

Clinical use —There 1s not complete greement s to the optimum nhaled
concentrations of halothane for the production of surgical aniesthesia Machay
(1957) and Bryce Smith and O Brien (1957) used 2-3 per cent for induction of
anaesthesta For maintenance Bryce Smith and O Brien found that tbout
2 per cent vapour was requircd while Mickay s figure wis 0 5-1 per cent This
discrepancy may be explained by the concomitant use of mitrous oxide 2nd oxygen
by Machay, whereas Bryce Smith and O Brien volatshzed the drug with ur The
importance of vaporizers capable of delivering low concentrations of the drug
must be stressed With a circle absorber Gain and Paletz (1957) have rpudly
reached EEG level 7, with accompanying cardiovascular and respirtory
depression whereas Stephen and Iis colleagucs (1957) have found that level 3
appeared to produce satisfactory anacsthesin All cases of cardinc arrest reported
during halothane anaesthesia have undoubtedly been duc to inadvertent over-
dosage (Chang, Macartney and Graves 1957, Foster, 1957, Hudon Jacques,
Clavet and Houde 1957) '

It 15 too carly even to suggest whether hilothane will prove to have 1 useful
place in chinreal anaesthesta Its great 1dvantages are [ack of mflimmabihity and
stability 1n contact with soda lime However, 1t has disadvantages compared with
trichloroethylene as far as hypotension respiratory depression ind lach of
analgesic properties 1re concerned The concentration of vapour required for
anaesthesia 1s Jow and once vaporizers are available which will 1llow considerabl
vanation within this range, 1t 1s hoped that many of these dingers ma be
minimized The possible sensttization of the myocirdium to qdrcnalmg b;
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halothane must iso be remembered, particularly since the report of several
wnstances of primary cardinc fuilure during the administration of trichloroethylene,
due undoubtedly to this property, which formerly was considered to be 1 purely
theoretical disndvantage of this gent (Edwieds and his colleagues, 1956)

There 1s 1 need for 1 non inflimmable flextble volatile ~gent, capible of
adminisiration by simple means, yet which ¢an be used safely m the closed circunt
However, these 1dvintages must not be obtuned 1 the price of safety in other
wpeets of 1ts chnic1l use

INTRAVENOUS ANAESTHLSIA
1 hiobarbiturates

Apart from 1 hmited use of thrimylal in the United States of Amenct and
thilbarbitone tn Britan 1nd elsewhere, for the past twenty years thiopentone has
T 1 the most co ly used throbarbiturate Advantages over thiopentone
have been clatmed for hoth thuamylil and thilbarbitone, 1nd these can be
demonstrated by 1 close study of their actions However, 1f one allows for
differences 1n potency, there is hittle to choose between the three barbrturates so
fir s their chinical use 1s concerned This 1s shown by the fulure to distinguish
between thiopentone 1nd thirmylal in a double blind chimic 1l study involving over
one thousand admimstrations of each drug (Tovell 1nd hus colleagues, 1955)

Thiopentone 1s a well tned and reliable drug, and, if its actions tnd limitations
are fully appreciated, 1t cin be given safely to the mijority of patients This was
shown by 1ts use between 1934 and 1955 1n over one third of three and 1 half
mililon anacsthetics recently reviewed by the author (Dundee, 1956) From the
patients viewpount, 1ts widespread use has been a great advance and has semoved
much of the terror of operation To displace such 1 drug 1 new compound must
have clear cut advantages 1nd should be assessed 1n the hight of the hazards
mherent 1n thiopentone

Studics of mortality associited with anaesthesin show that the depressant action
of thiopentonc on the circulation 1s 1 too frequent causc of death The sequelae of
advertent intra rtenal injection Are too well known to need stressing Respiratory
depression leading to hypoxia 1s another danger associtted with the use of thio
pentone  Delvyed recovery 15 not 1 major driwback and s rarcly found after the
Judicious usc of the drug but the return of consciousness docs not mean that the
patient has complete control of the mental faculties Failure to 1pprecinte this has
fed to accidents  Although the period of nircosis 1s usually brief after small
amounts of thiopentonc, recovery may be prolonged after Inrge doses, espectilly
when the drug 15 used as sole narcotic The Ik of annlgesic properties makes this
last use unsafe 1s doses which suppress reflex activity inversibly have 1n wdverse
effect on other wit1l functions

In the field of thiobarbiturates many drugs with variitions mn the side chins
1s compared with thiopentone hive been tried in nacsthesia In these the aim
scems to be the production of a shorter acfing compound by more rapid degrada
tion or redistribution 1n the body N methyl thiobarbiturates are definitely shorter
acting tn sm1ll doses 1nd less cumulative after repeted mjection (Swansen and
Chen, 1953, Stoclung 1953 Stoclting and Graf 1954) Papper and Ius co workers
(1955) have shown th1t the shorter duration of narcosis with n methyl thiopentone
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as compared with thiopentone 1s due to tts greater affinity for body fit However
since this adyantage of brevity of action was accompanied by an increased ineidence
of laryngospism 1nd hiccough, these drugs hve no chimeal importanee

The structural formulae for three other new thiobarbsturates re given in
Table1l Buthahtoneis about half as potent as thiopentone wheeeas methothiourate
and Inactin scem to be tbout two thirds 1s strong Buthihitone 1nd methothiourate
have now been subjected to extensne chmeal toals, and on revieswing these
cntically (sce bibliography) there 15 some not very defimte cvidence of morc
rapid recovery following smali doses Blake and Perlman (1956) have shown that
methothiourate accumulates in fat more rapidly than thiopentone Tt 1s not yet
definitely known whether prolonged narcosis follows lirge doses of these drugs,
as 1s the case with thiopentone Titzpatrick, D Arcy tnd Mersch (1956) claim that
this does not happen with methothiourate, whereas Bournc (1956) thinks that
with cquipotent doses narcosis from buthihitone Jasts rather longer than from
thiopentone

TABLE Il

STRUCTURAL FORMULAS I'OR THIOPENTONE, BUTHALITONL,
METHOTHIOURATF AND INACTIN

5 5!

Thiopentone —CH, — —CHACH.—CH—
Thiopental 3 2 CH’ o CH’ EH
CHy

T Buthaliipne
N {Baytinal) CHy—CH=CH,—
N\ (Transithal)
< s =5 | (Ubreval)
h

e N e tororay '€ CHs-CHCHCH—
’ ! {Neraval) | cHrs—CHrCH
o fa (Thio CH
genal} y

CHy
CH—CHp—
HJ/ 2

Inactin CHy~CHz CHJ—CH}\
/CH~
CHy

On the debit side Nobes (1955) and Little and Reid (1956) with buthald
Fitzpatrick, D Arcy and Mersch (1956) and Boone, M(unoz)and Dillon (1‘905‘2; \'\l:ﬁ
methothiourate, report a higher merdence of respiratory disturbances than one
usually assoctates with thiopentone This may be due to lack of experience with
the drugs, but in ight of the findings with n methyl thiobarbiturates, one wonders
whether such occurrences are not inevitable with small doses of cx(,remel short
acting thiobarbiturates If the narcoss returns rapidly to a level where cgu h ]
15 likely before an effecuve supplementary agent can be introduced, one ma gh'I\I\]rg
to use an amount for an induction dose which has s long an action ;1s thio e¥1t :
With intermittent njection more frequent increments will be required }z’md Sy
possible advantages from the use of small doses will be Jost Fitzpatrick, D Azmy
and Mersch (1956) claim that the continuous use of A dilute solution o,f metl:cy
thiourate abolishes the risk of laryngospasm, coughing and hiccough, and th?s
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supports the hypothesis that such effects 1re due to too rapid lghtening of
anaesthesin

For clectroconvulsive theripy and muinor or dental surgery, especially 1n out
paticnts, onc welcomes 1 drug from which recovery will be more rapid than from
thiopentone From the published reports it would seem that we have 1t lest two
such drugs, the relative menits of winch have yet to be established It also seems
uniikely that the stme drugs ean replace thiopentone, thralbarbitone or thiimyiat
15 1 routtne induction agent for major surgery or where intermittent administration
1s intended None of these new drugs appears to be less toxic to the cardiovascular
system Respiratory depression may be of shorter durition, by virtue of a more
rapd recovery from anesthesia Methothiourate 1s not frec from irritant effects
ifter extrivenous njection (Grant Whyte, 1956)

From the above discussion on buthalitone and methothiourate st appears that we
wre no nerer finding 1 completely trouble free intravenous thiobarbiturate
Inctin 15 1s yet uninvestignted in the English speaking world but Continental
reports show it to be very stmilar 1o thiopentone

Only two suggestions have been made recently which appear to have any
bearing on the problem of reducing the mherent towcity of the thisbarbiturates
Gould (1955), Hasler (1955) and Dawkins (1955) all claim that hexobarbitone ts
less srritant to tissues than 1s thiopentone 1nd suggest its more widespread use
antesthesin The beneficial effects of ealctum chloride in preventing myocardial
depression cwised by thiopentone has been described by Fronek nd Pisa (1956)
It remnuns to be scen whether these suggestions are of 1ny chimcal value Mean
while attempts are being made to seck infravenous anaesthetic 1gents which e
not barbiturates These will have to be judged using thiopentone 1s 1 yardstich

Steroids

Selye (1941, 1942) mvestigating diflferent steroids  observed generl anaesthesia
ifter their use i ammils Laubach, P An and Rudel (1955) and P An and his
collergues (1955) cxtended this work nd selected 21 hydrosypregnane 3, 20
dione sodium hemisuccnate as mast lkely to be of climienl use This drug now
known s hydroxydione (Vindril) possesses a high margin of safety i amimals
and appetrs to be devord of ocstrogenic or androgenic stumultting properties
After intravenous njection there 1s 1 delay of 1 few minutes before the onsct of
narcosis  Experiments by Tiylor and Shearer (1956) suggest that the drug has
hypnotic rather than analgesic properties Hypotension nd respiratory depression
iccompany narcosis but hydroxydtone does not depress the 1solated rabbit heart
to the same extent 15 does thiopentone although the duration of tts effect 1s
longer. It has been suggested thit inhibition of the central vasoconstrictor centres
15 the maun factor in the production of hypotension

Hydroxydione 15 1 watcr soluble winte cryst illing substince 1queous solutions
having a pH of 8 to 10 All clinical reports refer to its irritant effect on the endo
thelium of the veins Using 1 2 5 per cent solution njected tnto a rapidly running
infusion, Murphy, Guadigni and Debon (1955) found a 3 per cent incidence of
venous thrombosts with 1+ simulir technique Lerman (1956) found two cases of
thrombophlebitis m 19 ad tritions With an 05 per cent and 15 per cent
solution Taylor and Shearer (1956) found 20 per cent ncidence of thrombosis
and 1n 139 cases reported by Dent Wilson ind Stephen (1956) with 2 1 per cent
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solution 239 per cent of patients compluned of 1 burning aching pan near the
site of yection and 4 77 § per cent inerdence of thrombophlehitis occurred

The most striking difference between the action of hydroxydione and that of
the thnobarbiturates 1s the delayed onset of sleep Thus 1s affected by the dosc, rate
of injection and condition of the patient, and vanes between two and five minutes

During the persod between mjection and loss of cansctousncss the patients
appear to be free from fear and apprehension, and gradually become more sleepy
until they can no longer talk There 1s another dely between loss of conscrousness
and the mramum cflect bemng observed 1t scems advisable to allow 5-10 minutes
after injection before Attempting intubation or bringing the patient anto the
theatre Half a gramme renders the average adult drowsy but usually not
unconscious whereas onc grimme usually produces deep sleep

Intubatton can casily be pecformed without relaxants 1n the majority of cases
after Indroxydione but the refiexes remun active 1nd coughing 1s common The
jaw relaxes carly and respiratory obstruction 1s hable to occur, but an oropharyngeal
airway 1s well tolerated Persistent hiccough has been reported by Harbord and
Wild (1956) 1 9 of 25 cases but thus complhication is not stressed by other workers
Respiratory depression 1s not marked after moderate doses of hydroxydione
Abnormal muscle movements have been observed 1n 1solated cases and may occur
spontaneously or result from stimulation

Tachycardia of varying degree was a usual finding during anacsthesia and
hypotension seemed to be related to the dose of hydroxydione used Hunter (1957)
has noted that the main immediate compheations of fall in blood pressure and
respiratory depression do not appear until some tume after the admunistration of
the drug has been stopped The variety of techmques used for the maintenance of
anaesthesta makes 1t difficult to assess the other effects of this new anaesthetic
agent Muscular relaxation appears to be vanable After one gramme of hydroxy
dione one can expect an average adult to be 1wake and rattonal but still drowsy
at the end of one and a half hours Galley and Rooms (1956) comment on the
feeling of well being dunng the recavery period

Hydroxydione 1s an interesting drug and yet 1t would scem to possess all the
disadvantages that are possible in an intravenous anaesthetic agent The onset of
narcosis 1s delayed and minute to minute control of the depth of annesthesia 1s
mpossible Delay 1n recovery 1s common and venous thrombosts must be con
sidered a major disadvantage However, 1t opens up a new field with a type of
anaesthetic agent which has not hitherto been explored Before passing judgment
on 1t one should wonder what would have happened if the early members of the
barbiturate group of drugs for example barbitone had been subjected to an
extensive trial as intravenous anaesthetics It 1s hoped that other steroids will be
investigated and among these one may yet find a drug superior to thiopentone

Dolitrone

This drug 15 different from any other agent used 1n intravenous annesthesia
Its pharmacology was described by Thompson, Smith and Werner 1n 1954 and
the first chinical trials were reported by Lundy (1954 1955 1956) These reports
suggested that Dolitrone was primanly an analgesic, although anaesthesin could
be produced with large doses It was suggested by Lundy that Dolitrone might
open up  an era of general analgesia , and he described the sihisfactory use of
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supports the hypothesis that such effects are due to too rapid lightening of
anaesthesia

For electroconvulsive therapy and minor or dental surgery, especially n out
patients, one welcomes a drug from which recovery will be more rapd than from
thiopentone From the published reports 1t would seem that we have at least two
such drugs, the relitive merits of which have yet to be established It also seems
unlikely that the same drugs can replace thiopentone thialbarbitone or thiamylal
as a routine 1nduction agent for major surgery or where imntermmttent admimstration
1s intended None of these new drugs appears to be less toxic to the cardiovascular
system Respiratory depression may be of shorter duration, by virtue of a more
rapid recovery from 1naesthesta Methothiourate 1s not free from irritant effects
after extravenous injection (Grant Whyte 1956)

From the above discussion on buthalitone 1nd methothiourate it appears that we
are no nearer finding a completely trouble free intravenous thiobarbiturate
Inactin 1s as yet umnvestigated 1n the Enghish speaking world, but Continentnl
reports show 1t to be very similar to thiopentone

Only two suggestions have been made recently which appear to have any
bearing on the problem of reducing the mherent toxicity of the thiobarbiturates
Gould (1955) Hasler (1955) and Dawkins (1955) all claim that hexobarbitone 15
less irntant to tissues than 1s thiopentone and suggest its more widespread use 1n
anaesthesta The beneficial effects of calcium chloride 1n preventing myocardal
depression caused by thiopentone has been described by Fronek and Pisa (1956)
1t remains to be seen whether these suggesttons are of any chmcal value Mean
while attempts are being made to seek intravenous anaesthetic agents which are
not barbiturates These will have to be judged using thiopentonc as a yardstick

Steroids

Selye (1941 1942) 1nvestigating different sterords observed general anaesthesta
after their use 1n amimals Laubach, P An and Rudel (1955) and P An and his
colleagues (1955) extended this work and selected 21 hydroxypregnane 3, 20
dione sogium hemisuccinate as most likely to be of clinical use This drug now
known as hydroxydione (Viadnil) possesses a high margin of safety 1n animals
and appears to be devord of oestrogenic or androgenic stimulating properties
After intravenous njection there 1s a delay of a few minutes before the onset of
narcosts Experiments by Taylor and Shearer (1956) suggest that the drug has
hypnotic rather than analgesic properties Hypotenston and respiratory depresston
accompany narcosts but hydroxydione does not depress the 1solated rabbit heart
to the same extent as does thiopentone although the duration of its effect 1s
Iongec. It has been suggested that inhibitton of the central vasoconstrictor centres
1s the main factor n the production of hypotension

Hydroxydione 15 a water soluble white crystalline substance aqueous solutions
having a pH of 8 to 10 All clinical reports refer to its irrtant effect on the endo
thehum of the veins Using a 25 per cent solution myected mto a rapidly running
infusion, Murphy Guadagni and Debon (1955) found a 3 per cent 1ncidence of
venous thrombosis with a stmular techmque Lerman (1956) found two cases of
thrombophlebitis 1n 19 ad rations With an 05 per cent and 15 per cent
solution Taylor and Shearer (1956) found 20 per cent incidence of thrombosts
and m 139 cases reported by Dent, Wilson and Stephen (1956) with a 1 per cent
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15 prolonged and recovers 15 seldom prompt Respiratory depression 1s minimal
but tachycardia and hypotention fesult from arge doses One advantage stressed
by Harrison 1s the pun frec post operative period after the use of the pheno
thiazine analgesic mxture The most commonly vsed mitture consists of 50
milligrams of chlorpromazine and 100 milligrams of pethrdine diluted 1n stline
solutzon 10 20 millilitres or added to 1 dextrose or sahine infusion The use of
125 mithgrams of chlorpromazine and 25 milhgrims each of promethizine and
pethidine adminsstered antrasenously following 2 mimmal dosc of thropentone to
provide basal narcouss during epidural anaestheut 1s being cxploited successfully
by Evans (1956)

1t 15 not proposed to discuss the theory of block of the 1utonomic nervous
system which 15 the basis of the usc of phenothiazine denvtives in shocked patients
but their beneficral use 1n conjunction with flud replacement, has been desenbzed
by Kenny (1956) As menuoned above 1t is surpnising that no defimte conclusions
have been reported on the value of the phenothiazines as agents for the production
of anacsthesta They cannot, as yet, be considered 1n ny way to compete with the
thiobarbiturates for routine anacsthesia

NITROUS OXIDL

It may seem strange to inelude the first gascous anaesthetic agent in 2 book on
modern trends 1n anacsthes:a For many years mtrous oxide anacsthesta was
assocrated with varying degrees of hypoxia, espectally in the sccondary saturation
techmique desceibed by Mchesson (1926) The sequelac of hypoxia have been
described fully by Courville (1939), Fletcher (1945) and others In the absence of
hypoxia, nitrous oxide was considered a weak 1naesthetic gas and 1ts main use
m prolonged operations was as a vehicle for volatile agents Recently, this view
has changed drastically in heeping with the present concept of lighter planes of
anaesthesia and this section draws attention to these new concepts of the use of
nitrous oxide

From experiments 1n healthy unpremedicated volunteers Gray (1954) established
that loss of consciousness occurs without hypoxia with an artenal blood con
centration of 20 volumes of nitrous oxide per 100 millilitres of blood With closed
ciecuit anaesthesta this s not achieved untit after 40-50 minutes with gns flows of
one litre mitrous oxide and one litre oxygen per minute Increasing the mtrous oxide
flow to two litres per minute decreased this time to ten minutes From these
studies 1t 1s obvious that with Jarge gas flows the more rapid elimnation of nitrogen
from the alveol: will hasten the onset of anaesthesia, and also that non hypoxic
mixtures of nitrous oxide and oxygen can produce unconsciousness Hamilton and
Eastwood (1955) with Miles, Martin and Adriani (1956) studying the ehmination
of mtrogen found that with flow rates equal to the minute respiratory volume of
the subject denmitrogenation takes place 1in two to three minutes The absence of
rebreathing 1s essential for this rapid ehimination and with spontaneous resprration
there 15 no advantage in the use of excessively hugh gas flows

Severinghaus (1954) has shown that nitrous oxide continues to be taken up 1n
solution n the body for many hours, so the concentration 1n the reservoir bag
will fall when the flow of mitrous oxide 1s stopped, even after several hours
provided the oxygen flow 1s at least sufficient to meet metabolic needs At the end
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subhypnotic doses for such pamful procedures as burn dressings, haemorrhoid
ectomy and dental extractions The lack of depressant effects on the cardtovascular
and respiratory systems was stressed as well as its depressant action on the
pharyngeal and largyngeal reflexes

Subsequent studies by Tart and his colleagues (1956) have not confirmed Lundy's
favourable impresstons of Dolitrone They concluded that it was devord of
analgesic action It provided a rapid and pleasant induction, but recovery was not
so prompt as after a sleep dose of thiopentone 1f used 1n Jarge doses as a sole
agent, both hypotension and respiratory depression occurred The merdence of
laryngospasms (159 per cent) and recurrent coughing (39 1 per cent) was much
greater than one would expect with thiopentone Other workers have found a dose
of 30 milligrams per kilogram Dolitrone to be equipotent with 20 mulligrams per
kilogram of thiopentone 1n the dog and the cardiovascular eflects of these doses of
each drug were approximately the same (Cotten and Bay 1956)

KO0 —CHy—ChHy—C—0—Na

St OFF

CH — —
y CH—C-H  N—H
%
¢ !
Hydroxydione (Viadnl) (21 hydroxypregnane 3 Dolitrone (5-ethyl 6-phenyl
20 dione sodium hemisuccinite) m thiazine 2 4-dione)

The same comments can be made on Dolitrone as on hydroxydione It would
appear to be a less satisfactory agent than the drugs already available However,
it also ndicates a new type of drug for study and with modifications of the
molecule an agent superior to thiopentone may emerge

Phenothiazine derivatives

The use of thece drugs (especially promethazine chlorpromazine and diethazine)
i combination with pethidine as sole agents 1n anaesthesta was first introduced
by Continental workers and de cribed by the term artificial hibernation
The principles of their use are outlined fully in the publication of Labont and
Huguenard (1954) The enthustasm shown by these authors has not spread out
side Europe with the rapidity which one mught have expected from the results
which they have claimed This may have been due to the rather vague and tenuous
arguments on which the technique was based and the absence of clear cut controlled
chintcal data to support them Nevertheless some of the phenothiazine derivatives
espectally chlorpromazine appear to have a definite place mn selected cases
(Baxter Bolster and McKechnie 1954 Ashworth 1956 Albert and his co
workers 1956 Sadove 1956)

Reports by Smith and Fairer (1953) and Harnison (1955) show certain stmularities
between the phenothiazine analgesic combination and steroid anaesthesia
Admunistration 1s carsted out over a period of 5-10 minutes the onset of narcosis
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changes were not of the very slow single pattern charactenistic of cther and cyclo
propanc 1nd level three was not exceeded Xenon oxygen appeared to be [free
from toxic cffcets on the cardiovascular system The blood pressure remuned
constant with = tendency to tachyerrdin No senous electrocardiographic changes
were reported  Respiratory depression wis not noted but oxygenation remined
satisfactory throughout Recovery from anacsthesin wis mmvanably prompt
Anmimal experiments demonstrated an absence of towic effects on brun lung
tiner, hidneys and ndrenils fter 48 hours of xenon oxygen anacsthesin (Bracken,
Burns and Newland 1956)

By admimistration of xcnon oxygen 1t clevated pressures in monheys, Pittinger
and hus collengues (1955) were able to obtun profound tniesthesia 1ind apnoca
occurred carly 1 the admimstraion The increasing depth of anaesthesin was not
wsoctated with hyvpotiemin  Appreciable rhythmic  electroencephalogriphic
qeinaty persisted dunng profound xenon anacsthesn, and the apparent chinend
depth of anacsthesia with this agent exceeds the clectroencephalographic evidence
of cortical depression based on scales derived from cther or cyclopropanc
anacsthesia In view of the observation of Pittinger and his colleagues (1954) that
there 1s 2 more rapid uptake of xenon by subcortical structures than by cortical
tissue the electroencephalographic changes may indicate that cortical mechanisms
are relatively less affected by xenon than by cther or cyclopropane

1t 15 of theoretical interest that a chemically inert gas can produce a pharmaco
logieal effect It has the advantage of being non explosive However, the 1naesthetic
properties of xenon are not so much superior to those of nitrous oxide as to justify
1ts higher cost for routine use

CONCLUSION
The modern trend 1n general anacsthesit seems to be the adoption of » highter
level of narcosis and the increasing use of analgesics We may well be moving
towards an era of general analgesia rather than general anaesthesin This 1s shown
by work deseribed above 1n relation to mitrous owide and ether nalgesin and

more recently by Hayward Butt and his collengues (1957) who have termed 1t
ataralgesia
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of anaesthesia the high concentration of nitrous oxide 1n the tissues 1s rapidly
reduced  but complete removal s slow  Artertdl blood loses 70 per cent of its
mitrous oxide 1n 3 minutes ind 90 per cent 1 20 minutes The chimination of this
large volume of nitrous oxide at the end of inacsthesta results in a Jowered alveolar
oxygen tension (Fink, 1954) and may be cnough to produce arteral oxygen
unsaturation 1n the presence of adequate ventilation 1f the patient 1s allowed to
breathe room ur

An apprectation of the analgeste properties of non hypoxic mixtures of nitrous
oxide and oxygen 1s another essential of this new ¢oncept of the place of this gas
in anaesthesta Klock (1951, 1955) has deseribed & plane at the lower border of
the hirst stage of anacsthesta, which he calls amnalgesta  This ss similar to the
plane of tot1l analgesia with ether described by Artusio (1954) and it permuts a
wide range of operations not requinng muscular relaxation, to be performed
without pamn or memory The electroenceph tlographic pattern of this level of
angesthesia has been described by Wasmuth and Hale {1954)

There are many chnical reports of the use of the non hypoxic muxtures of
nitrous oxide and oxygen in anacsthesta foldes Ceravolo and Carpenter (1952)
have used this with or without relaxants after a prel y dose of thiog
1n over 10 000 patients Rubin (1953) considers that by avording the use of central
depressants, there are no absolute contramndications to this form of anacsthesia
Pre oxygenation, which ensures removal of practically all the mtrogen from the
alveols and therefore hastens mduction with a mixture contaiming 70 to 80 per
cent nitrous oxygen has been used by Gray and Riding (1957) for mitral valvotomy
The possibility of excitement or strugghng 1s avorded by the eatly use of a paralysing
dose of d tubocurarine chloride A similar techmque has been described by
Heller Watson and Storrs (1956) for poor risk patients

Klock (1955) has popularized the non hyposic mitrous oxide and oxygen
technique 1n dentsstry and sn more than 7,000 cases he has not observed a sudden
or alarming fall in blood pressure Tom (1956) advocates the preliminary use of
not more than six breaths of pure nitrous oxide He stresses that induction must
not be hurried and that mouth breathing must be immedsately corrected Thereas
no stertor jactitations or tetany which are so charactenstic of the conventional
use of dental gas  The explosion htzard 1s completely elimnated and this new
concept of mitrous oxide and oxygen andesthesit whether applied to major of
munor surgery deserves serious consideration 1s onc of the greatest advances of
the fiest decade after the centenary of the demonstration of the anaesthetic
properties of the gas

INERT GASES

Xenon

In 1951 Cullen and Gross produccd surgical angesthesia 1n two patients using a
mixture of 80 per cent xenon and 20 per cent oxygen After washing out alveolar
mtrogen from the patient with oxygen the anaesthetic mixture was admnistered
using a to and fro absorption system Subsequent reports by Pittinger and his
colleagues (1953) on five patients and by Morris Knott and Pittinger (1955) on
seven cases have shown that the potency of this muxture 1s similar to that of
ethylene and somewhat grester than mirous onide The dectraenceph ilographic
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CHATTIR 3
NI W CONCIPTIONS O CONSCIOUSNLSS
W Griy WALTIR

PInSIOLOGISTS are reluctant to use the term  consciousness  because the classical
methods of physiological imvestigation require the isolation of 1 single variable and
cansciousness must 1t least mvolve the coordinated activity of many systems This
pomt has been made most tersely by saying that physiologists only study  scious
ness that s, the response of 1 single element such 1s a nerve cell, to an afferent
signal There 1s at the present time no established technique for recording and
comparing the activities of many individual nerve el at the same ¢ hen
thts can be accomplished our understanding about central nervous action will at
once become more profound and more fertile There 15, therefore, a wide gap be
tween academic physiological researches dealing with basic nervous action and those
developed for the clinical 1vestigation of human beings A reasonable analogy
with the evolution of clinical neurophysiology 1s the intellectual transition between
the mechanics of solid bodies and the behaviour of gases The Newtonian principles
underlying the gravitation and motion of two bodtes are eastly applied and com
pletely ngorous The wtroduction of a third body enormously complicates the
situation and beyond this scale the system becomes a statistical populition for
which another set of laws apply—the gas laws Direct extrapolation from the
two body or three body problem to the hinetic theory of gases 1s neither easy nor
altogether legstimate nor are we Justified 1n seeking a complete description of bramn
function 1n the axioms and rules of classical neurophysiology For the time being
then we must be content to treat the human brain as 1f 1t were a sort of nerve gas
consisting indeed of able neuro molecules, but 1n so vast a number that
the character and fate of an individual element 1s negligible and obscure At the
same time we must not forget the meluctable fact that there are many types of
nerve cell and elaborate systems of interconnection between them

If we now attempt to apply these general notions to the conception of conscious
ness we find that we must accept at the outset the general proposition that any

estimate of conscious behaviour must be based on statistical or probabilistic
measures of both environment and organism

THE RELEVANCE OF LOGICAL REASONING TO THE PROBLEM
OF CONSCIOUSNESS

As an essay in the application of this notion we may start with the assertion that
logscal reasomng—which 1s often considered synonymous with thinking—1s not
relevant to the problem of consclousness This assertion has an importint implich
tion 1t introduces the 1ssue of whether a mechanical man made contrivance cin
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PInSIOLOGISTS 1re reluctant 1o use the term  consciousness  because the classical
methods of physiological iy cstigation require the ssolation of 1 single sarble and
conscrousness must at least involve the coordinated activity of many systems This
point has been made most tersely by saying that physiologists only study  scious
ness thatis the response of 1 single clement such 1s 1 nenve cell, to an afferent
signal There 1s at the present time no established techmque for recording and
comparing the activities of many indivadu) nerve clements 1t the same time—when
this can be accomplished our understanding about central nervous action will at
once become more profound and more fertife There 1s, therefore, 1 wide gap be
tween academic physiological researches dealing with basic neryous action and those
developed for the clhimea) insestigition of human baings A reasonable 1nalogy
with the evolution of chimcal neurophysiology 1s the intellectual transition between
the mechamics of salid bodies and the behavtour of gases The Newtontin pnnaples
underlying the gravitation and motion of two bodies are casily applied 1nd com-
pletely rigorous The introduction of a third body enormously complicates the
situation and beyond this scale the system becomes a statistical population for
which another set of laws apply—the gas laws Direct extrapolition from the
two body or three body problem to the hinetic theory of gases ts nesther easy nor
altogether lepitimate nor are we justified 1n seching 2 complete description of brain
function 1n the axtoms and rules of classical neurophysiology For the ime being
then we must be content to treat the human brain as 1f 1t were 1 sort of nerve gas
g indeed of able neuro molecules, but in so vast 2 number that
the character and fate of an individual element 15 neghgtble and obscure At the
same fime we must not forget the ineluctable (act that there are many types of
nerve cell and elaborate systems of interconnection between them
If we now attempt to apply these general notions to the conception of conscious
ness we find that we must accept at the outset the general proposition that any

estimate of conscious behaviour must be based on statisticil or probabihistic
measures of both environment and organism

THE RELEVANCE OF LOGICAL REASONING TO THE PROBLEM
OF CONSCIOUSNESS
As an essa

| y 1 the application of this notion we may start with the 1ssertion that

Oflgxcal reasoning—which 15 often considered synonymous with thinking—is not
:e evant to the problem of consciousness This assertion h1s an important implicn
ton it introduces the 1ssue of whether a mechamcal man made contriyance can
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be described as consctous in a useful sense This may sound trivial and far removed
from the basic problems of anaesthesta, but 1t should be remembered that the theory
and practice of automata have advanced to an astonishing degree dunng the last
decade or so, and that recent ideas about bramn physiology have been more
clearly embodied 1n models than 1n verbal or mathematical expressions

Cybernetic hypothesis

The introduction of arguments about machines n a discussion of hving creatures
(or tice ersa) 1s sometimes nowadays referred to as a  cybernetic approach The
baste hypothests of cybernetics 1s that there are general laws goverming control and
communication which apply equally to animals, machines and socteties Cybernetics
mcludes strategies for studying and controlling complex systems whose behaviour
would be perturbed by 1solation of the various interacting elements The cybernetic
approach 1s therefore valuable for studying hiving creatures and complex machines
mn which the behaviour of the whole 1s hard to predict from the functions of the
parts especially when 1solatton or dissection of the parts may result in trreversible
change or irreparable damage Generally, a cybernetic method volves (a) expert
mental arrangements for the simultancous observatron or control of several
variables and (b) the testing of hypotheses derived from such observations by their
embodiment 1n analogue computers or worhing models A valuable by product
of cybernetics 15 of course the design of automatic machinery to extend or replace
human faculties Among these automatic machines are many that are specally
designed for the solution of logical problems by human standards they are capable
of logical reasoning of a very high order They can also make discriminating
Judgements and can operate to ensure therr own survival and reparr, but these
capacities do not 1mply that their behaviour 1s necessarly conscious 1n the sense
that the writer and reader of these lines are conscious For the most part automatic
reasoning machines may be described as having a high degree of  sctousness

This 15 not to say that no machine whatever can be constdered conscious—we
are lmited by our ongmal assertion to the definttion of logical reasoning nstru
ments and these form only one of the many possible classes of automata The
important conclusion 1s that a system for logical reasoning does not need more than

sciousness and therefore no feature such as consciousness 1s included m their
performance specification

In case there should be any misconception about the working matenal of
cybernetics we should recall that this way of thinking about complex systems 1s 1n
no way dependent on electronic or algebraic conventions In so far as a cybernetic
approach to a biological problem 1nvolves the use of analogy or simulation—and
this 1s only a part of the discipline—the material or construction of the analogue 1s
wrrelevant Indeed the best analogue may bea paper model  hydraulic mechan
cal and chemical systems have been invoked with great power The accessibility
plasticity and high speed of electronic devices make them particularly convement
for cybernetic purposes but they have no umgque claim to this field As a corollary
to this the inchnation to imagie nervous events as essentially electrical should
be carefully controlled we know that in fact every signal in the nervous system
15 an ntricate combination of chemical and electrical processes and the
mutual interaction between these forces s itself a fertile domain for cybernetic
cultivation
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CONSCIOUSNESS

The *logical’® spinal reflex

We have suggested that the performance of logical tasks by simple artificial
machines disposes of the connection between logical reason and conscrousncss the
analoguc with ivng systems 1s 1 simple one, for fogicnl machines with ther
multiplicity of switches connecting inputs and outputs resemble the structure of 2
spial cord rather than a brain We may therefore extend the image by recalling
that the mechamism and function of 1n 1solted spinal cord is also essentrlly logrenl
A spimal reflex operates i such 1 way 4s to restore balnce in 1 system perturbed
by external influcnces an afferent signat from 1 sense organ 1s 1 proposition about
the environment which 1s completed by the reflex response to the cffectors Ideally,
the equilibrium 1s maintamed as perfectly as in 1 mathematical equation Lest st
should be supposed that this defintion Ieaves out of account the integritine, plastic
propertses of spinal function working models of reflexive 1ction employing merely
all or none clements exhibit well coordinated  purposeful  behaviour even when
only two elements are included The appearance of purposc is no cnterion cither of
ntricacy or of awarencss

The notion of a threshold

Consideration of spmal function as a process of logical equilibrium raises at
once a problem 1n the analysis of Iining mechamsms which 1s of capital importance
1n the concept of consciousness—the notion of a threshold 1t 1s axiomatic that in
the actination of a Iiving tissue such as 1 nerive fibre the magnstude of the response
15 not drrectly proportional to the intensity of the stmulus there 1s 1 stimulus
strength below which no response occurs, the threshold or imen In a mathematical
or engineering context this effect would be said to mmply the existence of a  non
binear operator  This means simply that between the stimulus system and the
response system 1s a connexion through which the relation between mput and
output 1s distorted by discontinuity 1n the curve relating the magnitudes of their
respective values The existence of 1 non linear operator or threshold enormously
complicates the description of a responsive system 1n mathematical terms A special
form of operational calculus 1s devoted to the analysis of a class of events s simple
as the closing of an electric switch Yet the closing of a switch 1s precisely what 1s
needed to late 1n a hine the el ary logical operations of affirmation
and denial just as in a spinal cord the abrupt firing of a neurone 1s the essential
umt of reflexave action

We may say, therefore, that the existence of a threshold, 1 non linear reltion

between mput and output, an all or none law, a yes or no rule ss the prerequisite
for a logical or reflexive system

CONSCIOUSNESS

'll;k:x; proposition leads to the formulation of a critical question about consciousness

s b:hnclmn of a threshold hmited to logical reflexive action or 1s 1t applicable 1lso

o mu?t”g;r Whtlcth v:!e chobose to call conscious? In order to answer this question
empt 1o describe Consclousness 1 mor &)

wdentified 5t merely by exclusion ® postive ferms having so fue
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NEW CONCEPTIONS OF CONSCIOUSNESS

The significance of relation between sets of stimuli

We began by suggesting that whatever else consciousness may imply 1t must
mvolve the jomnt action of many phystological elements It should be clear that n
assembly of elements approprate for conscious action is not merely a stack of
parallel umts with additive functions the essence of the complexity resides rather
m the diersiy of afferent 1nd efferent function, linked with access to stored
iformation which together provide an estimate of probable significance In order
to mke clear 1t once the objective of this sally, the final conclusion 1s that, in the
upper levels of the nervous system, 1n conscious behaviour, the concept of 1 thres
hold cannot be defined in terms of stumulus strength 1t must rather be a measure of
the probable sigmificance of the relation between two or more sets of stimuli The
sequence of genitives 1n this sentence s an indication of the connectedness of
such a system consctousness 1s not concerned with the response to any single
event but with the connexion between series of events The threshold of conscrous
ness 15 not a scalar measure but 1 vectorzal one 1n the most bewildering sense

Such assertions as these commonly arouse an immediate protest *‘Of course
the sceptic exclaims I can be conscious of an event 1f I'sit on 1 tack the volley of
nerve impulses 1s the physiologic representation of a single event and I am quickly
and acutely conscious of #, not just of its relationship to something  The answer
to this objection must 1nvolve a hitle sphitting of harrs, but it 1s reasonable The

event 1nvolved 1n sitting on a tack 1s the relatively high speed of entry of the
pomt mnto the shin You are not conscous of the point but of the speed of the pomt,
that 1s of its rate of change of position—the relatton between 1ts position at one
time and 1ts position at another Moreover even an acutely pamful stimulus may
not be 1 conscious experience when there are powerful distractions In extremes of
fear anger and lust and in the states of ecstasy cultivated by some religious sects
even events resulting in serious mutilation may escape conscious attention The
reason suggested for such apparent paradoxes 1s that in such circumstances the
significance of the event 1s below threshold compared with that of other contempor
aneous events

IMPLICATIONS OF SIGNIFICANCE IN THE PRACTICE OF
ANAESTHESIA

This rdea has imphcations which may be of some practical mmportance 1n the
practice of anaesthesi1 It will be recalled that 1n attempting to describe emottonal
experience m physwologic terms there was put forward long ago a proposition
usually called the Jam.s Lange theory of the emotions This asserts that the subjec
tive mental state dentified as emotronal arises from awareness of autonomic
changes within the body producad in reflex fashion by an exciting alarming or
dangerous combmation of stimuh In cybernetic terms this would perhaps be
described as a positive feedbac « between somatic receptors and autonomic effectors
A person who notes 1n himselt the notorious signs of fear or ragemay mconsequence
feel more fearful or more enraged and unless brought under control the system
may well be expected to exhibit a Iteral run awnay to a panic state Now quite
sumilar considerations may be appled to other aspects of behaviour 1n which the
emotional or affective components are of less immediate importance The motar
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reflex response to 4 simulus m1y iself provide the additional senies of events which
we suggest 15 required for conscious attention Therefore the ehmination of reflex
responses {0 pain by parlysis of the motor system may so dimunmish the sigmficance
of a pamnful stimulus that it 1s rejected by the conscrous selector, cven though at the
same time other events may be consciously appreciated

The importance of the responsc to a simulus in emphasizing its sigmificance can
be sllustrated in a working model This effect was discovercd 1n the course of
experiments with an clectronic device intended to show the varnious operations
required for a theory of learming by association It was observed that when the
model was adjusted to stmulate a defensive conditioned reflex the conditioned
response could be self mamntaining nstead of being extinguished 1 the absence of
remforcement  Constderation of the circiit and the conditions showed that the
reason for the durability of the defensive reflex was that the motor  response 1o
the conditioned stimulus atsell acted as a remforeing unconditioned stimulus,
because 1t was so to say, logically inseparable from the specific or unconditioned
sensory stimulus

The physiological inference to be drawn from this analogue 1s that a painful or
noxious stymulus may not hayve adequate significance by itself to evohe the somatic
autonomic and mental changes we describe a5 feeling pain - The expenience of
pain may, in certam crrcumstances at Jeast, depend upon the presence of the reflex
responses to the stmulus as well as the stimulus and 1ts immediate sensory conse-
quences The cnterion for deep surgical anacesthesia used to be relaxation, particu-
larly 1n the absence of a reflex response to painful stimulation With modern
techmques a comparable state can be achieved bya combination of ightanaesthesia
and muscular paralysis with curanform drugs 1t 1s suggested that this method does
not merely provide the surgeon with a more tractable musculature but also deprives
the patient of an essential part of conscious appreciation—his own reflex responses
to the surgical assault In normal conditions of course, muscular paralysis only 1s
wmadequate for anaesthesia and 1 fact induces a peculiarly disagreenble state
awareness of the whole situation without the logically essential component of
muscular participation 1s equivalent to a mghtmare of impotent frustration But
in a state of hight anaesthesia the details of the environment are effaced and the
completeness of subjective sensation 1s accepted without protest

RESPONSES TO STIMULATION IN SPECIFIC AND
NON SPECIFIC REGIONS

This argument—derived mainly from theoretical considerations—finds some
support 1n the results of expersments with ammals but the situation 1s still uncertamn
in human beings It has been shown by many observers (French, Verzeano and
Magoun 1953 Brazer, 1954 Arduini and Arduint 1954 Buser and Borenstein
1957) that when cats with implanted brain electrodes are anaesthetized the diffuse
Tesponses to stimulation are first exaggerated and then effaced These responses
which are normally found in the secondary and non specific regions of the cortex
depend upon the integrity of polysynaptic relays in bran stem thalamus and
cortex they are charactenstically variable and vulnerable to all mnfluences In
contrast, the responses 1n the specific sensory projection areas are more resistant to
anaesthesia In fact, the mapping of cortical sensory zones by neuronography
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which has usually been done under anaesthesia has yielded greatly over simphified
results simply for this reason the response areas are clearly defined only when the
animal 15 anaesthetic and thus by defimtion cannot 1n any useful sense percene
the stimulus In human beings crucial experiments are still to be performed but
there 1s some evidence (Walter 1954 Clutton Brock and Walter 1957) that under
the mfluence of a hght anaesthetic combmed with relaxants the differential
sulnerability of the primary and other cortical regions can be demonstrated even
when the patient 1s unresponsive to fairly panful sumuli such as compression of
the tendons and superficial nerves At this stage the anaesthesia 1s deep enough for
the patient to deny any memory of the expenience nor are there any signs of
autonomic reaction yet the electrical activty of the bramn s barely outside the
range of normal tranquihity and certainly displays none of the patterns identified
with the early stages of anaesthesia As a practical consequence, the side effects of
light anaesthesia with muscle paralysis are shight and recovery from it rapd It
should be noted however that because the changes 1n electric brain activity are so
slight the electrographic methods suggested by Bickford (1950) and by Wyke
(1957) for momtoning and even regulating anaesthetic levels should be used with
caution since they depend on the induction of relatinely gross changes in brain
actiaty

The physiological mechamsms imvolved m these peculiarly selective forms of
behaviour are still somewhat obscure n human beings they are obviously par
ticularly inaccessible since they must involve deep-seated structures rather than the
cerebral cortex There 1s however, some suggestive evidence from animal expen
ments that may indicate the operation of sumlar mechamisms Several experimenters
notably Jouvet and Hernandez Peon (1957) have discovered that in chronic
preparations of cats with implanted electrodes, the state of attention leads to the
selective transmission of a small number of sensory signals with concomtant
blocking of other afferent signals For example during states of visual attention,
the electric changes evoked 1 the dorsal cochlear nucleus by sounds are greatly
attenuated It has also been possible to identify a state sometimes called habrtuation
—boredom would be more apt for human bemngs—in which sensory signals having
lost their significance by vain repetition the response at the first relay nucleus
dwindles to neghgible proportions Both attention the emphasis of a nosel or
significant association and habituation the suppression of a familiar or irrefevant
one are generally highly selectne It 1s important to note however that this
selectivity dimsnishes rapidly with light anaesthesta and 1 permanently abolished
by destruction of the reticular system of the bran stem These effects scem to be
due 1o the action of a centnifugal nhibitory mechamsm acting on the subcortical
relays from the sensonum the mnput to this selector 1s probably derived from the
information about stimulus sigmficance ansing in the cortico reticular circuits

VOLUNTARY CONTROL OF MOVEMENT

Modem conceptions of the voluntary control of movement have developed on
similar lines The imtiation of a voluntary mosement 1s now constdered to be the
responsibility of what 1s called the gamma loop This 15 a complex circuit also
under the influence of the reticular activating system n the bramn stem which links
the smallest ventral homn cells n the spinal cord with the intrafusal fibres in the
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muscle spindles This system acts s 1 sort of detonator for the more massive alpha
motor system and translates into readiness for movement the information collected
by the signtficanee net sn the brun stem In this cise 1gun, extreme alertness may
enhance or re establish functional integnity The parkinsonian patient, reduced to
tremulous nigidity by the defieats and excesses i his extrapyrimdal system, can
abruptly recover an athictic demeanour 1f he be sufliciently goded or ternfied by
impending catastrophe Here agamn the powcrfully significant sumulus, supple
mented by the neurohumoral action of the sympathctic nervous system  super
actnvates the retrcular system and ignites the long dormant gamma loops (see also
Chapter 1)

SENSITIVITY OF THE RETICULAR SYSTEM

The indispensable contnibution of the reticular formation to conscious behaviour
(Walter 1954) depends of course upon the web like character of its distibution
through the bramn—from which mdced ts name 1s derived  The wide dispersion of
wnformation from 2l sense organs to many brain regions 1s the basis of awareness
and contributes also to the plastscity of bramn function only in the zones of specific
projection can damage or disease produce irreversible deficit To set against this
the synaptic relays within the reticular system stself are exquisitely sensitive to
nterference It 15 not certain whether thus 1s due to some spectfic delicacy of their
orgamzation or to the stmple fact of their being connected 1n a cascade or series of
Junctions Ths latter explanation may be sufficient since 1t would seem that all
signals traversing the reticular pathways must run the gauntlet of at least scven
synaptic relays Now 1t 1s a matter of simple arithmetic that 1f an agency can reduce
by one half the lIikelihood of an afferent impulse gencrating an efferent one across
asynapse then if this agency influences seven such synapses 1n cascade, the chanee
of an mmpulse at the mput to the system resultng 1n an 1mpulse from 1ts output 13
dimimished by one half raised to the seventh power, that s by a factor of 128 1n
effect a cascade system of this sort 1s an amplifier models of similar nature demon
strate very clearly the dramatic effect of general changes in modifying the trans
nussion charactenstic when the coeflicients are multiphed From this elementary
calculation we can conclude that the reticular activating and controlling system 1s
likely to be more than one hundred tmes as sensitive 1o general changes—that 1s
particulasly blood borne agencies—as any individual nerve cell The differential
will be even greater 1f the comparison 15 with parallel connected systems and this
may well be the case in the cerebral cortex

The high vulnerabiity of the basal and midline structures 1s seen particularly
clearly in two chimical conditions the type of epileptic attacks now referred to by
cl as centrencephalic seizures and tn concussion In both these states
consciousness 1s lost abruptly and completely and there 1s often 1lso some degree of
retrograde amnesia In both there 1s ample evidence of disturbance localized to the
basal and central regions of the brain In contrast severe and extensive damage or
disease 1n the cerebral cortex or subcortical white matter rarely has any dramatic
effect on consciousness or memory There have been cases in which nearly 1 whole
hemisphere has been ablated, by projectiles or by surgical interventson with no
disturbance of awareness or ornentation

Applying these 1deas to the action of anaesthetics it seems likely that 1n the usual
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doses anaesthetic agents have relatively Iittle effect on the cerebrl cortex Thesame
15 true of most other drugs acting on the central nervous system, aleohol, the adre
nergic amines, the atarnctics 1nd narcotics have all been shown to exert their action
by way of the non specific afferent systems in the thalamus and bram stem

IMPORTANCE OF SIGNIFICANCE RATHER THAN STRENGTH
OF STIMULI

Even in the more remote dom-un of experimental psychology, there 1s ample evi

dence that conscious attention and comprehension are dependent on the significance
rather than on the strength of a stimulus Many experiments have shown that
normal subjects can respond objectively to significant signals which are considerably
weaker than those they can just * conscrously” percerve if the signals are 1solated or
tnvial This phenomenon has been given the paradoxical name * sub threshold
perception  or sub ception, 1t can be used legitimately to discriminate between
signals which are indifferent and those which for some personal reason, are
significant for a particular subject The effect has even been clumed to be of value
n advertising, the name of a product flashed on a cinema screen for one twenty fifth
of a second—too brief an exposurc to be noticed consciously—may later be
associated unce ly with that dity, thus sigmificantly mncreasing the
Tikelthood of one particular brand being sought by members of the captive 1udience

Such observations are reminiscent of the peculiar forms of behaviour classed as
hypnosis here too the narrowing of attention by hypnotic suggestion and separa

tion of sensory modality can be described 1n terms of altered significance Many
anaesthetists must have wondercd whether nadvertent hypnosts may not play
some part in the modern techniques of induction when the absolute level of chemical
anaesthesia may be much less profound than in the early days Even on quite
general grounds st seems probable that much of our everyday behaviour 1s deter

mined by the interachion of many signals, both exogenous nd endogenous, which
are well below the threshold of conscious identification, yet are effective 1n their
joint implication

CONCLUSION

We began by supposing that consciousness was an attribute of a complex system of
communication and went on to distinguish probabilistic from logical reasoning

This distinction js morc than verbal and has scrious consequences tn any attempt
to define a physiolog ¢ basis for conscious behaviour, since the study of statistical
relations in a complex nter i ting system requires unconventional tactics The
incluston of consciousness in the dom un of experimental science though 1t may be
stigmatized as metaphysiology 1s « serious challenge to technicians and theorett

cians, since there 1s a prospect of exploring some of the crucial problems of human
existence

T wish 1o acknovlcdge grascfully the advice and assitance of Dr J Clutton Brock n the com
pllation of this chapter
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CHAPTIR 4
ANALGI SIA AND SCDATION
Joun Brarnp

INTRODUCTION

Suffering muy be physicil or mentil, mercising study his not more cleurly
separated the two but has emphisized their close relationship So also nalgestt
ind sedation overlap but, 1n the mun the first part of this chapter 1s concerned
with 1nalgesin 1nd the sccond with sedrtion The ficld 1s so wide 1nd progress so
ripid that thus attempt to show the dircctions 1n which recent work has been
carried out ¢n only be selective, and incomplete

Recovery wards tn which the immediate post 1n1esthetic stage 1s supervised by
anaesthetists are Increasing our interest i pun control and sedation and provide
opportumty for traiming junior staff and for controlled trials of apents and methods
Recognttion of apaesthetists specr! interest and shill 1n use of analgesics and sedatives
has led to more frequent requests for their help in deling with pamn But anaesthetists
have not played as large 4 part 1n orgamizing and running pain clinics as some had
hoped Few have the time or ability to undertake such work morcover anacsthesta hs
no exclustve rights 1n the tre itment of pam This 15 1n the first plice often by surgery or
by other methods atmed at the cause of pain

Anagsthetists can provide nerve blocks which 1f successful may be followed by neuro
surgery or may be repeated using such agents as alcohol or phenol The fatter n spite
of inherent hazirds have a small place though thetr use 1n an anxtous and pain weary
patient dem inds patience extreme gentleness and skill Tt 55 t matter for regret that the
excellence of general anaesthesit and the preference of pattents and surgeons his e
duced the opportumitics for Jearning and practising the virjous techniques for nerve
blocking in the course of ordinary theatre work

ANALGESIA

It 15 generally agreed that pun in man his two components There s the
perception of pun nd there 1s the reaction to this original sensttion (Beecher,
1956a)

‘The measurement of pain

The threshold above which piin cin be percetved by man his been the subject
of much study, particularly by the ridimnt heat method of Hirdy, Wollf and
Goodell (1940) These workers riported consntent and rehabie results wiich have
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not however, been found by others who quote very variable figures (Chipman,
1944 Leduc and Slughter 1945 Stughter and Wright, 1944) Simular vanttion
1n the response to clectrical stimulhtion of shin or tooth pulp and to the von Frey
harr techmgue ts usual Beecher (1956b) has ponted out that the pun threshold
1n man 1s not constant from d1y to dav and that it 1s not 1n fact 1 pure * per-
ception but 1s already subject to  psychic processing hefore awareness 1s achieved
He has drawn attention to the suggestion of Wikler (1944, 1945) that the pun
scnsation probably  reverberates in the internuncial neurones  before arriving at
the Jevel of consciousness there being 1n custence an anatomical network 1n
which such changes 1n mtensity of pun impulses can occur before they reach the
cortex It scems probable then that, i spite of much sumulating and valuable
work by Hardy and his co workers, expenimental pain 15 subject 1n 1 vanying
degree to such modification even 1n truned intelligent volunteers, and that any
assessment of analgesic drug potency obtained 1n this way cannot be taken s
<olely duc to alteration in the threshold of the perception of pun but 1s also 1
function of the drug s effect on the psychic  processing It 1s interesting to note
that Harris and Worley (1953), using the electrical stimulation of the tooth pulp
i man, have reported significant  analgesic  effects from a proprictary combina
tion of amphetamine with antipyretic analgesics The latter have been repeatedly
found to be without threshold raising effect, but the marked effect of amphetimine
on mood 15 generally agreed and would seem to provide an explination of the
experimental findings and reinforces the view that calm  detached observers 1n
the scientific atmosphere of the laboratory may have their responses to pain
altered by changes 1n their mood Such changes in mood while they may explain
sanation of threshold from day to day are hilely to be less on any one day
Taking this into consideration and working with pud, trained volunteers Keasling
and Gross (1956) using the Wollf Hardy Goodell techmque for measuning
analgesia found satisfactory correlation with clineal assessment 1 a double
blind and statistically controlled experiment with alphaprodine pethidine and
another potent narcotic The attempt has been made to calibrate the patient s
experience of pamn by comparing 1t with the radiant heat stimulus of the WolfT
Hardy Goodell techmque ustng an arbitrary umt of pan, the do! This method
was used by Javert and Hardy (1951) to assess the effectivencss of nnalgesics on
labour patn 1n a relatively small series The techmque, while 1t has imitations and
is open o enuicism nevertheless has value and interest the paper illustrating
the abihity of moderate doses of analgesics to reduce the intensity of a paun 1s
experienced by the patient without raising the threshold of skin pun

Nor 15 1t possible to measure the threshold of pan perception 1s 1 ‘pure
entity 1n the experimental apimal It would seem probable that to an animal All
patn 1s what a human would regard as pathological and to which an intellectunl
response cannot be expected 1t elieuts conditioned responses which can however
form the basts of a crude but useful method for detecting potent analgesics

Wound pam

Pathological or wound pain i man 1s 1 subjective experience peculiar to each
mdnéldualjwho alone perceves 1t 1nd on the description of whose suffering we
are deg for sts Some have much cause for pain and appear
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to suffer little wiule others have 1 maxtmal central response Post operative pun
s been studied sn the course of work to assess analgesic drug potency Using
this constant supply of cases, which have been subject to fairly standardized
trauma 1t has been found that even the uncontrolled clinical trial, if on a large
enough scale 1s at lenst As accurate ns are the various laboratory pain theeshold
techmiques 1n human volunteers and experimental ammals During the Jast few
years using pathological or post operative pain, methods of assessment and
comparison which need fewer cases and nre more satisfactory have been described
by keele (1948), Hewer and his colleagues (1949), keats and Beecher (1950) and
Robson 1nd Keele (1950) The Harvard group, led by Beecher has developed
these methods with great care and thought using, however, particularly strict
methods of control (Keats and Beccher, 1952) Nevertheless, 1t 1s claimed that
compartble results may be obtuned using the clinical tnal method on large
numbers, multiple co varint statistical analysts being applied to the data (Gross
and Schiffrin, 1955)

Gruber and his co workers (1956) summarized the general methods of studying
the potency of analgesic drugs as follows (1) animal tests, (2) truned volunteers
working on pain threshold (3) pain reduction in patients with chronic parn and
(4) reports from patients with chronic pain concerning their comfort

Although all these will give information on the effectiveness of potent narcotics,
the authors pointed out that weaker agents such as codenc or salicylate are much
more difficult to evaluate and they constder that the last method 1s unquestionably
the best The emphasts has thus shifted away from the laboratory assessment of
analgesics 1n man and animAls to the study of drug action on the patient and this
mAy be employed 1n the course of their routine work by those who are without
laboratory facilites Any such tral must be carefully planned using where
appropritte random choice of drugs double blind testing of both patient and
observer a placebo and if side effects re being assessed, 1t 1s important to use
equipotent doses of various drugs Finally expert statistical control of the results 1s
mandatory *

Some of the points which have received emphasis as the result of this greater
interest 1n pun are of importance mn the use and in the clinical testing of analgesic
drugs After operatton there 1s a great varration i the apparent need for
analgesics In 1 series of 237 post operative patients 44 per cent did not complain
of pun (Papper Brodie and Rovenstine, 1952) Of this series 108 patients had
undergone intrh abdomunal or mtrathoracie surgery, and of these 27 per cent
did not complain This contrasts with those who had only surgery of superficial
tissues 1nd of whom 58 per cent mnde no complaint Many of the complaints after
operation are not of actual pain from the wound but of restlessness sleeplessness
hendache, enforced immobility discomfort from tubes sphints or of urmary
difficulty Although many of these complaints stop after the admimistration of 2
narcotic this 1s not the best treatment for anoxin or a distended bfadder nor an
adequate substitute for nursing care Using morphme Keats (1956) found that

* A recent suggesuion by Paton (1957) for a rel. ly simple 1 'y tech 1s likely to
be cxplotted in the near future He has shown that the olated guinea pig intestine provides a

test object for analgesics with closer anilogies to the centel nervous system than might be
expected  and concludes that 1t ss striking how far the nervous system of the gut corresponds in
1ts reactions to those of the central nervous system

46



ANALGESIA

aclung or visceral puns were rcheved 1n 74 per cent of cases while the sharp
stabbing puns duc to coughing or moving were helped 10 only 44 per cent of
cases This latter accords with the finding that morphsne 15 15 milligram dosage
docs not alter the bricf Jabs of pun expenicnced 1n lboratory tests of pun in
man Such pain from the ncturl wound has been treated by the repeated 1nstidlition
of Tocal anaesthetic tnto plastic tubes stitched into the masion The method hs
not been generally adopted probably because of the nisk of local complication
and because 1t could not be cxpected to give relief to the more general discomforts
such as bowel patn (Lewis and Thompson, 1953)

Reaction to pain

In a post operative pan study (keats, 1956) 1t has not been found possible to
correlate the type of patient with the degree of pain experienced fter operation
1t may well be that an claborate psychological assessment as in the casc of the
placebo reactors (sce belon) would reveal sigmficant factors not obvious on
ordinary clinieal examination Less attention is bikely to be given to pain by patients
living active and happy lives full of tnterest than 1n the case of the lonely and
psychologically tmpovenished, but White and Sweet (1943) pointed out that one
who has appeared active and happy for years may have ludden fears and a neurotic
pattern of reactions which are revealed when he 1s immobihized by punful iliness
Furthermore 1t has recently been re emphasized that the abnormal or psycho
pathic type reacts abnormally to drugs (von Felsinger, Lasagna and Beecher
1955 Lasagna, von Felsinger and Beccher, 1955) For example, the standard
response to amphetamine ts euphoric, the minonty response 1s sedative 1n the
case of morphine dysphoric, the minonty euphoric Similarly, pentobarbitone s
usually sedative but to a few it 1s simulating In each case the authors constdered
the minonty response was predomunantly given by the psychopaths 1n the group
investigated The importance of the meaning or significance of pain 1s very real
To a civiban peacetime casualty injury s a threat to his employment and his
security 1t 1s a source of anxiety and 80 per cent of patients asked for pun relief
(Beecher 1956b) On the other hand Beecher (1946) questioned recently wounded
men after their removal from battle to comparative safety and found that only 25
per cent wanted pain relief They were thankful to escape alive from the battleficld
and the wound was the cause for their probable return home and was for that
reason acceptable

Placebo reactors

When a patient 15 1n pain as in the post operative penod the admimstration of a
drug cannot but be significant and exert powerful suggestton In these crreumstances
the placebo reaction s likely to be more frequent than in a laboratory experiment
Indeed Fischer and Dlin (1956) pointed out thatall humans however maturely adjusted
may as a result of suffering or longing for the relief obtain a placebo reaction regrd
less of the nature of the placebo Placebos have been noted by Beecher (1956¢) to be
more effective 1n relieving a  stressful  situation when the stress 1s severe he quoted
Cleghorn and others (1950) who found that a placebo given to patients with anxiety
results in an increase of adrenal cortical activity of greater degree 1n those with severe
s opposed to those with mild anxiety In the ordinary post operative pain study the
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placebo reactor 1s dfficult to pick out from the non reactor The Harvard group in
studying this problem (Lasagna and his colleagues 1954) found that there were
differences 1n attitudes habits background and personality but that these were not
obvious on ordinary climical examnation and could be found only by extensne and
careful psychological imvestigatton The large number of placebo reactors (about
30 per cent) 1 an nvestigation tends to obscure the results and elimination of these
reactors tends to sharpen the focus and may make more evident a particular drug
effect (Beecher 1955) Not all the reactions to a placebo are pleasant and there have
been reports of toxic rashes collapse diarrhoea and angioneurotic oedema (Wolf and
Pinsky 1954) Indeed it seems that the assertion that human beings are suggestible
has as a result of much hard work now been proven and may be accepted by scientific
workers

Salicylates

Some drugs such as atroptne 1n colic act Jocally in the organ or tissue in which
the pain anses These are not considered analgesics although they relieve pamn
Analgesics are considered to be those drugs which, acting on the central nervous
system relieve pain without significantly impairing consciousness There are those
who do not now regard aspirin and salicylates as true analgesics as they have
no effect on pain threshold and are thought by some to act by reducing oedema
in the tissues Support 1s lent to this theory by the fact that they are most effective
in integumental pain of an aching type leaving sharp, severe pun and visceral
discomforts unaffected (Wikler, 1950) Recently Keele (1957) has found that
salicylates have some snhibiting effect on the pamn producing substance of plasma
Of interest to anaesthetists 15 the hypoprothrombinaemia which may follow
really intensive salicylate therapy such as may be needed in rheumatic fever
or 1n the prophylaxis of gout This danger may be avoided by giving 1 miiligram
of synthetic vitamin K analogue per gramme of salicylate Other toxic effects for
example tinnitus nausea and vomuting are largely central since they may follow
intravenous admmustration and are manifest as the plasma concentration ap
proaches 35 mulligrams per 100 mullilitres (Graham and Parker, 1948) The
hyperventilation which occurs may be the result of direct stimulation of the
respiratory centre or of a true metabolic acidosis and 1s a main symptom of over
dosage Brodie and Axelrod (1949) showed that phenacefin and acetaniide both
owe therr effects to N acetyl p ammophenol a breakdown product which unlike the
orginal substance 1s free from risk of methaemoglobinaemia This compound may
in the case of aspirin intolerance be a useful but no more effective alternative
Although during the post operative period analgesics are usually given parenter
ally owing to gastro intestinal disturbance the oral route has obvious advantages
especally 1n the treatment of chronic pmn Beecher and his co workers (1953)
using the latter part of the post operative period found 10 grains of aspirin
more effective than a placebo while on the other hand % of a grain of morphine
and 1 grain of codeine when given by mouth gave decidedly inferior relief It s of
interest that recent studtes using radioactive carbon 1n the methyl group of codeine
{methyl morphine) have shown that 1t 1s demethylated 1n the bowel Probably
much of this drug s effect 1s due to the released morphine (about 10 per cent of
the codeine being absorbed Many of the synthetic narcotics are well absorbed
from the gut notably methyldihydryomorphmone (Metopon) levorphanol and
methadone
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goup of analgesics With the discovery of pethidine a d4-phemvl pipenidine by
Schaumann tn 1939 the morphine like charactenistc was linked by him to the -phenyt
Pirenidine system which can be seen in the morphine molecule When methadone
which did not contan a pipendine ning was discovered the narcotic essential group

was sunphified by tum to (a) a quaternary carbon atom (b) a benzene nucleus attached
to(a) and (c) a tertiary amune group separated from that carbon atom by two methslene
groups These features are common to morphine pethidine and methadone Further
modification to fit the essential group to the dithienylbutenylanunes were made
but it was later suggested (Gero 1954) that in both methadone and the dithieny |

butenylamunes part of the molecules was m a position resembling a pipenidine nng
4MTA
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and Eddy Halbach and Braenden (1956) showed photographs of molecular models
which 1llustrated the pseudo piperidine ring  structure 1n morphine morphinan
pethidine methadone and a dithienylbutenylamine The diagram sllustrates the point

Nature of morphine hke effect

The specfic nature of the morphine like effect his been emphasized by
Schaumann (1956), optical isomers of the same compound varymng in potency
An example 1s levorphanol, the dextro 1somer of which 1s without analgesic effect
He contrasted this with the general anaesthetic agents which depend largely on
therr fat solubility and 1n which there 1s no difference 1n potency between the
optical 1somers Beckett and Casy (1954) suggested that these morphine like
antlgesics must have an over all structure which results 1n a close surface fit with
an analgesic receptor Another property of these agents is their antagonism by
nalorphine, which, 1t has been suggested, acts as a competitive blocker at these
receptors The respiratory depression 1n man the constipation the addiction and
other properties were considered 1s recently as 1956 by Schaumann to be not
mere side actions but to be specific drug effects, just as 1s the analgesia of morphine
Keats and Beecher (1952) remarked that * the simularity of side actions 1 equipotent
doses of morphine like analgesics raises the question of whether 1t 1s posstble to
divorce completely the morphine degree of analgesia from these charactenistic
side actions and state that continued study of these compounds does not
promuse to be very rewarding It docs now seem however, that although the
addiction producing and analgesia producing qualties 1n general run parallel,
the two are not linked 1nseparably and smportant exceptioris exist (Eddy Halbach
and Braenden, 1956) Of these the most promising yet reported 1sallyl normorphine
which 1s said to have no addictive Liability Although in rats 1t is inferior 1n analgesic
power 1n post operative pamn n man 1t nerly equals morphine (Lasagna and
Beecher 1954) Expense and the higher incidence of side effects however preclude
its routine use 1n these circumstances

The Harvard group (Gravenstern and his colleagues 1956) have re examined
dihydrocodeine and find that 1n man 30 milhgrams 1s a more potent analgesic
though rather shorter 1n action than 1s 10 mulligrams of morphine The side
effccts respiratory depression dyspnoea and nausea are however, much less
marked Further chnical testing 1s required but 1t seems that at long last and
spite of some pessimism the intensive rescarch programme of the last 18 years
may yet provide an effective analgesia with lessened undesirable side effects

Potentiating drugs

Other methods cf achteving this aim are being investigated and 1t has been
found that neostigminc potentiates the analgesia of morphine (Szerb and McCurdy
1956) without tncreasing 1ts curibral concentration  simifar claims have been made
for pyndostigmmne (Mestinon) These drugs are cholinergic and have a helpful
tendency 1n counteracting the actton of morphine on the gut A striking potentiation
of morphine action 1s reported (Chen 1956) to result from 1 dimethylamino 2
phenyl 3 methyl pentane hydrochloride a compound having some structural
resemblance to methadone This has only been used 1n amimals and may not be
applicable to man as 1t produces a dwresis It does not potentiate barbiturates,
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thus contrasting with chlorpromazine which while 1t does so mirkedly has 1
less clear cut effect with morphine Chlorpromazine his no analgesic cffect 1n
ordmars dosage but can be usefulin the treatment of pun, particutarly of mahgnant
discase (Dundee 1957) In some patients but by no means all, it provides sedtion
and relief from anxiety and may often allny completely the nausea wnd yomiting
due to morphine administration It has been claimed that chlorpromazine produces
an indifference to pain the effect being ikened to leucotomy The sme analogy
was drawn in the case of barbiturates by keats and Beecher (1950), who claimed
that pentobarbitone sodum given ntravenously rehieved post operative pan in
50 per cent of cases 1n contrast to saline solutron which gave a placebo effect 1n
20 per cent, morphine bemng effective in 80 per cent Wikler and his co-workers
(H1ll, Bellewille and Wikler, 1955) doubted the efficacy of barbiturates as analgesics
and recalculated heats and Beechers figures showmng that while comfort as
judged by obserter was 38 8 per cent pan rchiel as judged by patient was obtained
1n only 26 8 per cent a figure httle better than that given by a placebo These
results are more 1n accord with chimcal experience

The attempt to secure adequate depth of analgesia without depression of
resprration by adding N allyl normorphine to morphine has not been entirely
successful (Echenhoff Hoffman and Dripps, 1952 Payne, 1954) The addition of
levallorphan to levorphanol in chromic pamn (Cullen and Santos, 1954) or to
alphaprodine as a supplement to mtrous oxide (Swerdlow, 1957) 1s rather more
promising  Stmilarly amiphenazole (Daptazole) has been used to counter the
respiratory depression of really large doses of morphine (100-130 mulhigrams) in
malignant disease, and has been employed (as has nalorphine and levallorphan)
to combat neonatal apnoea (Holmes 1956) A tuberculous woman who had become
addicted to morphine and pethidine was treated by armiphenazole for three days
after which she has remamed apparently free from addiction for ten weeks
(Ballanune 1957) This startling finding «f confirmed 1s certanly important and
further 1nvestigation might be most profitable

SEDATION

Much distress both physical and mental 1s relieved by depression of consciousness
In general there 1s a progresston sedation leading to sleep and eventually to
anaesthesta This sequence which largely through its effect on the psychic com-
ponent of the pain experienced somewhere includes analgesia 1s the result of
alterations 1n the level of awareness Consciousness or the wakig state 1s
thought to be dependent on a stream of 1mpulses radiated 1o the central hemt
spheres from an area 1n the brain stem and hypothalamic region which has been
described by Magoun (1950) as the reticular activating system (F1g 9) This system
has a multisynaptic structure as 1s also found 1n the central cortex and 1t 15 sug
gested that these areas are those largely concerned in the anaesthenic state
(French Verzeano and Magoun 1953 see Chapter 3) Even a small dose of ether
or of barbiturate inactivates this system n the expentmental ammal and for this
reason jts recogmtion was delayed until electroencephalography was carried out
n the curarized and locally anaesthetized monkey
Site of action

Recent studies made on conscious patients in whom fine silver electrodes had
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and Eddy, Halbach and Braenden (1956) showed photographs of molecular models
which Hlustrated the pseudo piperidine ring  structure 1in morphitne morphinan
petludine methadone and a dithienylbutenylamine  The dragram illustrates the point

Nature of morphine like effect

The specific nature of the morphine like effect has been emphasized by
Schaumann (1956), optical 1somers of the same compound varymng 1n potency
An example 1s levorphanol, the dextro 1somer of which 1s without analgesic effect
He contrasted this with the general anaesthetic agents which depend largely on
their fat solubility and 1n which there ts no difference 1n potency between the
optical jsomers Beckett and Casy (1954) suggested that these morphine like
analgesics must have an over all structure which results 1n a close surface fit with
an analgesic receptor Another property of these agents 1s their antagomsm by
nalorphine, which, 1t has been suggested, acts as a competitive blocker at these
receptors The respiratory depression 1n man the constipation, the addiction and
other properties were considered as recently as 1956 by Schaumann to be not
mere side actions but to be specific drug effects just as1s the analgesia of morphine
Keats and Beecher (1952) remarked that ¢ the similanity of side actions 1n equipotent
doses of morphine like analgesics raises the question of whether 1t 1s possible to
divorce completely the morphine degree of analgesia from these charactenstic
side actions and state that continued study of these compounds does not
promise to be very rewarding It does now seem however, that although the
addiction producing and analgesia producing quahities 1 general run parallel,
the two are not linked 1nseparably and :mportant exceptionts exist (Eddy Halbach
and Braenden, 1956) Of these the most promusing yet reported 1sallyl normorphine,
which 1s sard to have no addictive liability Although 1n rats 1t 15 nferior tn analgesic
power, 1n post operattve pain 1n man 1t nearly equals morphine (Lasagna and
Beecher 1954) Expense and the hugher incidence of side effects however preclude
its routine use 1n these circumstances

The Harvard group (Gravenstemn and his colleagues, 1956) have re examimed
dihydrocodeme and find that 1n man 30 mulhgrams 1s 2 more potent analgesic,
though rather shorter in action than 1s 10 mulligrams of morphine The side
effects respiratory depression dyspnoea and nausea are, however much less
marked Further chinical testing 1s required but 1t seems that at long last and i1n
spite of some pessimism the intensive research programme of the last 18 years
may yet provide an effective analgesia with lessened undestrable side effects

Potentiating drugs

Other methods of achicving this aim are being investigated and 1t has been
found that neostigmne potentiates the an ilgesia of morphine (Szerb and McCurdy,
1956) without increasing 1ts cerebral concentration simular claims have been made
for pyridostigmine (Mestinon) These drugs are cholinergic and have a helpful
tendency 1n counteracting the action of morphine on the gut A striking potentiation
of morphine action 1s reported (Chen 1956) to result from 1 dimethylamino 2
phenyl 3 methyl pentane hydrochloride a compound having some structural
resemblance to methadone This has only been used in amimals and may not be
applicable to man as 1t produces a dwresis It does not potentiate barbsturates,
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Dictionan as freedom from disturbance of mind  or as  stoical indifference of
these ataractics many are derived from drugs with which anaesthetrsts are already
familiar, and some arc alreads n use in pre operatne and post operatinve
medication The antthistamine preparation promethazine (Phenergan) has been
farrly widels used as a sedative (Beard 1953) It prolongs the action of barbiturate
perhaps by increasing the permeability of the blood brain barrier {Lightstone
and Nelson 1953) Its sedatne effects arc cxerted below cortical level judging
from the epileptiform convulsions which are occasionalls released during its use—
a labilits shared with many of its dervatines The first of these, chlorpromazine
has alreads a considerable Iiterature It has been followed by pecazine (Pacatal)
a pipenidv phenothiazine promazine (Sparine) and by acetyIpromazine (Notensil)
These latter are without the touc chlonine atom in the phenothiazine nng and
have so far less often been the cause of ner damage but pecazine at least can sull
cause agranulocvtosts These dangers scen only when admimistration 1s continued
over a period are accepted in stew of the valuable sedation n psvchoses,
parucularh manic excitement The delinum of the touc drugs or states 15 usualls
controlled, but the evidence of skin sensitization in those handling the drugis veny
high and should be remembered by anaesthetists Other sedative antimstamines
diphenhvdramine (Benadn1) and meclozine (Bonamine Ancolan) have led to the
development of the ataractics Covatin and hvdroxvzine (Atarax) respectisely These
while marnls used n the neuroses are beng tried in premedication Reserpine
one of the rauwolfia alkalowds 15 a vohimbine denvatine and exerts marked
sedatnve effects

The most widely used ataractic meprobamate (Miltown Equaml) was dertved
from mephenesin and Iike this drug 1t produces muscular paralvsts sn large
doses It may be the cause of drug rashes and occasionally of profuse diarrhoea
since 1t 1s an urethane, blood dyscrasia 1s a possthility on theoretical grounds
Guven 1n single doses of 400800 milligrams 1t seems to produce relaxation and
to encourage sleep, and has therefore been used 1n premedication It would seem
particularly indicated i tense anvious patients or in those with pam due to
muscle spasm 1t has no real anuconvulsine effect and except that the price 1s
about twenty times greater 1t 1s comparable with short to medium acting

barbiturates but since it 1s less poisonous may be more safely used for potentiatly
suicidal patients

There ts however a real qualitatine difference in the sedation of the ataractics as
compared to the barbiturates and an expeniment by Walaszek and Abood (1956) 1s
llurmunaung. Siamese fighting fish (Betta splendens) were tmmersed 1 a dilute solution
of vanous drugs Reserpine chlorp prob. h )}

and hypnotics were among those tested Whereas hypnotics and analgesics had hitle
effect the ataractics and the antilustamines completely blocked the natural fighting
responses of these pugnacious fish. Stmular experiments with the Russian Red Snapper
and the Chinese Swordtail have been suggested

In general, the ataractics reduce tenston and overactivity in the anxious This
may be beneficial particularly to those in contact with the patient, but 1t 1s possible
that this very overactivity 1s the means by which the Ppatient expresses his inner
tension What 1s more not everyone likes being sedated however, since more than
35 milhon prescriptions for meprobamate are said to have been dispensed 1n the
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been previously pliced at vartous levels in the brain (Heath, 1954), have shown
that the clectrical changes of sleep appear first in the subcortical zone at a time
when clintcally the patient fecls only drowsy Later, with the onset of actual
sleep the clectrical changes spread into the overlying cortex Simular clectrical
changes followed the administration of amylobarbitone sodium, but with pheno
barbrtone 1t was noticeable that the cortex was involved to a greater extent, this
being 1n accord with the well recogmzed effectiveness of the latter drug on
epileptiform convulsions, which are regarded 1s due to cortical disorders King
(1956) working with cats has produced evidence confirming the work on the
site of action of some anaesthetic and sedative drugs [t would appear that
barbiturates in general alter the threshold of arousal by preventing the stimulation
of the retrcular tormation which 1rrives t1a the collaterals from the classical somatic
sensory pathway (Fig 9)

With small doses of barbiturates sensory cortical responsiveness was not
impartred, and indeed the responses from the diffuse thafamic projection system

Somatic
sensory
path

Diffuse thalamec

projection

gaéulcular octivative
em

CAT ERAIN 4
F16 9 —Reticular activating system

freed from the inhibition due to reticular formation activity were increased as
shown 1n the electroencephalograph by spmdling  Ether, on the other hand,
depressed both the reticular formation and the activity responstble for ‘spindling
Mephenesin which 1s a non anaesthetic interneurone depressant does not block
the reticular activating system as do small doses of ether or barbiturates King
suggested, therefore that 1t 1s ymprobable that the multisynaptic organization
per se 1s the explanation of the susceptibtlity of the mechanism to anaesthetic
agents but she agrees that her data support the hypothesis that these drugs produce
sleep by selective depression of the extralemimscal reticular tracts by which
sensory impressions contribute to cortical arousal Ether given m doses so small
as not to mmpair consciousness and thus presumably not blocking the ascending
reticular system can producc analgesia Belleville and Artusio (1955) suggested
that 1n this case a block occurs either at some point 1n the cortex or between the
thalamus and the cortex so that pain 1s not appreciated

Ataractics

A drug which 1s sedative without producing drowsiness has uses especially
1n abnormal mental states Mephenesin 1s claimed to be such a drug and was the
forerunner of a class of drugs popularly known as tranquillizers to which the
name ataractic has been given (Table 1) ataraxy 1s defined 1n the Shorter Oxford
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serotontn levels 1n the brain, but it has been suggested that chlorpromazine
suppresses adenine triphosphate utilization to the greatest extent 1n the reticular
formation (Grenell Mendelson and McElroy, 1955) or that it may act by
inhibiting noradrenaline which serves as one of the neuro humoral transmtters

Chlorpromazine 15 a true potentiator since it will re induce sleep tn amimals which
have recovered from barbiturate or alcohol sleep, without mterference with the
metabolism of these drugs (Brodie and his colleagues 1955) In contrast, the
sleep prolonging effect of iprontazid and also of propyl trasentin, which have no
hypnotic effect of their own s apparently due to their inhibition of oxidase
systems (Fouts and Brodie, 1956) including the mono oxidase which destroys
serotonin It 15 of interest that Fastter Speden and Wanal (1957) have found that
the sleep time of chloral hydrate 1s significantly prolonged by a variety of com

pounds including serotonin  adrenaline methoxamine histamine ergotamine
yohimbine and atropme most of which are known to lower body temperature
It 1s suggested that some at Jeast of the drugs which prolong hypnotic effect do so by
virtue of hypothermic action So also potentiation of barbiturates may be associated
1n some circumstances with the lowering of temperatures which may result from
the use of chlorpromazine or reserpine (Lessin and Parkes 1957) Expenmentally
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United States of America during 1956 this seems to be 1 minonity response, but
1t should be remembered when premedicating patients

Potentiation of barbiturates

Although large doses of barbiturates reduce cerebral oxygen consumption no
such effect occurs with reserpine or the phenothiazine derivatives They do
however markedly potentiate the action of barbiturates without apparent change
in cerebral oxygen consumption (Fazekas Albert and Alman 1955) Reserpine
lowers the level of the bramn serotomin (5 hydroxytryptamine) an effect which
persists for a few days after reserpine 1s stopped and 1s no longer demonstrable
in the brain tissue It 1s noteworthy that the serotonsn level in the rabbit bram
stem 1s three times that of the rest of the brun and that in mice serotonin poten
tiates barbiturate action as also does reserpine (Pletscher Shore and Brodie 1955)
Barbiturate action 1s also potentiated by ipronizid which 1s known to mhibit the
enzyme amine oxidase which destroys serotomn

Since reserpine potentiates barbiturate action 1t 1s a hittle surprising 1n view of
its increasing use that no case of susceptibility to barbiturates from this cause has
as yet been reported The phenothuazine derivatives have no known cffect on
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Thus the type and amount of scditne and analgesic drug must, in m1ny cascs,
depend on the adequacy or otherwise of aftercare

Barbiturates

The barbiturates are sull the most widely used sedatives, costing in Fngland
about £2,000,000 a ycar and beng responsible for more than 6,000 cases of
poisoning yearly, of which over 500 are ftal

The results of treatment tn large senies of such intoxications (Nilsson 1951 Locket
1956) have been better when annleptics or other amagonists hve not been employed
However 1t will probably be found espeenlly where shilled and specialized medical
and nursing care 1s not available that there 1s room for discrect use of such drugs 1n
order to lessen the depths of coma thus smproving sentifation and allowing the seturn
of the protectne pharyngeal and laryngeal reflexes Bermgnde (Mepimide) f-ethyl
{ methyl glutarimude 15 the example of current interest (Shulman and his colleagues
1955) Its formula can be drawn so that it somewhat resembles leptazo! (pentylene
tetrazol Cardiazol) Like the latter 1t can causc convulsions and apparently owes ats
effect on barbiturate coma (0 its analeptic qualities
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Haemodialysis by an  aruficial kidney s many times morc effectsve than the
human kidney 1n removing barbiturate from the blood and 1s at present the only
available known method of producing a rapid blood cléarance such measures as forced
diuresis and cerebrospinal puncture domng more harm than good

Chronic intoxication recogmized as a problem in Germany and 1n the United States
of America resembles 1n many ways chronic alcoholism It has been found that about
s1x 10 eight times the normal dose of barbiturate taken for a few weeks may be foliowed
by add and a depend 1t unless withdrawal be gradual to produce
serjous abstinence symptoms which may include convulsions status epilepticus and
even death Kjaer Larsen (1956) has reported psychoses in cases of barbiturate addiction
who had been treated with bermgnide but the analogy to the withdrawat symptoms 1n
morphine addicts when given allylnormorphine though tempting cannot yet be
Justified The drugs most favoured by psychopathic addicts are those of the short
acting group such as quinalbarbitone (Seconal) which provide the more abrupt change
of mood which 1s craved

Non barbiturate sedatives

Perhaps these dangers are the reason for the development of a number of
non barbiturate sedatives during the last few years These seem to have few
advantages in routine practice to compensate for their high price and since they
are efficient hypnotics 1t 1s a matter of time before they are misused by the unstable

Methylpentynol (methylparaffinel Somnesin  Oblivon Dormtson) 1s already
well known as a useful mild sedative A closely related chlorinated carbinol
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1t has been found that a fall in body temperature of 10° C increases barbiturate
sleep time from 7 to 60 minutes and 1t may be suggested that chlorpromazine and
reserpine by reducing body temperature slow the rate of enzymic detoxcation of
barbiturates and thus have a mode of action 1n common with propyl trasentmn,
which mhibits the detoxifying enzyme directly (Axelrod and hus collcagues 1954)
No completely coherent theory of the mode of action of these drugs 1s yet available
but the subject 1s arousing great interest and has recently been reviewed by
Fazekas Toupin and Alman (1956)

The need for sedation

It 1s true that pre anacsthetic visits can do much to establish confidence nd
thus reducc the need for sedation, but many patients still fear the anacsthetic as
much as or more than the actual operation It s unfortunate that the use of
respiratory depressants 1s tnadvisable before ether or cyclopropane, as apprehension
1s especsally common where induction by face mask 1s the usual practice In those
circumstances many recommend only a small dose of barbiturate as sedative
which should be given intramuscularly rather than by mouth Although this may
produce some euphoria and relaxation 1t does not compare with the effect of a nar
cotrc 1n reducing anxiety associated with anticipation of pain (Hill Belleville and
Wikler 1955) Cohen and Beecher (1951) state that on principle  morphne and
similar agents should not be used because of their power to produce euphora
except 1n conjunction with the treatment of severe pain or mn patients dying with
termunal cancer  Presumably this 1s on account of the greater rish of addrction
and the more extensive use of ether where they work Others on the contrary
mught feel that euphorna 1s needed 1n some air and that pr dication
but rarely results in drug addicton The increasingly common sequence of
intravenous barbrturate followed by mitrous oxide and oxygen necessitates vene
puncture which 1s often feared especially by children furthermore since nitrous
oxide 1s a weak agent until saturation 1s complete 1t 1s at the begmning of
anaesthesia that annlgesics are especially needed and to incorporate these mn the
premedication of healthy patients 15 not unreasonable Premedication induction
and maintenance of anaesthesia ideally should fade imperceptibly one mto another,
and whether these drugs are gtven orally or hypodermically in the ward or mtra
venously 1n the theatre 1s a matter for individual judgment in each cise Stker
(1956) 1n reviewing the analgesic supplementation of mtrous oxide pointed out
that this practice has made possible a much wider use of the gas which n turn has
resulted i the acquisition of greater skill 1n its handling and hence paradoxeally
has decreased dependence on these adjuvants

Although narcotics reduce pulmonary ventilation to a greater extent than do
the barbiturates this 1s of little consequence during anaesthesta since we are now
accustomed to assist resptration when necessary After operatton a narcotic 15 In
any case often idicated to allay discomfort Here the resulting depression of
respiration and cough reflexes may be held responsible for atelectasis, but on the
other hand 1t must be remembered that although such a patient may feel less
urge to cough when mstructed to do so bronchual clearance 1s often more
effective when anxiety 1s reduced and analgesia afforded by a narcotic 1ndeed 1t
1s not uncommon to precede physiotherapy after thoracic surgery by such 1 drug
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While these newer drugs ean cestunly be useful in specinl circumstances they have
hmitations and unwanted side effects Some are notably free from respiratory
depression, but their plice n anaesthetic practice 1s not yet certun and they are
perhaps best regarded as the promising forerunners of other and better drugs

Reference has been made to pharmacological work 1n another direction which
may prove frunful Sedatnes and narcotics with winch there has lTong been
famianity ¢an have their action increased by a vanety of new agents, some of
which may et by mhibiting enzymes which are concerned 1n the breakhdown of the
drug 1n the brain ussue In this way drug actton may be enhanced sn the bramn
allowing smaller dosage and hence less unwanted side effects elsewhere 1n the body

Thus progress in anacsthesia depends largely on pharmacology Indced, a wide
hnowledge of drugs has become part of the grounds upon which anacsthesiology
claims recognition as a specialty, but the title “doctor must continue to be
sustified by our wisdom n their use
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ethchlorvynol (Placidyl), resembles 1t 1n many ways, being an oily hquid absorbed
from the small gut, effective m about 20 minutes with not only hypnotic but
sedative anticonvulsive and muscle relaxing properties Stnce it 1s broken down
1n the hver and not excreted by the kidneys 1t may be used in kidney disease
Anaesthetists re ltkely to use these drugs only for short periods and in these
circumstances they seem relatively safe respiration being Iittle affected even by
large doses although occasionally hypersensitivity with muscular weakness and
hypotension may occur Nausea excitement and rashes have also been recorded
The dose range resembles that of methy! pentynol
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Glutethimide (Dortden) and methylprylone (Noludar) are rather symilar members
of a new group of longer acting sedative hypnotics which do not even i gross
overdose depress respiration although hypotension and circulatory collapse may
occur noradrenalme or other pressor amines are useful 1n treatment The mode
of excretion 1s not known occastonal skin rashes and hangover have been
teported and there have been suggestions of possible withdrawal symptoms after
prolonged admunistration

These four drugs which do not depress respiration so much as do the
barbiturates are medium acting to long acting sedatives Ethinamate (valmidate)
15 2 rapid and short acting sedative hypnotic overdose of which will cause
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resptratory paralysis in ammals but 1n man 28 grammes did not cause death
1t 1s almost completely broken down 1 the body but since the liver and kidneys
do not seem to be mnvolved 1t may be useful in advanced disease of these organs
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While these newer drugs ean certunly be uscful in speenl circumstances they have
himitations and unwanted ide cffects Some are notably free from respiratory
depresston but thetr place in anaesthetic practice 15 not yet certun and they are
perhaps best regarded as the promising forcrunners of other and better drugs

Reference has been made to pharmacologieal work 1n another direction which
may prose frmiful Sedatnes and narcotics with which there has long been
famthanty can have their action ncretsed by 1 variety of new agents, some of
which may act by mhibiting enzymes which 1re concerned in the breakdown of the
drug in the brain tissue In this way drug action may be enhanced i the brun
allowing smaller dosage and hence less unwanted side cffects elsewhere tn the body

Thus progress 1n an1esthesia depends largely on pharmacology Indeed, a wide
hnowledge of drugs has become part of the grounds upon which anacsthesiology
claims recogmition as a specialty but the title  doctor  must continue to be
sustified by our wisdom 1n therr use
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CHALTER S

TOCAT ANALSTHETIC DRUGS THHIR MODE OF ACTION
AND RICINT ADVANCLS

1 C Ginms

CHEMICAL STRUCTURI O 1OCAL ANAISTHITICS

A REMARKABIY large number of molecultr configuritions are able to produce
local anacsthesia and this property has been attrbuted to drugs of many vaned
classes  However, numerous compounds which from thar general chemucal
structure might be expected 10 possess local nacsthetic properties are in fact
mactine As shown by Buch: (1952) 1n 1 comprehensine review the relionship
between structure and function can be found only within narrow limits and then
only 1n a senies of compounds which are practically homologous The basic esters
of benzoie acid and para aminobenzotc 1cid are excellent examples Itas significant
lglcul 1t 15 to this group of compounds that the majonty of the new Jocal anaesthetics

long

The introduction of the amino group nto the aromatic ring markedly increases
the anaesthetic activity The position of the amino group ts important The para
posttion results 1n greater activity than does the met1 or ortho position Alkylation
of this amino group increases both potency and touicity When the 1mino group
of procaine 1s thus modified the methy! amino compound 1s only shghtly more
potent but its potency increases through the cthyl aind propyl homologues to the
butyl Amethocaine p butyl amino benzoyldimethylaminocthano! 1s some ten to
twenty times as potent as procamne (Bonica 1951)

Many attempts have been made to produce new local anaesthetics and
Quevauviller (1952) has traced the various modificitions of the bisic locil
anaesthetic molecule To be successful it must hve cert tin properties

Vipoid solubuhity

Narcotics display a parallelism between their narcotic activity and their relative
lipoid solubility Thus obscrvation natusally led to speculation s to whether or
not a silar relavonship holds for the local anacstheties (Bryce Smith 1950)
The narcotics are, however electrically neutral chemucally indifferent compounds
thus differing from the 1omzed local anaesthetics Following a study of a large
number of Jocal anaesthetics Lofgren (1948) found no correlation between thesr
blocking potencies and their partitions between hpoid and water However
between the groups of related compounds there was a certain degree of simtlarity
between partition coefficient and blocking potency thus though it was not the
only important factor 1t did have some bearing on the blocking elect

Quevauwller (1952) has divided the local anaesthetic molecule into three parts
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TRANSMISSION OF A NFRVE IMPULSE

medullated or non medullited  Both fibres poscess 1 central core of semfind
axoplasm which 1s not covered by a histologically dentifiable <urface membrane
There 15 howeser 1 functional membrine which scpirates the itracellular
contents from the extracellular flurd In the medullated nerve there 18 2 further
msulating Ywer, namely the medullary sheath This consists of concentric sheets
of protein intersprced betwcen layers of Iipord matennl munly lecithin

Nodes of Ramvier

The medullary sheth 1s interrupted 2t regular intersals by the nodes of Rinvicr
Hess and Y oung (1952) hnve recently reviewed our knowledge of these important
areas Histologically there are other reas where brehs can be seen in the myclin

(b}

—
wp

(c) W__:
By

Fits 10 —(a) Dtagram of the various substances present at a node The reconstruction 1s
based on a tracing from a photograph of a fibre fixed 1n osmum tetroxide but details
are added from preparations with other methods Any actual fibre would show greater
trregulanities in the outhine of the myelin (b) and {c) show tracings from photogtaphs
of individual fibres key cem disk yelin o Teus of outer
endoneurium  max —nodal axon sewr —neunlemma o end —outer endoneurium

per —peninodal space s ¢ —Schwann ccll protopl
o ) protoplasm (After Hess and Young (195%)

sll;;at_il_hbut there are certain charactenstics which only occur At the nodes (Fig
o r\':orc s ;reductmn in the diameter of the axon which 15 restricted to the
como{:r l;:ez:r t this point the myelin sheath dips inwards 1n 1 smooth rounded
oo Tovems |cr|1g :overe:!i with the inturning of a layer of the neurillemma As the
o by arclsnduxlzrnso:itc _:l:)l(lccmmtht.oy fu;clhand gm; an apperrance of a cement
: gion of the axon free of myehn 1s less than 1

l‘;lmi:lgr:hs:n:r:&or‘r;orc tn radial thickness This disk thus fgrms 2 cuff of sclerou
Do Ofp g the two ends of the myeln and 1t 1s through this that the

tons occurs during conduction of a nerve impulse That this 1s an area
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LOCAL ANAESTHETIC DRUGS THEIR MODE OF ACTION

(1) A hydrophilic group, usually an amino 1lcohol or 1sosteric group, which
provides the necessry water solubility

(2) Anntermedrate portion in the form of 1n ester or 1sosteric group which he
considers as the pivot

(3) A lipophilic portion consisting of cyche and heterocychic hydrocarbon
formations including a varymg number of substituted 1sosteric groups This
portion provides the lipoid solubility required for local anaesthetic activity

It 1s however, essentral that these hydrophilic and hipophilic properties are
balanced for 1f the former predominates suflicient active frec base will not be
avaulable following 1njection If on the other hand the molecule 1s too hpophilic
1t cannot be dissolved 1n water and thus becomes clinically useless

Quaternary ammonium compounds

Nador and his colleagues (1953) deseribed 1 series of quaternary ammomum
compounds possessing local anaesthetic activity Onset of anacsthesia was how
ever slow Recently choline 2 6 xylyl ether bromude, 1lso 1 quaternary compound
has been demonstrated to possess local anaesthetic actvity (Hey and Willey
1954) and onset of action was ripid These quaternary compounds do not have
any activity 1s toprcal anaesthetics while the tertiry homologues have been
shown to be effective This 1s mn accord with the general conclusion that the terhary
amino group 1s concerncd with the penctration of membranes

Tomzation m solutron

Local 1naesthetics are the shlts of weak bises and s such dissociate 1n aqueous
solution The degree of dissocittion depends upon the 1onization constant of the
local anaesthetic and the pH of the solution Many workers have demonstrated
that 1t 1s the free base which 1s the active ton (Trevan and Boock 1927 Ehrenberg
1948 Skou 1954) At an alkaline pH there 1s more frec base available 1nd, when
testing for local anaesthetic activity on 1solated nerve or by topical apphcation
to the cornes, 1t can readily be demonstrated that 1s the pH approaches 74
mereased activity 1s present [t was because of this observation that buffered
solutions were ntroduced but unfortunately little 1s to be guned when they
are used for infiltration for the tissues possess conmsiderable buffering powers
and ctn readily 1djust injected solutions to the pH of the body In chnieal practice
therefore s found by Tainter (1941) no advantage was obscrved ns regards the
speed of onset of anaesthesia following the use of buffered solutions It should
however be noted that solutions of too low pH can cause tissue damage nd
severe necrosis has resulted from procame at 1 pH of 1 0-2 9 (kendnall 1948)

TRANSMISSION OF A NERVE IMPULSE

It 15 relevant to consider bricfly some of the advances in our knowledge of the
transmission of a nerve impulse These have recently been summanzed in excellent
reviews by Toman (1952) and Murait (1954)

The structure of nerves

The umt of nervous tissue consists of the nerve cell and 1ts processes the
dendrites and the axon or axis cylinder The axon 1s dependent upon 2n intict
connexion with the nerve cell for nutrition and survival Nerve fibres mny be erther
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LOCAL ANAESTHETIC DRUGS THEIR MODE OF ACTION

of great permeability 15 demonstrated by the fact that when dyes are appled to
medullated nerves 1t 1s only at the nodes that they enter and diffuse along the
fibres Methylene blue stamns the whole of this area and by 1ts use 1t has been
possible to demonstrate that nodes are not confined to peripheral nerves but are
also present in the medullated nerves in the central nervous system

Tasakt (1953) has shown that 1n 2 medullated nerve the node 15 the only place
at which 1t can be excited The part that the nodes play i saltatory conduction
1 nerve has been reviewed by Stampflt (1954) Therr presence permits an extremely
effictent conduction of an tmpulse with the expenditure of considerably less energy
than would have otherwise been necessary (Hodgkn, 1951)

Metabolism of nerves

The excitation and polarization of nerves necessitates a supply of energy
During conduction of an impulse oxygen s consumed carbon dioxide produced
and heat evolved Therc 1s however no fixed relationship between this rate of
oxygen uptake and the capacity for nerve tissue function (Brink, Bronk and
Larrabee 1946)

Shenf (1930) has demonstrated that procame and cocame inhibit the respiration
of the scratsc nerve of the rabbit It was thus suggested that Jocal anaesthetics act
by mhibiting the utihzation of oxygen Experiments by Watts (1949) in wiich
brain homogenates and varymg substrates were used showed that a correlation
existed between the relative ability of the local anaesthetics to mnhibit the mtra
cellular oxidation of glucose succinate and ascorbate, and their potencies as local
anaesthetics Ryman and Walsh (1954) found that cocaine suppresses respiration
and aerobic acetylcholine svnthesis i the brain In their study they were able to
show that the entry of active acetate m the citric acid cycle was being blocked
by the local anaesthetics It was also shown 1n a further paper (Ryman and
Walsh 1955), that the synthetic local anaesthetics exerted a similar effect

It 1s however known that the local anaesthetics may block conduction m
nerves at concentrations which cause no decrease mn the uptake of oxygen
{Larrabee Posternak and Bronk 1947) Furthermore decreased oxygen con
sumption has been demonstrated to occur following the apphcation of sodium
azde yolimbine and hydroxalamine to a nerve fibre without impairment of
conduction (Doty and Gerard 1950)

‘When potassium chlortde 1s applied to a nerve it causes depolarization and also
a considerable increase 1n the oxygen consumption Experiments with rats bramn
cortex slices (Geddes and Quastel 1956) have shown that local anaesthetics are
able to mhibit this potassium effect on respiration Further, they do so at con
centrations which 1n the absence of extra potasstum exert little depresston on
respiration  The potenctes of the various local anaesthetics as inhibitors of
potassium accelerated respiration have been shown to paralle] their anaesthetic
activities It 1s suggested that the local anaesthetics influence the passage of tons
1 nerves and 1t may be due to this cause that a secondary effect on oxygen
consumption 1s observed Tt 15 concluded that the local anaesthetics do not block
conduction by drrectly interfering with aerobic metabolism of nerves
Possible relation to the transmittor substance

1t has been suggested that acetylcholine or perhaps some other humoral trans
muttor plays a role in nervous conduction (Wilson and Nachmansohn 1954) It
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GENPALIZED FFTICTS OF 10CAT A ALSTHITICS

Fas boen presumed that acetilcholins 16 stored 1 2nractine bound form ard that
wewlation of the nenve rel=awes the cter which combines with 1 receptor proten
It 16 this rerction which it s claimed produces the carpl « chingss in the 101
permeab ity of the cell membrane avocnted with the action potential The
Fdralvas of the ncetvlcholine by cholineterace removes at from the acetvicholire
recep or and allows the nenve to retum 1o ats resting condation

1t 1s well known that the Tocal anacstbetics are potent mnhibitors of the acety]
choine <crum cholinesterase «vaterm (Hazard Cortepgamt and Pelou  1934)
This snhib tion 1 not howerer speaifically associated with the interruption of
conduction for many subsances such as the segetable dves and morphine are
hubitors of serum cholineuterase vet Fave no direet effeet as local anacstheties

MODIFICATION OF THE MICHANISM OF CONDUCTION
BY LOCAL ANAESTHETICS

The 1ome hvpothess of impulse conduction 15 well reviewed by Eecles (1953)
Local anaesthetics block conduction without appreciably altening the resting state
of polanzed nenves (Bennett and Chinburg 1946) It 1s not known how the local
anassthetics stabilize the plasma membrane but Shanes (194%) has suggested that
they appear to reduce the membrane permeabilits to potassium The rate of
transport of potassium from the 1nside to the outside of the fibre 1s a controlling
factor dunng stmulauon Further cxpenments by Straub (1956) demonstrate a
definite effect of procaine on the permeabihity of the nodal membrane to potassium
tons and also to the transport of sodium In myehnated nenves the ronie migration
onlv occurs at the nodes of Ranvier since the myelin sheath acts as a very efficient
barner or nsulator (Lussier and Rushton 1952)

As would be expected Tocal anaesthetics exert their effect only at the nodes of
Ranwier being meflective 1 the mnternodal region (hato 1936 Tasaky 1939)

Ths stabilization of the plasma membrane with maintenance of the demarcation
potential 15 1n direct contrast to the effect of potasstum or calcium These tons have
been shown to cause a block by depolanzing the resting fibre (Bennett and Chin-
burg 1946) thus removing the normal demarcation potential and making
mmpossible the changes 1n polanty associated with conduction of the impulse

RECENT RESEARCH ON GENERALIZED EFFECTS OF
LOCAL ANAESTHETICS

Recent researches with local anaesthetic agents have been influenced by the
advances 1n other fields such as neurophysiology Studies by French Verzeano
and Magoun (1953) with general anaesthetics and their mfluence on the reticular
actinating system have been followed by stmilar work on the neuropharmacology
of procaimne (Peterson 1955 a and b) N
Intravenous administranion of local anaesthetics

an{:{gﬁ;ﬂ 3G:rdcn first reported the injection of procaine intravenously to obtain
anal HRe:d:‘l\l BS(;\ achieve the parmless dressing of burns  After six vears Mushin
e Rende aker (1949) reviewed the numerous climcal applications for the

istration of ntravenous procame It had been postulated by Graubard

and Peterson (1949) that procaine so injected acted as an analgesic by being
S—amTA 65 -



LOCAL ANAESTHFTIC DRUGS THLIR MODE OF ACTION

concentrated 1n arets of changed permeability cnused by tissue traumn The
recent study by Peterson (19551) of the neuropharmacology of intrivenously
admimstered procune showed that the clincal  procunc umt  of 4 milligrams
per kilogram produced no significant alterations mn peripheral neurones or in
trinsmussion 1t preganghonic 1utonomic synapses At higher concentrations
bloching effect was obtuncd on the cffector side of the reflex arc where
cholinergic mechanisms operate On reaching 10 mulligrams per htlogram of
procune 1 ¢irdine vagal block was observed nd at this dosage level myoneural
bloch w s also noted At the level of the spinal cord a graded depresston of activity
tn the monosynaptic ind multineuronal units was produced and this resulted mn a
generl ranquillizing  cffect This was observed following doses 1s Jow as
3-5 mulligrims per Mlogram of procaine

Procune wis shown to exert 1 selective depressant action on the inhibitory
descending snfluences from the brun stem reticular formation without a corre
sponding eflcet on the descending ficilitatory paths which nfluence the motor
neurone This may be the mechamsm of nction of the convulsant properties of
local anaesthetics Toman and Davis (1949) have suggested that 2 threshold
rusing drug may by selective depression of inhibitory systems give nisc to
convtllsions

From these experiments 1t 1s obvious that two separate cfficts are evident
following ntrivenous 1 rition and depending upon the dose given At 1
low concentration an imitinl depression of ictivity 1s observed wlich by 1 release
phenomenon, c¢an result in convulsions 1t 1 igher dosage There has recently
been developed 1 fiseinating applicition of these observations in which local
aniestheties have been injected intrivenously to tret status epilepticus

Local anacsthetics and emlepsy

Bernhard ind Bohm (1954) have recently wdvocated the use of intrivenous
hgnocune 15 4 useful agent 1n the trestment of status epilepticus It has been
demonstrited thit, i cats ind monkeys, ntrivenous admimisteation of local
westhetics such as procune butethamine, lignoc une diethoxin and amethoc une
reduces the corticil fter dischirge following repetitive cortical stimulation of ex
posed brun (Bernhard and Bohm, 1955) The cfficiency of these drugs parallels
thur imesthetic potency  Amethocune wis the most cfficient but owing to 1its
toxicity 1t was not recommended for clinical use The concurrent admuinistration of
pentobarbilone 1n v dose which did not affuct the cortical after discharge potentt
ited the cfects of hynocne

Bernl ard Bohm ind Hojeberg (1955) reported the use of hgnocune adnuni
stered 1n 0 ntrvenous drip to treat cases of status epilepticus Some patients
responded fivouribly to 2 milligrams of lignocaune per hilogram per hour but 1n
severe status epilepticus this required to be supplemented by 1ddition l intravenous
doses Asin 1mmal cxpeniments 1 synergistic tction of 1 bicbitur ite wnd lignocune
were observed This was of particular vilue 1n severe cases in which fits and
spasms were controlled without a dangerously deep level of sedation

Depression of 1iryngeal reflexes
Lignocune has been administered intravenously in assocration with general
anaesthesta 1 75 pattents to depress pharyngeal and Iaryngeal reflexes No unto
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ATTEMPTS TO ACHIEVL PROLONGID ANAESTHESIA

ward reactions were observed 1n electrocardiograms, clectroencephalograms ind
blood pressure tracings (Steinhause wd Howland 1957) It 1s clumed that the
depression of these reflexes with intravcnous lignocunc permutted very hight planes
of snacsthesia to be muntuned during otolryngological operitions

ATTEMPTS TO ACHIEVE PROLONGED ANALSTHESIA

In an cffort to control post opcratine pain many tlempts have been made to
develop an anaesthetic solution wath 1 prolonged duration of 1ction

Oily solutions

For usc following proctologicat surgery the bases of Jocal anaesthetics were
dissolved 1n oily solutions usually benzyl alcohol and butyl p aminobenzoate, on
the assumption that the base would be slowly hiberated {rom the od and thusa
prolonged effect result 1t was however demonstrated (helly, 1947) that the cffect
of the local anaesthetie could wear off 1n a few hours Duncin and Jarus (1943)
showed that any prolonged cffect obsersed was in fact due to the degencrative
effect of benzyl alcohol on the neres The duration of antesthesia was thus
dependent upon regenerative repair and not on the pharmacological release of
the local anaesthetic Further 1t was found that unless 10 per cent benzyl alcohol
was present the nerves were not damaged and this was smd to account for the
reported fatlures to achiese a prolonged effect with some of the solutions whuch
contained only 5 per cent benzyl alcohol

The presence of the o1l was also shown to lead to an inflimmatory reaction wnd
to cause suppuration and even necrosis It was felt that if some other way could
be found of dissolving the anacsthetic bases prolanged anacsthesin rught still be
achieved following thetr hiberation over a period of ime Meidinger (1945) thought
of adding 40 per cent polyvinylpyrrolidone to increase the viscosity of the solution
and achieved a certan prolongation of action but not sufficient to be of value
chnically
Non-oily solutions

In an attempt to dispense with the aily solution Efocaine was developed It
gonsx‘sleg ofz procaine r;rocau;e base and 5 per cent butyl p aminobenzoate
tssolved 1n 2 per cent polyethylene glycol (300) and 7;
{Ansbro and his co wofl\egs 1352) glycol (300) and 78 per cont propylene glycol
These concentrations were chosen following a study of the solubility of the
anaesthetic bases n propylene glycol It was found that there was an mstability
of procaine 1n solution but if a small amount of polyethylene glycol was added
1t acted as a protective polymer The procaine base and butyl p xminobenzonte
were dissolved to their saturation himits so that, following the addition of even
:'r;,mslmakl1 quantities of tissue fluids, precipiation of the nctive bises occurred
e; t Zn would be a depot of the precipitated bases Anaesthesia could be
g;gl li)ce 1t was clatmed, for from 12-14 days and no permanent damage resulted
somI:. EL{,; ‘5‘1.‘9552311111 anmal experiments noted following injection of this solution
orone o I ctron n:out nerve trunks and that the muscles showed some
Bt o nect 0815 1n the Iine of the myection Tn ammals exanuned at autopsy
and 98 days after 1njection, sections of nerve showed no evidence of
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concentrated 1n areas of changed permeability caused by tissue traumy The
recent study by Peterson (19551) of the neuropharmacology of intravenously
admunistered procune showed that the chimeal  procune unit  of 4 milbgrams
per kifogram produced no sigmificant alierttions 1n penipheral neurones or in
transmission 1t preganglionic 1utonomuc synapses At higher concentrations
blocking effect was obtuned on the effector side of the reflex arc where
cholinergic mechamisms operate On reaching 10 nufligrams per kilogram of
procune 1 cirdiac vagal block was observed, ind at this dosage level myoneural
block was also noted At the level of the spinal cord 1 graded depression of activity
n the monosynaptic ind multineuronal umts was produced and tins resulted in a
general tranquillizing  offect This was observed following doses 1s low as
3-5 malligrams per hilogram of procaine

Procaine w1s shown to exert 1 selective depressant action on the mhibitory
descending influences from the bran stem reticular formation without 1 corre
sponding effect on the descendsng faclitatory paths which influence the motor
neurone This may be the mechamism of action of the convulsant properties of
local anaesthetics Toman and Davis (1949) have suggested that a threshold
rusing drug may, by selective depression of inhibitory systems give nisc to
convulsions

From these experiments 1t 15 obvious that two separite effects are evident
following sntravenous administration nd depending upon the dose given At 1
low concentration nn intiil depression of acttvity 1s observed which by 1 release
phenomenon can result 1n convulsions 1t 1 higher dosige There has recently
been developed 1 fascinating application of these observitions 1 which local
anqesthetics have been injected ntrvenously to treat status epilepticus

Local anaesthetics and epilepsy

Bernhard ind Bohm (1954) hve recently wdvocated the use of intrwvenous
lignocaine as 1 useful agent in the tre itment of stttus cpilepticus Tt has been
demonstrited that 1n cuts and monkeys intravenous admstration of local
westhetics such s procune buteth imime hignocune diethoxin ind amethocane
reduces the cortienl after dischirge following repetitive corticn! stimultion of ex
posed brain (Bernhard and Bohm 1955) The efficiency of these drugs parallels
their naesthetic potency Amethocune was the most efficient but owing to 1ts
toxicity 1t was not recommended for clinical use The concurrent «dministration of
pentobarbitone 1n 1 dose which did not nffect the cortical after discharge, potenti
ated the cffects of lignocame

Bernhard Bohm nd Hojeberg (1955) reported the use of lignocaine adnum
stered 1n 10 intravenous dnp to treat cases of status epilepticus Some patients
responded favouribly to 2 milhgeams of lignocune per hilogram per hour but 1n
scvere status epilepticus this required to be supplemented by 1dditronal intravenous
doses Asin animal experiments 1 synergistic action of 1 barbiturate 1nd lignocune
were observed This was of particular value in severe cases in wluch fits wnd
spasms were controlled without a dangerously deep level of sedation

Depression of laryngeal reflexes

Lignocame has been adminustered travenously in association with genernl
anaesthesta 1n 75 patients to depress pharyngeal and laryngeal reflexes No unto
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ward reactions were observed 1n electrocardiograms clectrocncephalograms nd
blood pressure tracings {Steinhuse and Howland 1957) 1t s clumed tht the
depression of these reflexes with mtrivenons lignocune permitted very hght plancs
of anacsthesia 1o be muntuned during otohryngologicnl aperitions

ATTEMPTS TO ACHILVL PROLONGLD ANAFSTHESIA

Tn an effort 1o control post operitine pun many tempts have been mude to
develop an anaesthetic solution with 4 prolonged durition of action

Oily solutions

For use following proctological surgery the bases of local anacsthetics were
dissolved 1n oily solutions usually benzyl alcohol and butyl p aminobenzoate on
the assumption that the base would be slowly liberited from the o1l and thus a
prolonged effect result 1t was however demonstrated (helly 1947) that the effect
of the local anaesthetic could wear off 1 a few hours Duncan and Jarvs (1943)
showed that any prolonged effect observed was an fact due to the degencratne
effect of benzyl alcohol on the nerves The duration of anacsthesia was thus
dependent upon regeneratine repair and not on the pharmacological release of
the local anaesthetic Further 1t was found that unless 10 per cent benzyl alcohol
was present the nerves were not damaged and this was said to account for the
reported failures to achieve a prolonged cffect with some of the solutions which
contained only 5 per cent benzyl alcohol

The presence of the o1l was also shown to lead to an inflammatory feaction 1nd
to cause suppuration and even necrosis It was felt that if some other way could
be found of dissohving the anacsthetic bases prolonged anaesthesta might still be
achieved following their liberation over a peniod of ime Meidinger (1945) thought
of adding 40 per cent polyvinylpy rrolidone to tncrease the viscossty of the solution
and achiered a certain profongation of action but not sufficient to be of value
chncally
Non-oily solutions

In an attempt 1o dispense with the oily solution Efocaine was developed 1t
gc:sl;snlsteg ol‘2 procaine procta‘me base and 5 per cent butyl p aminobenzoate
olved 1n 2 per cent polyethylene alyco! (3

{Ansbro and hy:s co wofkczs 1352) glycol (300) and 78 per cent propylene ghyeol
These concentrations were chosen following a study of the solubility of the
:}aesthenc bases in propylene glycol It was found that there was an instability
o :;(;game 1n solution but if a small amount of polyethylene glycol was added
e dlsszlcslvzédpxt'oteﬁmc polymer The procune base and butyl p aminobenzonte
il oed ‘o their saturation limits so that, following the 1ddition of even
thews lhe?x o ‘I‘;sbzf tissue flmds  precipitation of the actine bases occurred
produced it v:): l a depot of the precipitated bases Anaesthestr could be
Weinberg (19SZS)C 2imed, for from 12-14 days and no permanent damnge resulted
some filzous. sen l;l ammal experiments noted following injection of this solution
endence of o oc 1on about nerve trunks and that the muscles showed some
bet oo o 1 Clrgssxs 10 the lme of the imjection In ammals examined At autopsy
n; days after njection sections of nerve showed no evidence of
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concentrated 1n wreas of changed permeability caused by tissue traumt The
recent study by Peterson (19551) of the neuropharmicology of intravenously
administered procune showed that the chimeal  procine unit’ of 4 miliigrams
per kilogram produced no significint alterations in pertpheral neuroncs or in
transmission 1t preganghomic wtononic synapses At higher concentrations
bloching effect was obtaned on the effector side of the reflex are, where
cholinergic mechanisms opcrtte On reaciung 10 milligrims per hilogrim of
procune a cardinc vagal block was observed ind 1t this dosage level myoncural
bloch was 1lso noted At the level of the spinal cord 1 graded depression of activity
in the monosynaptic and multineuronal umits was produced and this resulted m a
general trinquillizing  effeet This was obscrved following doses as low as
3-5 millsgrams per hilogram of procaine

Procune was shown to exert 1 selective depressant wction on the inhibitory
descending influences from the brain stem reticular formation without 1 corre
sponding effect on the descending fcilitatory paths which influence the motor
neurone This may be the mechamsm of action of the convuisant properties of
local anestheties Tomin and Davis (1949) have suggested that a threshold
raising drug mty, by selective depression of inhibitory systems give nse to
convulsions

From these expertments 1t 1s obvious thit two sepirate effects are cvident
following mtrivenous administrition and depending upon the dose given At 2
low concentration an tutial depression of activity 1s observed which by 1 release
phenomenon, e1n result in convulsions 1t 1 higher dosige There has recently
been developed 1 fisciniting apphicition of these observitions 1 which local
westhetics hve been injected intrivenously to tre it status epilepticus

1 ocal anaesthetics and epilepsy

Bernhard and Bohm (1954) hive recently 1dvoctted the use of ntrivenous
lignocaine s t uscful rgent 1 the trettment of status epilepticus Tt has been
demonstrited thit 1n cats and monheys ntravenous admimistration of local
westhetics such ts procune butethymine hnocune diethoxin and amethocaine
reduces the corticnl after disch irge following repetitive cortical stimulation of ex
posed brun (Bernhird ind Bohm 1955) The efficiency of these drugs parallels
their inacsthetic potency Amethocune wis the most eflicient but owing to its
toxicity 1t was not recommended for chnical use The concurrent wdmimisteation of
pentobarbitone 1n 1 dose which did not affect the cortical fter discharge potentt
ated the effects of hgnocune

Bernhard Bohm and Hojeberg (1955) reported the use of hignocune adnunt
stered 1n 10 mntrivenous drip to treat cases of stitus epilepticus Some pitients
responded fvourtbly to 2 milligrams of Jignoc une per kilogrim per hour but 1n
severe status epriepticus this required to be supplemented by wditton il intravenous
doses Asin wmumal experiments 1 synergistic 1ction of 1 barbiturate and ignoc une
were observed This wis of pirticulwr value 1n severe cases i which fits and
spasms were controlicd without a dangerously deep level of sedation

Depression of Jaryngeal reflexes

Lignocamne has been admimistured intravenously 1 assocration with general
anaesthesta 1n 75 patients to depress phiryngeal and Ihryngenl reflexes No unto
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TUE NTE OF ACTIO OF F1PIDT FAT 4% SESTHERTY

pondurl 1n1esthenn ac the dual e waveottimies Bptfe dto et Tt
flud for b

Frumm and his colleapues (1987) deeented 1 mvett od of ime mhmp ventt e to
the level of the twelfth thorioe or firet Jurmbar sert by sa Fu=1re A further
catheter was imerted 1nteathecalhy at the third o foutth Tumhar 11 repace 1=d
i most of the expeniments Advanced 1o A porrtepp atc to the eatraduryloatheter
Segmental anaesthevt followed pondurat sninction of 20 ealbitree of 2 et cent
procainc 1 threshold concentration of 02 milliptarmn pee milhlitre for <pereal
blocks as found by Helrich And hivco wotd ert (194 wan aepirited by 11 o cubdurad
catheter Tollowing weaninp-off of wnwry spinal Bl the con~entrihons of
the procainc i the «pinal fnd sampley were appreaabiy tedoced Tt i conchnded
that some at letst of the anaesheus w sttnbutablc 1o penettation of the durs
Frummn 1nd his 1socites (19%3) by mpecting the threashold doswe of prociumne m
humans suggested that the apimt panphin were the mot wnutine diuctifes for
chemucal interception of sensony pathwwy Fallowsng 3utenadiopraphic Muds,
Howarth (1949) could find no cvidence of penctrinee of ridiorctne dibromo
procaine to the spinal marraw

Saker and Shroder (1954) were not convinced by thie and clum that the point
of attack 1s external to the dura They <md that the high cercbrospinal flind
concentrations were due to 1 puncture hole drunage  or to dural igyurny n the
field of the pendural anesthesr Further when the pressure of the cerebrospinal
flud was increased there was no penctration of pendural deposited local
anaesthetic 1n the lumbar region wherens when the pressure 1n the cerebrospinal
flud was decreased n high concentrition could be rimdly achicved 1 the
cerebrospmal fluid

Frey (1954) was able to demonstrate trices of procune in cerehrospinal fimd
from the subocciputal region of dogs following lumbosacral penidural anesthesit
combined with postural elevation of the legs These experimental obsers thons
may be of value tn mnterpreting untow wd retctions follawing penduril antesthesin

It1s obvicus however that the full imphicition of the distribution of lrge
volumes of Jocal anaesthelic deposited into the pendural spice 1s not to be ignored
Batson s (1940) study of the vertebral senous system s also relevant These veins
may contain up to 200 millihtres of blood nd being devoid of v ilves allow dircet
aceess 1o the venous system of the brun The flow of blood 1n the vertebral veins
18 of considerable snterest for if the intr1 tbdomunal pressure 15 rused there 1s
obstruction to the portal system and the blood from the lower limbs 1nd pelvis
fious manly upwards 1z the vertebral veins The rapd absorption of peridura]
jections which may follow when adreniline 1s omutted from the solutions cp
give nise o a relatively high incrdence of rections to peridural inacsthest (Ansbro
and his colleagues 1954)

Sochring and his co workers (1954) demonstrited that if repeated extridural
injections of a high molecularallyl polyethylenc oxide are m'ldc.nnmomlmlch.mgcs
i the intradural pornions of the nerve roots occur which cin be cxplained only
by :jhe passage of the anaesthetic from the peridural space into the cerebrospmal

LH}

It would appear on balince that the durt 1s permenble to local 1nacsthetics and

some 1f not all the effect of peridural iyection 15 du
¢ to there
concentration within the cerebrospinal flmd re beng an cflictive
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inflammatory reaction and no perincural fibrosis The nerve fibres showed focal
loss of myelin i their sheaths as was evidenced by the presence of scattered
vacuoles It was concluded that no sigmificant permanent damage resulted to the
tissues mvolved and that Efocaine did not cause a foreign body giant cell reaction

In the use of Efocune 1t was recommended that only mimimal quantities of the
solution be njected at onc site and aspiration should be carried out before and
frequently during the injection Intravenous imjection was contra indicated Clinical
reports of the successful use of Efocaine appeared (Roualle, 1952)

Pain was however, reported on injection and 1t wAs suggested that this was due
to the presence of highly hypertonic solvents It was recommended that superficial
injection should be wvoided However, pam in the distribution of injected nerves
was 1lso reported by Bartlett aind Eastwood (1953) Following post operative
paravertebral injection of the recommended dose serious neurological complica
tions were rcporlcd by Sh1pn‘o and Norman (1953) In one patient transverse
myelitis with hemapl loped and the r hd of
toxic neuritis ind prolonged sympathetic block Death has followed thc lnjCCIIOﬂ
of 15 mullilitre of Efocaine 1n the eighth intercostal spacc well away from the
spine (Angerer, Su and Head, 1953) The patient suddenly complamned of a

severe knufe ike * pan in his back and radiating down both legs which were
completely paralysed for several minutes Death followed 3 days later At
post mortem examuination extensive necrosis and acute inflammation of the spinal
cord was present, and the ntercostal vein was found to be thrombosed

Further investigation of the effect of Efocaine on tissues (Mayhut and Ryan,
1953 Mannhermer, Pizzolato and Adriani 1954) revealed that the adverse effect
produced upon nerves was duc to the solvent propylene glycol

Benzocame and urethane solution

A recent paper (hohn Rutter and Vitali, 1954) described 1n ensily prepared
solution of benzocune 2 per cent and urcthane 40 per cent in distilled water as
safe and free from undesirable side effects This 1s said to work on the depot
principle and the authors claum to have demonstrated this by both w itro and
m tiro experiments The solution causes pun on wnjectron 1nd 1t 1s suggested that
erther an earlier 1njection of procamne should be given or the injections made wiilst
the patient 1s under general anaesthesta Following the njection of the intercostl
nerves 1t 1s clumed that analgesia 1s produced but the motor nerves are not Wfected
This solution 15 also recommended for the treatment of the pain associated with
amputation neuromn Concerning travenous injection toxicity tests 1n mice
showed that a dosc about 100 times the therapeutic dose 1n man resulted m death
Tt would thus appear that this particular solution may be safer and have some
advantages over the proprictary preparations so far developed

RECENT INVESTIGATIONS INTO THE SITE OF ACTION
OF PERIDURAL ANAESTHESIA

There are many reports of local anaesthetics being found in the cerebrospinal
fluid following pendural snjection including those by Numans and Havinga
(1943) 1n calves Frey (1954) 1 dogs <nd Rudin Fremont Smuth and Beecher
(1951) also n dogs These expeniments were radcally different from clinical
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penidural anacsthesin as the dural s1c was continuoushy perfused to get suflicient
flnd for analysis

Frumn and his colleagues (1953) deseribed 1 method of inserting 1 eatheter to
the level of the twelfth thorcic or first lumbar vertebra i humans A further
catheter was inserted intratheeally at the third or fourth lumbar interspace and
1n most of the expeniments ady 1nced to 1 point opposite to the cxtridurl citheter
Segmental 1nacsthesta followed pendural ingection of 20 mullilitres of 2 per cent
procamne a threshold concentration of 02 mulligrams per mthhtre for spmnal
blocks as found by Helrich and hus co workers (1950) was aspirated by the subdural
catheter  Following weanng off of scnsory spinal block the concentritions of
the procane in the spinal flusd samples were apprecibly reduced It 1s concluded
that some at least of the anaesthesin 1s attnbutable to penctration of the dura
Frummn and his associates (1954) by injecting the threshold dose of procaine i
humans suggested that the spinal gangha were the most sensitive structures for
chemical intereeption of sensory pathways Following autoradiographic study
Howarth (1949) could find no cvidence of penctrance of ridioactne dibromo-
procainc to the spinal marrow

Saker and Shroder (1954) were not convineed by this and claim that the point
of attack 15 external to the dura They said that the high cercbrospnal fluid
concentrations were due to a  puncture hole dramage  or to dural injury 1n the
field of the pendural anaesthesia Further when the pressure of the cerebrospinal
flmd was increased there was no penctration of pendural deposited local
anaesthetic in the lumbar region whercas when the pressure in the cerebrospinal
fld was decreased a ligh concentration could be rapidly achiesed in the
cerebrospinal flud

Frey (1954) was able to demonstrate traces of procaine in cerebrospinal fluid
from the suboccipital region of dogs following lumbosacral pendural anaesthesia
combined with postural elevation of the legs These expenimental obsenations
may be of value i1n interpreting untoward reactions following perrdural anaesthesia

It 15 obvious however that the full implication of the distribution of large
volumes of Jocal anaesthetic deposited 1nto the peridural space 1s not to be 1gnored
Batson s (1940) study of the vertebral venous system 1s also relevant These veins
may contamn up to 200 mulhlitres of blood and being devord of valves allow direct
access to the venous system of the bramn The flow of blood in the vertebral veins
1s of considerable mnterest for 1f the intra abdomunal pressure 1s raised there 1s
obstruction to the portal system and the blood from the lower limbs and pelvis
flows mainly upwards tia the vertebral veins The rapid absorption of peridural
myections which may follow when adrenaline 1s onutted from the solutions can
give rise to a relatively high incidence of reactions to penidural 1naesthesia (Ansbro
and his colleagues 1954)

Soehrning and his co workers (1954) demonstrated that if repeated extridural
njections of a high molecularallyl polyethylene oxide are made, anatomicnlchanges
in the mtradural portions of the nerve roots occur which can be explained oﬁly
ltﬁ'uthe passage of the anaesthetic from the peridural space 1nto the cerebrospinal

It would appear on balance that the dura 1s permeable to local anaesthetics and

some 1f not all the effect of peridural ijection 1s due to there being an effective
concentration withimn the cerebrospinal flid
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inflammatory reaction and no perineural fibrosts The nerve fibres showed focal
loss of myelin m therr sheaths as was evidenced by the presence of scattered
vacuoles It was concluded that no ficant permanent damage resulted to the
tissues involved and that Efocamne did not cause a foreign body grant cell reaction

In the use of Efocamne 1t was recommended that only mimmal quantities of the
solution be injected at one site and aspiration should be carried out before and
frequently during the mjectton Intravenous injection was contra indicated Chmical
reports of the successful use of Efocaine appeared (Roualle 1952)

Pain was however reported on injection and 1t was suggested that this was due
to the presence of highly hypertonic solvents It was recommended that superficial
myection should be avoirded However pan i the distribution of injected nerves
was also reported by Bartlett and Eastwood (1953) Following post operative
paravertebral injection of the recommended dose serious neurologieal complhica
tions were reported by Shapiro and Norman (1953) In one patient transverse
myelitis with hermplegia developed and the remaining patients had symptoms of
toxic neuritis and prolonged sympathetic block Death has followed the injection
of 15 milliitre of Efocaine n the erghth intercostal space well away from the
spie (Angerer Su and Head 1953) The patient suddenly complaned of 2

severe kmife Tike pain n his back and radiating down both legs which were
completely paralysed for several minutes Death followed 3 days later At
post mortem examination extensive necrosts and acute inflammation of the spinal
cord was present and the ntercostal vein was found to be thrombosed

Further mvestigation of the effect of Efocaine on tissues (Maykut and Ryan
1953 Mannheimer Pizzolato and Adnani, 1954) revealed that the adverse effect
produced upon nerves was due to the solvent propylene glycol

Benzocaine and urethane solution

A recent paper (Kohn Rutter and Vital, 1954) described an easily prepared
solution of benzocamne 2 per cent and urethane 40 per cent in distilled water as
safe and free from undesirable side effects This 1s said to work on the depot
prnciple and the authors claim to have demonstrated this by both m vitro and
i o expeniments The solution causes pain on injectron and 1t 1s suggested that
either an earhier injection of procaine should be given or the injections made whilst
the patient 1s under general anaesthesia Following the injection of the intercostal
nerves 1t 15 clarmed that analgesia 1s produced but the motor nerves are not affected
This solution s also recommended for the treatment of the pam assocrated with
amputation neuroma Concerning intravenous injectron toxicity tests i nuce
showed that a dose about 100 times the therapeutic dose 1n man resulted 1n death
It would thus appear that this particular solution may be safer and have some
advantages over the proprietary preparattons so far developed

RECENT INVESTIGATIONS INTO THE SITE OF ACTION
OF PERIDURAL ANAESTHESIA

There are many reports of local anaesthetics being found in the cerebrospinal
flud followmng pendural mjection mcluding those by Numans and Havinga
(1943) 1n calves Frey (1954) 1n dogs and Rudm Fremont Smith and Beecher
(1951) also mn dogs These experiments were radically different from climeal
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or doughy swellings sometimes persisted for periods up to three to fise days
(Lundquist and his colleagues 1948 ) Following chemieal biolopical and climcal
tests 1t was found that acid <olutions of lignocaine 1nd procaine Iiberated 1n
certain crrcumstances traces of copper, nichel and zinc from hypodermic syringes
made entirely or partly from metal Copper was the most tovic 1on After further
expeniments Weidling (1948) demonstrated that 2drenaline was essential to the
local toxic action of these tons by preventing their absorption from the site of
mjection 1t 15 possible that sinilar reactions have in the past been confused with
allergic mamifestations

Adler, Kesztyus and Simon (1950) have imvestigated the importance of specificity
m allergy to local anacsthetics by examining the preeipiin reactions of sensitized
rabbuts 1o 25 different local anaesthetics using procaine azo protein as an anti-
gen The estenfied dernvatives of p amunobenzoie acid 1n which the amino group
had no side chan gave a positne precipitin reaction  thus demonstrating that
strong group specificity was present The significance of this 1s that when allergy
€xists 1o one anacsthetic of the procamne scries local anaesthetics of different
chemical structure and not derned from p ammobenzoic acid can be safely
used Claims for Unacame in which the meta position of the amino group on the
benzene ring was thought to decrease the likelihood of the occurrence of allergy,
have not been completely fulfilled for halman (1954) has described a case of
angioneurotic oedema with a positive shin test for Unacane

Lignocaine bemg a dernatne of an anihide differs chemically from local
anaesthetics such as procaine monocame amethocatne and 2 chloroprocarne and
has been recommended as 1 subststute when the patient 1s hknown to be sensitive
to dernatives of p aminobenzoic acid (Rickles 1953)

PROBLEMS ASSOCIATED WITH THF INTRODUCTION
OF NEW COMPOUNDS

The mntroduction of a new local anaesthetic 15 justified only 1f 1t possesses properties
iﬂ;fclnor to those of the drugs already 1n current use Countless compounds with
fro?n alnhaesthchc acttvity have been synthesized and 1t 1s fortunate that the Journey
Py 3 lorgamc: laboratory to the climc 1s a long one (Dornette 1954)
P ‘hcco ](.‘)gxsts have developed many tests to compare local anaesthetic activity
standar;e ave been reviewed recently by the writer (Geddes, 1955) There 1s no
e Jtza!txgm of these tests and as Lofgren (1948) points out, some authors
agam %l? e] e I effective c ration others the duration and others
dlmcm“e ater}cy time thus the situation becomes confused Many tests are
Conat ob?er orm and often are successful only 1n the hands of their inyentor
e cl:;I ettsax’r;_mg and experience 1s often required before reliable mformation
tested by 1;(; esamewx‘; :hr:gs canngt :e accurately compared unless they have been
laboratones cannmt s colr?elfattré the same worker and the data from different

A somewhat similar comparison exists 1n the fi
siderable vaniation occurs owIng to s
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SPREADING” AGENTS
Hjyaluromdase

The enzyme hyaluromdase depolymerizes hyaluromc acid and related substances
producing hquefaction of viscous polysaccharide which 1s the cement substance

of the tissue Provided that there ss an adequate head of pressure behind the
injected substance, the addition of hyaluromdase to local anaesthetic solutions
wiil produce a more rapid spread of the solution through the tissues It has been
added to these solutions with the aim of increasing the number of successful
blocks, as well as to hasten the onset of anaesthesia However, 1t does not facilitate
the penetration of fascral planes and its use will not always achieve the hoped for
results (Eckenhoff and Kuirby, 1951) It 1s not, as Moore (1951) has pointed out,
a substitute for the correct anatomical deposition of solutions The onset of
anaesthesia however, 1s effectively accelerated 1n both local infiltrations (Moore
1951) and topical anaesthesta (Howland and Papper 1951) The resulting wide

spread dispersion of the local anaesthetic solution must increase the rate of
absorption mto the arculation and when doses which are on the borderlne of
toxicity are used toxic reactions are likely It has been shown that the addition of
adrenaline does not inhibit the spreading properties of hyaluromdase but 1t does

however decrease the vasculanty of the area reduce the rapidity of absorption
and prolong the duration of anaesthesia

Synthetic wetting agents

Trniton A20 an alkylaryl polyether alcohol, 1s a synthetic wetting agent and
has been used 1 dentistry to achieve a result similar to that with hyaluronidase

It aids dispersion by 1ts ability to lower surface and interfascial tensions (Tanz,
Jaworski and Elkms 1951)

DERMATITIS AND LOCAL ANAESTHETICS

Localized or generalized dermatitis can ensue following sensitization to local
anaesthetic drugs In 1947 the Council on therapeutics of the American Dental
Association compiled 2 hst of about 400 dentists sensitne to local anaesthetics
(Council Reports 1949) A typical distribution of the lestons associated with the
use of the first three fingers of the left hand as a retractor whilst mjecting local
anaesthetics has been described (Laden and Wallace 1949) Local anaesthetics
denved from p ammobenzoic acid allied to procame are the prinupal offenders
Recently Gaul (1955) reported two cases in which cross sensitization occurred
from p ammobenzoate 1 sunburn preventatives

A further source of sensitization 15 the current vogue of incorporating local
anaesthetics 1 preparations used for the relief of pruntus Lane and Luikart
(1951), 1n a comprehensive review of the hiterature found that of 107 cases 73 per
cent had positive patch tests The authors concluded that 1t would seem unwise to
dispense or prescribe a local anaesthetic preparation for topical use without bemng
alert for the occurrence of epidermal hypersensitivity This possibility must not
be 1gnored when applying hberal quantities of Iocal anaesthetic lubricant to
endotracheal tubes

Following 1njection of local anaesthetic solutions in certain dental chimics soft
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or doughy swcllings sometimes persisted for periods up to three to five days
(Lundquist and s colleagues 1948 ) Following chemient brological and clieal
tests 1t was found that aaid <olutions of lignocune nd procune hberated
certmn circumstances traces of copper mickel and zinc from hypodermic syringes
made entirely or partly from metal Copper was the most towc 1on After further
expenments Weidhing (194%) demonstrated that adrenaline was essential to the
local toxic action of these 1ons by presenting tharr absorption from the site of
mgection 1t 1s possible that ssmular reactions have n the past been confused wath
allergic mamifestations

Adler Keszivus and Simon (1950) have investigated the importance of specificity
1 allergy to local anaesthetics by cxamming the precipitin reactions of sensitized
rabbits to 25 different local anacsthetics using procaine azo protein s an anti
gen The estenified dernatunes of p anunobenzore acid 1n which the amino group
had no side chain gave a positne precipitin reaction thus demonstrating that
strong group specificity was present The sigmificance of this is that when allergy
eusts to one anacsthetic of the procame scnies local anaesthetics of different
chemical structure and not derned from p amimobenzoie acid can be safely
used Claims for Unacaine n which the meta position of the amino group on the
benzene ring was thought to decrease the hikelthood of the occurrence of allergy,
have not been completely fulfilled for halman (1954) has desenbed a case of
angioneurotic oedema with a positive shin test for Unacaine

Lignocaine being a dernatne of an amlide diffirs chemically from local
anaesthetics such as procaine monocaine amethocaine and 2-chloroprocaime and
has been recommended as a substitute when the patient 15 known to be sensitive
to dernatnves of p aminobenzorc acid (Rickles 1953)

PROBLEMS ASSOCIATED WITH THF INTRODUCTION
OF NEW COMPOUNDS

The mtroduction of a new local anaesthetic 1s Justified only 1f it possesses properties
superior to those of the drugs already in currcent use Countless compounds with
local anaesthetic activity have been synthesized and st 1s fortunate that the journey
from the orgamc laboratory to the clinic 1s 1 long one (Dornette 1954)
Pharmacologists have developed many tests to compnre local 1nesthetic 1ctivity
and these have been reviewed recently by the writer (Geddes 1955) There 1s no
standardization of these tests and as Lofgren (1948) points out some authors
nvestigate the mimimal effective concentration others the duration and others
again the latency time thus the situation becomes confused Many tests are
difficult to perform and often are successful only mn the hands of their imventor
Considerable tramning and expertence 1s often required before relible information
can be collected Two drugs cannot be accurately compnred unless they hive been
tested by the same techmque and the same worher and the data from different
laboratones cannot be correlated
md‘;:z;:ewhat similar comparison exists 1n the field of toxicity tests where con
— cvanztl)tmn occurs owmg to species differences Though an indication of
apphcgblea? e obtained from ammal experiments it 1s not always directly
fophe 0 man In fact some drugs which were abandoned because of their
80 toxicity 1n ammals might have been found safe if tested onman This problem
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1s not however, confined to the ficld of locl anaesthetics, and phirmacologists
are well aware of these deficiencies of animal work (Brodie 1956)

1t 1s perhaps unfortunite that the finat deciston as to the sutability of a new
drug can be made only following extenstve clinical use Before the general release
of 1 new local annesthetic 1t should be used by competent mvestigitors able to
carry out an unbiised companson In the past new drugs have been distributed
to chmicians who have had Ihttle or no tramming tn chmcal research, and the
literature 1s full of papers luding new compounds where the success of the tral
was based more on the number of patients than on a entical analysis of the data
To enable a comparison to be made 1t has been suggested by Bomicn (1957) that
procaine be included s the standard for infiltration and bloch anaesthesia, and
cocune for topical application

Mumford nd Geddes (1955) have discussed some of the essentials to be
considered when planning a chimcnl investigation of 1 local anaesthetic

It 1s with these critictsms of testing methods 1n mind that we must analyse
the datt presented 1n the following summary of the newer local anaesthetics

NEWER LOCAL ANALSTHETICS USED CLINICALLY

The aim of research in the development of new local anaesthetics ts primanily
directed to producing a fully eflectne drug with no toxic side reactions erther by
locl tissue damage or on systemic absorption

Following 1ts introduction nto clinical anaesthesia by Emnhorn procaine has
been for over fifty years the nearest approach to the 1deal anaesthetic Its safety
15 dependent upon the speed of its destruction by the body n both plasma (Ralow
1952) and the Iner (White, Dearborn and Swiss, 1955)

Unfortunately the anaesthetic property of procaine used in safe concentrations
leaves much to be desired The duration of anaesthes:a can be prolonged by the
additon of adrenaline, but repeated mnjections may be required in prolonged
surgery

Many attempts have been made to discover a supenor local anaesthetic related
to procaine The literature 1s full of references to derivatives of benzoie p amino
bunzoie and p oxybenzoic acids Carney (1951) has recently surveyed some 1060
such compounds Among these have been some that hisve been given chinical trals
and 1t 15 proposed briefly to summanze recent trends in this field

Substitution n side chain of procaine
2 alkovy analogues of procamne

Luduena and Hoppe (1952) found certain consistent relationships followed an
increase 1 the length of the 2 alkoxy side chamn of the 4 ammobenzoate
structure  Anaesthetic activity and toxicity increased progressively with the length
of the ether side chain up to the 2 butoxy analogue Activity, however ncreased
to a1 greater degree than local irmtancy 1s measured by the trypan blue test

Hydrovy procame (diethylaminoethy [ 4 amuino salicylate hydrochloride) has been
used for some years in Germany (Schoog 1951 Hbller, 1952)

Despite onginal clatms that it was superior to procamne pharmacologically
and clinically 1t was not found by the writer to possess any obvious advantages
(Geddes 1956)
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Propoi caine (Rat ocainc) (dicths]aminocthy1 2 propoxy 4 aminobenzoate hydro
chlonde

The p)mpot) dermatine has been imestipated by Luduent and Hoppe (1952)
and found to be & 10 9 times more actine than procune, but only twice s
irntating

Tn climeal tmal, an imtial concentration of 01-02 per cent proved too low
however Crawford (1953) found © S per cent 10 be 1 satisfictory concentsition
1 pendural anaesthesia

Tamter Wesstnger and Lee (1955) deseribe the use of 1 solution of procaunc
2 per cent contuning 04 per cent propoxycunc nd 1 noradrenaline 1 30000 a5
beng 1deal for dental anacsthesin

Butoycame (Sympocame) {dicthyliminoethy! 2 butoxy-4 minobenzonte)

The butoxy dernnatine was found to be 20 times s 1ctine 15 procne in spinal
anacsthesta wlile besng approximately 15 times 15 toxic 15 procaine on ntrasenous
mjection in mice (Luduent and Hoppe 1952)

Sadove, Levin and Rose (1954) hme presented 1 prehminary study of ats
efficiency as a spinal anacsthetie A concentetion of 0 5 per cent 1n 3 75 per cent
mositol proved to be casily handled The drug was found to be safe, potent and
non toxic The duration of antesthesiawas between 23 and 3 hours, dependsng upon
whether adrenaline was present or absent

NH, 1, HH,
oH OCH, CH, CH, JOCH, CH, CH, CHy
€OOCH, CH, N(CyHs), COOCH, CH;N(CHy), COOCH, CHaNICHs ),
HYDROXYPROCAINE PROPOXYCAINE BUTOXYCAINE

Benovinate (Dorsacaine) (diethylaminoethy] 3 butoxy-4 aminobenzoate hydro
chlonde)

The 3 butoxy substituted compound has been investigated and 1n expenimental
ammals benoxinate has about the same toxicity s cocane It has been used as 2
topical anaesthetic for the cornen where 1t 15 claimed to produce less irmtation
yet a more intense degree of anaesthes:a thin comparable concentrations of
amethocaine (Linn and Vey 1955) Onset of anacsthesin s rapid following
msullation of a 0 4 per cent solution and this 1s attributed to a rapid concentration
of benoxinate in the corneal epithelium (Schlegel and Swan 1954) Chinically no
signs of local or systemic hypersensttivity have been observed (New 1nd Non
official Remedies 1955)

Halogen substitution

Foldes Davis and Plekss (1956) have investignted the effect of halogen
substituted benzoic acid denvatives Of these 2 chloroprocaine (Nesacaing)
(diethylaminoethyl 2 chloro 4 aminobenzoate hydrochlonide) has been shown to
be hydrolysed i t1rre 4 times as fast as procatne with human sern (Aven and
Foldes 195{) An aqueous solution 1s stable for several months but it has been
observed that the hydrolysis m alkaline solution 1s accelerated w hen compnred to
procame In toxicity tests in mice 2 chloroprocaine has approximately half the
toxieity of procaine, while the duration of naesthesin was greater when measured
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by the mtradermal weal test 2 chloroprocame h1s been successfully used climcally
and 1t 1s claimed to be extremely safe owing to its high rate of hydrolysis In
epidural annesthesin the use of a shorter acting agent such s 2 chloroprocaine
anves greater controllability to the continuous techmque (Foldes Dawvis and Plekss
1956) A 3 per cent solution with adrenaline 1s recommended for caudal and
epidural blochs

NH, NH,
OCH, CH, CH CHy
Cl

COOCH, CH,N(CHs), COOCH, CH, N(CoHs),
BENOXINATE CHLOROPROCAINE
NH,

NH, CH;—CH;
€00CH, CH, NH CH, CH (CHy, ¢oo cHchzN\CHz_C ﬁf”z
UNACAINE PIRIDOCAINE

Meta anuno compound

Unacame (1sobutyliminoethyl 3 aminobenzoate hydrochlonde)

In mice Unacame has approumately one third the toxicity of procamme When
administered subcutaneously the aniesthetic activity s clamed to be at least
double that of procune

Nevin Epstein and Nevin (1952) reported 1ts use 1n climeal dentistry where
anaesthesia was clumed to be of ripid onset with a low ncidence of tovic
symptoms

Pipenidine dernative

Piridocame (Lucame) (B (2 piperidylethyl 2 aminobenzoate hydrochloride)

Finer 1nd Rovenstine (1947) first used prrrdocaine chinically for spinal anaesthesia
nd observed that there was 7 selective action on sensory and autonomic nervous
tssue Patients were described s being able to move their legs with no evidence
of parilysis of intercostal muscles during surgical procedures without pam and
with no complunts 1bout relaxation from the surgeon

Conner and Dripps (1950) observed some diminution of motor power in the
lower extremity 1 every cise but mn the mjority 1t was barely perceptible or
mimmal This selective anaesthesin was thought to be 1 function of concentration
and dosage By increasing the percentage from 1 to 2 per cent and increasing
the dose from 20 to 60 milligrams motor paralysis could be demonstrated Recently
the position of pindocune 1n spinal 1naesthesia has been critically reviewed by
Greene and his colleagues (1956) following the experience of 6 000 spinal blocks
These authors claim that pindocane offers many adsantages over other agents
where 1t 15 desirable to retun motor power ns for example durimg lnbour
Dernatnes of benzoic acad

Ciclame (Hevvlcaine) (1 cyclohexylamino 2 propyl benzoate hydrochlornide)}
was first synthesized by Hancock and Cope (1944) It has a toxieity shghtly
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greater than procune Orkin and Rovenstine (1952) presented 1 prehiminary
report of its wse 18 regional and topend anaesthestn Ansbro and his colleagues
(1954) 1n 1 series of lumbir eprdural anesthetics compared lignocune withat A
1 per cent solution of cyvelune dud not gine the desired relaxation for abdominal
surgeny but with 1 2 per cent concentration it fulfilled all the requirements of
epidural anacsthesin

Anderson 1nd Ruben (1952) found that burming on tnstind injection with some
residual soreness occurred 1n some patients when evelune was used for nerve

CH,00¢

CH—CH.
/ 2 HO HH COCH +
€oocs cH NH el \cH, < > CH,HICH),
! 7/
CH, —CH,
CYCLAINE NIRVANINE

blockh Tlus properts was 1lso commented on by other workers but was claimed
not to be a real inconvenience to the patient

Clarke Orkin and Rovenstine (1954) using 10 objective method of testing for
topical anaesthesta found that 2 § per cent cyclane 1s an 1dequate concentration
for brief anaesthesia but for 1 longer durttion § per cent s advisable
Dernatues of \whdine

Mirtamne 1s of historical interest for it wis mmestigated by Emhorn and
Oppenheimer (1900) before the discovery of procune Though minvamne possesses
alow towicity 1t was found to be strongly srrtating to tissucs and thus was not
recommended for cliucal use No further relited compounds were descnibed for
use as local anaesthetics tll the introduction of hEnocaine

CHy CHy
QNHCO CHyN(CHg), 0H<:>NHC0CHZN(CIH5)2
Ha Ty
LIGNOCAINE HYDROXYLIGNOCAINE
CH—CH
CH, Mg £ty AN
ONH €0 cH, ] ON”CO o Pl
1 N G N
I
HOSTACAINE CARBOCAINE

X Lignocame  Lidocame NN R (\ylocame) (Diethylaminoacet 2 6 xylidide
ydrochloride) Lignocamne was synthesized 1n 1946 by Lofgren who 1n 1948
;f);bol:fhebdl a mt(})lnograph on his studies (Lofgren 1948) The toxicity compares
rably with procaine but
(Goldbers 1949 1s greater at concentritions 1bove 1 per cent
Lignocaine 15 extremely stable in solu
tion (Bullock 1nd Grundy 1955) and as
:.:,;1?0[‘1 an esterhlt is unaffected by pseudocholinesterse (procamnesterise) Recent
owever has demonstrated that liver slices can hydrolyse i titro the 1mude
linkage (Geddes and Douglas 1956)
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A comprehensive survey of the chmieal Iterature by Waidling (1952) and
review by Southworth and Dabbs (1953) of over 68,000 cases indicate that
lignocae 15 the nearest approch to the aderl Tocal annesthetie since the mtro
duction of procune

ydronylignocamne Pharmacological tnvestigations by krantz, Lu and O Milly
(1954) demonstrated that hydroxylignocaune possessed 1 lower toveity than did
lignocine, but 1t the same time the duration of anaesthesia was also considerably
dinnnished

IHostacame  (Butylaminoteet 2 chloro 6 tolwmidide hydrochlonde) Ther (1953)
found hostactine to be twice 15 toxic 1s procunc on ripid intravenous injection
e was 1lso ible to demonstrate cle i ige of the iide hinkage wlich takes plice
munly in the liver Locil anntesthest1is prompt in onset ind the effeet lasts longer
thin with procune Thorbn (1956) has summanzed references to ts use 1n
Germany He reports ats successful use m over 500 myor operations

Carbocame  {(d u methylpipecol 2 6 xylidide hydrochlornide) ~ Carbocune, 1
further denvative of 2,6 dimethy! ambine, has been used chmieally and demon
strited to possess good aniesthetic properties (Chenstam and s collengues,
1956 ) The hydrochlonde 1s reidily soluble tn water and resistant to both alkr
line 1nd ac1d hydrolysis

Mumford nd Griy (1957) report ats use in 1 scries of dental c1ses and they
found when carboc une was used without adrenaline, 1t almost doubled the per
centage of successful annesthestis obtuned with hignocame under the sime
crrcumstances  Further trials with adrentline should prove interesting

Topical anacsthetics

Pramoxme (Tronothane) (3 morpholinopropyl 4 butoxyphenyl cther hydro
chloride) has been investigated s a surfice annesthetic and s clumed to hwve
low sensitizing properties (Schnudt and ns colleagues 1953)

Hy CHy CHy CH
QCHjy CH, CHy Chy OCH,CH, CH, CH,
eH il CHCHy
ocH,CH;CH,N\ P COCH, CHy N CH
CH~CH, CHy— cé
PRAMOXINE DYCLONINE
OCH, CH,N(CHy), CHy
N CHy
N N CHyCH, N Hel
CH,CH, CH, CHy N “eu,
DIMETHISOQUIN TRIPELENAMINE HYDROCHLORIDE

Primoxine 1s not n injection anacsthetic as 1t 1s relitnely irntating However
on topre1l apphicition hittle evidence of irnitation wis obsersed even after a six
weehs test on human volunteers 1n wiich pramoxine 1 per cent jelly was apphed
for 23 d1ys continuously
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Peal and Karp (1954) describe ats use in proctology 1n which onc ounce of 1
1 per cent heavy gells 1 apphed directly to the operatine site and following dressing
a1 per cent solution 18 sprived from an Homizer on to the masion Reliefl from
post opertne discomfort was achieved 1n 68 per cent of patients

Simularly 1m obstetrics it 1s recommended to apply ptamoxine jelly to episiotomy
wounds and lacerations A hight jelly was used with success for cystoscopy In
some paticnts 1 {rinsicnt burming was reported but dicappeared before passage
of the cystoscope

Diclomine (Dvelone) (4 butoxs £ pipendsl proprophenonce hydrochlonde) differs
chemically from any of the focl inaesthetics 18 use tod1y  Richaeds and his co
worhers (1952) demonstrated that Dyclonine 1s 1 potent surface 1naesthetic on the
cornea 1n rabbuts and 1s free from tovicity

The drug has been investigated elimeally (Harns Parry and Graifenstein 1956)
It has been given to humans in doses from 200 to 500 milligrims by intravenous
mection over a peniod of five minutes without affecting blood pressurc heart
rate or evidence of central nervous simulation Nauser vomiting and dizziness
were the only side-cflects The drug thus possesses a low toucity for humans

Owing to intation on injection the drug 15 not of vilue for infiltration
anaesthesta On topical application 1 1 per cent solution results 1n good anacsthesia
of the mucous membranes of the pharynx larynx and trachea lasting 20-25
minutes when volumes well below those giving nise to any toxic reictions are
admmistered It 1s claimed that Dyclomne 1s a valuable drug for topical applica
tion with an exceedingly high safety margin

¢ In ophthalmic surgery Dyclomine though causing some congestion if used as a

1 per cent solution 1s as a 05 per cent solution, an excellent anaesthetic for
intra ocular surgery There 1s also an absence of miosis or mydnasts and no
increase of intra ocular tension Arora and Sharma (1955) clum that a single
application of Dyclomine 1s as cffectise as four applications of 5 per cent cocaine
or 1 per cent amethocaine »

Dimethisoquin (Quotane hydrochloride) 3 butyl 1 (2 dimethylaminocthoxyiso-
quinoline) hydrochloride]

Fellows and Macho (1951) found that dimethisogquin was a potent topical
anaesthetic On the cornea of rabbits 1t was found to be ten times more active
than cinchocaine Following intraperitoneal injection 1n rats 1t was half as toxic
as einchocaine On clinical use it 1s irnstating to the eyes and should be kept away
from the cornea In a 05 per cent solution or omtment 1t provides relief from
skin irntation and pam from sutured skin wounds Following application 1ts
effects last for up to five hours It 15 claimed to have a low index of sensitivity
(New and Non official Remedies 1955)

Antthistamines as local anaesthetics

While investipating the possibility that histamine was the chemical mediator
of pain (Rosenthal and Minard 1939) 1t was demonstrated that antthistamme
drugs had local anaesthetic properties Following the development bf a large
number of antihsstamine drugs 1t was found that all had marked local anaesthetic
propem[es (Keating and Code 1948)

Tripelennanne Iy drochloride (Pyribenzanune hydrochloride
anmunoethylaminopyridenehydrochloride] has be‘;n reccmmt):n[dzegegzﬂglr:l:;l:g,a]l
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anaesthetic (Yonkmann and his colleagues 1949) This has been applied chnically
by Reynolds Kahn and Levy (1950) who used an average of 30 millilitres of a
1 per cent solution for gastroscopy with no toxic reactions Fitzpatnck Orr and
Stubbart (1952) employed a 2 per cent solution of pynbenzamme for urethral
manipulations

When the drug 1s applied to the pharynx and the urethra burning has been
reported which passes off as anaesthesia ensucs Betcher and Tang (1955)
following an assessment of 1 per cent pyrtbenzamine for potency by intradermal
mjections 1 human volunteers found the addition of adrenalme 1 100,000
mcreased the duration of the anaesthetic effect For local mfiltration and regional
nerve blocks for diagnostic therapeutic and surgical procedures, 1 per cent
pynbenzamine was recc ded However, following a brachial plexus block
using 20 mullibitres of solutionin an adult Negro convulsions occurred which
responded to oxygen and the administration of general anaesthesia It 1s suggested
that pynbenzamine may be a useful local anaesthetsc which 1s not only more
potent but relattvely less toxic than 1s procane The frequent finding of drowsiness
associated with 1ts use 1s claimed to be an advantage
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CHATIER 6

THE PIACE O REGIONAT ANALSTIESIA 1N ANALSTHITIC
PRACTICE AND THIRAPIUTICS

Jons J Noruea

17 15 the purpose of 1hin chapler to tecount some of the recent advances and
trends 1n regronal antestheat to indicite ts present status an practiee and to
suggest its proper role 1n surpery tn obstetpes for dirpnosis and an theraps of
medical disorders The conuderition of this method cven 1t 1 time when the
mapic mixtures  of muscle relxants and antrivenous barbiturates dominate the
scenc in world anaesthesa 15 unquestionably worth while forats climcal uscfulness
and advantages as wcll as its himitatons 1nd disadvantages are matters of
controversy and heen dispute among aniesthetssts (Bomiea 1956¢)

SUBARACHNOID BLOCK

Since the advent of the muscle relaxants the usc of spmnl innesthesin for surgery
has declined considerably A senies of published reports of chinictl survey has
tended to show that the incidence of scrious neurological complieations 15 sl
fughteningly tugh (Thorsen 1947 hennedy Lffron nnd Perry 1950 Courville
1955) These reports had adverse effects not only on the public but on physicians
including many anaesthetists who naturally questioned the propricty of using this
method especially when a properly adminmstered general anaesthetic together with
muscle relaxants provided conditons simtlar to those produced by spinal
anaesthesia The problem has been aggravated in some quarters by the number of
medico legal swts which have been brought against physiciins on account of
comphcations that have occurred after spinal anaesthesta (Mushin 1954, Mar,
1954 Hunter 1956) some of which were minor and many of which were not
related to the anaesthetic (Moore 1955) This trend has caused many anaesthetsts
m selecting the anaesthetic to consider the medico legal nisk rather than the
patient s welfare
Fortunately several recent outstanding studies have demonstrated the safety of
thistechmque Arnes (1952) surveyed the results of 21 230cases Dnppsand Vandam
(1954) and Vandam and Dripps (1955 19562 1956b) of 10098, and Sadove and
Levin (1954) of 10 000 spinal anaesthetics and found complications attributible
to the anaesthesia extremely rare or non existent Moreover they found that the
mortal‘l]ly frosm slpmal anaesthesia was lower than that recorded after genernl
anaesthesta  Simular opinions concerning mortality wi.
expressed by Schildt (1947) Kellum (]94g7) and Czle (;ZS;‘;‘“’?:\:T:;S:?CSIa were
studied published reports of 231,174 and 857000 cases of spinal a;:e\s\t‘l::;::’:
respectively More recently Macer (1956) reported on 37 391 spinal anaesthetics
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given to obstetrical patients without any neurological complications or maternal
mortality, and Moore (1955) has collected data that seem to substantiate the con
tention that the mortality 1s lower with spinal than with general anacsthesia He
suggests that the merdence of ncurologienl complication 1s no less following
narcosis than after spmal anaesthesia

Causcs of neurologtcal damage

Recent data have demonstrated that the mjected materin] rather than the
lumbar puncture 1s the actiological factor n the development of neurological
complications {Arner, 1952, Vandam and Dripps, 1955 19561, Moore 1955),
and since 1t 1s generally 1ccepted that the spmal anaesthetic drugs provided by
reputable pharmaceutical houses are of a high standard attention has been focused
on the modification of the techmque to avoid the three possible causes of neuro
logical damage (1) contamunation of the anaesthetic solution (2) bacterl
fection and (3)local toxicity caused by using improper therapeutic concentrations
of the local anaesthetic drugs The last fictor has been mimimized by the defimte
trend to use smaller doses of drugs intrathecally The probiem of contamination
of the an1esthetic solutton has been solved to 1 great extent by the now widespread
practice of autoclaving all ampoules contaiming drugs for mtrathecal injection
mstead of immersing them in antiseptic solutions This development constitutes
without doubt onc of the most important recent advances in spinal anaes
thesia since 1t will obviate contamnation of the drug by the antiseptic solution
through cracked or mmperfect ampoules which 1n past years has been considered
a major causc of neuropathies (Galley 1951, Musiun 1954 Moore 1955) Reports
of neurologrcal sequelae developtng from the detergent in which needles and syringes
have been washed before betng stertlized have also emphastzed the importance of the
proper preparation of the equipment prior to autoclving (Winkelman 1952
Rendell 1954 Moore 1955)

Preparation of patient and anaesthetist

Since the subarachnoid space 1s no less sulnerable 1o bictenial infection thin 1s
the abdominal cavaty, the preparation of both the anacsthetist and the back of the
patient should be as thorough and pamnstaking as the preparation of the surgeon
and abdominal wall The lumbar area should be shaved then cleansed with soap
and water and finally treated with an antiseptic solution apphed twice i the
proper manner Chemycal arachnowditis due to seepage of the antiseptic solution
along the side of the needle has been reported (Scarles and Nowll, 1950) It 1s
therefore cssential to wipe the skin before the needle 1s introduced The usc of
an ntroducer  with which to prerce the epidermus 1s 1lso suggested so that no
part of the spinal needle subsequently drected through it comes in contact with
the skin The introducer also 1cts as 1 director ind prevents the necdle from
buckling or deflecting It 15 therefore unnecessary for the tnaesthetist to hold the

part of the needle which 1s to enter the subarachnord space and the nisk of
co 1on 15 thus d hed

Technique of lumbar puncture

There has been little change in the techmque of performing lumbar puncture
since 1t was first described by Quincke in 1891 A number of recent publications
(for example Macintosh 1951) have clanfied many pomnts concerning the
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anatomy and have thus helped to refine the techmque Others have re emphasized
the value of the paramedian Iateral and Jumbosacral approaches 1n patients who
have pathologreal changes of the spine which make the midhine mscrtion s mpossibic
(Taylor 1940 Surks and Wood 1951 Ash 1955 Bomca 1956a) Although
it 1s commonly agreed that manmum flexion of the spine frcilitates lumbar
puncture, some woters have recently suggested that the puncture be made with
the patient 1 the unflexed position in order 10 decrease the incidence of headache
(Rosser and Schneider, 1956) They claim that n this position, the hole made
by the spial needle 1s smaller because the posterior portion of the dura arachnoid
1 not under tension But their premuse 1s based on mnadequate studies and the
increased difficulty of performmg a puncture m this position and the consequent
mental and physical trauma following repeated frustrating ttempts neutrahize
any possible advantage of the techmque

Use of finer needles

There 1s a defimte trend to use finer necdles 1n order to decrease the mcidence
of postspinal headache and cramal nerve palsics Although the exact mechanism
for these vexing comphcations has not been demonstrated defimitely the evidence
that they are due to leakage of spinal flurd and consequent alteration 1n cerebro
spinal fluid pressure 1s overwhelming (WolflT 1948 Bonica 1953 Vandam and
Dripps 1956a) On the basis of this theory a number of clinictans have investigated
the respective mnctdence of these complhications following lumbar punctures with
needles of various sizes Of the many reports that have been published the
majority record a marked decrease 1n the incidence of complications following
the use of fine needles (Harns and Harmel 1953 Greene Berkowitz and Gold
smith 1954 Wetchler and Brace, 1955) A representative study by Greene (1950)
mdicated an cidence of headache of 10 per cent with 22 gauge needles 8 per
cent with 24 gauge needles and 04 per cent with 26 gauge needles This writer
also stressed the mmportance of adequate hydration in the prevention of this
complication and recent studies ndicate that the most effective active treatment
of severe headaches consists of injecting saline solution in the epidural space
tia the sacrococcygeal or spinal route (Rice and Dabbs 1950 Bonica 1953)
In order to obwiate the greater difficulties in performing the puncture with the
very slender needles Greene (1950) re introduced the double needle technique
first suggested by Hoyt (1922) and Antont (1923) who were among the first to
appreciate the relation between the size of the puncture and incidence of headache
Harnis and Harmel (1953) reported an ncidence of headache in 23 8 per cent
of pauen‘tis »ghzen 18 gauge or 16 gauge needles for continuous spinal anaesthesta
were use er cent
pere 1 p with 20 gauge needles and 3 6 per cent with 24 gauge

Greene (1926) noted a decrease 1n the mcidence of headache when a needle
with a bevel possessing rounded rather than cutting edges was used Others (Hart
and Whitacre 1951 Haraldson 1951 Cappe and Deutsch 1953) devised needles
that have a rounded tapering point similar to the pomnt of a finely sharpened
;S)encﬂ with the opening on the side of the needle Just proximal to the so;-l% tip

uch a pomt separates rather than cuts the longitudinal fibres of the dura and

thus decreases the size of the hale left 1n the
incidence of headaches was halved membrane. With these needies the
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Spmal anacsthetics

The search for the 1deal spmnal anaesthetic has been continued unremittingly
and a number of new agents, mcluding lignocaine butethamine lucame hexyl
came, 2 chloroprocaine and sympocame have been given chinical tnal Apparently
none of these 1s sufficiently superior to those of the time tested standard
preparations  procamne amethocame and cinchocaine Continued experience with
simple solutions of these agents endorses the considered opimon that these drugs
produce adequate spmal anaesthesta for the surgical procedures n which
anaesthesia of this form 1s employed, and they are safer to use There 1s a trend
to use hyperbanc solutions (Roman and Adriamt 1949 Beecher and Todd 1954)

Several groups of agents not considered local anaesthetics have been given
clinical tral for spinal anaesthesta Subarachnoid njection of barbiturates and
antihistamines has been tried and found to produce sensory and motor anaesthesia
but apparently the results were too variable and the complications encountered
too serious to warrant further trnal (Morrison Koppanyr and Tuohy 1951
Stephen and his colleagues 1954 Betcher and Tang 1955) In order to prolong
the duration of spinal anaesthesia the practice of concurrently injecting intra
thecally vasoconstrictor drugs with small therapeutic doses of standard local
anaesthetic drugs has passed through several stages 1n recent years This practice,
which was first suggested n 1900 by Braun (Braun 1905) became popular among
chimicians and several well controlled studies concerning the action of these drugs
were published (Sargent and Dripps 1949 Bomica Backup and Pratt 1951
Comverse Landmesser and Harmel 1954) These mdicated that adrenaline
noradrenaline phenylephrine (neo synephrine) and methoxame increased the
duration of bloch by 50 per cent to 75 per cent but that ephedrine did not The
numerous published chnical papers dealing with this subject contan only favour
able results and none reports neurological complications In spate of these reports
and notwithstanding recent amimal studies which mdicate that 10 to 100 times
the therapeutic dose of these drugs needs to be mjected to produce irreversible
neurological change (Wu and his colleagues 1954), the possibility of producing
such complications has deterred some anaesthetists from using this method at
all and many others from ustng 1t except 1n very specral cases At present 1t 15 the
feeling of most anaesthetists that amethocaine or cinchocaine 1n small therapeutic
doses produces anaesthes:a of adequate duration for the majonty of surgical
operations This together with the ease with which a waning spinal anaesthetic
can be supplemented with intravenousand inhalation drugs has decreased markedly
the practice of intrathecal mjection of vasoconstrictor drugs and of other methods
of prolonging the duration of spinal anaesthesta including the fractional or
continuous techmques

Contimuous or fractional spinal anaesthesia

The introduction of the continuous or fractional technique by Lemmon in 1940
provided controllability of extent intensity and duration of analgesia and thus
ehminated some of the most senious hmtations and disadvantages of spmnal
anaesthesia It also opened new honzons for the use of spinal anaesthesia as a
diagnostic and therapeutic tool The introduction of the ureteral catheter (Tuohy
1944) and other modifications further extended its usefulness However after early
enthusiasm the continuous or muluple dose spinal anaesthesia techmque has
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suffered a gradual decline and todny 15 used only occasionally (Beecher and Todd
1954 Lincoln and Fectenw, 1956) The reasons for such t marked decline nre,
first that the technique neeessitntes 1 larger puncture resulting in 1 lugher incidence
of headache (Lincoln and Fecteu 1956 Harnis and Harmel, 1953) 2nd sccondly
that the presence of the catheter in the subarachnoid spice curries its own risks

Fractional segmental spinal anaesthesta

Fractional segmental spinal anaesthesi1 one of the modifications of continuous
spmnal first suggested by Saklad and his colleagues (1947) which entails the passage
of a ureteral catheter cephalad for such distance as will place the tip near the nerve
roots to be blocked, has not recenved senous consideration It s not being used
because there 1s too great a nisk that the catheter 1n being 1dvanced may damage
the spinal cord or 1n being withdrawn may avulse nerve roots tround which it
may have become looped (Brown, 1952 Bonica 1953 Alexander, 1954) The use
of this techmque for the injection of absolute alcohol as a therapeutic measure
for mtractable pan has also been reported (Ansbro 1950), but for the same
reasons 1t has not been widely employed A techmque for the precise segmental
localization of a catheter onfice has also been described (Sarnoff, 1950)

Total spinal block

The use of total spmal block as advocated by Gillies and his associates
(Gnffiths and Gillies, 1948, Gillies, 1950 1952) in order to produce marked
hypotension mtentionally and thus reduce the blood loss during operation, has
decreased since the advent of ganglionic blocking agents (Little 1956) However
some still believe that in certain cases the spinal method 1s preferable for in
addition to producing hypotension 1t provides analgesia for the operation and
prevents undesirable reflex reactions without affecting the parasympathetic system
as do the gangliomic blocking agents (Gillies, 1955)

Current and new trends

Finally a pumber of recent studies concerning spinal anaesthesia should be
mentioned since they indicate current and new trends of thought By means of
differentral spimal block Sarnoff and Arrowood (1946 1947a) have resolved the
controversy concerning the mechanisms of hypotension stll the most frequent
compheation of spinal anaesthesia by demonstrating that 1t 15 pnmanly due to
arteriolar dilatation consequent upon paralysis of vasoconstrictor sympathetic
fibres For the treatment of hypotension during spinal anaesthesia 2 number of
new vasopressors have been introduced which primanly affect peripheral vessels
They include methoxamme (king and Dripps 1950) noradrenaline (Evans
1954b  Churchill Davidson and Swan 1952 Echenhoff and Dripps  1954)
mephentermine (Smessaert and Collms, 1955) Oenethyl (Roman and Adriam
1944 LeCompte 1946), and methamphetamine (Dodd and Prescott, 1943
Anderson 1946 Dnpps and Demung 1946) Of these noradrenahne h;s been
shown to be the most potent while methoxamne produces the longest effect

The studies reviewed above have helped to place this method m 1ts pro
perspective (Hunter 1956) Today spmnal anaesthesia marntains 1ts posmonpas !t)lir
most practical and most frequently employed regional anaesthetic techniqu ;
many chimicians still favour st for selected patients who are to undergo opgr:tli‘:\s
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of the lower extremities, pelvis and back In very recent years its usc in obstetrics
has increased markedly especially in the United States of America where 1t has
been admunistered to many mullions of mothers without serious complications
It has also recerved wide application as a dragnostic and therapeutic procedure
1t 15 doubtful whether spinal anaesthesta will ever be abandoned as predicted

SPINAL EPIDURAL BLOCK

Advantages

In the last several years there has been an increase of interest n the use of spinal
epidural block, and much has been written about it including several monographs
(Geldersen 1948 Bromage 1954 Groenendyh, 1954) Perhaps the most important
factor to which this trend 1s due 1s the desire of some physicians to find a suitable
substitute for spmal anaesthesia Since the dura 1s not punctured and the solutions
are not injected directly into the subarachnoid space headaches and cranial nerve
palsies do not occur and the hazards of neurological sequelae theoretically do not
exist Moreover, 1n some nstances a imited segmental block of the lower thoracte
and lumbar region suffices, so that undesirable cardiovascular and respiratory
effects are d hed and p hetic dysfunction of the bladder, rectum
and lower extremuties 15 avoided Epidural block requires only one puncture an
advantage over multiple ntercostal paravertebral or peripheral nerve blochs

Certainly 1t 1s preferable to extensne local infiltration or field block because 1t
provides more complete analgesta and muscular relaxation requires less anaesthetic

does not distort tissues and does not interfere with their post operative repair

Finally 1t affords longer post operative pain rehef The recent mntroduction of
lignocaine, 2 chloroprocame and hexylcame, because of therr activity penetrance

and rapid action have minimized some of the serious disadvantages of extradural
block The feasibility of placing an mdwelling catheter into the extradural space
has further extended the clinical usefulness of this technique and has emphasized
1ts superionty over regional methods which require multiple punctures stnce 1t
affords much better control over the duration intensity and extent of the block

As the catheter does not come 1n contact with nerve elements the danger of exposing
them to the constant irntation of a foreign body 1s elimnated—an advantage
over continuous subarachnoid block A final factor which has been responsible for
the mcreased interest 1n spmal epidural block has been the appreciation of 1ts
considerable value as a duagnostic prognostic and therapeutic tool (Ciocatto

1953 Bomica 1953 Bonica and his colleagues 1957)

Disadvantages

In a recent commumecation based upon a survey of nearly 4 000 blocks and a
review of the literature 1t was pointed out that spmal eprdural block presents
certain mconvemences hazards and limitations all of which must be recognized
and appreciated (Bonica and his colleagues 1957) The techmque of mserting the
needle into the eprdural space 1s more complicated and precise requiring consider
ably more skill and experience than does subarachnoid puncture notwithstanding
the claims to the contrary of some enthustasts (Dogliottt 1935 Gutierrez 1942)
This 1s particutarly true m the production of a segmental block in the thorieic or
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cervical spine Morcover, there 1s 1 greater incidence of farlures than with sub-
arachnord block, even tn the hands of onc equally proficient with both techmques
In addiion the onsef of block after epidural injection 1s slower and more difficuit
to regulate than that after spinal an1esthesta Since the 1mount of local anaesthetic
needed 15 2 to 4 times that required with subarachnoid block, there 15 a greater
nsk of systemic toxic reactions and of a total spinal aniesthesin should the
mjection madyertently be made ito 1 blood sessel or into the subarnchnoid space

Techmque

In order to mimmuze or elimnate these disadvantages a number of refinements
in techmque has been suggested The oblique paramedian approach recently
described 1s useful, especially sn the midthoracic region or when the continuous
techmque 1s to be employed, because the angle at which the needic 15 directed
greatly facilitates the passage of the plastic tubing or cathcter (Bonica, 1956a)
The proper 1dentification of the epidural space remamns the most critical aspect of
spinal epidural bloch and a number of ndicators for this purpose have been
devised, including the Brunner Ihle spring syringe (Brunner and Ikle, 1949) the
Macintosh balloon and spring loaded blunt canula (Macintosh, 1950 1953),
and vanious manometers and glass indicators (Bromage 1954) These depend
either on the presence of a negative pressure in the epidural space or on the
sudden loss of resistance when the needle leaves the igamentum flavum and enters
this space Since recent studies (Bromage 1954, Bonica and his colleagues, 1957)
indicate that in the Jumbar regron a negative pressure 1s present only 1n approxi
mately 80 per cent of instances, loss of resistance 1s a more reliable indication
i this area whereas 1n the upper thoracic and cervical regions the resiliency of
the 1 um nuchae and th of the hgamentum flavum make appreciation
of this change extremely difficult Therefore, 1n these upper regions where there
1s almost always a negative pressure 1t 1s preferable to use a technique which
depends on its presence Of the many pieces of apparatus to aid the visualization
of this phenomenon the Macintosh balloon 1s the most reliable

Site of injection

Opimons as to the optimal site of msertion of the needle and the mection of
soluttons differ However, there 1s a trend to use the lumbar region except when a
segmental block imuted to the thoracic regton 1s necessary for diagnoss or therapy
Because of the difficulties in performing a puncture in the cervical region, there 1s
a trend to avoid the use of this techmique 1n this region

Volumes and concentrations of drugs

There has also been an obvious lack of agreement concerming volumes and
concentrations of the drugs to be used However recent studies (Bonica and his
co workers 1957) indicate (a) that volumes of 1 to 14 mullilitres of 2 per cent
hignocame hexyleaine 3 per cent 2 chloroprocaine, or equipenetrant solutions of
other agents are sufficient to block one neurotome, and (b) that concentrations of
lignocaine or equi active solutions of other anaesthetics required for various
effects are as follows sympathetic block 03 to 0 5 per cent complete analgesia
0510 I per cent and complete motor block 2 per cent or greater There has g’been
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a trend to take advantage of the differential bloching effects and to employ specific
concentrations for each purpose

In some centres mixtures containing one of the newer, rapid acting more
penetrant drugs such 1s 2 chloroprocamne and one of the older, longer lasting
agents such as amethocaine or cinchocaine are employed, whereas in others the
continuous technique 1s practised to avoid use of the latter ‘more toxic drugs
and to provide better contro! Recently Doghott: and Ciocatto (1955) reported
on differential pernidural block which entails the constant subjection of mixed
nerves to the action of concentrated local anaesthetics for several days They
claim that this process produces partial degeneration of the sensory nerves and
consequent relief of chronic paitn American chinicians have been unable to repeat
these results (Lewss 1956, Bonica and his colleagues 1957)

Studtes concerming eprdural bloch

A number of recent studies concerning spinal eprdural block deserve mention
Of 1nterest are the studies concerning the site of block which heretofore has been
considered to be 1n the intervertebral foramen and to mmvolve the mixed spinal
nerve distal to the point where the dura fuses with the epineurium  These studies
(Numans and Havinga 1943 Rudin Fremont Smuth and Beecher 1951 Frumin
1954 and Frumin and his colleagues, 1953) suggested that the solution penctrates
the dura and acts on the spinal nerve gangha although subsequent information
disputes this and supports the older theory (Foldes and Davis 1954, Scott 1956,
Bonica and his colleagues 1957) Other studies have been concerned with the effects
of epidural block on cardiovascular, respiratory hepatic and renal function as well
as on the brain the uterus metabolism and the stress response (Bromage, 1954) The
problem of hypotension with epidural block has been finally placed n proper
perspective 1t 15 now fully appreciated that notwithstanding claims of earlier
wniters (Doghotti 1939, Gutierrez 1942, Harger, Chnstofferson and Stokes
1941) to the contrary the incidence and magnitude of hypotension 1s the same
with epidural block as with spinal anaesthesia and requires the same management
(Bromage 1954 Scott 1956 Bonica and his co workers 1957) Other work has
drawn attention to epidural block as a rehiable climeal method of evaluating local
anaesthetic drugs (Bonica 19572 Bonica and his colleagues, 1957)

OTHER REGIONAL BLOCKS

During the past five years there has been a decreased use of caudal anaesthesia
for operations diagnosis and therapy, but a steady use of 1t for obstetrics

Peripheral nerve blocks ncluding block of the brachial plexus sciatic and
femoral nerves like all other regional techniques have been used less since the
advent of muscle relaxants and ntravenous barbiturites However the value of
regional anaesthesia for surgery of the extremities 1s recogmzed The contuous
techmque for block of the brachial plexus (Ansbro 1946) has been found nerther
practical nor necessary (Bonica Moore and Orlov 1949) A continuous techmique
for sciatic block has been described (Cheeley 1952 Gross 1956)

Paravertebral blocks intercostal blocks field blocks or local infiltratton which
were formerly used in combination with hght general anaesthesia i poor risk
patients undergoing neck thoracic and abdominal surgery have been almost
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completely abandoned This has been duc to improtements i gencrl "m“lhrcs'h'
more frequent usc of segmental epidural block, and a greater apprecintion of t ‘;
complications (hypotenston and  pneumothorax) and hazards (total spina
anaesthesia and neurological sequelie) of paravertebral blocks, especially in the
thoracic region The Iugh neidence of these complications has also discouraged
the use of this techmque as 1 diagnostic or therapeutsc procedure despite the
greater usc of regional methods for this purpose A recent study by Moore and
his associates (1954) mvesugated the mechamsm by which myclopathies are
produced after paravertebral and mntercostal injection of ncurolytic agents This
was prompted by numerous reports of complications following tnjections of
Efocamne They shoned that these serious effects are not duc to inadvertent sub-
arachnord injection of the solution nto an unusually long cuff of dura arachnoid,
as had long been contended, but to intrncural tnjection of the solution with
consequent central spread to the spmal cord along the penncural spaces but
within the epmeunium

Intercostal block and local infiltration are now being employed as therapeutic
measures more frequently than in former years (Bonica, 1953) Cranal nerve
blochs for surgery were never popular and at the present time they are rarcly done
except for diagnostic or therapeutic purposes

There have been very few changes in the chnical use of topreal anaesthesia
which continues to have widespread use for vanous endoscopic procedures The
value of the translaryngeal and transtracheal techmique was recently re emphasized
(Bonica 1949 Hayes, 1953) and subsequently has had widespread use A number
of new topical anaesthetic agents have been employed extensnely because of
specific advantages These include lignocaine and hexylcaine with their rapid and
profound action and pramoxine (Tronothane), which has a low toxieity and
produces mintmal primary sensitivity or cross sensitivity (Peal and Karp 1954)
Two objective methods of evaluating topical anaesthesra in man one utihzing
the laryngeal reflex and the other using electric currents 1n the urethra, have been
described (Clark Orkin and Rovenstine 1954 Draper 1956)

A number of advances have been made in the use of blocks of the peripheral
autonomuc nervous system Recent studies wath contrast media have demonstrated
the facility of blocking the entire penipheral sympathetic outflow by placing a
needle 1n each of three cntical sites (Bomica 1953 1956h, Alexander, 1954)
Ten to twelve millilitres of solution injected nto the proper fascial plane n the
proximity of the stellate ganglion spreads to involve the sympathetic cham from
the middle cervical to the fifth thoracic ganglion so that all of the sympathetic
fibres to the head neck, upper extremities and chest are nterrupted  Similarly,
solution injected near the coeliac plexus spreads sufficiently to interrupt all of the
sympathetic fibres to the abdomen and one with its tip at the anterolateral surface
of the second lumbar vertebra interrupts all sympathetic pathways to the lower
extremities and pelvis (Alexander and Lovell 1952, Bonica, 1953 1956b) In
unusual circumst inces diffusion from the lumbar region may be so widespread as
1o mvolve the entire 1psilateral paravertebral sympathetic cham (Egbert 1955)
Although several techmques for stellate blocks have been described (Davies 1952
Bryce Smuth 1952 Arnulf 1947, Moore 1954) thereisa widespread trend to use
the anterior paratracheal approach to the cervicothoracic chain (Findley and
Patzer, 1945 Moore 1954 Bonica 1953) A modified techmque and a lateral
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approch to the lumbar sympathetic chain has been described (Bryce Smuth, 1951,
Wallace 1955) tnd a continuous method for paravertebral sympathetic block has
been reported (Thomason and Moretz 1949, Betcher, Bean and Casten, 1953} Two
relatively new techmques of scertasming sympathetic interruption have come nto
widespread use espect tlly in Amenica (Bonica, 1953, Lewis 1955) One 1s measure

ment of skin resistance by means of a dermometer and the other mvolves the
psychosympathetic reflex (PSR) which can be measured by employing an clectro

cirdiogriph

RECENT TRENDS IN AND PROPER PLACE OF
REGIONAL ANAESTHESIA FOR SURGERY

In recent years there has been a marked decrease in the use of regional anaesthesia
for surgery mn most chimics of Western Lurope and of the two Amernican continents
In addition to the fictors mentioned 1n connexion with the specific techniques
there are several other reasons for this trend, not the least important of which are
the number of trained anaesthetists and the high stindard attaned 1n general
anaesthesta which has made 1t more switable for poor risk patients In the excite
ment of taking part in the many developments concerming gencral anacsthesia
and becoming acquainted with them anaesthetists have abandoned regional
techmiques A cause and 1n effect of the comparative decrease mn use of regional
methods 1s the fact that miny physicians conclude their tramming 1n anaesthesia
having had hittle or no experience with regional techmques Hence 1n their practice
they are uncertain of therr use and, rather thin nisk a failure, abandon them
The well trained anaesthetist ought to be able to administer both regional and
general anacsthesia with equal competence, for the former 1s not only of special
value 1 certun surgictl and many obstetrical pitients but 1s 1lso more and more
demanded for diagnosis and therpy of medieal disorders

OPERATIONS ON THF HLAD AND NLCK

There e « number of climical applications for lacal and regional anaesthestd
worthy of consideration (Hellyjas and Tovell 1948, Mncintosh and Ostlere, 1955)
Lacerations of the scalp and simple depressed frictures in the presence of probable
intracrantal damage arc best managed by this method Recently the value and neces

sity of regional anaesthesia has been d rated for craniotomy in patients in
whom 1t Is necessary to localize lestons prior to exciston of the cerebral cortex for
cpilepsy (Penficld 1954 Pasquet 1954) and in aiding pyscho surgery (Lesse 1957)
In post traum itic cases involving the face maxilla and throat 1t may be advantage

ous 1o have the patient awake with in active laryngeal and swallowing reflex Such
1s the case 1n simple fractures of the jaw which require wirning tn tracheotomy for
supraglottic obstruction and in helping to demonstrate an oesophageal diverts

culum (Hellyas and Tovell 1948) Many surgeons still prefer the patient to be
awake and talking 1n order to help detect damnge to the recurrent laryngeal
nerve duning thyrordectomy and other operations on the neck Recently Tovell
and s associates (hay Tovell and Scoville 1954) reported the use of regional
anaesthesia for the operative removal of ruptured cervical intervertebral disk n
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168 patients emphasizing 1ts superionty over genertl 1niesthesin on 1ccount of
the aid 1t gives the surgeon 1n identifying the mvolved nerve root and n preventing
complications  peculinr to this operition such s senous 1ur embolism nd
quadniplegia Local nfiltration and topical aniesthesit hve mamtuned their
primary position for many operations on the cye and for the ssmpler procedures
insvolving the nose and contiguous structures (Fred, 1944, Dale, 1945, Athinson
1955) Infiltration anacsthestn remamns a useful method for adult tonsillectomy
(Mousel 1941) Most small lesions of the tonguc, hp and facc are still being
removed and numerous plistic operations arc being performed with local field
or nerve bloch

OPLRATIONS ON THE EXTREMITIES

Regonal anaesthesta has 1ts greatest usefulness in surgery for patients who
require operations on the extremities, because 1t affords more sigmficant advantages
for this purpose than for any other surgical application This 1s particularly true
of brachial plexus block for surgery on the upper extremity, which when properly
admimstered provides conditions which cannot be matched with any other form
of anaesthesia (Bonica Moore and Orloy, 1949 Bonica and Moore 1950) The
outstanding advantage 1s that, properly admimstered, 1t involves only a limted
area without interfering with the function of other organs or structures It effects
a specitfic and complete sensory blockade, and 1f muscular relaxation 1s necessary,
complete paralysis may be effected, but the paralysis 1s imited to the extremuty
and does not mterfere with muscles of respiration and thus precludes the need

for controlled or assisted respiration and obviates the cardiovascular disturbances
consequent thereto

Brachial plexus blockh

Brachial plexus block may be mdicated for patients undergoing surgery on the
upper extremities and who have complicating conditions such as shock, cardiac
pulmonary hepatic or nerve disease, diabetes mellitus cerebro vascular disorders
chest and head mnjuries and so on

The method under discussion 1s particularly apphicable 1n older patients and 1n
urgent situations when little 1s known about the patient or whenever 1t 1s necessary
to operate on a patient with a stomach full of undigested food Whenever fluoro
scopy or radtography 15 a necessary adjunct to the surgical procedure regional
anaesthesia eliminates the danger of explosions respiratory depression or ob
struction 1n the darkened room, and the patient 1s able to co operate with the
surgeon

One of the most significant advantages to the patient of brachal plexus bloch
is the mummal postanaesthetic nausea and vomiting and the immediate post
operative analgesia made possible by the employment of one of the longer acting
‘tf;f)i‘k a;aestheltl:c agentzl such as Amethocaine The accompanying sympathetic

unng this period may prove of value in the prevention or minimization

of post operative reflex sympathetic dystrophy (Betcher, Bea
n and C;
Betcher and Casten 1955) All these factors permat ezu:l alaton

ter ambulation and oral
feeding and consequently decrease the mcidence of post operative pulmonar:
gastro ntestinal and thrombo embolic complicitions Y
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Furthermore, 1t 15 economie il to use ind, since the equipment 1s not bulky
and cin be transported csily, this techmique 1 of speaitl value in cutastrophie
conditions

The most import int disdv intages of brichnl plexus block are the slow onsct
of nction Fulures in providing complete aniesthesty, and comphieations which
occisionlly occur Lignoc une, chloroprocune and hexyle une, heciuse of therr
rapd action wnd superior penctrant powers, have greatly mminuzed the first tho
disidvantages and with experience and cire comphetions should be minmml
In recent studies the ineidence of pneumotliorax, which is by £ ur the most important
complicition wis found to be 1-2 pur cent (Moore and Bridenbaugh 1954
Wishart, 1954 Dhuner, Moberg and Onne, 1955) Postblock ncuropathy occurs
only if the nerves are c irclessly njured and if hugh concentrations of the unaesthetic
e used (Moore 1955) Relense of met tllic 10ns from metal recept icles, synnges
nd needles, consequent to the action of the anaesthetic on those instruments
s been suggested s an additional factor (Lundquist and us colleagues 1948
Wiclding, 1948)

Sciatic and femoral nerve hlock

Block of the scise and fumoral nerves for surgic il anaesthesi of the foot and
leg 15 not bung used 1s widely 15 1t should probibly because of misconceptions
concerming the diflicully, fatdures and complications In a recent review of over
800 cises Moore (1952) reported success in over 90 per cent of cases (even n
the linds of physiciins 1 truning) wnd no complicitons The black s stple
to exccute, produces ripid anaesthesty of the foot nd leg (except for ats upper
5 centimetres) and affords 1l the adv intiges mentioned 1n connexion with brachnl
bloch Block of the iter! fumorl cut incons and obtur itor nerves is also needed
for operitions on the entire extrenuty Since this combination 1s more time

g wnd the lence of fulure 1s lugher becwse of groter difficulty n
blocking the obturitor nerve, 1t 1s rirely used, even by those who routincly
prictise regionil anaesthestt Block of nerves at the hnce or ankle ¢ be
«mployed n specinl e1ses but minor procedures re more frequently performed
with hght generil inaesthesn

I xtradural and subarachnold block

Cxtridur il block effected esther t4a the sicrococeyge 1l I itus (caud] maesthesty)
ar by the spinit epidural ronte provides the advantages of periphersl nerve block
and subirichnoid block without most of thur disidy intages (Southworth and
Hingson 1943) The continuous techmque cffected by nscriing 1 eatheter to the
level of the first sicral or fifth lumbar vertebru (uther by the spinal or cwdal
route) provides controllability of durition ind intensity and 1s very uscful in
long opertions (Bomen ind lus collergues 1957) Tt may be employed to produce
sympithetie block und relief of pun during the pre operitive and post opurative
pertods as wel s for surgical antesthesiy in puents with vascular disorders
(embolism) or severe trmy (Bonicr 1953 1954y)

Single dose or frictionl subirichnoid block limtted to the lumbir and sacral
sepments 1s of course stmpler to cxecute and produces more rapid anesthesi thin
epidural block It s the most common regromil technique employed for surgery
of the lower extrenuty
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OPERATIONS ON THE CHLST

OPLRATIONS ON THE CHEST

The application of regional wnacsthetic methods to the thoracic rea ss Timited
(Hellyas and Tovell 1948) and the present trend 1s to employ general anaesthesn
Minor operations imolvng the breast or other structures of the chest wall may
be best performed with regonal amnesthestt, especinlly in aged or scriously 1l
patients (Seldon 1941a)

A combmation of parmveriebral block, brichial plexus block and nfiltration
has been the most widely used regional method for thoracoplasty (Wilson and
Gordon 1952 Scurr, 1952) However, high spinal anaesthesia and segmental
subarachnoid block hasve been advocated (Willanuer, Chodoff and Garcia, 1947
Hubbard, Schneider and kenney, 1950) and 1n recent years there has been a
significant ncrease n the use of segmental epidural block for thoracoplasty
(Haglund 1951 Crawford 1952 Paletio 1952) and ntrathoracic operations
(Crawford 1952) With these techmques only analgesic doses of local anaesthetics
are used 1n order to mimmize parests of the intercostal muscles In spite of their
virtues none of these procedures has been employed widely This fact and personal
experience with each of these procedures and general anacsthesia in over 600 patients
suggests that the adv £es are more app than real In spite of intensive
psychological preparation, adequate premedication and complete analgesia the
patients operated upon with only regional anaesthesia became apprehensive when
the chest was opened They later became restless and began to move and interfered
with the surgeon s task and frequently developed paroxysms of cough when the
bronchial tree was manipulated Moreover, many of the patients who had eprdural
or subarachnoid block developed a degree of hypotension which caused concern
and required treatment Patients undergong intrathoracic operations do better
with modern general anaesthesia, which affords optimal operating conditions for
the surgeon and better control of the patient by the anaesthetist An examination
of the post operative results with regard to incidence of spread, morbidity and
mortahty obtamed with the general method in tuberculous patients shows them

to be far better than those reported by the advocates of regional anaesthesia
(Bonica and his colleapues, 1957)

ADDOMINAL OPERATIONS

The greatest decrease 1n the use of regional anaesthesia has occurred 1in surgery
of the abdomen There are a number of factors responsible for this trend which
are pecubar to this region

Although the benefits of regional anaesthesia 1n 1ntra abdominal surgery have
long been recogmzed and may be used as arguments for its use, each of the
techmiques presents certamn disadvantages which have been important factors in
their replacement by general anaesthes:a in most surgical chnics Since these
procedures except field and intercostal block inter; e
segments which suppl
usually results Admy
but 1t 1s stll an mp
condition due to sh

rupt all of the vasomotor
y the splanchnic region a moderate to severe hypotension

ttedly this may be managed successfusll

ly with vasopressors
ortant consideraion particularly n patients in poor physical
ock, hypovolaemia ntestinal obstruction and cardiac disease
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In addition there 1s paralysis of the lower intercostal muscles nd consequent
dimmmshed tidal exchange which 1s compensated for by the conscious patient
through an increase i the actiiity of the unaffected intercostal muscles and
diaphragm (Crawford, 1952 Bonica and his collexgues 1957) Moreover, many
patients undergoing operation on the viscera of the upper abdomen particularly
the stomach, frequently experience discomfort and develop retching vomiting
hiccoughs and occastonally cardiovascular and respiratory disturbances These
reflex responses are due of course, to stimulation of unanaesthetized sensory
pathways associated with the phrenic, vagus and sympathetic nerves They can
be obwiated by imjecting these structures with a local anaesthetic but, unfortunately
many surgeons are not dept with these procedures or do not want to bother with
them so 1t then becomes necessary to admimster light gencral anaesthesia and to
use an endotracheal tube The general annesthetic depresses the respiratory centre
and homeostatic mechamism, so that respiratory compensation 1s dimimished
Assisted pulmonary ventilation 1s then necessary

In trying to select the best method for a patient the anaesthetist must compare
the potential hazards mherent 1n the prolonged use of muscle relaxants with the
potential hazards and possible disadvantages of the regional anaesthetic Assuming
that the anaesthetist 15 capable of administering both methods equally well the
patient and surgeon are the deciding factors If the surgeon 1s gentle in exploning
the upper abdomen and 1f the patient s condition does not contra mdicate an
extensive vasomotor block regional anaesthesia offers some advantages On the
other hand, if the habits and behaviour of the surgeon are such that the patient
1s likely to experience physical and mental discomfort during most of the opera
tion, 1t s far better to use general anaesthesia from the beginming Certainly 1f the
patient has shock, hypovolaemia or marked arteriosclerosis, 1t 1s best to avord
regional block because, although by using vasopressors one can mamtamn the
blood pressure these patients fare much better with properly admimstered
balanced anaesthesia

Although some pomts made 1n the preceding paragraphs apply to the use of
regional anaesthesia for surgery of the lower abdomen there are significant
differences that make this technique one of the better anaesthetic procedures
for operations 1n this region Operations 1n the Jower abdomen usually do not
ental stimulation of the vagus and other unanaesthetized sensory nerves More
over 1t 1s not necessary for analgesia to extend above the sixth or fifth thoracic
neurotome so that there 15 a significantly less d of severe hypo
and intercostal muscle paralysis

OIERATIONS ON THE SPINE AND ADJACENT STRUCTURES

The advantages of regional anaesthesia for operations on the spmal column are
well known and hypobaric subarachnosd block has been considered useful tn
this work for many years bccause it obviates the many problems inherent in general
anaesthesia admimistered to patients in the prone positton (Hellyas and Tovell,
1948) The same claims have been made recently for spinal epidural block
(Bromage 1954 Groenendyk 1954 Crawford and his colleagues 1951 Tice,
1957) Paravertebral block for this purpose has had its advocates (Seldon 1941b,
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PERINEAL OPERATIONS

Hellyas and Tovell 1948) but it 1s more difficult and time consuming 1t requires
multiple punctures and the results are less predictable

Segmental epidural block ts by far the best anacsthetic method with which to
perform spenothatamuc tractotomy (Wester and krumperman 1956 Bonica and
his colleagues 1957) The scgmental type of anaesthesia provides analgesia for the
conscious patient and optimal operating conditions for the surgeon affording
m an unparalleled opportumity for repeatedly tesung sensations in the lower
portion of the body dunng the course of the sncision of the anterolateral quadrant
of the spmal cord

PERINEAL OPERATIONS

In spite of the general trend to use less regronal anaesthesa i surgeny this method
has maintamed 1n many centres its positton for surgery on the perineum and lower
unnar intestinal and gennal tracts (Tuohs 1941 Maidlow 1951 Evans 1934
Salvatt and Kratzer 1956) Spinal anaesthesta and to a lesser extent caudal and
spinal eprdural block are preferred by many for transurethral penneal and supra-
pubic resections of the prostate for operations mvolving the urinary bladder and
for gvnaecological procedures on the perineum (Southworth and Hingson 1943
Morms and Candy 1957) Since most of these procedures are done on elderly
patients Whose pulmonary cardiovascular hepatsic and renal function and also
electrolvte fluid and acid base equiibrium are already burdened by age a regronal
block lumited 10 the lumbar and sacral neurotomes avords the svstemic and psscho-
logical upsets which mav attend general anaesthesta The use of the continuous
technique enhances this method

This socalled saddle anaesthesia produced ether by mjections of hvpobanc
or hvperbanc solutions into the subarachnoid space or bv imjections mto the
sacral canal (caudal block) or lower lumbar epidural space 1s also useful for
anorectal operations especially when the prone and Bue: jack knife  positions
are used (Hellijas and Tovell 1948 Parmley 1955)

REGIONAL ANAESTHESIA IN OBSTETRICS
(See also Chapter 11 for a review of current British practice)

Recent trends in the use of regional anaesthesta for obstetrics hase varted greatly
throughout the world Except for the Umted States of America Canadaand a very
few scattered medical centres 1n other countries this method 1s bemne used very
lutle This trend 15 due to several factors related to obstetrical pmcuzc rehgtous
beliefs social customs and economuc status In manv countries the majon}\ of
defnenes are stll pesformed by midwives without the benefit of anaesthesia
(Bonica 1955) If analgesia 15 provided 1t 1s most commonly by means of inhala-
uon administered esther by the patient herself or by the midwife Even in circum

stances tn which most of the deliveries are performed by physicians 1n hospit l~
wheremn the most advanced type of surgical anaesthesia 15 practised 1t h:\spllc;l .
been the custom to relegate the admimsstration of obstetrical anaesthesia to a o
lsxlx::;rlxe;:tﬁtherh ph)slcllan um}\;amcd tn this phase of medicine so that on;‘)m;s}fe

ough not always the safest’) metho
mexpenienced n regional anaesthesia ()hscoum:elslgseudse]:Lofgs‘t:n::ag;zel'n?;
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mere theoretical grounds or because their snexperience has resulted in complica
ttons (Marston 1949)

In recent years there has been a trend n the Umited States of America and
Canada for well trauned anaesthetists to devote part or full time to the provision of
service for obstetrical patients (Hellyas and Tovell 1948, Hingson and Hellman
1956 Webb and Leigh, 1953, Bonuca and Mrx, 1955, Rutherford and his collcagues
1956) The advent of better obstetric practices, anttbiotics, blood transfusion and
other advances has markedly reduced maternal deaths due to infection, hacmorr
hage and toxaemia and has thus brought anacsthesia into sharper emphasis as an
important cause of de1ith Morcover there has tccumulated a great deal of evidence
which indieates that, contrary to general opinion, the 1dministration of anaesthesia
1s often more complex and requires more skill than do many surgical operations
(Bonica and Mix, 1955 Crawford, 1956 Hingson and Hellman 1956) In obstetrics,
it 1s necessary to constder in the chorce and use of certain methods of anaesthesia
not only that two lises are involved stead of onc but that the spectal mechantcal
and physiological problems of pregnancy reduce the flexibihity and margin of
safety Moreover, women 1 labour frequently cannot be prepared properly and
consequently present the additional hazard of the aspiration of gastro sntestinal
contents Medrcal complications such as t¢ s well as the irregular fashion
sn wiich these paticnts recerve medication, constitute additional problems that
often tax the efficiency of the obstetric team and justify the thesis that anaesthesia
for obstetrics deserves the interest of the expert anaesthetist (Bonica and Mix,
1955)

Advantages

In obstetrics the outstanding benefit of regional anaesthesia ss the Jack of res
prratory depression and other deleterious effects to both foctus and mother This
consideration s particularly important for the premature or immature foetus or
whenever obstetrical complications cause foctal distress Statistics have been pub
Ished recently by Taylor and his colleagues (1951) who reported that no winfants
delivered with regional anaesthesia required resuscitation whercas 60 per cent of
those delivered with general anaesthesta did require st Moreover he noted that an
abrupt change from general anaesthes:n to regional anacsthesia for caesarcan
section was followed by a rapid decrease 1n ifant mortality from 19 per cent to
8 pur cent (Taylor 1954) Simular statistics have been reported by others (Patten
1954 Judd 1954 Hellman and Hingson 1953) Regional anaesthesia also provides
the mother with many benefits It precludes the danger of the aspiratton of gastro
intestinal contents into the trachcobronchral tree, which 1s a sertous cause of mater
nal death with gencral anacsthesia (Hingson and Hellman, 1956 Parker, 1954,
Lancet 1955 Collier 1956) Itis therefore especially mdicated in mothers who
have taken food shortly before going nto labour Moreover since uterine tone 1s
mamtamed blood loss 1s less than with general anacsthesia and there 1s Jess
nausca and vormting and general morbidity

Pudendal block

These benefits can be obtuned to 1 maximum degree with pudendal block used
alone or combined with local infiltration (Klink, 1953 Kobak Evans and Johnson
1956 Hingson and Hellman 1956) Analgesia 1s usually adequate, the uterus fully
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Other techniques

Other simple tegion i techmgues which have b anpreded foru ~in obtetnce
include pararestchral black Tqy and Ty (Clland 1033 Shumicier Manahan nd
Hellman 1943 Jarvn 1944) and prtacetvscal mfiliration for uletine pun nd
infiftration aniesthes for cacvarean wection (Thect 1942) Sone of these methods
has been used extensvely

Regional methods 11 the form of candal whatachnmd and epidural block offer
the mother other advantapes By cflecting the continuous techmique these may be
emploved 10 provide complete analpesit for the finst sape of hibour and inlense
anaesthesia for the second and third stage without deprewian 1o the nfant The
miense perneal relaxation £icilit ates operatine mtenenton and thus diminishes
the hazards of delivery for both mother aind infant These methods 1re espectlly
mdicated 1n delnery of the acaiput postersor the hirge biby an transverse arrest
and 1n multiple births Moreorer the inalpesa my be extended should cresarenn
section become necessary

Subarachnoid block

Subarachnoid block 1s by £ir the simplest ind one of the most cflectine mcthods
for providing, obstetrical snalpesty and miesthesin Although this method h1s been
advocated for many years (Cosgrone 1937 Maxson 1938) at has cnjoyed more
widespread populanty since Parmley 1nd Adrm (1996) deseribed the simple
modified technique of saddle blockh During. the list decade mny reports have been
published containing accounts of 1ts succgssful usc 1n more than 2 smulhon
patients without serious complicitions (Schmitz Towne and Baby 1949 Macer
1956 Moore 1956)

Its disadvantages are those of spin il inaesthesi 11n general those most important
being hypotension and postanacsthetsc cephalilgry which in obstetrical patients
seem to occur more frequently thin in surgicy pitients (Moore 1955 Hellman
and Hingson 1956) Since the technique of saddle block with cinchocune provides
analgesia for 3-4 hours it may be used for the first stage of labour 1s well as for
terminal analgesia In the United States of Americt spinal anisthestt 18 also the
most widely used method for cacsarean section (Helliyrs Tovell and Hoit 1947
Luli and Hingson 1948 Hingson ind Hellman 1956) while continuous spinal
analgesia formerly used either for vaginal delivery or caesaren scction (Ullery
1946) has been virtually abandoned for reasons previously given In Britan this
techmque has not gained the s1me widespread use for this purpose because of the
emphasis faid on the embarrassment of respiration which mught follow spmal
anaesthesia n patients with large abdominal tumours (Macintosh 1951) Certunly
if the lower mtercostal muscles become paralysed ventilation 1s seriously tmpeded
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However, this disadvantage can be mimimuzed by employing small amounts of
local anaesthetic drugs 1n concentrations which produce analgesia without muscle
paralysis, which 1s not necessary for this operation

Caudal block

Caudal block has been popular in those regions where anaesthetic specialists
provide services to obstetrical patients Although the single jection techmque
was formerly used (Baptisti, 1945) the advent of better equipment and drugs has
resulted 1n an increased use of continuous caudal analgesia (Hingson and Edwards
1943 Hingson and Hellman, 1956) When skilfully admmstered to properly
selected patients, 1t provides almost 1deal conditrons for both mother and infant
It 1s particularly useful for mothers handicapped with severe heart disease, pul
monary tuberculosis acute respiratory infections, metabolic disease diabetes
mellitus, toxaemia and nephritis since 1t protects the mother from the stress and
stramn of labour and also protects the infant Its inherent dangers are infection and
nadvertent spinal mjection

Spinal eprdural block

In recent years the use of spinal epidural block n obstetrics has been reported
with 1ncreasing frequency (Hingson and Southworth, 1944, Crouch and Merry
1946, Flowers, 1954, MacMillan 1954, Bonica and colleagues, 1957) Both for
vagmnal and abdominal delivery 1t provides all the benefits of caudal and saddle
block without many of their disadvantages It offers two significant advantages over
caudalanaesthesia First less volume of the soluttonis needed Secondly, in the hands
of an operator who can perform each of the two techniques with equal dexterity
the mcidence of farlure 1s less with the lumbar epidural techmque than with the
caudal, because anomalies are less frequent m the lumbar spine than in the sacrum
In addition, spinal epidural block produces subjective rehef of labour pains more
rapidly than when the solution 1s injected by the caudal route, probably because
the site of injection 15 nearer to the sensory pain fibres of the uterus (Bomica and his
colleagues 1957) On the other hand it 1s more difficult to master and may involve
more serious complications since 1n the lumbar region 1t 15 easter to accidentally
enter the dura than when the needle 1s imserted through the sacrococcygeal hiatus

Complications

It 15 well to re emphasize that to obtain all the aforementioned advantages of
the various regional anaesthetic techniques 1t 1s necessary to realize some of their
himutations disadvantages and complications Obviously this method 1s not applic
able to all obstetrical patients Many uncomplicated cases may and should be
treated with general analgesia and anaesthesta The administrator must be skilled
not only 1n execution of the block but also 1n the management of the patient
Since severe hypotenston occastonally occurs 1t 1s essential to observe the patient
closely and to take prompt action to avord hypoxia of the infant as well as of the
mother and possible sertous consequences Most of the fatalities with these tech
mques have been due to improper management of the patient after the block was

of the ant vasomotor paralysts spmal, caudal or
epldural techmques should be avoided in abruptia placenta or placenta praevia
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because they may mcrese the hiemorrhage These techmques should be 1vorded
also 1n patients who have discases of the nersous system, marked ansemit, shock
or impending shoch, mfection at the site of mmjection, or other conditions which
contramdicate regional anacsthesia

REGIONAL ANAESTHESIA 10R DIAGNOSIS AND THERAPY

The most important recent trend affecting regionl anaesthesia has been the
remarhable increase 1n interest and use of thss method outside the operating room
as a diagnostic prognostic and therapeutic tool in the management of various
diseases At the present ime many physicians recogmize its value The anaesthetist
has attributes which make lum the natural colle1guc to execute these procedures
He can contnibute sigmificantly to the solution of many difficult diagnostic and
therapeutic problems but he must assume responsibility and discharge hus abliga
tions as a physician rather than act as a techmcian, expert n nserung needies
(Bonica 1953 1954b, 1954c)

Indications

Nene blocks may be used as diagnostic procedures to sccure mformation
concerning the mechamism of the discase to aid 1n differentiating visceral or
somatic disorders that present confusing signs and symptoms, such as coronary
occlusion and pancreatitis, and to determine whether pain 1s of visceral or somatic
ongin The need for a thorough knowledge of various diseases to achieve a proper
nterpretation of the results 1s obvious

Because of their reversible action these techniques are useful to ascertain the
likely effects of surgical section, and thus facilitate the proper selection of patients
Moreover such prognostic blocks afford the patient an opportumty to experience
the numbness and other effects that will follow such procedures as rhizotomy,
cordotomy and neurotomy Prophylactic nerie blocks have a very limited role
but may be used to prevent the dysfunction which may follow trauma infection
or operation (Betcher, Bean and Casten 1953, Betcher and Casten 1955) Thera
peutic nerte blocks are effecttve 1n treating self imited diseases accompanied by
severe patn to break up the so called vicious circle of disease and to provide symp
tomatic relief so as to permut other therapeutic measures or allow time for more
adequate preparation of the patient prior to surgical operation In patients with
severe mntractable pain or other disorders who are unsuitable for surgery, nerve
blocks with phenol and aleoho! effect relief for suffictent time to be of value {Bonica,
1953, Jones, 1957, Belam and Dobney, 1957)

BLOCKS OF THE AUTONOMIC NERVOUS SYSTEM

In recent years a vast amount of expenimental and chnical evidence has been
accumulated which indicates that interruption by regional nerve block of certatn
portions of the peripheral autonomic nervous system has beneficial effects i a
great variety of disorders including peripheral vascular disease reflex sympathetic
dystrophy visceral disorders of the thorax and abdomen and certam musculo

skeletal dysfunctions (White Smuthwick and Simeone 1952, B tch
Casten, 1953 Bonsca, 1953 1956d) » Beteler: Bean and
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Peripheral vascular disease

Repeated or prolonged sympathetic block has been found of therapeutic value
1n patients with acute vasospastic disorders such as traumatic vasospasm acute
arterral occlusion due to embolism or thrombosts, arteral aneurysm, acute
thrombophlebitis circulatory insufficiency and the first phase of the immersion
foot syndrome (Ochsner 1951 Gage and Ochsner, 1940, Ochsner and DeBakey
1941 Casten 1949, Thomason and Moretz, 1949 Lempke and Shumacker
1949  Steel 1951 Bonica, 1953 1956d Betcher, Bean and Casten 1953,
Moore 1954 Mandl 1953, Lee 1955 Crandell and Page 1957) In chronic
vasospastic disorders such as Rayniud s disease Raynaud s phenomenen acro
cyanosis hvedo reticulans third phase of the immersion foot syndrome vaso
spism associated with lesions of the spinal cord such as poliomyehitis and pyramdal
disease and also n thromboangitis obliterans sympathetic blocks are of value
only to determne the degree of vasospasm and to help predict the effects of sym
pathectomy which 1s the procedure of choree (Telford 1944 Telford and Stmmons
1946 Casten, 1949 Flothow 1951 White Smuthwick and Simeone 1952
Bonica 1953b) Occasionally therapeutic sympathetic blocks are useful in manag
g chronic thrombophlebitis and chronic ulceratron of the extremuties (Mandl
1947 1953 Ochsner and DeBakey 1949 Ochsner and his colleagues 1950
Ochsner 195! Ruben 1952 Crandall and Page, 1957, Belam and Dobney 1957)

Temporary blochs are of no therapeutic value and have hitle prognostic use
fulness in degenerative diseases such as arteriosclerosts because maximal beneficial
effects following sympathetic interruption frequently do not become apparent for
days weehks or even months Although 1n improvement of circulation and walking
tolerance followng the block 2ugurs well a negatne response to the block does
not necessarily indicate that the patient will not benefit from operation For
patients with chronic vascular disorders who refuse or cannot tolerate an opera
tion chemical sympathectomy produced with pheno! or alcohol 1s an excellent
substitute (Mandl 1947 Haxton 1949, Bonicr 1953 Miles and Rothman 1954
Roedling and his colleagues, 1957)

Causalgia and other reflex dystrophies

Sympathetic blocks are of great vilue in managing sympathetic reflex dystrophy,
the all iclusive term recently applied to a great varety of seemingly unrelated
disorders previously considered under such terms as major causalgia post
trwumatic  punful osteoporosis  Sudek s atrophy post traumatic spreadmg
neurig\ minor causalgia post traumatic pain syndrome sympathalgia shoulder—
hand syndrome chrome traumatic oedemn and reflex dystrophy (Bontca 1953)
These syndromes appear to resemble each other 1n 1etiology chinical mamifestation
and response to therapy and nre charactenized by excessive or unduly prolonged
pain yasomotor and sudomotor disturbances delayed functional recovery and
trophic changes (Livingston 1947 Bomca 1953 Casten and Betcher 1955) The
aetiology may vary from 1 trivial injury to the severance of a major nerve, which
serves as a focus constantly bombarding the spmal cord and activating central
relays and mmplicating redommantly antertor horn cells (Livingston 1947
Betcher Bean and Casten 195> Bonica 1953} The resulting sympathetic hyper
activity mmtiates and perpetuates a vicous crrcle which must be interrupted 1n the
acute stage before 1t c1uses irreversible trophic changes n tissues
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Causalgia of the maor type represents the most severe form of refles dystrophy
and 1s due to mncomplete severance of 1 myor peripheral nerve  Sympathetic
blocks almost always produce relief of the severe, burning pun and hyperalgesia
(Lnvngston 1947 Lenche 1949 Bomicr 1953) n response which s 50 constant
that some authontics consider this as 1 cardinal diagnostic feature of causalgia
(Doupe Cullen and Chance 1944) If sympathetic tnterruption 15 instituted
promptly at the onset of the disorder # may produce prolonged rehief, although
1n the majonty of patients it will be necessary to do a sympathectomy 1n order to
effect a cure (Doupe, Cullen and Chance 1944, Mayfield 1951, White Heroy
and Goodman 1948) But cven 1f the block fauls to cure it 1s of value in affording
the patient respite from hus sntense suffering and thus helps to prepare him for the
operation

Repeated or continuous sympathetic blochs may be considered as the primary
therapeutic measure m managing the acute phase of minor causilgia the shoulder-
hand syndrome and other munor reflex sympathetic dystrophies (Homans 1940
1941, Evans 1947 Stembrocker 1947, Mandl, 1947 Shumachker and Abramson
1949 Bonica 1953 Betcher and Casten, 1955 Belam and Dobney 1957) Therr
effect 1s less marked n the chronic phase of these disorders which then require
intensive physical therapy as well as other forms of treatment (Roedling and his
colleagues 1957)

Sympathetic nerve blocks may be of diagnostic and prognostic value in managing
patients with phantom imb pamn a condition considered by some as a form of
reflex dystrophy (Luvingston 1938 1947) and by others as a psychosomatic
problem (holb 1954) In patients with predominantly burming pamn, sympathetic
blocks occastonally effect prolonged relief if used early (Livingston 1938 1947
Bomica 1953) but in most mstances sympathectomy or better still, cordotomy
15 necessary (White and Sweet 1955)

Other disorders of the extremities

Sympathetic blocks are useful m predicting the effect of sympathectomy 1n
patients with marked hyperhydrosis (White Smithwick and Simeone 1952
Bonica 1953 Moore 1954) They are also a valuable therapeutic adjunct to
somatic block and physical therapy 1n the management of acute bursitis, tendimtis
and other acute traumatic and infectious musculo skeletal disorders of the
extremities (Bomca 1953) Sympathetic blocks are useless in managing chronic
musculo skeletal disorders such as arthntis, unumted fractures and Charcot jomt

Disorders of the head and neck

Although the French hterature (Arnulf 1947 1954 Luzuy, 1946 Lambret
Rozemon and Decoulx 1948 Leriche 1949) contamns many glowing reports of
the efficacy of cervicothoracte sympathetic (stellate) block 1n managing patients
with migrane atypscal facial neuralgia facial palsy hemispasm of the face
tnmtis aurium  obstruction of the central retinal artery due to embolism or
thrombosts acute optic neuntis retinitis pigmentosa atrophic rthinitis and man
other conditions of the head and neck 1n other hands this procedure has rovegl,
useless as a diagnostic prognostic or therapeutic measure (Bomwca 1953 FQSSb)
A small number of patients with hemiplegta due to cerebral thrombosis embolism
or vasospasm have improved markedly soon after stellate block was completed

T

’%‘:Tn.mu. o



THE PLACE OF REGIONAL ANAESTHESIA

but, 1n view of the known vagaries of cerebral vascular accidents and therr tendency
for spontaneous recovery, these results are insigmficant

Visceral disease

Since sensory fibres carrying smpulses interpreted as pamn reach the spinal cord
by accompanymng sympathetic nerves, block of the appropnate sympathetic
nerves produces relief from pain as well as nterruption of sympathetic function
to the viscera (Mandl, 1947 Whte, Smuthwick and Simeone 1952 Bonica, 1953
Moore, 1954) These procedures are indicated only when the pamn 15 severe and
mtractgble, such as occastonally occurs with angina pectoris, pulmonary emboltsm,
acute myocardial infarction, aortic aneurysm acute pancreatitis, severe bihary or
renal colic and other visceral disorders (Albanese and Pataro 1939, Marnon
1945 Bonnet 1945, Rasmussen and Farr, 1946 Bageant and Rapee 1947
Gage 1948 Stubbs and Woolsey 1950 Runzler, 1951, Eastwood and Womack,
1951 Ciocatto and Bruzzone 1952, White Smithwick and Simeone 1952 Howard
Morgan and DeBakey, 1952, Bonica, 1953) Some wrters believe that 1 addition
to relieving pain these procedures improve the patient s condition by elimmating
the visceral vasospasm and the greatly increased tone of smooth muscle which 1s
usually present (Gage 1948)

Sympathetic interruption has also been suggested as a diagnostic and therapeutic
measure for various other abdominal visceral disorders mcluding congemtal
megacolon, spasm of the cardia, pylorus and other sphincters bihary dyskinesta
post cholecystectomy syndrome coeliac ganghon syndrome, gastro intestmal
pam of undetermined ongin chromc pancreatitis, visceral crises of tabes
1diopathic nephralgia 1ntractable bladder pain orchihs salpmgitis and dys
menorrhoea (Luzuy, 1946, Esnaurrizar 1949) Although it 1s true that sympathetic
block may provide temporary improvement, its value as a therapeutic measure
15 questionable

Sympathetic block has been employed successfully 1n management of reflex
anuria and with dramatic beneficial effects 1n patients with eclampsia and other
forms of toxaemia of pregnancy (Mandl, 1953 Lund 1951 Ostlere 1952 Bonica,
1953) It has also been used effectively as an added measure to somatic nerve
block 1n patients with severe cancer pain which has a burning component (Dargent,
1948) Splanchmic block may provide temporary relief to patients who have
severe visceral pain due to cancer (Bomca 1953 Jones 1957)

SOMATIC NERVE BLOCK

Regional block of somatic nerves 1s often indicated as a diagnostic prognostic
or therapeutic procedure i managing severe neuralgia acute musculo skeletal
pain cancer pamn and 1n effecting interruption of peripheral sympathetic pathways
(Bonica 1953 Lee 1955 Eckenhoff 1956) Since neuralgia 1s usually the
symptomatic expression of a neuropathy myelopathy or disease of the brain
and 1s the result of nflammatory circulatory toxic degenerative metabolic or
neoplastic disturbance 1n sensory pathways 1t 1s essential to seek 1ts cause carefully
and to remove 1t 1f possible before blocks are mstituted

Block of the cramal nerves 1s very useful 1n managing severe pam of the head
and neck Block of the trigeminal nerve or one of its branches 15 especally useful
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1 treating the severe lancinating pain of tic douloureux or the severe pamn of
cancer (Harns 1930 Bomca 1953, Rollason 1955) Besides diagnostic and
prognostic mjections of local anaesthetics alcohol block of either the gassenian
ganglion or one of the major branches of the nerve 1s a most uscful pathative in
patients who are not suitable for retrogasserian neurectomy, but alcohol njection
should be avoided when surgery 1s likcly to be undertaken Supra orbital infra-
orbital and mental nerve block may be necessary in treating the severe pamn of
herpes zoster (Lee, 1955) Block of the glossapharyngeal neeve yust below the
Jugular foramen 1s a very useful diagnostic and prognostic procedure 1n managing
glossopharyngeal neuralga, a condition which s charactenized by sudden severe

lancinating pamn in the throat radiating to the angle of the jaw and occasionally
to the ear and thyroid cartilage (Robson and Bomica, 1950 Bomica 1953)

Infiltration or topical apphcation of the trigger areas which are usually found
1n the tonsils pharynx or back of the tongue, also cffect temporary reliel The
glossopharyngeal nerve has also been blocked for cancer pamn of the throat and
as a diagnostic procedure 1n carotid sinus syndrome (Bonica, 1953, 1954a)

Supenor laryngeal nenve block, either with local anaesthetics or alcohol 1s useful
1n managing severe neuralgra of the larynx and the facial nerve has been blocked
for intractable spasm The vagus nerves may also be bloched 1n managing cancer
pam of the larynx or lungs while the spinal accessory nemve may be injected to
control spasm of the trapezius and sternomastoid muscles

Block of the ceruical spinal nertes 1s a very effectne measure 1in managing
occipital and cenvicobrachial neuralgia and musculo skeletal disorders of the
shoulder and upper extremity and 1n controlling severe cancer pamn of the neck
shoulder and arm (Gage and Parnell 1947 Judovich and Bates 1949 Bonica
1953) Since all of the sympathetic fibres destined for the hand forearm and lower
two thirds of the arm are carried by the brachial plexus block of this structure
1s a most effective measure to produce concomtant vasodilatation and analgesia
n vascular disorders causalgia and other reflex dystrophies It may be employed
to differentiate pain of penipheral ongin from that caused by disorders of the
central nervous system Blocking of the somatic nerves to any of the extremties
results i weakness or paralysis and loss of proprioceptive and touch sensations
thus producing a useless imb Obviously except in the extreme cases of patients
with moperable lesions prolonged blocks with alcohol or any other neurolytic
agent are absolutely contra indicated

Block of some of the major branches of the brachial plexus are occasionally
indicated Suprascapular nerve block 1s a most effective procedure 1n controlhng
severe pamn of the shoulder joint due to bursiis tendinstis penarthnitis arthritis
acute post traumatic pam or any other cause (Wertheim and Rovenstine, 1941
Betcher, 1949, Skillern 1954) It 1s frequently combined with stellate block
(Amulf 1947 Gordon 1952 Moore 1954)

FParaiertebral block of thoracic and Jumbar nerves 1s useful m managing
segmental neuralgta due to orthopaedic disorders nfections or trauma {Judovich
and Bates 1949 Lee 1955 Bromage 1956) It 1s also useful in controlling post-
operative cancer pamn and other musculo skeletal pamn of the trunk This procedure
1s very effective n providmg symptomatic reliel to patients with acute herpes
zoster (Findley and Patzer 1945, Lee 1955 Bromage 1956) Although 1t has
been suggested that nerve block mitigates and shortens the duration of the disease
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and reduces the incidence of post herpetic neuralgra, evidence that such 1s the
case 18 lacking Post herpetic neuralgia 1s a complex and most difficult problem
which usually cannot be affected by blocks or even by cordotomy (Bomica 1953

White 1nd Sweet, 1955) Intercostal block 1s a very useful procedure in controlling
post operative pain of the chest and abdomen, pain due to fractures of the ribs
sternum or cartilages and pam of post traumatic or post operative neuralgia
(Sampson and Fitzpatrick 1945, Richardson and Papper 1947, Bonica 1953

Belam and Dobney, 1957)

Seiatic nerve block can be used to control temporarly severe acute pain and
to produce complete sympathetic interruption of the foot and leg in order to
corroborate the effects of lumbar sympathetic block or as a therapeutic measure
1n patients with severe vasospasm and ischaemic pain (Marmer 1952, Cheeley
1952 Gross 1956) Block of the femoral, lateral femoral and saphenous nerves
may be used as a temporary measure 1n controlling severe pam of the thigh and
anteromedial aspect of the leg Lateral femoral nerve block has been used n
diagnosis and treatment of meralgia paraesthetica (Bomica, 1953) Since the
saphenous nerve 1s purely sensory alcohol block or avulsion can be performed
safely to relieve severe pain of 1schaemic neuntis or chromic ulceration Obturator
nerve block 1s an effectine diagnostic, prognostic and therapeutic measure 1
patients with severe pain in the hip joint and 1n patients with severe adductor spasm
(Gross and Christie 1957) Block of the tibial or peroneal nerve or both at the
level of the knee or ankle may be effected to produce analgesia and sympathetic
block

CAUDAL AND SEGMENTAT SPINAL EPIDURAL BLOCK

Injection of local anaesthetic solution into the peridural space 15 one of the most
effective means of producing interruption of somatic 1nd sympathetic nerves
and therefore can be used for any of the aforementioned indications Single and
continuous caudal or lumbar epidural njections have been used for this purpose
by many climctans (Hingson and his colleagues 1947 Prosad 1954 Cleland
1952 Frere 1950 Orr and Warren 1950 Lund 1956 Berk and Krumperman
1952 Crocatto 1953 Crocatto and Bruzzone 1952 Thistlethwarte and his
colleagues 1953 Walker and Pembleton 1953 Bromage 1954 Bomica 1953
Groenendyk 1954 Foldes, Colavinpenzo and Birch 1956 Bonica and his
colleagues 1957) These blocks are particularly useful in certain patients with
severe intractable cincer pan mvolving the lower portion of the body (Belam and
Dobney 1957) The outstanding advantage of this technique 1s that a Irmuted block
mvolving any desired number of segments can be effected with only one mjection
nd the effect can be extended for days or weeks by using the continuous technique

SUBARACHNOID BLOCh

Single dose or fractional subarachnoid block has been employed similarly as a
diagnostic prognostic and therapeutic measure 1n various disorders inyolving the
abdomen trunk and lower extrermuties Its value for this purpose has been
increased by the introduction of the differential technique (Sarnoff and Arrowood
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1946 19471, 1947b Sarnoff, Arrowood 1nd Chapman, 1948, Arrowood and
Sarnoff, 194%)

Subarachnowd alcohol block when properly done produces 1 chemical posterior
hizotomy winch compares f1vourably sith surgical section Since Doghotts (1931)
first described at for the minigement of intractable paun, many reports have been
published on this subject (Stltzsten 1938 Truclsen, 1943 Bonicn 1954a) all of
which ndicate that 1t 1s an effectine method for the relief of pun mn patients
unswited for more radical neurosurgical operations It 1s particularly useful 1n
relieving cancer pam caused by pressurc On SOMAIC METves OF nerve jools
produced by metastatic lesions of the vertebrac and tumours in the parasertebral
regions The duration of pain relief saries from several weeks to many months
and sometimes years although m the average casc its effects last 3 5 months
(Bomea 1954a)

LOCAL BLOCK

Local block s especially useful in the diagnosis and treatment of acute and chronic
cutaneous and musculo sheletal painful disorders such as hgamentous sprains,
fractures bursitis tendimtis epicondylitis penarthnitis certain forms of arthratss,
low back pain acute torticollis and fibrositis (Leriche and Froelich 1936, Stein

brocker 1939 Travell 1949, Bomca 1953) This method 1s particularly useful
m myofascial pain syndromes imittated or perpetuated or both by so called
trigger areas in somatic structures (Bonica 1957b) These trigger areas develop
consequent to accidental or surgical trauma nfection and other disorders, and
act as a constant focus of irntation In the majonty of nstances, injectton of the
focus which 1s not infrequently situated away from the aren of pan reference, s
followed by the disappearance of pamn muscle spasm and vasomotor disturbances
for periods that are much longer than the duration of anaesthesia It 1s essential,
however that the trigger area be accurately located and injected In this connexion
1t 1s 1mportant to note that post traumatic and post operative scars may act as

tnigger areas even when not panful or tender Such trigger areas may also be located

m the tonsils or penidental structures (kretzschmar, 1956)

Ethyl chlonide spray 1s also effective 1 these conditions when trigger areas are
located 1n the skin or subcutaneous tissue (Kraus, 1941, Travell 1949, Travell

and Rinzler 1952) Topical application 1s also very useful in managing acute
pawm of mucous membranes (Bomica 1953)
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CHAPTIR 7
PULMONARY VENTILATION AND ITS CONTROL

A B Dosnin

MODERN CONCEPTS OF NERVOUS FACTORS CONTROLLING
PULMONARY VENTILATION

PuLMONARY ventilation requires the inhalation and exhalation of atr into and out
of the Jungs Although 1his exchange can be voluntanly controlied, respiratory
movements are mainly controlled unconscrously and automatically by the complex
centres 1n the central nervous system Legallors (1812) and Flourens (1842) noted
that efferent impulses to the respiratory muscles originate 1n a resprratory centre 1n
the medulla oblongata The essential area for control of breathing was localzed
anatomically to the reticular formation of the medulla (Pitts Magoun and Ranson,
1939)
Stimulation of the ventral reticular cells results 1n sustamned inspiration (apneusis)
Stlmulauon of the dorsnl reticular cclls results 1n sustained expiration If both are
t d d mspiration occurs The neuroncs of one area
reciprocally inhibit those of the other with the inspiratory area bemng dominant
Both centres have descending connextons with the motor neurones of the phrenic
(C5_s) and ntercostal nerves (T5_g) which run sn the anterior columns and 1n the
ventral part of the lateral columns of the spinal cord

Mechanisms influencing rhythmicity of respieatory centre

Four mechanisms may contribute towards the rhythmicity of the centre  These
are (1) reflexes through the vagus (Hall, 1836 Hening, and Breuer 1868), (2) the
constant stream of inspiratory nfluences which are periodically snhibited by extra
medullary mfluence (Pitts, 1946) (3) periodic bursts of impulses inherently
developed by the pontine and medullary centres (Hoff and Breckenridge, 1954),
and (4) vagal activity at the supramedullary level (Kerr and his colleagucs, 1954)

In summary the medullary cell masses may have intrinsic rhythmicity which 1s
strongly nfluenced by pontine and supramedullary cells above and by vagal fibres
below The primary control of respiration 1s probably located in the middle reaches
of the reticular substance of the medulla These are uncircumscribed nuclear
masses but have a general division 1nto a more caudal ventromedsal region which
subscrves insprration and « more rostral, dorso lateral region which 1s predomt
nantly expiratory tn function 1t now appears that these centres are sermi specalized
parts of the extensive dorsal suppressor and ventral facilitatory systems of the
reticular activating system of the brain stem The further clanfication of the control
of pulmonary ventilation by the bran requires careful exploration of the pons
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(locus cacruleus) midbrain 1nd other wpramedullany regrons (Hoff and Brecken
rdge 1954 Kerr and his colleagues 1954, Baxter and Olszewshs, 1955)

Central nenvous svsiem fnfluences affecting the respiratory centre

There are three major groups of involuntary influcnces 1 the central nervous
system which hase 1 profound cffect on the respiratory centre

(1) The most important are centrl chemoreceptors which are affected by the
carbon dioxide tension and the hydrogen ton concentration (cH) of the blood
supphing the medulliry centres  Speeiahzed neural structures located in the
medullary respiratons centres and exposed 1o eapillin blood (not arteral blood)
mediate this control This 18 1 domminant mechanium for adyusting the pulmonary
rentilation to the metabolic requirements of the body nd will be considered more
fully 1n the next section

(2) Body temperatures which sary 1 few degrees bove or below normal may
profoundly affect pulmonary ventilittion 1 direct response to changes in body
metabolism Thus a rise aborve 40 C causes severe fachypnoea 1 fall below 31 C
may cause marhed hypopnoca and below 28 C may result 1n apnoct The
supramedullary reticular formation of the pons which ordininly pliys a second
ary role to the vagus in determiming the thythm of respiration assumes a promi
nent role when rises in body temperature increase the rate of breathing (Pitts
1949) In such circumstances 1t 1s Iikely that the pontine centre 1s receiving impulses
from the thermoregulatory arcas in the hypothaltmus and that the control of
respiratory activity 1n this instance 1s mainly at the hypothalamice level When on
the other hand the body 1s cooled these impulses slow down and eventunlly cease
at some cntical level (25°-28 C)

(3) A third group of ifluences involves resprritory sumuli which are 31l defined
and unpredictable but nevertheless alter pulmonary ventilation for varying periods
of time These involve the response to the reception of pamn and changes associated
with emotions and awareness The changes 1n respiratory patterns associated with
pamn emotional disturbances alterations in the level of consciousness and manic or
depressive mental tlnesses Jack uniformuty for analysis and do not show sigmficant
correlation with the type of emotional stumulus (Clausen 1951) Minor deviations
from a normal placid state seem to evoke recogmzable respiratory responses such
as the rapid wsprration accompanying surprise the ripid and shallow breathing
assoctated with pleasure the irregular sighing with anxiety states and multiple

vanations of respiratory responses to unpleasantness i some types of neuroses
(Goldensohn 1955)

CHEMICAL CONTROL OF PULMONARY VENTILATION

It1s evident from climical research m man that acute hypoxia (8-12 per cent oxygen
n the inspired air) causes a shight increase 1n pulmonary ventilation which persists
after acclimatization (Rahn and Otis 1949) On the other hand the pulmonary
ventilation does not change when the oxygen 1s gradunlly increased even until pure
oxygen 1s snhaled The toxic symptoms which may developif pure oxygenis mnhaled
for a prolonged period should not be forgotten (Davies and Mackinnon 1949
Comroe and Dripps 1950 Bean and Johnson 1955)
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When carbon dioxide 1s added (up to 10 per cent) to the mspired air, the pul
monary ventilation increases almost tenfold When the carbon dioxide concentra
tion 1s increased further, there 15 a progressive decrease 1n pulmonary ventilation
which reaches normal at about 20 per cent tnspired carbon dioxide The latter
change 1s accompanied by a state of increasing general anaesthes:a A further
ncrease (30 per cent) causes convulsions (Meduna 1950) Voluntary forced breath
ing on the other hand, reduces the alveolar carbon dioxide tension below 40
millimetres of mercury and may, 1f continued, produce irregular breathing with 2
penod of apnoea, dizzmess and confusion (Brown 1953)

An acute change in the carbon dioxide tenston 1n the arterial blood of man
causes a corresponding change 1n the hydrogen 10n concentration This 1s well seen
during cyclopropane anaesthesia 1f the pulmonary ventilation 1s not assisted The
nse of carbon diowide tension with depression of pulmonary ventation 1s raptd
On the other hand, several minutes of vigorous breathing are necessary to lower an
elevated arterial carbon dioxide tension to its onginal level (Dripps 1947,
Buckley and his colleagues 1953)

The peripheral chemoreflex

Christensen (1954) has pointed out that if changes in pulmonary ventilauon
are to be studied on human subjects, one has to restrict the experimental conditions
to what 1s climically tolerated so that no harm may be done Animal experiments,
however give linited information for when ammals are anaesthetized the physio

Isolated head
Intact dog#2 Intact dog #3

Blood

FiG 11 —Diagrammatic depiction of Hey
mans experimental arrangement to show
penipheral chemoreceptor actions on
pulmonary ventilation

Heart lung
preparation

logical changes induced are remote from normal Thus in fact we still know very
little about the chemoreceptor reflexes controlling the pulmonary ventilation in
man During the 10 year period from 1927 to 1936 Heymans and his colleagues
demonstrated 1n ammals the peripheral chemoreflex and pressor reflex mechanisms
of regulation of the respiratory and cardiovascular centres 1n the brayn stem Their
work localized these peripheral receptors to the glomus caroticum and glomus
aorticum (Fig 11)

Furthermore the Heymans studies emphasized that when the respiratory
centres 1n the brain were deprived of peripheral ch flex nerve cc
they still responded to increased carbon dioxide tension mn the inhaled air and
1n the arterial blood This clearly proved that the brain centres have chemmcal
receptors which react to changes in the arteral carbon dioxide tension (Heymans
1955 Heymans and De Vleeschhouwer 1956)

In 1951 De Castro distinguished the chemoreceptor and pressoreceptor nerve
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fibres 1n the carotid area, and for the first tme confirmed anatomically the ongnal
studies of Heymans and lus associates

The role of the penpheral chemoreflex 1n the control of pulmonary ventilation
has been the subject of intensive imvestigation since Heymans' work became
common hnowledge

The following observations are pertinent to this matter

In 1940 Gesell Lapides and Levin reported that the greater the carbon dioxide
tension the less the effect on respiration of temporary blocking (cold) of the sinus
nerve from the glomus caroticum and aorticum When the inspired carbon dioxide
reached 5 per cent the chemoreceptors had no effect at all and respiration was con
trolled entirely by central drive

In 1940 Schmdt and Comroe and in 1943 Dnpps and Dumke showed that the
oxygen tension in the arteral blood rather than the oxygen saturation 1s the main factor
affecting the peripheral chemoreceptor resprratory drive Moreover this chemoreceptor
drive does not become manifest until the oxygen tension becomes quite low A man
breathing an atmosphere m which the oxygen 1s reduced to 10 per cent (a tension of
approumately 70 mill of mercury) responds with only a moderate tncrease in
pulmonary ventilation (17 per cent) The maximum response (65 per cent increase) can
be obtained by lowenng the oxygen tension to 30 milimetres of mercury This hyper
pnoea 15 due to chemoreflex stimulation of the carotid and aortic bodies On the other
hand the respiratory centres themsehves are unresponsive to mild hypoxia and are
depressed by severe hypoxia

The comerse applies to carbon droxide The peripheral chemoreceptors are hittle
sensitive to changes in carbon dioxide tension for when the carotid body 15 1solated from
the general blood stream (to elimnate the effect on the respiratory centre) but 1ts nerve
supply retained a nise in carbon dioxide tension of 10 millimetres of mercury 1s re-
quired to produce even a shight increase 1n pulmonary ventilation On the other hand
an increase of carbon droxide tension by only 3 millimetres of mercury in the blood
supplying the respiratory centre induces hyperpnoea It has therefore been concluded
that the peripheral chemoreceptors do not play an active role 1 the control of pul
monary ventilation under normal conditions and that depression and ultimately
failure of the central chemoreceptors 1s the dominant trend 1n severe hypoxia whereas
the penipheral chemoreceptors retain their viability and continue to exert a stimulus
response as the last hine of defence

In 1941 Beecher and Moyer showed that during deep anaesthesta respiratory
control 1s by the penipheral ch ptors and 15 absolutely dependent on shight
hypoxia If oxygenation 1s normal or elevated the chemoreceptors become
nactive and apnoea will ensue

In 1944 Banus and his colleagues proposed two different receptoYs 1n the
respiratory centre one sensitive to pH 1n the nterior of the cells themselves and
the other sensitive to incomung reflex impulses The former 1s mactivated by
anaesthesia and the latter 1s highly resistant to anaesthetic depression

In Sweden Bjurstedt (1946) Hesser (1949) Asmussen and Nielsen (1949) and
Astrom (1952) contributed further to these studies by expeniments on dogs
Bjurstedt showed that acute hypoxia (6-8 per cent oxygen in mtrogen) 1s character
1zed by increasing respiratory alkalosis due to hyperventilation with a resultin,
decrease 10 activity of the central chemoreceptors due to the increase in PH of thg
blood (pH =7 55) The penpheral chemoreceptors were responsible for th
creased pulmonary ventilation This peripheral drive gri & th

adually icreased du
developing respiratory alkalosis thereby compensating for the decrease mrgelﬁttr};el
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chemoreceptor activity, until it was entirely responsible for the ventilatory drive
Cold block of peripheral chemoreceptors at this stage caused apnoca
This confirmed the electrophysiological studtes of von Euler, Liljestrand and
Zotterman (1939) who also showed increasing action potentials from the carotid
chemoreeeptors during 1cute hypoxaemin In chrontc hypoxia (8~12 per cunt oxygen
m mtrogen) the domunant stimulus of the peripheral chemoreceptors gradually
decreased as the body compensated for the resprratory alkalosts (acchmatization)
and the central chemoreceptors agun became the active stimulus to pulmonary
ventilation
Hesser (1949) attached this problem slightly differently Central and peripheral
chemoreceptors were studied 1n dogs during acid base displacements 1n the blood
produced by ndministration of carbon dioxide-oxygen gas mixtures (respritory
acidosis) or by intravenous mjections of N2 hydrochlonc acid (metabolic acidosis)
or N/2 sodium brearbonnte (metabolic alkalosis) These studies showed that there
was 1 time lng m the response of the denervated centre to changes in carbon
dioxide tension and hydrogen ton concentration duc to the time required for the
cells of the centre to come into equilibrium with the blood These cells responded to
nduced metabolic acidosis (hydrochloric acid injection) with mcreased activity and
to induced metabolic alkalosis (sodwm bicarbonate wngectton) with decreased
activity In acidotic conditions the response of the centre to carbon dioxide was
mncreased and 1n alkalotie conditions the response of the centre to carbon dioxide
wis decrersed When the peripheral chemoreceptors were intact, there was no
chinge m these responses of the centre unless hypoxia was added, m which case
ventidatory responses were inercased
Astrom (1952) amplificd the above studjes using similar techniques and obtained
the following results in dogs With spontancous resprration the depth of barbiturate
aniesthesiy influenced greatly the ventilatory response to changes in carbon
dioxide tension During deep 1ntesthesiy hypoxia was the dominant ventilatory
stimulus At high arterial pH hypoxia was a potent stimulus to pulmonary venti
lation and 1ts effect was produced via the peripheral chemoreceptors At low
arterinl pH the fypoxic chemoreceptor drive fad only a mimor share 1n the fotal
resprratory actrvity Intravenous injections of cyamde produced a greater sttmu
ltion of resprration during low arterial pH than did the same doses at a fugh
wrtenal pH
The action of combined hypercarbia and hypoxia in spontaneously breathing
dogs was investigated The respiratory centre (pertpherally deneryited) was not
immediately affected erther by changes in the pH or oxygen saturation of the arferial
blood The tme lag observed for both carbon dioxide and oxygen was about three
minutes The peripheral chemoreceptors on the other hand responded very
promptly (1n 1 few scconds) to changes in the oxygen satur ttion of the artersal blood
and could be regirded as locally and functronaily in the arterral stream If during
hypoxia a high grade hypercarbia was added apnoea ensued because the depressed
pH elminated the peripheral chemoreceptor drive which was entirely rusponstble
for pulmonary ventilation duning hypoxia
On the basts of these studies Astrom proposed that there are two functionally
different parts of the resprratory centre (1) & resprr itory chemoreceptor  which 1s
depressed by anacsthesia i its reactions to changes in pH (carbon dioxide tenston)
although the centre still maimntans its ability to respond to afferent impulses
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from the chemoreceptors, and {2) 1 respiratory reflex centre which responds to
impulses from the peripheril chemoreceptors (stimulus hypoxin) This centre 15
depressed by excess oxygenation but 1s resistant to anaesthesin Tlus concept ts
sinular to that proposed by Banus 1nd his collegues in 1944

In 1949 Gray attempted to integrate the peesent views on control of pulmonary
ventilation as follows Carbon dioxide acting on the central chemorcceplors ts the
essential factor 1n ordinary quiet breathung (eupneic) This was the original concept
of Haldane 1n 1905 (Haldane and Priestley, 1905) Niclscn s view that the carbon
diowde effect 1s spearfic and not due to its ncidic propertics was accepted (Niclsen
and South 1951) During hypoua the carbon dioxide tension falls and pH nises
(hyperventilation) during metabolic acidosis the carbon dioxide tension falls and
the oxygen tenston nises, during carbon dioxide induced hyperpnoca the carbon
dioxide tension and oxygen tension risc while the pH falls As an integrated
explanation of these changes Gray formulated a  Multiple Factor Theory
Changes 1n carbon dioxide tension pH and oxygen tension mty be additise or
antagonistic the result being the algebraic sum of the individual actions Thus
the hyperpnoea of metabolic acidosis causes increased elimmation of carbon
dioxide and lowers the carbon dioxide tension i the blood reductng the acidosts
whereas during hypoxia the hyperpnoea improves tissue oxygenation

MECHANICAL FACTORS IN CONTROL OF PULMONARY
VENTILATION

Christie and McIntosh (1934) Cournand (1950b) and Comroe (1953) and their
co workers have presented the simplest approaches to this problem by dividing
the mechanical factors in the control of pulmonary ventrlation into those concerned
with ventilation, diffusion and circulation With these are associated and must be
considered the anatormcal structures of respiration and their response to drugs
and the reflexes which affect these anatomucal structures to a degree which grossly
alters pulmonary ventilation (Dawes and Comroe, 1954 Aviado and Schmidt
1955) Finally the application of external assistance or control of breathing requires
a knowledge of the physiologically 1deal respiratory pattern The pressure volume
representation of the breathing pattern must be analysed as to the amplitude of
pressure the ratto of duration of mspiration to expiration the contour ot the curve
and the rate of breathing per minute which are best for each patient (Cournand and
his colleagues 1948 Ous Fenn and Rahn 1950 Fry and his colleagues 1954

Mcllroy Marshall and Christie 1954 Dobkin and his colleagues, 1956 Gordon
Frye and Langston, 1956)

Ventilation
The tracheobronchal tree

The tracheobronchial tree extends from the nares and lips
bronchioles The exchange of gas between the outside air and 51e ;noultr:fu::ls'}ll) lar;lvt:(:]y|
must traverse this region 1n which no exchange of oxygen and carbon dioxide 15
possible From the onifices where air enters the respiratory tract down to the level
m the trachea where 1t enters the thorax the airways are mspiratory check vz«lve
which mamfest themselves by collapse of the nostnls on suffing collapse of !}:Z
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pharynx during sleep or during general anaesthesia (snoring) and closure of the
larynx during swallowing and during hght anaesthesir (laryngeal chick) The
mtrithoracic airways re expiratory check valves which can be demonstrated
fluoroscopically—the intrathoracic trachea and major bronchi shorten and
narrow duning passive expiration and exhibit marked degrees of collapse during
cough the moment the glottis opens This may occur frequently under anaesthesia
with an endotracheal tube in place Moreover, under certun conditions this intra
thoracic expiratory obstruction can be rendered virtually absolute if sufficrent
negative pressure 1s apphed to the arway The most important safeguard in this
respect 15 adequate parenchymal recoil of the lung to keep the bronchioles open
during exprration The elastic reconl of the surrounding lung parenchyma normally
supports the bronchioles against check valve closure just as abductor muscles
secure laryngeal patency during inspiration Complete loss of erther safeguard 1s 2
major ventilatory disaster The effect of disease on these mechanisms 1s not com
pletely known, but can be best demonstrated with the timed expiration recording,
1s shown by Dayman, (1951, 1956) and Frankhn and his associates (1955) (Fig 12)

0

Fig 12 ——Pacumotachygraph tracing of a
forced expiration by (A) normal patient
(B) asthmatic patient (C) tuberculous
patient with adherent pleura (D) elderly
patientwith emphysema Aote Thesite of
pathology 1n B C and D are differently
located 1n the thorax but each causes a
prolonged exptration ttme and increased
residual solume (after Davinan 1956)

Wheezing

Flow in itres

1

1 2 3 4
Expiration time In seconds

Bronchomotor tone

Daly Lambertsen and Schweitzer (1954) have demonstrated the direct central
control of bronchomotor tone This 1s probably mcreased by chrome hypowia and
parasympthetic overactivity, and depressed by hypercarbin cervical vagotomy and
atropmne The tone of the bronchial tree 15 believed by Rodbard (1953) to play a
major role 1n the control of gas exchanges 1nd pulmonary circulition Chnstie
and Bates (1955) noted that the ability of the normal lungs to follow the movements
of the chest wall led to the statement that the elasticity of the healthy lungis

perfect , therefore mtrapulmonary pressure hardly tlters dunng the ventilatory
changes 1n lung volume However if the airways are partially obstructed because
of increased bronchomotor tone or the presence of secretions or of inflammatory
oedema the intrapulmonry pressurc can be increased considerably This 15 caused
by trapping of air 1n the ahveoh and produces a stff inelastic lung especially
dunng expiration Prinzmetal and Kountz (1935) described these changes with the
admunmistration of histamine or during an attack of asthma Since pulmonary
artenal pressure rises with mcreased ntrathoracic pressure during exprration (25
milhmetres of mercury) and falls during inspiration (10 mullimetres of mercury)
an mcrease 1n bronch tone would enh this effect and provide an mn
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creased resistance to flow through the pulmonary capillaries Pulmonary hyper
tension would, thercfore, develop nd be most marked during expirition With
\ncreased bronchiolar tone, aur entripment may be progressive with successive
respiratory cfforts until the lung 1s filled wath wr under tension The alveolar
capillanies are thereby compressed or obliterated so that blood flows through the
tung with increased resistance The alveolar entrapment of ur reduces the effective
pulmonary surface area and gas exchange, causing hypoxiemit Since hypoxacmia
increases pulmonary arteral pressure (constriction) and ruses intrapulmonary
pressure, a vicious circle 1s estabhished (Baldwin, Cournand nd Richards, 1949
Dayman 1951 Daly, Lambertsen and Schwestzer, 1953 Fry and his colleagues,
1954, Lucas 1955)

This mechanism has been implicated 1n the pathogenesis of emphysema, and may
be one reason for decreased compliance of the lung duning general 1nacsthesta

Respiratory dead space

In the anatomical sense, the ¢ dead space 1s that part of the respiratory tract
occupied by gases which do not mix with those takung part in exchanges across the
alveolar membrane In the functional sense the space 1s occupied by that expired
volume of gas from the respiratory tract which did not, while in the lung take part
1n any carbon dioxide ehmination {Fowler, 1952, Dnpps and Seveninghaus, 1955
Gray Grodins and Carter, 1956)

Under normal resting phystological conditions these two volumes are essentially
equal Duning work and pathological conditions of the lung, however they are
markedly different Rossier and Buhlman (1955) indicate that these differences
depend on (1) changes 1n the anatomical dead space under the influence of drugs
(2) the efficiency of gas exchange in the alveoll (3) the functional residual arr and
(4) dead space effects caused by uneven gas distribution and uneven pulmonary
;aplll:ry blood flow, which upset ventilation and diffuston of oxygen and carbon

10X1de

The dead space may be increased considerably during exercise ow
lengtheung and ditatation of the bronchi on mzplrahorgx and also 1nl:§n;;ytsh;
matous patients who have 2 great increase 1n the functional residual air

The effect of anaesthesia on respiratory dead space 1s difficult to determine, be-
cause the puimonary ventilation, body position and bronchomotor tone are alte,red
In addition the open abdomen and surgical pneumothorax cause gross alteration
1n the pulmonary blood flow, particularly affecting the venous return to the heart
(Hubay and his colleagues, 1954) At present the effects of only two of these factors
have been really myestigated (1) some drugs (atropine and ganglionic blockmr
drugs) can increase the anatomical dead space by 30 per cent whereas others hg
histamine release may decrease this space by about 10 per cent (Severinghaus ang

Stupfel 1955) and (2) vaniations of posture may decrease ths space by anything up

to 40 per cent (supine with head low) or may ncrease 1t (standing) (Rahn and tus

colleagues 1956, Attinger and his colleagues 1956a and b)

Funetional residual capacity

The functional residual capacity (F R C)1s the
total volu
in the lung at the end of a normal expiration In health them]iz ﬁf

gas remaining
20-35 per cent of the total lung

C amount
capacity (Whitfield Waterhouse and Arnott, ?955(;;
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The clinical significance of an mereased F R C 1s not clear at present since as
Comroe and his colleagues (1955) noted older people have higher values (up to
50 per cent) without symptoms of cardiopulmonary disabihty It appeirs however
that a reduction in this volume such as occurs in abnormal postures may be
mmportant m the control of pulmonary ventilation duning chnical anaesthesia
because the rate of change of 1niesthetic depth 1nd the rate of development of
hypoxaemza and hypercarbia are ncreased

Dustribution of mspired air and pulmonary capillary blood flow

Ideally the gas drawn into the lung 1s distributed evenly to all the alveoli and
blood perfuses these alveol equally in all parts Umform distnibution would
therefore, requre that duning inspiratton each alveolus should recerve at the same
time gas of the same cherucal compositton and of the same volume and that this
gas should mix almost instantaneously with the functional residual gas in each
alveolus (Fowler 1952, Comroe 1nd his colleagues, 1955) Chnically howeser
distribution 15 rarely uniform, even mn a healthy subject, and varies considerably
with postural changes Disease of the lungs causes further changes by regtonal
alterttions 1n pulmonary elasticity, bronchomotor tone, and bronchiolar secretions
These obstruct blood and gas flow to varying degrees (Attinger and his colleagues
1956a and b)

Resistance and comphance

The work of breathing 1s 1 vital factor in consideration of the control of pulmonary
ventilaion Mcllroy Marshall and Christie (1954), posnt out that 70 per cent 1s
elastic work and 30 per cent 1s the non elastic work concerned with tissue deforma
tion and air resistance (see also Mcllroy and his colleagues 1955, 1956, Mcllroy
and Eldndge 1956 Mcllroy Eldndge and Stone 1956 Mcllroy and Marshall
1956)

The mimimal work for a given ventilation 1s assoctated with a particular fre
quency of breathing The optimal frequency for mimmal work with resting, ventila
tion varies 1n individuals from 6 to 15 per mmute and 1s ncreased for larger
ventilation volumes (Otis Fenn and Rahn 1950 Mcllroy Marshall and Chrstie
1954 Cournand and hss colleagues 1954 Riley 1954)

Various components ot this work have been studied recently An estimation of
the over all function of the lungs must nclude measurement of these components
whichinclude (1) the work of the muscles ribs draphragm and skin (2) the elastic
resxsl)zmce of lung tissue and (3) the viscous resistance of flowing gases (Dayman
1956

‘Wade (1954) measured the linear displacements of various components of the
chest during resprration by simultaneously tracing the radiographic shadow of each
dome of the diaphragm recording a spirogram and measuring the chest expanston
as well as the vertical movement of the thoracic cage Quuet respiration caused the
diaphragm to move 1 5 centimetre whle the chest crrcumference moved 1 2 centt
metre when erect and 0 7 centimetre when supine One fourth of the vital capacity
was atinbutable to chest expansion and three fourths was attributable to the
diaphragm No evidence for voluntary control over the diaphragm 1lone wis
established

Under anaesthesia (spin1l or general) with the upper abdominal cavity opened
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the dinphragm appears to be almost motionless  pacticulaly when controlled
breathing 1s used  With spontancous breathing it appears 10 move in fongitudinal
strands which never become very tense Thus 1s true also for the dinphrigm on the
open side of a surgical pncumothorax In both cases the dinphragm 1s not i a
contracted state and becomes quite soft ind doughy between contractions These
clintcal observations make 1t difficult to understand how adequate pulmonary
\entilation can take place under wnacsthesia with spontancous breathing since
75 per cent of the giscous exchange has been attributed to dinphragmatic activaty
Jones Beargie and Pauly (1953) carried out clectromyograph recordings of the
intercostal and other respiratory muscles nd showed that the mtercostal muscles
serve to heep the nbs at constant distances from each other, while the chest was
expanded by the action of the scalen and the dinphragm Durning quict breathing
the actinity of the abdomunal muscles was relatively small
Ventilatory changes during the various mechanical changes i the lungs depend
on the static and dynanuc resistance characteristics of the ur passages and the lung
parenchyma The static resistance of the lung parenchyma depends primanly on its
elastic properties or compliance This 1s easily meisured during anaesthesia
With the patient supine and a cuffed endotracheal tube connecting the patient to
an anaesthetic machine with nondistensible tubing the lungs are inflated from the
reservoir bag The bag 1s closed at ats inlet the pressure 1s measured and then the
expration 1s passed to a rapid wnting kymograph and spirometer The comphance
1sdetermuned by dividing the volume of air collected (1n litres) by the pressure change
(in mullimetres of mercury) By measuring compliance at different pressures an
S shaped curve 15 obtained which 15 steepest 1n the 2 to 4 litre ringe If the subject
1s awnake and seated sf the resistance to flow s normal (1 to 3 millimetres of mercury)
and if the functional residual capacity 1s nogmal the lung volume will change about
120 millilitres per second for each milimetre of mercury change it pressure Under
anaesthesta compliance usually varies between 65 and 80 mullilitres per second per
mullimetre of mercury if the lungs are  normal and the subject 1s supine The latter
figures may represent the true complance of the lungs as subjective factors m
measurement are ehmnated by anaesthesia
Resistance 13 measured under dynamic conditions and indicates the viscous or
frictional (turbulent) ympedances to aurfiow These may be measured by a preumo
tachygraph and pressure gauges attached to the airway to determine the pressure
required for gas flow between the mouth and the alveol (airway resistance) as well
as an oesophageal balloon attached to a sensitive pressure manometer to determine
the transmitted pulmonary tissue resistance The total resistance {mrway plus
tissue) 1s calculated by dividing the pressure change from air entry by the volume of
air entry per second (Mead and Whittenberger 1953 Wu Mller and Luhn 1956)
The airway 1s responsible for 80 per cent and the normal lung tissue for 20 per
cent of the total resistance (Comroe and his colleagues 1955)  As noted 1n the
discussion on the tracheobronchial tree 1 patient under anaesthesin these
resistances assume great importance 1f the patient has sthma  bronchitis or
emphysema or if the airway 15 partially obstructed during depressed ventilat
A knowledge of these factors 1s essential to the clinical Anvesthet hl e
controlled pulmonary ventilation with the aid of a mech 1 st who uses
les ready for hum 1f the mechanics of his respirat el respirator Disaster
are unknown! piritor or of tus patients lungs or both,
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Spalding (1955) has shown in the paralysed patient with healthy lungs that
during inflation the tidal volume 1s proportional to the mspiratory pressure between
tidal volumes of 275 and 1100 millihtres and peak pressures of 9 to 25 centimetres
of water The duratton of inspiration influences the tidal volume optimally at about
1 5 seconds With a peak pressure of 15 centimetres of water, 480 mullilitres of air
enter the lungs mn the first 07 seconds and 190 mullilitres enter 1n the next 07
seconds, provided the gas 1s supplied at an airflow exceeding 40 litres per minute
(Pask, 1955)

As noted by Chrstie (1953), the rate and depth of ventilation are also important
1 considering both the work of breathing and the alveolar ventilation This relation
ship 1s shown in Fig 13 for an alveolar ventilation of 3 6 litres per minute

In reviewing the current physiological hterature on lung compliance and resis
tance the anaesthetist must bear in mind that any decrease 1n comphance and
ncrease 1n resistance 15 likely to indicate decreasing ventilation due to developing
patchy atelectasis or airway obstruction, rather than any effect the anaesthetic drugs
may have on the lung parenchyma

Fic 13 —Resting healthy adult male
height 173 em weight 72 kg PBSAdl 86
1n supine honzontal position Premedica

gl‘ée}(:fgs‘g:"‘,l:,:g{; tion pentobarbital 100 milligrams atro-
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Recently a number of mvestigators have attempted to reduce the mechanical
factors involved 1n pulmonary ventilation to stmple mathematical principles as for
example Poiseuille s Law (Gray 1949 Ots and his colleagues 1956 Perkins
Adams and Flores 1956) However, pulmonary ventilation occurs by an alter
nating somewhat pulsatile gas flow which 1s never steady or streamlined The
flow throughout the tracheobronchial tree 1s turbulent rather than lammar
The bronchi are neither straight nor rigid and the viscosity of the gas (which 1s not
homogeneous) progressively increases and decreases as 1t flows into and out of the
lungs It therefore appears ludicrous at this stage of our knowledge to apply
orderly expresstons to such disorderly events

Diffusion

Oxygen and carbon dioxide must cross two membranes—aheolar and capillary
(Low 1952) The surface area of the alveolar membrane 1s estimated at 50 times the
body surface area (Comroe and his colleagues 1955) Its charactenistics depend on
its area thickness and functional activity This value 1s described physiologically as
the Apparent Diffusing Capacity of the lung (D) and 1s defined as the number
of millilitres of gas transferred per minute for each mullimetre of mercury pressure
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gradient across the membrane (Lihenthal and Riley 1954) Untl recently D was
measured using carbon monexide or oxygen

Bates (1956) has summed up the established knowledge of gas diffusion and its
importance 1m contro! of pulmonary ventilation 1s follows

‘The normal resting diffusing capacity 1s about 21 millilitres per minute per millimetre
of mercury with oxygen (Likienthal and tus colleagues 1946) and 17 with carbon
monoxide (krogh 1915) The diffusing capacity increases by about 75 per cent on
exercise and usually reaches its maximum well before the imit of effort or of oxygen
uptake has been reached The diffusion capacity s greater in persons with a large lung
volume Increasing age reduces the diffusion capacity In a normal lung the ratio
between contawned gas +olume and the rate of diffusion ts not constant and the measured
overall rate of diffuston depends on the ratio between ventifation and diffusion in
different parts of the lung Gross disturbances of gas diffusion in disease may be
sufficiently great to affect lung function (Cournand 19502 and b) (Table I)

Severe impairment of gas diffusion may show tsclf by excessive ventilation for a
given oxygen uptake by arterial unsaturation on exercise and by irmiting the maxiumum
oxygen uptake to a very low figure Although the methods for measuring pulmonary
diffusing capacity are still very complicated Bates believes it has value in chinscal studies
of pattents with pulmonary emphysema 1n cases of obscure pulmonary infiltration and
i cardiopulmonary disease such as left ventricular failure with pulmonary congestion

Two special phenomena oceurnng 1n relation to anaesthesia depend partly on
oxygen and carbon dioxide diffusion in the lungs One has in fact httle to do with
diffusion whereas the other 1s wholly dependent upon normal lung diffusion The
first was named diffusion respiration by Draper Whitehead and Spencer (1947)
Respiratory movements were abolished after denitrogenation with pure oxygen
(45 mminutes) using thiopentone relaxant anaesthesia Survival of the animal in
complete apnoea was alleged to be due to an inward current of oxygen replenishing
the alveolar oxygen which has diffused into the circulating blood by the so called

oxygen h globin pump h This mnward flow and diffusion of
oxygen 15 probably a minor factor and bare survival for up to one hour 1n amimals
and man can be explained by two complementary mechamisms (a) cardiac activity
causing some air exchange between the alveoli tracheobronchial tree, and the
ambient air and (b) the oxygen taken up in the demtrogenation procedure has filled
the lungs with oxygen fully saturated the plasma and haemoglobin of the blood
and oxygenated the tissues and the myoglobin The reduced metabolism during
anaesthesia and durning apnoea could alone allow up to 45 minutes survival without
added oxygen It seems doubtful whether, in fact, the oxygen haemoglobin pump
mechanism exists In these experiments the carbon dioxide elimimation from the
alveol comes to a virtual standstill 1n the absence of respiratory movements and
the alveolar carbon dioxide gradually nises to extremely high levels This effect 1s

similar to that which occurs during insufflation of anaesthetic vapours with oxygen
dU’ll'-l}l]lg depressed pulmonary ventilation v

e second phenomenon was called * diffusion anoxia b

explained the development of hypoxia at the end of an anae};tl];l::: fle?lfsz,m"‘cl)};os
oxide and oxygen as follows Large volumes of mitrous oxide diffuse outward:
the end of the anaesthesia when the patient 1s permutted to breathe air The o
1 the 1n;p1rcd air1s therefore diluted by the outward diffusion of mtrcusog)}(,lgde:
causing hypoxia and hypoxaemia Ths effect 15 Very important to the anaesthetist
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bectuse hypoxiemit by this mecliinsm miy occur not only 1t the end of wn
operon but during the nnaesthetic when suching out the trache 2 of the pattent or
when the inaesthetic machmne 1s disconnected from the nrwiy 1t any ttme These

TABLE 1

TETICT OF CHRONIC PULMONARY DISTASI ON PULMONARY VENTILATION
AND CARDIAC T1TICIINCY

CHRONIC PULMONARY DISTASE

|

(1) Reduced ventilatory capacity of alveolar sacs
(2) Reduced errculatory eapacity of vascular bed
(3) Reduced oxygen diffusing capacity

(4) Fxcessive de wd space ventilation

{5) Lxcessive venous admixture

Chronie In pereapnia / \ Chronle In poxia

Pulmonary hypertension Hypervolacnma
Hypertrophy and dilatation of right ventricle Polycythremia
Right ventricular failure Increased cardine output
—with low eardic output 1f pulmonary
fibrosts

—~with high eardine output il pulmonary
emphysema

changes should be hept 1n nind, and prevented by the Wdrministr itton of 100 per

cent oxygen prior to 1pplymg suction tnd prior to the changeover to breathing
mbient ur

Pulmonary circulation

The pulmonry viscular system has 1 static blood volume of 1pproxmmntely
30 per cent (1300 millilitres) of the tot 1l blood volume ind n wrternl pressure of
25 8 milimetres of mercury The pulmon iry vasculir bed 1s very distensible, 1nd
ordinirily n increise 1n cardite output to three umes normil will not ncreise
pulmonary blood pressurcs Further increnses m blood flow, however, will incre 1sc
the pressure rapidly  During norml mspir ttion of 500 mullilitres of mir, the blood
content of the lung increases by 50 millilitres 1nd thie blood content of the thorcic
veins by 100 millilitres The pulmoniry capilliry bed his n pulswile flow of
60 rmullilitres per second that s the cpulliry bed content approxumates the strohe
volume of the hewrt Measurement of thus blood flow 1s casily cirnied out by the
acetylene or cthylene method of mensuring cirdiac output (Cournind, 1950b
Sydstrand, 1953)

The importance of this circulytion in the control of pulmonry ventiliion his
been mere wsingly apprecinted during the past fuw years The re1sons e 1s follows
(1) Although the pulmon iry vessils have no smooth muscle ind are not constricted
by drugs which constrict the peripherl vessels 1t 1s now known that they v
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tone (2} Hypoxtr or hypercashin or both increase the pulmonary
:ﬁizms:i;smmcs ':nd >rf:xlmnmry blood pressure These effects my cause reflex
penpheral vasodiatation hypotension and tchyprioca or aproca (3) The rapid
snjection of many drugs tnitiates cardiopulmonary reflexes often mcreasing pul
monary svascular constriction and causing 1proce (Aviado and Schmidt 1955)

Alveolar ventilation

After considening the numerous factors affecting the mechanical transfer of gas
from the outside to the lung alveoli onc must consider the ulim1te factor tn
pulmonary ventilation namely the amount of g1s which must come into contact
with the very large aheolar surface (55 square metres) and the relatively small
volume of biood flowing 1 the pulmonary capiliary bed (about 68 mullilitees per
second) to ensure saturation of the blood with oxygen and removal of 1ts carbon
dioxide Estimation of the alveolar ventlation probably provides the chaucran with
the most valid ndication of the effectiveness of the pulmonary sentilation by
whatever means 1t 1s controlied The alveolar gas exchange per minute s calculated
by disiding the millilitres of carbon dioxide exhaled per minute by 1ts concentration
For example an output of 200 millilitres per minute with a concentration of 5 per
cent yndicates an alveolar venulation of 4 litres per minute

The excretion of carbon dioxide from the blood 1s 2 more conventent index
of alveolar ventilation than 1s oxygen uptake since 1t 1s not affected so much
by disturbances 1n distribution 1n the lung alveol or by disturbances in diffusion
across the pulmonary membrane Carbon dioxide diffuses across the membrane
25 times more rapidly than does oxygen, because of 1ts greater solubility 1n body
flnds

The alveolar ventilation depends on 3 main factors the rate of breathing, the
depth of breathing (idal volume) and the dead space in the respiratory tract It may
be altered by three physiological factors the blood flow through the lungs (cardiac
output), the pH of the blood, and changes 1n carbon dioxide production resulting
from altered metabolism The level of alveolar ventilation 1s maintamed by the
respiratory centres which compensate for most changes in the lung The activity of
the diaphragm and accessory muscles of resprration usually increases the total
ventslation to overcome mncreased dead space decreased lung compliance, increased
airway resistance and disturbances in distribution of gas and blood 1n the alveolt
(Riley and Cournand 1949 1951 Suskind and Rahn 1954)

Ventlation nomogram —Radford Ferns and Kriete (1954) have integrated the
major factors affecting alveolar ventilation into a nomogram on the basis of two
predicted vanables (1) the carbon dioxide production determuned from established
basal metabolism standards which take into account also the sex and body surface
area and (2) the anatomical dead space which they arbitranily set at the reasonable
approximation of 1 millilitre per pound body weight

By aligning a rate of respsration with the patient s weight the basal tidal volume
required 10 maintain a normal alveolar carbon dioxide tension 1s provided by
}Zzlggrggrzgxg&wevrero th::lmlcxan who employs this aid must apply correction
s e reacviEty nlsl S\'ﬂm ase nomglbf]unc;:zna\ ntegnty of the lung which as
result 11 defectine )énffll’xs ogaeous a}r: ood distribution 1n the alveols and may
st 2150 bt orepoe 1on across the alveolo capillary membranes The chmcian

pared to estimate the effect of gross changes in cardiac output and
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the metabolic actd base disturbances which may develop and to estimate a reason
able correction factor for these

The anaesthetist must also evaluate the need for other correction factors (Orton
1952) An endotracheal tube ehminates about 50 per cent of the anatomical dead
space whereas an anaesthetic face mask may add 100 per cent to the dead space
controlled manual (or mechanical) venttlation ncreases the dead space by about
25 per cent ether anaesthesia may mcrease the dead space by as much as 50 per
cent On the metabolic side ether anaesthesia rases the fixed acid content of the
blood Each degree (F) rise of fever above 99° F increases carbon dioxide produc
tion by 10 per cent, so that alveolar ventilation must be correspondingly increased
for each degree (F) rise in temperature Whether carbon dioxide production falls
during hypothermia 1s not clear (Cranston Pepper and Ross 1955, Lohr and
Ulmer, 1954) However pulmonary ventilation should be mamtained at a normal
rate until more information becomes avaulable regarding the diverse and deleterious
effects following the hypothermic state

The majority of patients with whom the anaesthetist must deal are not in the
siting position  which 15 the best from the pomt of view of air resistance and
comphance of the lungs Anaesthetized patients are also at a major disadvantage
because therr ability to compensate for increased resistance and decreased lung
comphance 1s dimimished by the state of anaesthesia It 1s therefore essential that
assisted or controlled delivery of the estimated requirement for pulmonary ventila
tron should be provided particularly 1n the patient who 15 elderly, or who has
cardiopulmonary disease (Attinger Monroe and Segal 1956)

The anaesthetist should also bear m mind the effect of premedication with
belladonna dervatives and the possible effect of ganglionic blocking drugs These
reduce bronchomotor tone and viscous resistance of the lung to the extent that
dead space may mcrease 30 per cent or more The imphication of belladonna drugs
m this chinical effect has recently been questtoned, and the apparent changes may
actually have been due to ventlating the distensible tubing 1n the anaesthetic
machme rather than any change 1n the dead space caused by bronchral dilatation
Further work remains to be done to clanfy tius matter

Finally 1t 1s important that the rate of respiration selected should provide an
alveolar ventilation which approximates 0 8 volumes of the pulmonary blood flow
that 1s for a cardiac output of 5 Iitres per muinute 1t 1s assumed that 4 litres per
minute of alveolar ventilation 15 necessary Such a rate should also provide the
maximum ventilation with the minimum work of breathing (Otis Fenn and Rahn
1950 Mcllroy Marshall and Christie 1954)

Table II indrcates a sutable rate and depth of breathing and some correction
factors which are applicable to the patient under anaesthesia For example 2
200 pound man who 1s to be ventilated at 18 respirattons per minute with nitrous
oxide and trichloroethylene anaesthesia 1n the supine horizontal position requires

475 mllihitre = basal udal volume
+ 180 mulhilitre = distensibility of anaesthetic circurt (hoses)
— 100 millihitre = decrease in dead space by endotracheal tube
+ 60 milliitre =1ncrease in dead space by atropme

650 milliitre =approximate setting on a fixed volume ventilator
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TABIE It

1 TIDAI YOI UMES (MILTILITRES) RFQUIRED TO MAINTATN
mASA Al \ll OL AR ‘\ LNTILATION OF NORMAT TUNCS

Corvection factors apply to artifictal pulmonary ventilation if patient has a paralysed gespiratory
control mechamsm or if patient has recened narcotics of is under general anaesthesta (after
Radford Fernis and Rricte 1954)

WEIGHT IN POUNDS
\ 6 {15 | 30 | so[ 75} 100 125 ] 150 | 175 | 200

& { so |15 ] 35| 68

g 4 |20 | 40 | 75 ) 100 ) 10} 175

g e _
z L K s | 110 | 150 | 200 | 250 | 300 | 325 | 378

|
e 4 Volume ol —
b<- a 25 dlsltnsdblllly of | 140 | 175 | 225 | 275 | 325 | 350 | 400
£ 5 2 e 200 | 250 | 300 | 350 | 400 | 450
& © ~ 50 per cent of anat
g ‘i 1 DS (endotracheal tube) 215 | 325 | 375 | a25 | 475
L, S 16 +30percentol anat DS for broncho 350 ) 400 | 450 | 525
© a dilatation (atropine) DU SR, SR
@< 14 450 | s00 | 575
< +20 per cent for metabolic acidosts e
& 2 (ether) 525 | 575 | 650

+35 per cent for each degree of fever
{above 99 F rectal)

+Mechanical dead space of mask

EFFECT OF ANAESTHETICS ON THE CONTROL Or'
PULMONARY VENTILATION

The effects of anaesthetics on the control of pulmonary ventilation have been
measured 1n a number of ways of which three have been recognized as valid
(1) a constant elevated artertal carbon dioxide tension 1s maintamned and the
change 1n pulmonary ventilation during anaesthesia 1s recorded, (2) a constaat
pulmonary venulation ts mamntained by means of a pump sn o cusarized ammal and
the response fo carbon dioxide before and after the admimstration of 2 drug 1s
measured by action potentials in the phremic nerve, and (3) a constant pulmonary
venulation during a steady level of anaesthesia 1s produced (a steady state) and the
expred carbon dioxide as well as the arteral carbon dioxide tension and pH are
measured Known concentrations of carbon dioxide are then added ta the anaes
thetic mixture and the changes m pulmonary ventilation, exptred carbon dioxude,
:x;lcl::almcarbontdm;x%c] tcncéon and pH are measured The last method ﬂppears,
e most reliable and valid (Dr;
Sodenburg 1952 Lamberisen and s ssooates 1983 Eebeahor g e, s
lcal{_;ues 1955 Eckenhofl Helrich and Hege, 1956 Tenney 1956) e
our generic groups of drugs are used tr anaestheties n
gesics muscle relaxants and a variety of ancillary agents \v?lrx‘;;‘)'lxr:zyxgnztls?;n?x;‘:l
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the metabolic acid base disturbances which may develop, and to estimate a reason
able correction factor for these

The anaesthetist must also evaluate the need for other correction factors (Orton
1952) An endotracheal tube elimunates about 50 per cent of the anatomical dead
space whereas an anaesthetic face mask may add 100 per cent to the dead space
controlled manual (or mechanical) ventilatron ncreases the dead space by about
25 per cent ether anaesthesta may increase the dead space by as much as 50 per
cent On the metabolic side ether anaesthesia raises the fixed acid content of the
blood Each degree (F) rise of fever above 99° F increases carbon dioxide produc
tion by 10 per cent, so that alveolar ventilation must be correspondingly mcreased
for each degree (F) nise in temperature Whether carbon dioxide production falls
during hypothernua 1s not clear (Cranston Pepper and Ross 1955, Lohr and
Ulmer, 1954) However, pulmonary ventilation should be mamtained at a normal
rate until more information becomes available regarding the diverse and deleterious
effects following the hypothermic state

The majonty of patients with whom the anaesthetist must deal are not m the
sitting position, which ss the best from the pomt of view of air resistance and
complance of the lungs Anaesthetized patients are also at a mayor disadvantage
because their ability to compensate for increased resistance and decreased lung
compliance 1s dimimished by the state of anaesthesia It 1s therefore essential that
assisted or controlled delivery of the estimated requirement for pulmonary ventila
tion should be provided parucularly in the patient who 1s elderly, or who has
cardiopulmonary disease (Attinger Monroe and Segal 1956)

The anaesthetist should also bear 1 mind the effect of premedication with
belladonna derivatives and the possible effect of ganglionic blocking drugs These
reduce bronchomotor tone and viscous resistance of the lung to the extent that
dead space may ncrease 30 per cent or more The implication of belladonna drugs
mn this clinwcal effect has recently been questioned and the apparent changes may
actually have been due to ventlating the distensible tubing mn the anaesthetic
machine rather than any change in the dead space caused by bronchial dilatation
Further work remains to be done to clanfy this matter

Finally 1t 1s important that the rate of respiration selected should provide an
alveolar ventilation which approximates O 8 volumes of the pulmonary blood flow
that 1s for a cardiac output of 5 litres per mnute it 1s assumed that 4 litres per
minute of alveolar ventilation 15 necessary Such a rate should also provide the
maximum ventilation with the mmmum work of breathing (Otis Fenn and Rahn
1950 Mcllroy Marshall and Chnistie 1954)

Table II indicates a swmiable rate and depth of breathing and some correction
factors which are applicable to the patient under anaesthestra For example, &
200 pound man who 1s to be ventilated at 18 respirations per mimute with nitrous
oxide and trichloroethylene anaesthesia 1n the supme horizontal position requires

475 mullilitre = basal tidal volume
+ 180 mullilitre = distensibility of anaesthetic cireuit (hoses)
— 100 mullihtre =decrease n dead space by endotracheal tube
+ 60 millilitre =ncrease 1n dead space by atropine

650 mulllitre =approximate setting on a fixed volume yventilator
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1 ffect on intlation and deftation receptors in the tung

The pulmonan stretch receptors are simulated to varying degrees hy il nhal
ton agents (Whittendge and Bilbrng 1944 1946 Whittenidge, 1950) This
simulttion cewes when deep anicsthetie lesels are reached  Intrwenous
barbiturates (thiopentone) on the other hand cause a trinsient decrease in the
response

The Henng Breuer inflation and defl wion reflex 1s depressed by ether, cyclo
propanc and chloroform progressinely 1s depth of an+esthest 1s incresed This
may be secondary to depression of vagnl afferent impulses to the medulh With
thiopentone and morphine the reflex ss extggerated by the cambined rction of vagl
afferent stimuli o the medully, the hypovic simulus from the penpheral chemo
receptors and perhaps the relense of endogenous scrotonin

Nitrous oxide and cthylenc do nat depress or exaggerate this reflex an the absence
of lypoua Trichlorocthylene nd tnfluorcethylunyl cther cwse ramd shallow
breathing probably by stimuliting the pulmonary deflation endings (Dundece
1957) Halothane (Fluothane) would appear to have 2 sinular ¢fect

Effect on musculosheletal tone

The muscles primanly tvolved 1n pulmonary senulttion may be diided wto
two groups (1) Ordinary spiration 1s supported by the diaphragm external
ntercostals ntercartilaginac, les tores costtrum scalente and serrtus postenor
supenior The contracting diaphragm produces tbout 75 per cent of the change in
thoracic volume, and the other muscles cause ncrensed tenston between the nibs
and the fixed bony parts of the thoracic cage Forceful mspiration depends on
contraction of the sternocleidomastoids trapezer and pectoril muscles (2) Expira-
tion during ordinary breathing depends on the normal recosl or relnxation of the
inspiratory muscles and possibly contraction of the internal intercostals and
tnangularts sterm and forceful expiration depends on strong contraction of the
antenor abdominal muscles (recti and obliques) serritus posterior mfenior and
quadratus lumborum

When the potent anaesthetics re used surgical anaesthesia cruses progressive
relaxation and paralysis of these muscles The more potent the ngent the greater
this effect This effect 1n the case of ether 15 not only central 1n onigin but 1s due to
g:febrferencc with neuromuscular transmission In hypnotic doses the mtruvenous
_— xi;tr::mcs do not alter muscle tone 1 the absence of hypoxin When 1 muscle
H) 1s used 1 comunction with hypnotic and annlgesic drugs to produce

anced surgical anaesthesia, the muscles relvx 1 direct proportion to the dose
Plus the effect of the anaesthetic admumstered with 1t

Effect on acid base homeostasis

““/‘Xul:‘sxs;:sglc::;lx{\vo(\ed m acid base homeostasis 1s thit the resting healthy adult
oo dxoudel ;xt}n;es of oxygen and excretes a somewhat smaller volume of
favon d rcgula:ec ‘mlxlnuw The most important function of pulmenary ventila
i (s exeTeanas lzna:c ¥ this exchange Under 1nsesthetic conditions lterations
blood Such coanens "rllcle to an mmportant degree acid base homeostisis n the
reactions that pons urn affect many of the physicochemicnl and enzymatic
egulate normal body function This 1spect of blood chemustry forms
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symptholytic, pirisymptholytic or which block nerve conduction Most of the
drugs used h ive multiple 1ctions, dependent upon the dose 1dmimistered Each may
upset the normal mechamsms for control of pulmonary ventilation The simplest
way to summarize these effects 1s to consider thesr actson from the brun centres,
through the peripher il chemoreceptors, down to reflex and mechantcal changes
n the lungs (Watrous Dawvis tnd Anderson, 1950, 1951)

1 fect on the brain centres

The domsn it stimulus to pulmon iry vents wion under inacsthest 11s wnclev stion
of the alveolir ind trternil cirbon dioxsde tension Depression by imaesthetics
s apgrwited by hypoxny Fven in the absence of hypoxii alf antesthetics (ether,
welopropne, chiloroform, trchloroethylene, thiopentone, nd so on) ind 1l
wndgesics (such as morplune, pethudine, and dph iprodine) depress the response
of the centres to cirbon dioxide Only mitrous oxide 1nd cthylene scem to spare the
centres 1 thus reg wd However, the wction of diffurent agents on the centres varies
50 much thit 1t 1s necessary to recognize the specific effect of ¢ ich agent and to
1ssist ventil wion secordigly Ttis ipparent to the clinicran th it those agents which
ciuse the Jeast sentition to the tracheobronchi il tree nduce the greatest central
depresston

FiTect on perspheral chemoreceptors

The domiant stimulus to the cirotrd 1nd 10rtic bodics during 1 wsthesiis o
decrense i the oxygen tenston of the ieteriil blood to levels below 70 miliimetres
of mercury The response of these receptors also varies with eich amaesthetic
agent With the intravenous barbiturates ind nircotic an tlgesies n elevatron 1n
oxygen tension by oxygen administration miy ciuse ipnoer by removing the
peripher il chemorcceptor stimulus (Beecher and Moyer, 1941), while deep cther
cyclopropane nd chloroform aniesthesir abolish this reflex by central depresston
or blockde of fferent vigal impuises Nitrous oxide cthylene tnd trichloro
cthylene-nitrous oxide n1esthesia do not depress thts reflex

I fleet on tracheobronchial tree

The effect of intesthetics on bronchomotor tone depends on whether the drug
releses endogenous epinephnine  weetylchaling, histamine or possibly serotonin
Ether 1nd chloroform ¢ tuse dil it wron duc to ncreased epinephrine secretion vaghl
depression ind smooth muscle parilysts whereas cyclopropine thiopentone 1nd
morphine cwise varymg degrees of constriction by vagal sumul thion {Adrim and
Rovenstine, 1943) The litter cffect may be bloched effectively by atropine Nitrous
oxide and cthylene do not afleet the bronchi in the absence of hypoxtn Anti
histaminic drugs will ¢ 1use bronchodil it ition 1n subjects who have allergic broncho
constriction

Parasympatholvtic drags (hellidonnt derny stives) sympathotonic drugs (ephe
drine 1soproterenol) and drugs ¢ using smooth muscle rel 1xation (anunophylhine)
remove bronchomotor tone ind thus ciuse il itation of the bronehr Release of
cndogenous serotontn may be responsible for the tichyeirdm bronchoconstriction
bucking and coughing scen with mtrivenous birbiturate naesthesit (Spics wnd
Stone, 1952, Ginzel ind Kottegod1 1954)
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cunes Smee for a ginen nse 1 carbon dioxide tension the increase of H,CO5 s
relatinely grenter than that of BHCO. follows that 7n excess carbon dioxde
tension (hypoventilation) i the blood causes respiratory acidosis whaile a carbon
diowde tension defiait (hypersentilatron) will result 1n resprratory alkafosis 1 the
quantity of asatable 2hab 15 reduced i the blood (fixed acid accumulation ot loss
of alkaly) metabolic acidosts results whereas increased alkalt i the blood (afkals
ingestion of vamuing exeess of atids) will cause metabolic alkalosis Adaptie
processes 1n the body constantly strise to restore homeostasis when disturbances
occur These are so finely adyusted that a few mullimetres of mercury deviation of

Fic 14 —A 48 year-old male premedicated
with 75 mifizrams of pethidime and 06
rulligrams of atropme With the patient
the supine honizontal position anaesthessa
was mamtained with ether and oxygen ad
munistered 1n a closed circutt system and
sodalime absorption of carbon dioude
Respiration was spontancous duning 210
runutes of anaesthesta Initiaf artenal dlood
sample drawn before premedication pH=
742 Total plasma carbon dioxide=233
millimoles per htre Calculated carbon di
oude tension=39 mithmetres of mercury and
plasma bicarbonate=237 mihmoles per
htre Artenal blood sample at end of opera
uon pH=7 28 Total plasma carbon dicude
=240 mulltmoles per litre Calculated car
bon dioude tenston = S0 mullimetres of merc
ury and plasma bicarbonate =22 5 milltmoles
per ltre Fixed acd accumulation was
relatnely shght in this ease

carbon dioxide tension in the arterial blood above or below 40 or a few units of
change in the pHabove or below 7 40 will ordinanily titzate a marked change mn the
pulmonary ‘entilation (Henderson 1928 Shoch and Hastings 1934 1935
Gamble 1946 Davenport 1950) Anaesthetics suppress the adaptine processes
and i many instances aggravate the disturbances

In Fig 14 a fundamental approach to the data necessary for the anaesthelist to
understand acid base alterations n the arterral blood (the pH carbon diovide tension
and plasma brcarbonate concentration) ss shown These 3 vanables are related according
to the following equation which 1s dernved from the Henderson Hassebalch equation

(Total carbon dioude m plasma n mullimoles per htye)—
PH=6 10+1og — (0 03 x carbon droxide tension sn mithmetres of mercury)
003 x carbon dioxide tension in millimetres of mercury

where the pk (6 10) 1s the constant for the bicarbonate buffer syste.

ture (37 C) which equals the product of the dissociation cm\s(arr\': ;:(b;‘gc';?::pz:‘d
(H_CO,) and the amount of dissolved carbon dioxide m the form of carbonte acd

003 15 the factor for converting carbon dioxtde tension n mifimetres of mercury t

carbon dioxide concentration m millimoles per litre and the numerator of the e ua?x’or?
(the total carbon dioxide 1 plasma 1 mullsmoles per litre}— (@ Osxcarbonqdlond

tension) 15 equal to the plasma bicarbonate concentration in milimoles per lnrec
(a':dc?;l);l greb:xl-no%do?; an:llys]cs as described above provide 2 of these factors—pH

10%de 1 plasma i mulhimolk
substitution m the formula or derned from Mcl.zzsmp::l;;:ggr::? (:\‘;‘c‘l‘,‘m‘; s;)é\ses(; »
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the foundation of an understanding of the complex factors regulating acid base
balance which are mfluenced by pulmonary ventilation and by anaesthetics

The study of alterations 1 1cid base homeostasis induced by derangements
1n pulmonary ventilation due to aniesthetics has been a most difficult problem
1t 1s only ittle more than 5 years since technical advances have permutted continuous
monttoring of ventilation during 1naesthesta, and there 1s still no reliable way of
indicating continuously the pH and carbon dioxide tension of the blood The best
and most reliable answer still lies in the analysis of frequently drawn artenial blood
samples even though such analyses are time consuming The analyses are not
difficult to perform but are fraught with numerous sources of error which must be
scrupulously controlled

The following 1s 2 brief outhne of the essential techmques and data that must be
obtained from blood samples to draw valid conclustons regarding acid base
balance during anaesthesia the brachial artery s canalized pre operatively
specrally prepared 10 millilitre syringes which have been lightly coated with sticone
or paraffin and contan a loose fitting metal washer or a small drop of mercury are
employed for t1king the blood the barrel of the syringe 1s rinsed with heparin and
02 mullilitre 15 retamned to fill the dead space of the connector to prevent the blood
from clotting 10 mullilitres of blood are drawn anaerobrcally before induction at
intervals during anaesthesia and during the recovery pertod, after gentle mixing
aliquots of these samples are used for analysts

The pH 15 measured immed:ately (within 20 minutes) or within 2 hours if the
blood has been refrigerated The most reliable measurement of blood pH 15
obtamned 1n 1 constant temperature pH mucrocell electrode set at the patient s
body temperature Otherwise temperature corrections may be 1pplied (Rosenthal,
1948) but these are only valid for blood i which haemoglobimn content serum
protens and electrolytes are within normal mits The haematocrit 1s determined
by centrifuging the blood 1n a Sanford Magath tube Oxygen capacity of the blood
15 determmed directly according to Van Slyke and Sendroy s method (1928)
From the corrected oxygen capacity the haemoglobin content 1s calculated Oxygen
and carbon dioxide content of the whole blood and the total carbon dioxide con
tent of the plasma are determmed bv a modification of the manometric method of
Van Slyke and Neul (van Slyke and Neill 1924 Goldsten and s colleagues
1950 Holadav and Verosky 1955) The modification ss required to elmmate the
influence of anesthetic vapours in the blood The bicarbonate concentratton in the
plasma and the carbon dioxide tenston may then be calculated from a formula
dertved from the Henderson Hassebalch equation (see below) or read off a
nomogram based on the pH and the total carbon dioxide content of the plasma
(McLean 1938 Singer and Hastings 1948) The oxygen saturation of the blood s
caleulated from the determmed oxygen content of the blood (corrected for dissolved
oxygen) and the correctud oxygen capacity

The physicochemic il data are then expressed mn terms of 3 varables 1n the blood
the hydrogen ton concentration {¢H) or more convenently its negatrve loganthm
to the base 10 (pH) the quantity of carbon dioxide n the form of free carbonic
acid (H,CO;) and the bicarbonate concentration (BHCO+)

The quantity of free carbonic acid 1s i direct proportion to the carbon dioxide
tension, while the bicarbonate concentration at a given level of available alkall
varies with the carbon dioxide tension in accordance with carbon dioxide absorption
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number of such vectors are drawn 1 Fig 15 for several anacsthetsc agents and
methods The amount of fixed acid accumulatron (tht1s acids other than carbonte
1eid which are not volable and cannot be removed by the lungs) during admini
stration of these anaesthetics may be caleutated of the difference between the mitial
and final plasma bicarbonate concentration 1s corrected to pH 7 40 or may be
deternuned by a simple construction on the graph 1s shown in Fig 14 averucal
Iine 1s drawn at pH 7 40 (through the intersection of the normal buffer lin¢ and the
44 millimetres of mercury carbon dioxide 1sobar) The imitial point and the end
pont (arrowhead) are then projected parallel to the norml bufler line on to the
vertical line The height of the projection indicates the excess amount of fixed acid
1n ruliimoles per hitre which has accumulated duning anaesthesia and includes the
amount of acsd which has been buffered by the blood The decrease i bicarbonate
concentration 15 always less than the fixed acid accumulation (as appears on the
graph) because of this buffering action of the blood and the difference may be
determuined by projecting the end point (arrowhead) on the pH 740 line The
effects on acid base balance of ether, cyclopropane and the ultra short acting
Fic 15-~Effect of anaesthetics on pul

monary ventilation and acid base homeo-

staus A muscle relaxant mtrous oxide a0

and oxygen and controlled pulmonary

rentilation B ether mitrous owde and

oxygen and spontaneous breathing C
ether mitrous oxide and oxygen and

Narmal buffe line

assisted  breathing D cyclopropane
oxygen and spoataneous breathing
E cyclopropane oxygen and controlled
pulmonary venulation A E hines apply to
closed system with carbon dioxide ab-
sorption F nrtrous oxide and trichloro-
ethylene administered through a Mag:ll
attachment (Mapleson A system) and
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barbiturates (thiopentone hexobarbitone) have been discussed and studied 1a
detail (Stehle and Bourne 1924, Dripps 1947 Beecher and Murphy, 1950 Dobkin
and Van Bergen 1952 Brewster, Bunker and Beecher, 1952, Dundee, 1952
Weisberg 1953 Wilson, Hoseth and Dempsey, 1954 Lucas and Miine, 1955) 1f

respératory depressants are omutted in premedication, the following conclusions are
valu

In light surgical planes of anaesthesa ether does not cause carbon draxde accumuala
tion during spontancous respiration unless ventilation 15 impeded by abnormal
postures splinting the draphragm (packs retractors) or when a surgical pne\xmo(hnr:;x
1srequired A metabolic actdosis of moderate degree however 1s a regular accompant
ment and 15 due to accumulation of lactic acid and serum morganic phosphorus
Cyclopropane and thiopentone cause carbon dioxide accumulation 1n proportion to the
depression of the ventilation and can be effectively avoided 1n patients with normal
lungs by adequate artificial ventilation (Dobkin and Van Bergen 1952) Tnch\::

ethylene and trifluoroethylvinyl ether will cause h

ypoxia and h:
nadequate alveolar ventiation 1f the tachypnoea produced by \mmtaégl: (tj:uf P
allowed to persist (Dundee 1957) (Fig 15) senis i
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By plotting pH units as the abscissa and the bicarbonate concentration n nullt
moles per hitre as ordinates of serial arteral (anaerobic) blood samples the physio
logical effects of altered pulmonary ventilation and anaesthetic drugs on actd base
homeostasis become recogmizable The value of such a graph 1s greatly enhanced by
the addition of 2 kinds of guide lines

(1) Carbon dioxide tension isobars At any point on the graph where a line representing
PH crosses a hine representing bicarbonate concentration, there 1s a unique value of the
carbon dioxide tenston which satisfies the above cquation Simlarly, 1f the carbon
dioxide tenston and pH are deternuned a umque value for the bicarbonate concentra
tion 1s found to satisfy the equation The locus of all ponts for a particular value of the
carbon dioxide tension can therefore be found by substituting a range of values of pH
and the particular carbon dioxide tenston value 1n the equation and deniving the corre
sponding bicarbonate concentration By joiming such a series of pomts the particular
carbon dioxide tension tsobar may be drawn on the pH bicarbonate graph A set of
such 1sobars may be plotted on the graph when wide fluctuations 1n pH and carbon
dioxide tension are expected

(2) Normal buffer ine This line may be dernved as follows Equilibrate several samples
of normal human whole arterial blood (which 15 at body temperature and fully saturated
with oxygen) 1n a senes of gas mixtures containing known tenstons of carbon dicude
The blood plasma 1s then removed from the erythrocytes under anaerobic conditions
This 1s referred to as true plasma  (If the plasma 1s separated without employmng
anaerobic conditions carbon dioxide 1s lost Thisis called separated plasma  Since
plasma alone 1s a very poor buffer of the blood the pH and bicarbonate content of
separated plasma would not reflect the buffering power of the haemoglobin ) The true
plasma samples are analysed for total carbon dioxide content in millimoles per hitre and
for the percentage of carbon diovide 1n the gaseous phase From the above determina
tions, the carbon dioxide tension of the gas (and therefore of the blood) and bicarbonate
content and the pH of the plasma may be calculated For each true plasma sample
the bicarbonate content and corresponding pH are plotted and jomned by a hne This 1$
designated the normal buffer line This guide Iine 1s of importance in the pH bicarbonate
graph because 1t indicates the degree of the buffering of fixed acids by the haemoglobin
{Henderson 1928 Davenport 1950)

The ulumate sigmificance of this graph les m its lucid depiction of both the
respiratory and metabolic alterations m acid base homeostasis which characteristt
cally occur during anaesthesta Alterations n the blood which cause a shift to the
left or right along the normal buffer hine are due entirely to uncompensated altera
tions 1 pulmonary entilation (acidosis and alkalosis respectively) and represent
corresponding changes 1n the carbon dioxide tenston Because of this the pH of
the blood 1s altered A shift upwards or downwards on the carbon dioxide
40 millimetre of mercury 1sobar 1s due entirely to uncompensated alterations mn the
available buffer base as indicated by the plasma bicarbonate concentration (meta
bolic alkalosis or acidosis respectively) Siumularly the pH of the blood 1s altered,
but to a lesser degree Shifts during anaesthesia may of course occur mn various
directions, and the type of acidosis or alkalosis can be analysed according to the
magmtude and direction of the shufts

If the pH and bicarbonate values for several blood samples (drawn before during
and mmmedsately after anaesthesia) are plotted on the graph described above the
change 1n acid base balance duc to the particular anaesthetic may then be indicated
by the vector drawn to represent the magnitude and direction of the change A
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number of such vectors are drawn in g 5 for several anacsthetic agents and
methods The amount of fixed actd nccumulation (that s 2cids other than carbonic
acid which are not volatile and cannot be removed by the lungs) dunng admm
stration of these anacsthetics may be calculated if the difference between the inthial
and final plisma bicarbenate concentration ts corrected to pH 740 or may be
determincd by a simple construction on the graph as shown in Fig 14 1 vertical
line 1s drawn at pH 7 40 (through the intersection of the normal buffer inc and the
44 millimetres of mercury carbon dioxide 1sobar) The imtial point and the end
point (arrow head) are then projected parallel to the normal bufler hinc on to the
vertical ine The height of the projection mdicates the excess amount of fixed acid
1n millimoles per Iitre which has accumulated during anaesthesia and includes the
amount of acid which has been buffered by the blood The decrcase m bicarbonate
concentration 1s always ess than the fixed acid accumulation (as appears on the
graph) because of this buffering action of the blood and the difference may be
determined by projecting the end point (arrowhead) on the pH 740 hne The
effects on acid base balance of ether, cyclopropane and the ultra short acting
FI6 15 ~Effect of anaesthetics on pul

monary ventilation and acid base homeo-

stasis A muscle relaxant mitrous oxide 30
and oxygen and controlled pulmonary

— o Normal butfer (e
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barbiturates (thiopentone hexobarbitone) have been discussed and studied 1n
detail (Stehle and Bourne 1924 Drnipps, 1947 Beecher and Murphy, 1950, Dobkin
and Van Bergen 1952, Brewster Bunker and Beecher 1952, Dundee 1952
Wersberg 1953, Wilson Hoseth and Dempsey, 1954 Lucas and Milne 1955) If

rcs]p(xiratory depressants are omitted 1n premedication the following conclustons are
valn

In Iight surgical planes of anaesthesia ether does not cause carbon dioxide accumula
tion duning spontaneous respiration unless ventilation 1s mpeded by abnormal
1 2 the diaph (packs retractors) or when a surgical pneumothorax

1srequired A metabolic acidosis of moderate degree however 1s a regular accompant
ment and 1s due to accumulation of lactic acid and serum morganic phosphgms
Cyclopropane and thiopentone cause carbon dioxide accumulation 1 proportion to the
depression of the ventslation and can be effectively avorded 1n patients with normal

Jungs by adequate artificial ventilation (Dobkin and Va

n Bergen 1952) T
cthylene and triflucroethylvinyl ether will cause hypoxia and hyperca)rbmr ‘3\‘;‘:’3
nadequate alveolar ventilation if the tachypnoea produced by these two age: t
allowed to persist (Dundee 1957) (Fig 15) gents 18
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The effect of anaesthetic apparatus

The effect of anaesthetic apparatus on pulmonary ventilation 1s at present the
subject of extensive 1mvestigation The following conclusions emerge from these
studies

(a) Carbon dioxide absorption mn presently d 4 di for
clearance of the expired carbon droxtde when a closed system ts employed due erther to
the quality of the absorbent materzal or to the design of the camisters Although enlarged
camsters are now being advocated by some 1t 1s hughly questionable whether 1t 15 the
camster design that 1s at fault Other factors such as proper packing timed use and
adequate assistance to respiration should be corrected first before the cansters now n
use are discarded It seems clear that when a semi~closed system 1s employed adequate
carbon dioxide clearance can be attamed only by the use of a carbon dioxide absorption
system and delivering at least the nunute volume of the respiration required by the
patient (Swartz Adnam and Mih 1953 Elam and Brown 1956 Bracken Lowe and
Woolmer 1956 Lund Andersen and Erickson 1956 Nealon and hus colleagues 1956)

(b) The resistance of anaesthetic apparatus and awrway connextons at gas flow rates
ordinanly employed n anaesthesia still requires reduction in order to elminate the
mcreased work of breathing :mposed by the apparatus (Orkin Siegel and Rovenstine
1954 1957)

(c) The drstensibility of the anaesthetic tubing has been overlooked by many When
fixed volumes are delivered by a mechameal respirator as much as 300 mullihitres may be
taken up m an external crremt which does not employ semi rigid hoses Even wath shight
obstruction In the patient s arrway between 100 and 200 mulhilitres of gasare lost 1
distending the external airways It 15 therefore essential esther to compensate for this
loss ar to employ a rigid delinery system when the munute volume of respuration has
been carefully determined as from a Radford nomogram reading (Dobkin and Wyant
1956)

Hypotherm:a

With the introduction of hypothermia into anaesthetic techniques a host of problems
relating to acid base homeostasis and control of the pulmonary ventilation has arisen
Acidosis which may prove fatal develops if ventilation 1s not vigorously supported at
temperatures below 30 C due to depression of the hypoxic drne to the chemoreceptors
Cold mnduces a change in the solubility of carbon dioxide 1n the blood the pH ncreases
and the oxvgen dissociation curve shifts to the left so that tissue hypoxia may result
Thus a carbon dioxide tension of 40 millimetres 1s normal at 38° C, whereas 36 mulh
metres at 3¢ C and 33 § mullimetres at 25 C are normal (Fleming 1954 Brewin
Nashat and Nerl 1956) Opinions differ as to the value of adding carbon droxide to
the mspired air for the purpose of stimulating ventdlation increasing the availability
of oxygen to the tissues and preventing alkalosis during hypothermia It 1s felt that
the relatnely small increase 1n the pulmonary ventilation produced by adding carbon
dioude 1s not v orth the extra burden of respiratory acidosis which 1s quickly
accompanted by n sncreasing metabolic acidosis in the rewarming period

ARTIFICIAL CONTROL OF PULMONARY VENTILATION
DURING ANAESTHESIA

Studtes of controlled pulmonary ventilation have been carried out on dogs and
humans under anaesthesia with closed and open chests 1n order to establish the
respiration cune which 15 physiologically 1deal  on the basis of arterral oxygen
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saturition  oxygen tension carbon dioude tenston pH and blood pressure
determnations and with which damage to the pulmonary parenchyma 1s avorded
(Ankeney and lus colleagues 1954 Whaltz 1nd his colleagues, 1954 Hubay
and his collcagues 1954 Dobhin and lus collagues, 1956 Gordon Fryc nd
Langston, 1956) 1t was found that the pressure cune should have a gradual
nise t0 a short mspueatory plateau followed by n abrupt expiratory fall to a longer
expiratory phiteau, which must reach atmospherie pressure dunng the last third of
the cycle Adverse effects of intcrmittent positive pressure respiration previously
reported were due undoubtedly to one of twe possibilities cither mechanical
respuratory devices did not return the pressurc 1o zero (ytmospherie pressure) during
the expiration phase or the duration of the expiration phase was too short (Price

Conner and Dripps  1954)

These studies showed that positive-negative pressure (PNP) inflation could
provide better controlled ventiltion 1n the closed chest, because the low mean
arway pressure thus achieved avoids the deletenous effects of the nspiratary
positine pressure on cardiac refill, cardiac outpul and artenial blood pressure
(Thompson 1948 Maloney and his colleagues, 1953) When the chest was open
however no benefit was found with the PNP In fact when PNP was excessive,
ventilation was depressed due to trapping PNP was recommended for open chest
work with 2 small negatie pressure phase (— 5 mullimetres of mercury) in emphyse
matous or other patients only 1f vistble deflation of the Jung was unsatisfactory
When there 15 extrinsic expiratory resistance due to a narrow endotrachenl tube
the negative expiratory phase may prevent over distenston of the lung A rapid
cyching rate does not allow sufficient time for adequate deflation without a negative
phase and over distension from any cause may hinder the surgeon and necessitate
negative pressure deflation to reduce the obscuring of the operative field However,
excessive negative pressure promotes lung collapse which then requires excessive
pressute to remnflate Such collapse produces an effective artennovenous shunt
(Dobkin and Wyant, 1956}

An mtermittent positive pressure (IPP) amplitude of approximately 15 milh
metres of mercury usually provides umform and adequate alveolar ventilation
Pressure volume studies indicate that slightly more pressure 1s usually required for
adequate re inflation n the open chest than in the closed chest due to changes of
surface tension within the lung alveols, greater mobility of the bronchioles, and
changes 1n visco elastic properties of the lung parenchyma

Dobkin and his colleagues (1956) and Gordon Frye and Langstan (1956) found
that for both IPP and PNP 1n the open or closed chest, an insprration expiration
tume ratio of 1 2 provided optimal ventilatjon and the least delcterious effect on the
crculation The range of pressures in miflimetres of mercury which they found
most satisfactory was plus 15 to mmus 5 (PNP) and plus 15 to 0 (IPP) Considering
operating conditions  Dobkin and Wyant (1956) found that the use of positise,
atmosphenc and negative phases (PAN)1n1 1 1 ratio was most satisfactory using
pressures of plus 15 0 minus 5 They found that although ventilation was usyall
satisfactory with PNP and 1PP using the above pressures operating conditions “eri
not s0 good as with PAN On the other hand Allbritten Haupt and Amadeo (1954)
reported satisfactory operating conditions with the duration of the inspiratory phase

twice that of expiration while Nealon and hus collea
best when the two phases were equal 13 (1956) found condiions
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In deciding on the 1deal rate of artificial respiration for an individual patient
three factors must be considered 1n this order (1) the alveolar ventilation required,
(2) the physiological dead space, and (3) the degree of diaphragm motion and lung
motion which can be tolerated by the surgeon The slower the rate employed the
greater wil{ be each of these factors The rate must, therefore, be adjusted for the
optimal alveolar ventilation without increasing the other two factors

The rate found to be most satisfactory for pulmonary ventilation and operating
conditions by Dobkn and his colleagues (1956) was 18 per minute, whereas Gordon
Frye and Langston (1956) found that 12 per minute was adequate These two are
within the most satisfactory range At the slower rate, however, the physiological
1deal may be missed if surgical pneumothorax is present, because adequate alveolar
ventilation 1s difficult to attain without vigorous flushing of the alveolar spaces
espectally when extensive pulmonary disease 1s present as ss usual during pulmonary
surgery As Gordon Frye and Langston (1956) have stated so clearly adequate
alveolar ventilation depends primarily on adequate flushing of the alveolar gas and
not necessarily on sucking out the alveolar gas with negative pressure

It 15 evident to the climcian that any system of artificially controlled respiration
which assumes that each patient who 1s subjected to a fixed amplitude of airway
pressure change will be provided with the same degree of pulmonary ventilation 1s
relymgona eption The d! bilsty of the air passages and lungs and the
resistance of the arrway system are rarely uniform from patsent to patient Stmilarly
any system which provides a fixed volume of ventilation based on calculated
requirements of the patient may convey a false sense of security The efficency of
the carriage of oxygen by the blood depends on normal circulation through the
lung with a munimum of artertovenous shunting on a normal circulating blood
volume and haemoglobin on the absence of lung air trapping due to emphysema
and bronchutis, on the absence of pathological conditions of the pulmonaryalveolar
membrane caused by oedema or fibrosis and on the ummpeded output of carbon
dioxide and the uptake of oxygen All these might be enzymatically or chemically
disturbed by the anaesthetic drugs or by reactions to stress imposed by the operative
procedure

PULMONARY FUNCTION TESTS

For the anaesthetist studies of pulmonary function must be diagnostic and pro
gnostic 1n order to have clinical value (Christie and Bates 1955 Dayman 1956
Bates knott and Chnistie 1956) As with hver and kidney function several tests
are required 1n order that a recogmizable pattern of dysfunction can be distinguished
These tests should be designed to help the anaesthetist to decide on the most
satisfactory pressure-volume contour for pulmonary ventilation to help the sur
geon localize diseased and healthy lung parenchyma and to decide how much
diseased lung tissue may be removed without leaving the patient a respiratory
crpple or with nsufficient functioning tissue compatible with fe The trend at
present 1s to find a few stmple tests which are of highly significant value However,
the anaesthetist must still strive to find simple means for momtoring continuously
pulmonary ventilation during anaesthesia and recording alveolar carbon dioxide
tension oxygen tension and pH in the arternal blood 1n order that vahid adjustments
can be made during the course of an anaesthetic
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CONCLUSION

If the vanous factors which have been reviewed arc considered, onc can sce 1m
mediately that there are numerous unknowns and vanables continuously affecting
the pauient s voluntary nd imvoluntary control of pulmonary ventilatton while
under the stress of disease and anticipated operation, and to these must be added
the stress of the anaesthetie drugs and operatise triumn

Anacsthetists must  therefore, wncrease the efficiency with which they apply
pulmonary ventilation by learning more about 1nd improving (1) carbon dioxide
absorption systems 1n anacsthesia, (2) resistance and distensibility (elasticity) of the
deluery tubes 1 anaesthetic circwts (3) the changes (f any) i clasticity of
pulmonary tissue during employment of various aniesthetic techmques and drugs
(4) the mechanics of pulmonary ventilation, and (5) by developing tests which will
help the anacsthetist to predict and observe the responscs of the patient to anies
thetics and to the altered cireulatory and venulatory dynamics during operation

Many features of the control of pulmonary ventilation remarn dark and mysters
ous regions n our rapidly expanding knowledge of human phystology The
anaesthetist and the climcal physiologist must continue, therefore, to seek the
simplest means of procuring further data to enable compensation for elements not
percenved by the senses
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CHAPTLR 8

SURGICAL TRAUMA—ANALSTHLSIA
AND THE CIRCULATION

R P Harnorp

THE MODERN TREND 10 anaesthesia ts to obtamn a precise knowledge of function in
relation to the use of agents and techmiques, and this apples patticularly to
circulatory disorders Unlike accidental injury, surgical mjury 1s a respector of
parts and persons and although the disorders differ quantitatively they correspond
qualitatinely Amputation through the tiugh, carried out before the advent of
anaesthesia had a mortality of not less than 60-70 per cent the introduction of
anaesthetics resulted 1n a saving of 11-20 lives for every 100 operations of this
kind (Gordon 1897) The mechamsm by which anaesthesia effected so dramatic
a change has never been precisely revealed, although it 1s clear that the surgeon
had more time he could therefore deal more adequately with haemorrhage

The changes due to anaesthesia are difficult to assess, because many other
factors are 't work duning surgical operations and the individual agents and
techniques of administration each have their own distinct effects The assessment
of the pure eflects of mechanical ijury 1s also difficult as mmury and haemorrhage
are often combined 1n one patient The mam tliness arising from njury 15 com-
pounded of (1) metabolic disturbances, (2) flud distribution alterations and
(3) nervous disorders

The nervous reaction to mjury can be so trivial as to pass almost unrecognized
or st may end in sudden death and for this the offending stimulus may be no
more than the prick of a needle The circulatory disorders which are so promment
a feature soon after severe injuries most probably have ther origin 1n good measure
from changes n flud distnibution It may be that toxic factors contnbute to the

Ulness or that substances normally present in the body produce disturbance
from an unusually high concentration

Many problems have been mvestigated 1in anmmmals but the results cannot
necessarily be applied to man, 1n whom clear evidence 1s harder to garn, neverthe-
less ruch 1s now beiag fearnt directly from man as perfection 15 achieved 1 the
techniques of observation and in the design of experiments which do no harm

PART 1 SURGICAL TRAUMA
“METABOLIC DISTURBANCES AFTER INJURY
/Deplemc responses

After imb fracture mjuries 1n man nitrogen sulph
phur and phosphorus are lost
(Cuthbertson 1929 and 1930) Normal voluntéers 1n sphints ar[:d confined to
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bed had small losses in comparison with fracture patients Disuse atrophy was
not considered the origin of the negative wtrogen balince, and anaesthesia 1s
probably not related because n Cuthbertson s series the patient who had the
greatest loss of mtrogen had no anaesthetic The mitrogen loss was most marked
between the fourth and eighth day after accident, but the peak occurred earhier 1n
pateents after surgical injury (osteotomy) By 10 days approximately 8 per cent of
body weight of nitrogen had been lost this amounts to more than the mtrogen
content of the entire liver Nitrogen loss persists, though in less degree for as long
as 6 weeks after injury

According to Engel (1952), there 1s a f1ll in the ammo 1cids 1n plasma which
can be detected wathm 1 hour of mjury and before the negative mitrogen balance
Adrenaline msulin and growth hormone are all capable of producing a similar
change but its sigmficance after tnjury 1s not known The change 15 unitkely to
be due to the mfluence of the endocrine glands because 1t occurs_in_hypophy
sectorized, adrenalectomized nd_adrenomedutlated ammals It wilf also occur
in the demedullated animal

It appears that there 1s a generalized katabolic disturbance (Cuthbertson 1954),
and tachycardr, pyrexia and an ncreased oxygen consumption accompany it
It 15 not possible to prevent the katabolic process by giving a high protem diet to
injured patients Howard and lus colleagues (1946) found excessne losses of
potassium after fracture 1njuries which were maximal 1n the first 24 hours The
loss of mitrogen 15 not confined to fracture injuries, for Wilkinson and his
colleagues (1950) found 1 loss of potassium and phosphorus, preceding losses of
nitrogen and sulphur, after gastrectomy operations

Retention responses

Certain substances are however, retained after injury Sodmm excrefton was
found te be decreased for 2-5 days according to Moore and Ball (1952) With
massive njuries they found a fall of sodrum 1n the plasma at_the time of the

positive sodrum balance Browne (1945) found practically no excretion of ascorbi

acid until 21 days after fracture mjuries, desprte a duly mntake of up to 700 milh
grams (n orange juice

Hormone changes after injury

There 1s tbundant evidence indicating that changes occur n the glands of
internal secretion after injury Moore and Ball (1952) found a fall in the circulating
eosinophil cells after injury and an increase mn sterord hormones which suggested
activity in the pituitary gland and adrenal cortex In considering the retention of
ascorbic acid Kark and his colleagues (1952) showed that 1ts consumption by the
adrenal gland for cortical hormone synthesis could not be marked 1n man Ther
work 1ndicated that adrenocortical activity 1s not the cause for ascorbic acd
consumption atter injury

Addttional wnformation has come from ammal experiments Ingle, Ward and
kuizenga (1947) compared the extent of urmnary non protemn nitrogen after
fracture injurtes in normal rats and 1n rats mamtatned by saline solution after
adrenalectomy N_ltrogen excretion wis increased 1n normal rats but there was no
change n the other group A further comparison was made between normal rats
and adrenalectomized rats which were maintamned on a constant dosage of corttcal
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hormone In this case the injurses produced 1n sdentical responsc Since 1 constant
dose of cortical hormone was gnen the incrense n utrogen excretion could not
be attributed to hypersecretion of_ndrenal hormone Ingle, Mecks and Thomas
(1951) demonstrated 1 similar relitionstup 1n the erse of sodium chloride retention
after ijury Although cortical hormone ts not scereted tn excess, nevertheless 1t
appears 10 be related to these changes

According to Cuthbertson (1954) 2 crude extract obtuned from the antertor
part of the pituitary gland ss capble of elimating the negative sitrogen bilance
i rats and Eliel Pearson and White (1952) have been able to produce a loss of
mitrogen, phosphorus 1nd potasswm—simlr to that which occurs after injury—by
the admimistration of cortisone and ACTH to patients De Groot and Harns
(1950) worhing=on rabbus and Hume and Wittenstein (1950) using dogs,
have 1ndependently shown that an intact hypothalamus 1s essential for ACTH
release after stress The work of McCann (1953) suggests that injury stimulates the
hypothalamus erther by nervous or chemicat (adrenaline) snfluences to produce
ACTH release Furthermore, Porter (1952) has been able to detect clectrical
changes 1n the hypothalamus durning conditions of stress

Other changes after mjury

There are also disorders in carbohydrate metabolism (Engel 1952) which are
1n the nature of an mmpairment of carbohydrate utiization The nise tn blood
sugar occurring soon after injury 1s probably due to adrenal medullary secretion
There 1s also a tendency for the development of fatty changes in the Iiver and for
ketosis Morphological changes have been ohserved 1 lymphoid tissue and there
1s an cosinopenta Other endocrine changes are ascorbic actd and cholesterol
depletton of the adrenal cortex and an increase 1 the corticord content of the
blood and urine Some of these changes have been observed with overdoses of
adrenocortical hormone and this has led to the supposition that they all result
from adrenal hypersecretion in response to myury They may be related to adrenal
function but the work of Ingle, Ward and Kuienga (1947) demonstrated that
they are not all due to excessive adrenal secretion

/ﬂ r of Bal h

The precise sigmificance of the metabolic disorders after
mjury 15 pot cl

Cuthbertson (1954) suggested that the negative nitrogen balancje?; mn somcc:::;
bound up with reparative processes Engel (1952) wondered whether some of the
changes are due to reduced blood flow through ndividual organs Hcmcrmann’
Srlpylhe and Marks (1953) bled dags i amounts up 10 13 per cent 10 39 per cert
:r::fc)e(;v;;g?}: I:o :mcmhpl was mdzu]i_‘e to standardize the extent of the h\pal;n 113

e haemorrhage and the loss in these experiments did
result 1n any sigmificant fall i blood 1 that the s 7Y

pressure They found s bt
through the hiver decreased to 40 to 81 per cen!yof ll'rt]c égitr:)’!k bxfy:’ f'hn
}\13::?111?1"2}13%760 The renal l;llood flowalso became markedly reduced at tF —i; 1‘ :(
—70 mimutes there was a spontaneous reco el ]
blood 1’Ikows towards normal Since the blood prcssur:ccrgagr:h e A"" X
;;::‘b:;b‘c th‘?t the dimimshed blood flows were due to V;,:/:; d ¢ ’I g
abolic changes may by . L S
£ y be related to this state Ontheotterf, # ¢ » 4] AT 6
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an ntrnsic change 1n the organ nterferes 1n some way with the metabolism of
certam substances passing through it

Whatever may be the precise significance of these changes the anaesthetist
should intictpate that a patient may react abnormally duning the peniod after
inyury when the disorders are most marked Deep anaesthesit with toxic agents
would be contrt indicated 1n these circumstances

CHANGES IN THE DISTRIBUTION OF FLUID
AFTER INJURY

Local changes at the site of injury

Cannon 1nd Bayliss (19]9) believed that the circulatory ehanges occurring after
inqury were due to a toxic metabolite set free from damaged muscle Others
thought that the circulatory farlure might be due to loss of fluid from the site of
myury

Blalock (1931) was able to produce Imb tnjurics 1 dogs in which the
extravasated fluid amounted to about 4 or § per cent of body weight He compared
the fall 1n blood pressure occurring with these myurics with the fall in biood
pressure fter repeated hacmorrhages, controlled so that the amount of blood
loss was similar, and took place over a stmular interval of ttme His results suggested
that the 1mount of blood lost 1n the extrivasation was suffictent to cause the
circulatory disorder

Courtice (1946), using rabbuts, was able to produce extravasations witha marked
fall 1n blood pressure from thermal injuries below the knees He found that the
volume of blood lost was greater than the origintl plasma volume By keeping the
injured tmb cold smmeditely after scalding, he decreased the rate of flind loss
and prevented circulatory failure When the fluid loss was greatly decreased by the
use of pressure bandages, the mortalty was correspondingly reduced Other
workers—Cameron and hs colleagues (1945), Swingle and Ius colleagues (1942)
and Duncan and Blalock (1942)—have also made simlar obscrvations

Courtice (1954) reviewed the events after inyury and stressud that the first
disturbance results 1n a loss of blood from ruptured vessels 1nd, in addition a
protein rich flud accumulates Tlus 1s due to an alteration of the permeability
of the capillanies m the myured region Thus a local swelling 1s produced The
protein rich flud 1s re absorbed into the circulation by the lymphatic channels
drmining the 1rca this process bemng speeded up by the pressure of the swelling
or slowed when the blood clots

General disturbances

The main compensatory shift of flud after wnjury 1s from the wmimyured tissucs
so that a non protein fluid passes from the extravascular into the intravascular
compartment If the subject is dehydrated before injury there may not be sufficient
flurd to replace the intravascular loss and the general condition 1s likely to
deteriorate more raptdly than otherwise

The cell membrane separates the body water which 1s about 71 per cent of the
subject’s weight (MeCance and Widdowson 1951) into the intracellular and extr1
cellular phases which have a differing electrolyte pattern (Gamble, 1952) the
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intracellular phase contuning most of the potissium, and the extraceflular phase
most of the sodtum n the body Skin 1nd muscle are the hissues which occur 1n
the greatest bulk and 1 hugh proportion of the cxtracellulae water 1s 1n the skin,
whereas most of the mtraceltular water 15 the muscle (Courttice, 1954) When
water 1s required for the preseryation of the orgamsm it s drawn from these two
sources, s0 that the shin becomes dehydrated and the muscle wastes (Cameron and
Courtice 1948) When flurd 15 required 10 replace the intravasculr compartment
over a prolonged period, then water 1s lost from the cclls, chicfly the muscles
(Ellington and Winkler 1944) 1oss of weight and 1 release of potassium and
mtrogen then take plice

The permeability of the capillaries gencrally

The permeabality of the capillaries i the uminyured trea through which water
passes 1nto the vascular compartment fo mahe good the loss from snjury, has been
studied by many workers Circulatory failure could, 1n theory, result from 1n
altered permeability (Moon and his colleagues, 1941) 15 well as from the hberation
of a toxic substance Courtice 1nd Korner (1952) concluded that the permeability
of the lung capillartes to protein was not altered n rabbits breathing 10 per cent
oxygen although Landis (1928) had previously shown that severe anowa can affect
the capillary permeability to protens Gibson and Ins colleagues (1947), using
radioactive tracers, were able to show that no gencrilized erese in capillary
permeability occurred after most types of injury No toxic factor has yet been
isolated which 1s released n sufficient amounts after myury to ffect the
permeability of the capillaries 1n the uninjured vessels

Compensatory actions of the Kidreys and piturtary pland

After a severe mjury less unine 15 secreted This may be partly due to the reduced
blood pressure or to vasoconstriction 1n the hidney There 15 1lso an mncreased
concentration of the antudwretic hormone from the posterior pituntary gland Le
Quesne and Lewts (1953) suggested that the glind 1s affected more by cmotion
and afferent :mpulses from the injured area than from 4 rise 1n the osmotic pressure
of the plasma Moore (1953) has shown that with surgical njury there is 1 retentton

of water and sodium as well as other indications of increased activity of the 1drenal
cortex These actions tend to mamtain the blood volume

EFFECTS OF INJURY ON THE CIRCULATION

General cffects

Zwesfach (1951) gave values of cardiovascular function commonty found n studies
after injury as follows the blood pressure falling to the region of 50 millimetres of
mercury the rise in heart rate to over 200 per mmute the fall in cardiac output
from 25 to 04 litres per munute (Fick methad), the reduction of biood volume
to 65 per ;;cnt oinmimal the red cell haematoent reduction 1o 30 per cent, the
increase of peripheral resistance from 1,200 to 1,500 dynes H
centimetre due to peripheral vasoconstr;cuon ’ Y per second per square
Effects on the heart
A syndrome resembltng that found afy,
thrombosis and 1t may be that cardiac fun
10—MTA 145

er haemorrhage occurs with coronary
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postulated that a reduction n coronary blood flow from prolonged hypotension
following haemorrhage could result in heart fulure Bing also (1951) stated that the
coronary blood flow is about 80 nulliltres of blood per 100 grammes of left
ventrrculir muscle the A Voxygen difference is 12 volumes per cent, 1nd the oxygen
consumption of 100 grammes of left ventricular muscle 1s about 9 millilitres of
oxygen Heart muscle thercfore extracts almost 7 maximal =mount of ovygen
normally and myocardinl wsphyxir may result from reduced coronary blood flow
Opdyke wnd Forem1n (1947) howeser, state that the work done by the heart
{mean pressure times the cardine output) 1s less under condinons of hypotension
Wiggers (1950) studied the effects of transfusion on bled dogs and found that the
pressure developed i the ventricles 1t the beginning of systole (by the filling forces
of 1 previous drastole) mcretsed while at the stme time the cardime output felt
According to Starhing s (1918) concept this pressure change should letd to an
nerensed cardie output  the reverse would indicate myocardral depression
Kohlstiedt and Page (1944) showed that during progresstve crrculatory fallure
both the systolic and drastolte heart volumes mcreased, the systolic size having
greater volume change This suggested 1 lower stroke volume and n increased
residul volume Wiggers (1947) postulated that cardine stimulants might reverse
cireulatory fulure after transfusion had fuled, and Horton and Davison (1955)
reported fvourably on the use of strophanthin (Ouaban) duning surgical operations

Lffects on the periphery

Zwerf1ch (1951) has mide 2 special study of the changes in the peripheral
vascular bed, which has been relnted 1 the mamn to the cffects of hiemorrhage
He obtuned a similar response 1n severtl different species of anmals including
rits guinea pigs cits and dogs Prehminary studies were made upon such tissues
1s the shin sheletal muscle, gut wall, intestinal mesentery and omentum A marhed
decrense 1n blood flow was found n the shin after blood loss amounting to only
2 per cent of body werght and the flow decreased with further deteriortition
Similar changes were 1150 observed i muscle Most of lus studies have been made
on extertorized omentum The blood from the omentum and mesentery drains into
veins which empty 1nto the portal system Zweilich (1951) did not claim that the
cireul tion observed 1n the mesentery ind omentum reflects the changes m il
other organs Nor did he take the view that the changes he observed are necessinly
the cause of the poor generil condition after severe injuries  this does not mean
that thev do not in fact play 1 major role The changes will now be described

Arrangentents in the capillary network

Shorr Zweif ich and Furchgott (1945) and Shorr Zwerf1ch and Bacez (1947) hive
shown that the wclutecture of the Furchgott capillary network tn viscer t1s not the
stple arrangement of n arteriole dividing into many capillaries wlieh finally umite
to form a venule They found two hinds of caprilartes In one form termed metar
rerroles 1 channel with muscular walls passed direetly through 1n artersovenous
capillary into 1 venule From the metartenole sprang many capili iries—the true
capillnies—winch had frequent nistomoses before jomning the matn arteriovenous
chinnpel towards its venous end  The direet channel remaned open even though the
tissue was 1n the resting stite. The musculature 1t the capliaries junction with the
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metarterioles constituted the precapillary sphincter, the activity of which determunes
the volume and rate of capillary blood flow

Zwafach (1936) established the presence of vasomotion By this 15 meant
periodic spontaneous, irregular contractions and relaxations, every 1-3 minutes
of the metarterioles and precapiliary sphincters Thus the blood flow through the
capillary network 15 ntermuttent 1t1s ind¢pendent of the vasomotor state of the
arterioles

Capillary tone
The true capillartes do not actively change their calibre It may be that by
capillary tone 1s meant the state of clasticrty of ving endothehum (Fulton, 1955)
These cells are held together by an intracellular cement substance Dilatation results
1 a stretching of the walls which may increase their permeabiity Chambers and
Zweifach (1940) considered that the junctions betwcen the endothelal cells are the
most likely sites for the cscape of large parhicles, such as plasma proteins, or for
the leakage of smaller particles

Effects of injury on capillary circulation

Shorr and s colleagues (1947) described the effects of myury on the visceral
arculation 1 ammals They pointed to two phases of activity under experimental
conditions The first phase, which they regarded as compensatory consists of an
ncrease of vasomotion and an enhanced constrictive response of the metarterioles
and precaptilanes to the topical apphication of adrenaline In the second phase
vasomotion ceases and there 1s less response to the application of adrenaline The
blood m the capillaries stagnates and circulatory failure ensues from a lack of
venous return At this stage of decompensation transfusion will produce only a
temporary benefit The first phase occurs wath the mmitial fall 1 blood pressure,
and there 1s vasoconstuiction in the artenioles At this stage transfusion can be
effective 1n restoring the circulation

Vasodilator and vasopressor substances

During these phases certain substances appear in the blood stream Shorr
Zwerfach and Furchgott (1945), and Chambers and Zweifach (1947) developed :;
techmgque for examuntng, the blood of imjured amimals for vaso effective substances
Samples of heparinized plasma, taken from an injured rat, were njected 1nto the
tarl vemns of a normal ammal with its meso appendix exposed After a variety of
snjuries such as graded haemorrhage, the application of tourntquets, tumbling in a2
Collip-Noble drum, and muscle contusion the first manifestation was shown to
be an increased vasomotion and an increase in the effect of a direct application of
adrenaline to the mesenteric vessels This was the evidence for the presence of
vaso excitor matertal (VEM) 1n the blood of the mjured ammal At a later pha
when the changes became reversed vasodepressor matersal (VDM) was fuuut}) '[:}s;e
source of VEM appears to be the kidneys whereas VDM can be obtamned from Liv :
and muscle VDM in the blood meant that the ammal would not res ondl f
transfusion  According to Mazur and Shorr (1948) 1t 1s likely that VDMpm bo
the substance ferrnitin The evidence suggests that injury stimulates the 7:<1dndy te
produce VEM and this causes 1schaerma 1n the iver, which then discharges VgMo
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The VDM neutralizes the VEM with the resulting relaxation of the capillary
sphincters

There 15 some doubt about the action of VDM Fine and his colleagues (1952)
prepared liverless and arenal dogs and injected large amounts of high potency
ferritin intravenously into them without any depressor effect on the blood pressure-
notwithstanding that ferritin 1s oxidized by the normal Iiver and excreted by the
kidneys

NERVOUS REACTIONS

A mechanical siimulus 1s difficult to grade 1n terms of its intensity, and the effects
vary according to the anatomical site The stimulus may reflexly affect the heart
causing 1t to beat faster or slower, or even, under certan conditions, to stop or
the stimulus may 1f 1t 15 1n the form of prolonged traction, obstruct parts of the
circulation, so that either individual organs or a group of tissues are affected
Whatever the precise traumatic mechanism, the result may be etther hypertenston
or hypotension Of these two, the last 15 more often the most serious A brief
mterval of hypotension may have insigrificant results but the seriousness of the
situation depends on the extent and duration of hypotenston

The reflex response to stimulation may affect respiration and this may secondarly
affect the circulation The respiratory effects have been studied by Reeve Nanson
and Rundle (1951 who found that the upper ligamentum teres was especially
sensitive The use of endotracheal anaesthesia and muscle relaxant drugs has greatly
facilitated operative procedures, and there are few, if any, reports to show that
surgical manipulations under modern anaesthesia, properly admimstered, cause a
serious deterioration of the general condition in patients not suffering from
systemic disease, provided that the circulation 1s not obstructed and blood 1s not
shed 1n more than mmimal amounts (a few ounces) Under condttions of disease,
for example peritonitis, or after blood loss, surgical mampulations may result 1n
the vasovagal type of response which may be fatal Much depends on the previous
state of the patient

CLINICAL CONSIDERATIONS

The work of Grant and Reeve (1951) established that, 1n the case of imb 1njuries
which are the commonest form of injury the severity of the illness depends, 1n
general on the amount of blood loss and that blood transfusion 1s the most
effective form of treatment They estimated the blood volume by the Evans blue
method and found that the larger the wound the greater the haemorrhage
Grant (1954) showed that the two most important factors in assessing the state
of a patient with a imb imjury are the size of the wound and the level of the
systolic blood pressure

Systolic blood pressure

The systolic blood pressure should be considered n relation to 2 number of
factors including resuscitation pain emotional upset extremes of environmenial
temperature and infection Hypertension may result from pamn and emotional
upset, or the pattent may develop hypotension with a slow pulse pallor of the
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face and cold extremities A cold environment produces Visoconstriction and with
this the blood pressure may be rused a warm cnvironment provokes the
opposite though the face mn remun pale Infection 15 Iikely to have developed
after 8 hours following the iyury Transfuston m1y produce a reaction which
complicates the chnical signs, for example the amount of transfusion may be
grossh 1nadequate and vet it will result in an tncrease in blood pressure  possibly
from the pharmacological effects of blood Unless one of these factors pre
domunates a svstolic pressure of at least 100 mm Hg means that the blood volume
1s probably not less than 70 per cent of normal 1f 1t ts below 100 mm Hg the
blood volume s likely to be less than 70 per cent of normal

Size of the wound

The size of the wound can be judged by companison with the observer s hand
which amounts to about half a htre The open hand can be used for assessing the
more superficial types of wound It 1s of some assistance to know that the foot,
nee forearm and upper arm have roughiy the same volume amounting 1o two
or three hands, while the Teg volume 15 four or five hands and the thigh ts from ten
1o tuelve hands Wounds haviag 2 volume of less than one hand are classed as
small two to three hands are moderate, three to five hands are large, and five
hands or more are very large injunes

Clarke and Fisher (1956) have devised valuable ards for tramning obsenets to
recogmze the extent of tissue damage tssue swelling and blood loss They have
constructed a series of cubes of hnown volumes from half a htre upwards which
help 1n assessing the extent of tissue damage In addition they hase cut out known
volumes of surgical {elt which can be wrapped round 2 Iumb or eten the trunk
these aid the observer m esumating the extent of swelling They have also
explained the necessity for spreading out surgical swabs instead of viewing them
;m one compact bundle for the assessment of blood loss at operation Barbour
{1957) has shown that as much as ! 500 muillilitres of blood may be extravasated
sithan the hup or thigh without any outward sign of 1ts presence This means that if
the extent of outward swelling of a part 1s used by ttself as a guide to blood loss
this 1s hikely to be a gross underestimate

Grant and Reeve (1951) found that patients with small wounds generally lost
about 10 per cent of their normal blood volume (predicted from their height) 20
10 40 per cent was lost i the case of moderate wounds 40 per cent 1 large and
50 per cent or more 1n the very large hmb iyunies Thus the required amount of
transfusion can be predicted from the extent of tissue damage

Transfusion

Grant (1954) judged that transfuston 1s necessary tn all patients when the extent
of the wounds and the circulatory state are such as to suggest that the blood volume
Is below or not much over the 70 per cent level Whole blood 15 the best flud to
transfuse and there must be the mimmum of delay 1n starting If plasma or other
substitutes have 1o be used first anaemua should be treated later The rate of trans

fusion should be between 5 and 15 minutes

per pint until sufficient has been guv
Restoration of the blaad pressure to 100 mm Hg merely means that the g;)oe;\d
volume has reached the 70 per cent level and if transfusion 15 stopped at this
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ttme 1t 15 Dikely that the patient s condition will deteriorte 1f he 1s subjected to
further stresses, for the circulion 1s unstible That the blood velume his been
returncd to near normal 1s shown when the blood pressure returns to normai, and
the pulse rate slows with 1 change from vasoconstriction to visodilatation Grant
(1954) recommended that the blood volume should be restored to about 90 per
cent of the normal He considered that a pint bottle of blood could be cxpected
to ruse the blood volume by 5-9 per cent for the averige man

Iu the ese of @ putent who has recerved o lumb injury and subsequently develops
hypotension, tachycardin and vasoconstriction, the need for blood 1s urgent
beeuse the blood volume 1s hikely to be so reduced as to endanger life, the
situation 1n A pattent with an abdomunal ingury may be diffeeent, 2lthough he may
stiow the same trid of signs, 1 the ¢ase of peritomus, as Grant and Reeve (1951)
found, the blood volume mny be normal On the other hand, the blood volume
my be reduced on nccount of htemorrhage and blood 1s requured urgently The
approprite treatment ¢an best be decided when the abdomen s opened Patients
with peritomtis do not respond to blood transfuston in the same way as those
with imb 1njuries The work of Grant aad Reeve applies 1n the main to young
fit subjects The older the patient the more dificult will 1t be to assess lus genernl
condition, furthermore, injuries other than those aflecting the hmbs ind abdomen
are complicuted by addittonal fictors for example, pncumothorax, in the cise
of chest mnjurics

Howard (1953) studred the circulatory reactions of men wounded mn the horen
war He judged the adequrcy of blood trnsfusion by the restorition of blood
pressure 1t a group of patients having b or abdominal injunies but 1t 1ppears
that he did not differentinte between the two types of njury in this respect
notwithstinding the work of Grint wnd Reeve The evicuition ime was 3§ hours
and no difficulty was experienced 1n restoring the blood pressure by transfusion
before operatton The blood pressure fcll 1t operation and often rumuned Jow
after operition when 1t fll to zero the pitients could not be resuscitated
Indvidual prents recaved quinties of between 15 wnd 42 puats of blood,
munly after operttion Despite these trinsfusions the venous pressure wis not
found to be rused the vuns bemng m 1 state of constriction ind incrcsed blood
volumes as measured by the Evans blue or ridio ictive chrommum methods, were
seldom found 1t was fult that the amount of transfuston gre wtly exceceded the
exterml loss of blood nevertheless, the mmpression wis guned thit many owed
their lives to trinsfusion

Tirt and Hegll (1957) after i extensive investigition in dogs hive concluded
that ripid transfusion by the intrivenous route of blood cin produce puimonry
vasoconstriction ind depression of myocirdinl function The cwrdine cffects
during trnsfusion e not due to the blood per se but can be related to the 2mount
of aitrate: The dose of atrite which ieets the heart s decreased under ceetun
conditions suchias wwmit diver dimige cirdite discase and  shock  Blood
without crtrwte ¢ be safely gaven at rites many times greater than citrated blood
They consider thit 1n 1dvantge of antrarternil transfusion 1s that the citrate
concentratton reiching the heart 1y less than when it 1s adnunistered watr wenously
The effeet of crtrate during transfusion ¢in b counter icted by giving caletum and
procune intrivenously This work indic ites thit one cwse of fulure of the response
to transfusion may be citrate porsoning

150



CLINICAL CONSIDERATIONS

Abdonunal iyurtes and luer function

A finding of considerable interest was the greater impurment of liver function
and reduction of renal blood flow 1nd glomerultr filtration {mcasured by the
para amino hippuric acid and mulin clearince) in the 1bdomunal than in the
Timb snjurtes group (Howard 1953) Howeser, since there was 1 greater mortality 1n
the abdommnal group this may not reflect a difference between the types of yury,
1t may be relnted to blood loss Except in the case of renat failure the deaths occurred
mainly wathin 36 hours of myury Extensive autopsy studics farled to reveal con
sistent evidence of a site with blood accumulition the hver and spleen were not
enlarged and blood was not found m excess in the gastro intesunal system Both
Howard (1953) and Grant and Recve (1951) found a state of haecmodilution with
Lamb injurtes and hacmoconcentration with abdomnal myuries

Infectue factor

Beecher (1949) has used blood volume loss as @ means of grading the cffects
af tyury, but ths does not allow for the effects of infection Ewvidence has been
produced 1n ammals of an mfective factor which accounts for the state of
irreversibiity to transfusion after haemorrhage {(Fine 1953) A large portion of
liver was removed from a dog 1n poor circulatory conditon and after this had
been mashed up 1t was transferred 1nto the peritoneal cavity of a gumea pig
The gumea pig then died without signs of peritonitts, although death could have
been prevented by the administration of Clostridm anutoxin If a liver mash 1s
taken from a dog suffering from haemorrhage and snjected into a second dog
also suffering from haemorrhage, the latter dies but its death can be prevented
by penicillin therapy

Frank and hus colleagues {1952) administered aureomycin to dogs and subjected
them to a haemorrhagic period which would prove lethal to 88 per cent of dogs
without aureomycin Of the dogs recerving this drug 88 per cent recovered Hence
bactenal action aids in the development of srreversibility after blood loss

Agglutinated red cells

Krusely and fus colleagues (1950) describe a condition char;
vessels obstructed with soft masses of agglutinated red cellsﬂgl{;lzzle:ssb{)l!’ ::Z?!‘:
from the circuiating blood would result 1n a haemodilution as measured by the
haematocnit of blood taken from unobstructed vessels It may be that chy
of this kind occur 1n the hiver and other vital organs e

they can be detected 1n
conjunctival vessels of the eye after erushuny, injuries but they are not seen af':l&:

pure hacmorrhage These findings may have a bearin
g on the inferpreta
blood volume estimations 1n ingured patients which depend on the hat‘:)nfat:cz:: of

PART 2 ANAESTHESIA AND THE CIRCULATION

EFFECTS OF ANAESTHETICS ON THE CARDIAC OUTPUT

Judgment of the precise effects of ana
esthetics upon the heart 15
10 the complexsty of homeostatic mechanisms The efficts on the :!slg;lclu‘:l orane
ghve some indication  these have been studied by a number of workcrsa €€ organ
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Behaviour of the Isolated dog’s heart

Prime and Gray (1952) produced cvidence of carditc depression 1n the dog
heart-lung preparation due to cther, cyclopropane tnd thiopentone The nise 1n
venous pressure 1nd fall in cardiac output which they found could result from 1
concentration of ether which 15 * brely suflicient to produce unconsciousness n
the humn subjeet  Concentrations of 1bout 100 milligrams per 100 milhihtres
of blood produced irreversible damage The explanation may be that the dogs
Ieart 15 more sensitive thin the human heart to these drugs But whatever be the
senstivity of the dogs huart to aniesthetic ngents 1t 15 not unduly sensitive to
muscle relixant drugs Prime 2nd Gray (1952) showed that the relixants gallamine
tricthtodide, decamethonum 1odide and Win 2747 had no effect on the solated
heart Griy and Gregory (1948) also demonstrited in the dog heart-lung pre
parition that d tubocurarine chloride, 1n doses of 1bout 70 milhgrams had no
effect on the eardre output, arterinl blood pressure or coroniry blood flow, even
when the heart had been affected previously by thiopentone, adrenaline or hypoxi

1 Mects on the intact human heart
Morphine and atropme

Prime nd Gray (1952), utilizing the Tich principle measured the cardiac
output before and during surgical operations in 1 group of 31 patients who were
constdered to be free of cardiovascular abnormalities They found 1 shghtly
ncre1sed erdine output 1nd forearm blood flow after premedicition with morphine
and atropine Thus was attributed to the emotional state of the patients rather
than to the cffects of the drug

Tther and cyclopropane

With cther and cyclopropane aniesthesit Prime and Gray (1952) found a
trinsient mtinl merense in eardine output and forearm blood flow These changes
were followed by a progressive fll m cardinc output, and the forenrm blood
flow dechned to levels below the values obtuncd before anaesthesit In the case
of the combmnation of thiopentone, mitrous oxide and oxygen (50 per cent) with
d tubocurarie chloride, although the blood flow in the forearm inereased
markedly 1n the 1nitial stage there was no change n cardine output The rased
crdric output with ether 1nd cyclopropine i human subjects w1s n unexpected
finding 1n view ol the effects 1n the heart-lung preparition It 1s possible that the
causce w1s due to 1 nervous reflex

Morplune scopolamme

Johnson (1951) made 1 companson 1n measuning the cirdiac output by the
Fick principle 1nd by the dye method (Hamulton and his colleagues, 1932) in man
In 130 almost simultancous comparisons, the me 1ns showed a close approximation
In tddition the dye method was used to cstimate the pulmonary blood volume
which 15 the volume of blood m the lungs up to and including the capillanes and
the left side of the heirt The pressures 1n the different cavities of the heart were
also measured

Morphine scopolimuine 1n normal dostge had Ittle circulatory effect though
overdos ige could cause 1 reduction in cirditc output The cardine output during
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a short period of hight cther anacsthesit rose and continued to tncrense with decp
anaesthesit When the annesthesi was prolonged the cardie output diminished
The pressure and resistance 1n the systemic crrculation usually decreased However,
the pressure mn the pulmonary crculttion rose considernbly, duc to viso
constnction on its rienal side and the power of the nght ventricle increased 1n
consequence In prolonged and deep ether 1nacsthesin, he found that therc was a
tendency for the pulmonary blood volume to decrease, otherwise 1t Was unaffected

Barbiturates

With barbiturate anaesthesia (Narkotal) the cardinc output, stroke volume 1nd
pressure 1n the systemic circulation and the pulmonary blood volume all decreascd,
the pulmonary volume marhedly Johnson (1951) argucd that since the resistance*
1n the systemic circulation was constant the blood probably accumulated on the
venous side of the circulation As would be expected, the usc of a relaxant with
barbiturate anaesthesia made the circulatory changes less pronounced

Spmal anaesthesia

A decreased cardiac output stroke volume and systemic pressure were found
duning spinal anaesthesia, as well as a displacement of blood from the lungs to
the vemns 1n the systemic crrculation Contrary to what might be expected the fall
i blood pressure was marnly caused by the decreased cardiac output and was
rarely due to dimumished resistance The fall in blood pressure could be counter-
acted by lowering the head of the operating table this procedure also increased
the cardiac output stroke volume and pulmonary blood volume Oxygen
admmstration had no effect on the cardiac output, the blood pressure or the
distribution of blood

Johnson (1951) found that the blood in the lungs amounted to almost one
hitre, which 15 more than 1s needed for the purposes of resprration and he suggested
that the pulmonary blood bed functions as a reservoir Changes 1n the pulmonary
blood volume did not affect respiration, and although the pressure n the
pulmonary artery bore no relation to the pulmonary blood volume this volume
was related to the stroke volume of the heart, the filling of the left ventricle bemng
directly proportional to the amount of blood 1n the lungs

Pugh and Wyndham (1950) have confirmed that the fall in blood pressure during
spinal anaesthesia (to the level between the fourth and sixth thoracie segments
of the cord) 1s accounted for 1n the main by a fall in cardiac output Reduction in
peripheral resistance was present but was not marked Acute hypotension with
famnting occurred when the head was rarsed, and vasodilatation became evident
above the analgesic level The reduced cardiac output with high spinal anaesthesia
has also been confirmed by Lynn and his colleagues (1952)

Cyclopropane

De Wardener and fus colleagues (1953) found that
the cardiac out;
d:c]re;lscd under the conditions of haemorrhage during hght anaes&heg‘;‘\xx
€yclopropane following thiopentone induction That this was not solely due to

1332x Pm
(3T 2 ouTp]ED Pm=mean artenal pressave in mm Hg
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the loss of blood 15 shown by De Lee and his colleagues (1953) who found a
reduced cardiac output (Hamulton dye method) n relation to light anaesthesia
with this combinition without haemorrhage

L: and Etsten (1957) made observations on 14 patients before surgery using
cyclopropane 1n 1 closed circurt after a prelimmary mitrogen washout, but without
a barbiturate induction They measured the concentration of cyclopropane i the
blood and at the same time used the encephalograph as 2 guide to the depth of
anaesthesia Premedication was confined to morphine and scopolarune They
found that the left ventricular work was not significantly changed, although the
cardiac output and heart rate were reduced during both light and deep anaesthesta
They attributed the reduction 1n cardiac output to the slowing of the heart rate
and to an elevation of pertpheral resistance, which was also found, together with
a raised pressure 10 the pulmonary artery and n the centr1l venous system, these
last observations were taken to mean that cyclopropane has a pressor effect on
the systemtc and pulmonary circulation

According to Sarnoff (1955) a decrease in ventricular stroke work assocrated
with a raised end drastolic ventricular pressure suggests an impairment of cardiac
function Li and Etsten (1957) stated that when cardiac function 1s Jmpaxred the
response to ventricular filling 1s affected but changes in the cardiac output and
central venous pressure do not readily reflect cardiac function Etsten and his
colleagues (1953) found m man that the end diastolic ventricular pressure was
not raised during cyclopropane anaesthesta and Lt and Etsten (mn Press) have
confirmed this 1n dogs finding that the right and left end drastolic ventricular
pressures were not elevated during cyclopropane anaesthesta despite a reduction
1n cardiac ontput They were therefore of the opinion that the function of the heart
15 not impaired during cyclopropane anaesthesia

Disturbances of the cardiac rhythm

Cardiac arrhythmias are common but often pass unrecognized their effects on
the patient s general condition being difficult to detect in many instances This
mncidence will depend upon the number of times that certamn anaesthetsc agents
are used (Morris Noltensmeyer and White, 1953) The wrregularities related to
ether anaesthesia usually affect the pacemaker and do not 1ppear to have any
serious 1mport whereas the irregulanities of chloroform cyclopropane and
trichloroethylene affect the action of the ventricles and these arrhythmuas are
potentially the precursors of rhythms which endanger Iife they are characterized
by multifocal ventricular extrasystoles which may change to ventricular fibrillation,
particularly under the influence of adrenaiine The expermments described by Raven
tos (1956) suggest that the sensitivity of the heart to adrenaline 1s increased to a
lesser extent by halothane (Fluothane) than by cyclopropane but to a greater
degree than by chloroform

Although the arrhythmias occurning during ether or thiopentone anaesthesia
are generally considered to be minor events, they may be associated with cardio
vascular changes because certain arrhythmuas affect function in the conscious
state Auricular flutter causes a reduction tn cardiac output, with increases in the
arteriovenous oxygen difference 1n the crrculation time and in the venous pressure
(Lequime 1940 Stewart and lus colleagues 1938) Auncular tachycardit can
cause circulatory collapse (Altschule 1954} Although there are conflicting results
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reported on the effects of the arrhythmias on cardrie function there are many
references to a reduction in cardinc output (Altechule, 1954) This change 1s likely
10 add to the stress of 2 surgic1l operition to the general circulatory detriment

Mcch (1940) has shown experimentally how arrhythmias develop under cyclo
propane anaesthesia 1f pulmonary ventilation 1s dcficient, and Johnstonc (1950)
has confirmed this mn man Brown and Millar (1952) hve shown how changes in
carbon dioxide fenston when pushed to what must be regarded as extreme limats,
can result in ventricular fibrillatton in dogs A muxture contunung from 30 to 40 per
cent carbon dioxide was inhaled for 4 hours 1 the anacsthetized state The rapid
reduction of alveolar carbon dioxide tenston at the end of this period resulted an
ventncular fibridlation and deathin 11 of the 15 dogs In two 1mmals the reduction
n carbon diowide tension was made more gradually and they survived without
arthythmias  Although these changes in concentrations are extreme 1t s
concenvable that the arrhythmia may develop with a lower level of change 1n
conditions of circulatory mstabihity Scherf Goldfarb and Bussan (1955) have
drawn attention to the effect of hyperventilation (voluntary overbreathing) in
man 1n dimimshing or abolishing various cardiac arrhythmias They are unable
to explain the mechanism for these changes but believe that they are in some
way related to the increased pH of arterial blood or to changes in electrolyte
pattern

Cardiac arrest

Wiylie (1956) stresses that cardiac arrest should be anticipated and precautions
taken for the immedrate apphication of treatment by cardiac massage, so that the
circulation of blood may be restored within 33 minutes The details of the treat
ment of cardiac arrest and ventricular fibrillation have been well described by
Milstein (1956)

Preumo massage

Intracardiac drugs are neffective and may be dangerous (McMillan Cockett and
Styles, 1952) and cardiac massage itself may result in cardiac damage To prevent
this Bencimi and Parola (1956) have applied itermuttent positive pressure with air
or oxygen through a flanged cannula inserted into the pericardial sac—pnetimo
massage In dogs this method produced 1 systolic pressure of 100 mm Hg but
pressure measurements in the right auricle and yugular vemn wndicated little venous
return It would be interesting to know whether the venous return could be arded

by the application of a negative pressure phase The method can b
when the pericardium 15 intact © pplied only

Ventricular standstill

The differentiation between cardiac standstill 1nd ve
behdlliﬁcult clinically but the difference can readily be s
which 15 connected to a continuous electrocardiograph T
fibnllating electrodes to the heart itself requrres a \vfdei&pcsﬁieavgstxcst‘:}?: t‘:r &
For the treatment of ventricular standstill Zoll (1952) has devised an ot
which allows for the passage of a succession of impulses which are itlgmr"uls
and too short to produce ventricular fibrillation but are sufficsent 1o st (1] .
ventricles through the intact chest wall Leatham Cook and Davies (lllg?ﬁ;l;:t]:
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made 1n electric stimulator for the same purpose, and have incorporated a warning
device which comes into ietion 1f no QRS pattern 1s received from the continuous
clectrocardiogrim

Controlled cardiac arrest

Melrose and his colleagues (1955) have described a technique for arresting the
heart s action 1n wmimals by the myection of potassium citrate into the coronary
vessels, and have performed token operations before restarting the heart by a trans
fuston with blood pumped snto the circul wonusing the heart-lung machine(Melrose,
1955) after removing the aortic climp This method was effective 1n the dogs
hert at normal ind hypothermic temperatures down to 26° C They found that
the oxygen consumption of the quicccent heart was low, and at normal body
temperature an arrest of coroniry circulation for 15 minutes did not prevent a
return to normal under these condstions

Barbiturates

Fdwards and his colleaguces (1956) hive noted thit 1 number of deaths reported
to the Assocition of Aniesthetists of Great Britun nd Ireland have resulted
from administering barbiturates intravenously, pirticulirly thiopentone, durning
the induction period, when attention has not been paid to the circulutory condition
of the patient

Atropine

Atropine and neostinune, given ssmultancously by vein 1t the end of operation
in order to reverse the actron of relax ints, may cause sudden circulatory failure
(Macintosh, 1949 Clutton Brock, 1949, and Hill, 1949) Bun and Broadbent
(1949) have stated that the first effect of atropine given intravenously may be to
slow the heart rite f this coincides with a similar effect of neostigmune, then the
heart may stop beating Lven when both drugs arc given at different times the
heart may become abnormally stow To prevent further slowing Hunter (1953)
recommends a second dose of atropine He was unable to demonstrate the cffect
of atropine 1n slowing the heart

1 ffects of anaesthctics on the haroreceptors

Robertson, Swan and Whitteridge (1956) recordig, from single umits of the
sortic and carotid sinus nerves in cats, demonstrated n ancrease 1n sensiivity
from the baroreceptors during cxposure to volitile naesthetics such as cther,
chtoroform nd trichlorocthylenc

LCITECTS OF ANALSTHETICS ON THE BLOOD FLOW
THROUGH VARIOUS ORGANS
~ Blood flow through skin and musclc

The flushing of the skin in the exposed parts under the mmtial influence of cther
and cyclopropane anaesthesia contrists with the pallor of chloroform, and the
pallor wiich charicterizes the recovery period of them all Part of the pillor
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with chloroform ts probably due to the fall in blood pressure A peculinr waxy
pallor of the face 1s the rule with chlorpromazine
Abramson Grollman and Schwartz (1941) mensured the blood flow through
the hand and fore1rm 1n 12 subjects representing flows through skin and muscle
respectinely, using the venous occluston plethysmographic method with cyclopro
pane anaesthesia They found an nerease in flow 1n both v wsculr beds which was
approuimately four times that of the contro) values There were no defime
changes 1n blood pressure or pulse rate coincrdental with these changes
1t 15 of interest fo consider the time relstion of these changes in blood flow
Lynn and Shachman (1951) studied the circulation through the ¢alf hand and foot,
during surgical operations performed with general anaesthessa The anaesthetics
were cyclopropane cther trichloroethylene, nitrous oxide 1nd oxygen, thiopentone
and gallamine triethiodide tn vangus combinations Two matn groups of patients
were studied In the first group the operations were brief and relatnvely mnor,
as for example those for the repairof 1 herma, 1n the second group, longer operations
such as partial gastrectomy were performed Increased imb blood flows were
found during the whole perrod 1n the first group and also during the carlier
phases of the second group During the more prolonged procedures the imb flows
became reduced in most 1nstances to values equal or below the pre anaesthetic
level Duning the il increase mn blood flow through the skin and muscle which
takes about 30 mnutes to develop dunng anaesthesia Shackman and Graber
(1952) found a close time relationship between these changes and a reciprocal
change 1n rectal temperature (measured with a copper constantan thermocouple)
Foster and s colleagues (1954) have made a study of the effects of chlor
promazine on the peripheral circulation in man, mcluding 1its effects on blood
flow through the hand forearm and calf as well as changes 1n pulse rate and
blood pressure The effects on the blood pressure and pulse rate were varable,
the most consistent being a nise tn pulse rate and a fall 1a blood pressure, the values
being slightly greater 1n conscious than in unconscious subjects In conscrous
subjects chlorpromazine produced a 284 per cent increase 1n blood flow through
the hand, and a 72 per cent increase 1n flow through the forearms and calves
After an infusion into the brachual artery 1n conscious subjects, chlorpromazine
caused a 50 per cent mcrease 1n the blood flow through the hand, this indicates a
penipheral action Since the effects from intravenous 1njections were significantly
greater than the arterial effects, 1t 1s suggested that the drug has both central and
local actions When the brachial plexus was blocked chlorpromazine caused an
Increase 1 blood flow through the hand over and above that produced by the
block this indicates a direct action on the blood vessels
The application of cold to the forehead or chest normally causes vasoconstriction
i the hand after intra artenal jections of chlorpromazine the cold constrictor
:;it l:g:l;::eh:ﬁ b;z;)d 221“(,) hyezszxgtpe_} ;:::snts l:vherias after mt'l:avenous 1njections
constrictor mﬂuencesyn " per ce 1 ggests an interference with vaso
possible, however that the afferent side of the reflex
arc was mvolved since the unpleasant effects of the ce on the skin were lessened
ig:;d’i::]‘;rl{’;:m;z;f;e No sigmficant changes 1 hand blood flow, reduction by
produced after chlorpromazine admumustration Chlor
promazine given ntra artenally reduced vasoconstriction due to adrenaline n
the hand, but when chlorpromazine was given intravenously 1t reversed the action
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of adrenaline This suggests that 1t would be uscless 2nd even dangerous to treat
hypotension due to chlorpromazine by adrenaline, noradrenaline should be used
for this purpose, probably in lirger doses than usual

Shackman and his colleagues (1954) found that the ‘lytic cocktul , a muxture
of pethidine, promethizine and chlorpromazine, produced 1n incretsed peripheral
blood flow, an increased pulse rate and a fall tn blood pressure, 1 nise 1n cardac
output 1nd 1 decrense m the over a1l systemic resistance In the unexposed patient
1t did not produce hypothermin, nor did 1t affect the oxygen uptake

Blood flow through the kidney

Miles and De Wardener (1952) showed that, when the ncrve supply to the
kidney was cut off ether or cyclopropine given by inhalation did not produce
vasoconstriction, whereas 1n the intaet 1tnimal 2 sustuned vasoconstriction resulted
Bayliss and Brown (1940) found that ether did not affect the creatinine clearance
in decerebrate dogs with dencrvated hidneys It would appear that the vaso
constriction due to ether and cyclopropane has a_ncurogemc mechanism The
vasodilatation found 1n the organ which 1s not connected to the nervous system
mny be due to a local 1etion of the annesthetic agent afTecting the blood vessels
directly

Blood flow through the cercbrum

Wechter, Dripps and Kety (1951), using the mitrous oxide method for esttmating
cercbral blood flow found that there was an 1dequate flow duning thiopentone
aniesthesi1 1n man despite the fict that the utihzation of oxygen 1n the cerebrum
was significintly depressed

Blood flow through the liver and splnchnre regrons

Shackmnn, Graber and Mclrose (1953), working on the blood flow through the
hver duning general 1naesthesta—using thiopentone, o tubocurarine chlornde
cyclopropane and oxygen—found 1 30 per cent decrease in the estimated hepatic
blood flow (EHBF) in rclition to the pre anvtesthetic values They used the
bromsulphthilein extriction test before surgery By multiplying the CHBE by
the arterio hepatic venous oxvgen difference they deduced the Iiver and splanchnic
oxygen consumption This value decrensed by 34 per cent which is greater than
the figure of 22 per cent found by Shackman, Graber 1nd Redwood (1951)

These changes occurred independently of the level of systemic blood pressure
It would ppear that there 1s 1 hver and splanchnic vasoconstriction when viso
dilatatyon 1s present in the skin ind muscles No clinical signs of liver dysfunction
were found but it my well be that vasoconstriction 1 this region 1s harmful when
the hiver 1s already 1n a stite of disorder The reduced oxygen consumption suggests
that the reduction 1 blood flow mny have 1 hypoxic effect on the ussues nithough
this does not neeessarly follow since their requirements may sull be covered It
would scem 1 wisc decision to waoid prolonged operations whencver possible n
patients withliver dysfunction ind 1lso toensure adequate replacement of bloodloss

It 1s of interest at this stage to note that Lynn and his collergues (1952) have
found, under the conditions of high spinal anaesthesin that the hver and
splanchnic oxygen consumption do not fall notwithstinding a reduction in the
EHBY occurning coincidentally with 1 marked hypotension and reduced cardine

output
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ANALSTHETIC TECHNIQUE AND ITS EFFECTS ON THE
CIRCULATION
Depth of anacsthesia

The mntroduction of curare by Grflith and Johnson (1942) resulted 1n a radiel
change 1n aniesthetic procedure The muntenince of deep amesthest beeame
no longer necessary, 1nd thosc who held that deep anaesthestt protected the
patient from the cffects of surgery have had their premise put to the test, for Iight
anaesthesia has now become a routine even for myor surgery

Brown and Sellick (1955), however stated that the signs of ‘too hight a level of
analgesia are 1n many cases sdentical with those of commencing shock  They
gne seven wdications for grving more analgesic drug (1) movements of the facial
and hand muscles (2) increase m pulse rate and 11l in blood pressure which
cannot be expluned by the surgical mampulitions occurning 1t the same time,
(3) dilatation of the puml (4) scerction of tears (5) vasoconstriction, a fatl in
skin temperature and 1 delayed capillary refiling tme  (6) sweating, and (7) the
onset of a shight increase of the resistance to mspiration and prolongation of
expiration—provided the presence of sputum 1n the r passages can be excluded
The evidence to support the reliability of these indications 1s, however, lacking
in the paper 1n question, and Gray (1957) stated that the experience of the last
ten years has shown that Iight anaesthesta does not conduce to circulatory
collapse  despite the fact that pitients are often moving frowning or showing
other reactions to stimuli It 1s of interest, therefore to see what happens
to the circulation 1n man during prolonged light anaesthesia

De Lee and his colleagues (1953) have shown that after an induction with
04 to 05 gramme thiopentone light cyclopropane aniesthes:a produced a
decreased cardiac output with muscle vasodilatation and renal vasoconstriction
the total penpheral resistance being shightly reduced Muscle vasodilatation
decreased later though the renal vasoconstriction persisted and the cardiac output
fell There was a rise 1n the total peripheral resistance and the blood pressure was
marntained These authors stated that a very light anaestheticlevel was mamtamed
1n order ta facilitate keeping the level as constant as possible In every case reflex
muscular activity was observed from time to time These observations were
made on six healthy male volunteer patients before and during operations for
varicose vetns The cardiac output was measured by the Hamulton dye test and
the renal circulation was studied by the inulin and para amino hippurate {PAH)
clearances

The circulatory effects of haemorrhage during prolonged light anaesthesia 1n
man have been 1nvestigated by De Wardener and his colleagues (1953) The same
anaesthetic procedure was used as when prolonged light anaesthesia was studied
They found that the eflects of blood loss up to 1,460 mullilitres were not 1dentical
with those occurring 1n the conscious state According to Barcroft and fus
colleagues (1949) haemorrhage of this degree 1n subjects n the supine position
caused vasovagal fanting and vasodilatation 1n the muscles De Wardener and
hus colleagues (1953) found that under anaesthesia there was evidence of muscl,
vasoconstriction after haemorrhage In two of the subjects the blood pressure
rea(c‘hed a level below 40 mm Hg, and bradycardia developed, but there was n;
evidence of muscle vasodilatation This suggests that the cause of the hypotension
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1n the subjects under anaesthesia was different 1n the conscious state It was found
that the cardinc output was still reduced 1n these subjects after partial retransfuston,
which may account for the hypotension Their evidence suggests that controlled
haemorrhage during surgical operations acts by abohishing the vasodilatation due
to anaesthesia Hence, 1 this case 1t 1s not necessary to marntain a reduction of
blood pressure to limit bleeding Further observations showed that there were no
sigmificant changes 1n renal blood flow, but cardiac output and intrathoracic blood
volume were decreased by the haemorrhage

Ratchin and his colleagues (1953) confirmed the vasodilatation in muscle during
light anaesthesia with cyclopropane but they have shown in addition that there
15 a decrease 1n the blood flow through muscle with deep anaesthesia They
compared simultaneous measurements of blood flow m two forearms In one
forearm, the radial, median and ulnnr nerves were blocked with 1 local anaesthetic
Anaesthesia was induced with either cyclopropane or with 05 gramme of thio
pentone They found a nise 1n muscle blood flow 1n the normal forearm, and no
ncrease 1 the muscle flow of the nerve blocked mb Tius shows that an intact
nervous supply 1s necessary for the production of vasodilatation by cyclopropane
Cyclopropane was acting either centrally on the vasomotor centre or peripherally
on the vasomotor neuromuscular mechamsm Deep anaesthesta reduced the flow
n both blocked and unblocked forearms When the absorber was cut off to allow
carbon dioxide to accumulate there was no change m the blood flow The authors
suggested that the vasoconstriction of deep anaesthesia may be due to an action
of the drug on the metabolism of the cells of the walls of the blood vessel or to the
release of vasoconstrictor material

On the recording of bleod pressure

Failure to provide for blood pressure estimation during major surgical operations
may put the anaesthetist at a disadvantage he cannot be sure that a hypotension
1s not due to the anaesthetic procedure 1f no value has been obtained before the
skin mneision If the pressure 15 mamntained for about 15 or more minutes and falls
after the incision 15 made, then 1t 1s likely to be due to surgical manipulations even
though blood loss has been mumimal A fall in pressure occurring without much
surgical mamipulation after haemorrhage 1s an urgent remunder that the circulation
1s unstable and that transfuston 1s a necessity

Too much recording of the blood pressure 15 Iikely to distract the anaesthetist
from his admumistration particularly when the operation 1s a short one, too
Iittle recording may result in the anaesthetist wondering when a state of hypo
tension has begun this 1s a point of some value 1n deciding the nature of a grven
cicculatory collapse Certain periods during operations are likely to result in
hypotension (Harbord 1950) and at such times more frequent estimations are
necessary If the diastolic pressure 1s taken as well as the systolic pressure the
labour and time of the estimttion will be doubled and 1t 1s doubtful whether the
information s worth while It 1s even doubtful whether the method for determimng
the diastolic point 1s reliable by ordinary sphygmomanometry, as in normal
subjects the sounds may be heard on occastons practically down to zero although
Johnson (1951) stated that 1n a subject with healthy circulation, a nise 1 pulse
rate to over 100 beats per minute and 2 fall 1n pulse pressure to less than
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Wem Hesephesa dimendy 3 pulmosan Flasd soa=e ae Ltk refo ¢ 1 iatert
or marifedt periphieral errculateons it ney

Tr absolute Trel of the aaatnlic Blood pee tu e put or mmu 5= Heo
important and when conudrning hapotemtne ¢ atee the Cusatinn 0f 1 given
Irelis a factor which may dearde the fate of the patic~t

Th~ dovclopment of blood preuiure followcrt (Geera 19%9) wb b fumction by
reans of a cuff on a finper f they can b= rade to withdtard the corditions
p evailing 1n the operating theatre mav relicve the arscatbetint comud rabh

Chianzes in blood pressure when the snacthetic inkatation ceaws

Atthe end of operation sanous changes mas he appirent to the anacsthetist
who mav judge that the patient s pencral condiion has detenorated Harbord
(1947) drew attention 10 an abrupt fall in blood presiure when inbalwon apparatus
%2s withdrawn and supgested that the phenomenon was dur to 1 change mn the
carbon dioxide stimulus

Dnpps (1947) has presented evidence to show that the decreases in blood
P essure when the mask 1s removed at the end of cvclopropane anaesthesia are
related panth 10 2 previowsly rancd pressure of carbon dioude 1n the artenal
blood dunng anaesthewia The phenomenon was at finst called  ovclopropane
shock™ but the chanpe 15 not confined to this agent

Price (1951) showed that an increase 1n the central venous blood pressure
occurred umformis with cyclopropanc anaesthessa He concluded that a respiratory
2adosis could also affect the venous side of the circulation He found also that
the extent of the increase 1n the central venous pressure (CVP) was a function of the
concentration of cyclopropane 1n the blood (Price 1953) It occurred whether or
1ot there was an increase 1n carbon dioide tenston The venous system 1s also
affected because the venous pressure was found to be rmsed with respiratory
2adosis The CVP was imversely related to the heart rate but this was not the
“ause stself because atropine increased the heart rate and reduced the CVP
When the concentration of cyvclopropane was suddenly reduced the arterial
pressure rose sharply and the CVP fell promptly This change suggests that the
heart ¢jects additronal blood and depletes the central veins An ncrease in the
Periphenal resistance could contribute to the rassed artersal pressure but this
%ould not account for the fact that the pressure does not remain elevated It may
be that the rarsed CVP signifies a decreased cardiac competence

Hypotensne technique
(See Chapter 14)

Hypothermia
(See Chapter 9)

Artificial respiration

The use of artificial respiration by anaesthetists has wereased with the advent
of muscle relaxant drugs The term controlled respiration 15 msleading for the
anaesthetist merely controls the pressures in the airway Controlled inflations or
nflations and deflations, where this 1s applicablé would be preferable terms

There 15 a tendency 1n some quarters to tncrease the use of artificial respiration,
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particutarly with the development of pulmoflators This scems rational i the c1se
of certun operations lasting for hf in hour or more Spontancous breathing
under anesthesit1s usully ssocinted with some degree of defective carbon dioxide
climmation (Harbord 1955) If the subject 15 otherwise fit, this may not affect the
issue unless the carbon dioxide accumulation 1s considertble when 1t may have
pressor effects on the blood pressure The opposite tendency ntmely hyperventiln
tion, though 1t m1y have dangers, 1ppears to be dehiburately used in some centres
(Crafoord 1938) Hypotension may then be produced It would seem that - slight
degree of over ventilition or under ventilation 1s not harmful and the circulttory
changes e not marked The effeet of artificial ventltion on the cireulition has
been discussed elsewhere in this volume (see Chapter 7)

Full muscular relaxation

Thomns (1957) argues that the N1l i blood pressure observed fter the mntrt
venous njection of « tubocurarne chloride 1s due to this drug becwuse it occurrd
witlun 1-2 minutes of the ingection he tlso found 1 relattonshep between the dose
and the extent of the 41l in pressure The s ime {11l in blood pressure was not found
when suxamethonium was substituted This work needs confirmation the drfficulty
15 (0 ehminate other depressor fictors

CLINICAL CONSIDERATIONS

The 1naesthetist has it within his power to wreak considerable wirculatory havoc
or to conduct the nacsthesin in such 1 way as to produce relatively slight disturb
ance The agents themselves are toxic to the heart muscle and if given intravenously
too rapidly they cin arrest the action of the hewrt Although reduction of the
cardie output by an arrhythmin 1s not necessanly dangerous to the hfe of the
patient 1t may aflect the general condition adversely 1n certun circumstinees
particularly in the case of the nstabihity of the circulation due to hacmorrhage
or when adrenaline 1s combened with certun agents

Although vasoconstriction i the liver and splanchnic 1reas may not be harmful
when due to an anaesthetic agent in 1 normnl! subject, thts condition may be
mereased by hiemorrliage and the vasoconstriction 1 patients with delicient Iver
function may be disastrous In such inst inces hight anacsthesia is likely to be much
less harmful than deep niesthesin

Untl ¢vidence that hight anesthesit s harmful per sc, there seems to be every
rewson for using techniques which combine light anacsthestn preferably with
mitrous oxide ind oxygen, 1nd muscle rel 1xant drugs with or without analgesicdrugs

The suggestion by Beecher and Todd (1954) that the tnereased use of relixant
drugs carries a greter mortality may not mean that the drugs are to blaime  the
fault probably hies with the waesthetist (Fditornal 1957) ot may be due to 1
farlure to treat respiratory depression

Although therc may be good reasons for using artificial respirition from the
pulmonary ventiltion viewpomt the technrque of intermittent positive pressure
alone may embarrass the circulition under haemorringic condittons The addition
of 1 sub atmospheric pressure phise during expiration 1s recommended both from
the pomt of view of respiratson and the circulation 1n patients with 1 closed chest

Grant and Reeve (1951) showed that if a patient with a himb injury 1s tre ited
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dequately by transfusion with whole blood, given i fime, fic should generally
go through operation and recover, no matler which of the standird forms of
anacsthesia 1s emploved provided faults m techmigue are woided and provided
blood loss 1s made up at operition A patient who s evirenus from loss of
blood may die durimg the duction of anacsthesin with small doses of any
agent It mav be that this 1s the cxplanation of 1t fevst some of the deaths reporied
by Halford (1943) who condemned the use of mtravenous anacsthesia these
patients Beecher (1946) recommended thiopentone 1 25 per tent strength for
operations Which are hikely to 12t 45 munutes or less in the * hightly wounded
He decried its use 1 the patent whose general condition 15 poor, yet despite ths
he regacded thiopentone as onc of the three most smportant anaesthetic agents
for use n mihtary medicine (Beecher, 1949) There 1s no doubt thit many syured
patients henefited from ts use in World War 1

Grant and Reeve (1951) showed that the signs found in an njured patient
had & dulering sigrificance accarding to the circumstances and to the type of
wmury  They found that tachycardia hypotension and vasoconsiriciion i a
patient with a imb yury, recently acquired, sigmified that the patient had a Jow
blood volume, whereas a patient with an abdominal 1pjury might have a normal
blood volume The patient with the limb 1pury would respond well to blood,
the one with the abdominal mjury would not necessanly do so

1t 15 clear from worh on ammals that after a certain period, hypotension from
biood foss feads to changes charictenzed by a farlure of the organism to survive
even though the blood 1s replaced Hershey, Zweifach and Rovenstine (1953)
have studied this phenomenon m relation to the effects of ether cyclopropane and
theopentone foffowing haemorrhage tn dogs They demonstrated how each of the
agents had a deleterous effect on the peripheral re adjustment mechamsms within
the capillary bed and further that this became greater with an mcreasing depth
of anaesthesta

It1s interesting to note that in the case of autonomuc blackade from dibenpamine
there s a decrease 1a muscle tone i vessels which are under sympathetic nervous
control (Nickerson 1949 Grumson 1949) The activity of the terminal artertoles
metarterioles and precapillaries which are aflected by humoral factors 1s not
sigatficantly affected by nervous influences

The material presented 1n this chapter d trates the plexity of change
tn varigus pacts of the creculatory system 1t serves to show how many different
functions may be affected ta produce a varety of syndromes which have previously
been concealed under the cloah of ‘shock or ‘penspheral circulatory failure
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CHAPTFR 9
TIYPOTHERMIA

T CeciL GRAY

No VOLUME reviewing modern trends 1n anaesthesia would be complete without
some reference to hypothermia, which at least 1n theory promused to be one of
the most exciting advances in anaesthesia and surgery of the last decade Since
its use by McQuiston (1950) to 1mprove the oxygenation of * blue babres , the
development of hypothermia for heart surgery and n other fields has been rapid

Sufficient time has passed to permut some 1ssessment to be made of the place
that this technique may occupy 1n surgical and anaesthetic techmques It 1s the
purpose of this chapter to discuss this procedure under the headings of (1) its
purpose, (2) the methods of achieving 1t (3) its hazards and, (4) 1ts indications

THE PURPOSE OF HYPOTHERMIA

Whatever may be 1ts indications the principle underlying the use of hypothermia
1s the reduction 1n metabohism and therefore, 1n oxygen uptake which 1s
associated with a fall in body temperature 1n warm blooded animals Whether this
fall in oxygen uptake bears a near relattonship to the temperature, as mamntained
by Bigelow and his colleagues (1950), or is exponential as suggested by Spurr,
Hutt and Horvath (1954) may have hittle pracuical relevance at present, although
ifib feasible tousein k the lower degrees of temperature which have
been achieved 1n amimals, this point may come to have some significance Certainly,
1f the relationship 1s not linear 1t may not be true to consider that at 10° C the
oxygen uptake will be zero as postulated by Lynn and lus co workers (1954)
In dogs Bigelow and his colleagues (1950) found that at 30° C the oxygen uptake
1s reduced approximately by 50 per cent and at 25° C by 65 per cent It 15 clear
that under such conditions the time for which the brain or any other vital organ
can survive when deprived, either wholly or 1n part, of 1ts oxygen supply will be
considerably increased

Two points however, anse which may prove of importance

Relation between oxygen uptake and cellular requirements

The reduction 1n oxygen uptake 1s not necessarily the same as the reduction
oxygen requirement by the cells The facility of acrobic metabolism may be
reduced by interference with enzymic action There 1s moreover, at low tempera-
tures an nterference with the dissociation of oxyhaemoglobin The dissociation
curve 1s shufted 1o the left, so that the oxygen 1s less readily released to the tissues

Vanation 1n reduced oxygen consumption for different organs
Secondly, the reduction 1n oxygen cansumption 1s not the same for each organ
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throughout the body It has been shown that whereas the general oxygen uptake
by the body at 26 ~27° C1s 40 per cent of normal, that by the heart 1s reduced
only by 50 per cent As the work done by the heart at this Jower temperature 15
Dittle less than at normal temperatures, thts mamtenance of oxygen usage may
prove some protection against myocardial hypoxia (Edwards and his colleagues
1954) Interesting work on monkeys by Bering and his assocrates (1956) indicated
that the cerebral oxygen uptake showed Ilittle change as the temperature was
lowered until a temperature of 31° C was rcached, and then 1t dropped sharply,
reaching at approximately 27° C a valuc of 0 8-1 0 mullditre per 100 grammes of
brain compared with the normal 2 5-4 7 muilliitres per 100 grammes of bran—
adrop of about 25 per cent 1n 4° C As cooling proceeded the oxygen consumption
continued to fall but only slowly So far as the bram was concerned the relationshep
of oxygen consumption to temperature was not linear but S shaped (Fig 16)
These workers suggested that there was hittle to be gained by cooling much below

s .
.
E Tic 16 —Relation of oxygen uptake by the
bram to temperature
Afier Bert g and hiy colleagues (1956) by cou tesy of
! . e B e et pubiohes )
't .
ef
IR L S T

30 C and certamly nothing below 27 C when the hazard of serious cardiac
arrhythmas became considerable Earher work (McMurrey and hus colleagues,
1956) had shown that in monkeys electroencephalographic activity ceased after
one minute of complete cerebral anoxia regardless of the temperature of the ammals
but that this conditton was tolerated for 15 minutes at tempcratures between
23 and 26 C (This must be compared with the finding of Lougheed and his
colleagues (1955) that clectroencephalographic activity ceased only after 25 minutes
of brain anoxia at 235 C in dogs) However McMurrey and his colleagues
(1956) found that mn two dogs at a stil lower temperature (22° C) complete
cerebral anoxta for 15 munutes was not followed by recovery Repeated periods
of anoxia cach of IS minutes resulted 1n cercbral damage in 3 out of 5 monkeys
in the 26 ~23 C ringe but multiple periods of 12 minutes were tolerated These
experiments serve as valuable indications of the times for which cercbral anoxia
mught be permutted in humans It 45 noteworthy, however, that Kimoto, Sugle and
Asano (1956), using a techmque of differential brain cooling, which will be
described Iater, found that brain temperatures of the order of 16 C were well
tolerated and permutied periods of complete circulatory occlusion considerably
longer than those described above
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Other organs for example the \idney, are also protected o some extent from
1schaemic damage by hypothermia (Mayer nd his colleagues, 1957}

Severe hypothermia

With the aim of reducing oxygen need pracuically to zero, the possibility of
submutting warm blooded ammals to more drastic hypothermia hs been explored
and 1t has been found possible to cool small animals to 0° C and even lower with
recovery Andyus (1951) found that 20 per cent of rats recovered after cooling to
temperatures Just above 0° C and more recently he and Tus colleagues {Andjus
and Smuth 1955 Andjus and Loveloch 1955) have obtaned 75-100 per cent
recovery tn these ammals after cooling to temperatures just above freezing point
and after cardiac and respiratory arrest for one hour Golden hamsters were
even more tolerant of cooling and could be hept on 1cc  with circulatory arrest
for up to seven hours (Smuth, 1956) and survived supercoaling to —5° or —-6°C
Even dogs have survived cooling to 1 5° C when the circulation has been main
tamed with a simple pump and oxygenator (Gollan and his co workers, 1955)
The fact that the rats mamntamed in circulatory arrest for one hour showed no
apparent alteration 1n behaviour or memory (Andjus and his colleagues 1955)
suggests that the achievement of zero oxygen consumption with recovery 1s
attainable 1n warm blooded amimals

Whether these remarkable results will ever have any climeal application s
fughly speculative, but they will undoubtedly stimulate investigation into the
feasibility of using temperatures considerably lower than hitherto

Shivening and its control

As long ago as 1876 Claude Bernard appreciated that shivering enormously
ncreased the metabolism and was an important mechamsm protecting the orgamsm
agamst exposure to cold Shivermg 15 a response to an increased temperature
gradient between the receptor organs for cold sensation 1n the skin and centres
m the hypothalamus (Davis and Mayer, 1955) Not only visible shivering but
also a general hypertonicity of the skeletal muscles which may precede or supersede
shivering results in increased metabolic, heart and respiratory rates This protechve
reflex must be controlled 1f the hypothernue state 1s to be achieved without harm
and with reasonable speed Shivering 15 prevented by deep anaesthesia (Bigelow
and his colleagues, 1950), or by sedation or light anaesthesia together with either
curarization (onginally suggested by hrogh in 1916) or chlorpromazine Chlor
promazine 1s the principal effective agent 1n this respect 1n the mixture of sedative
drugs recommended by French workers and exerts its effect through both a
penipheral action on the muscle fibre and also probably on the hypothalamic
temperature controlling centres

The importance of mwvisible shivering has been stressed by Brom (1957) who
suggested that 1t 15 indicated by an increase in serum potassium concentration 1
the absence of other explanation and takes this as an dication for more relaxant

METHODS OF ACHIEVING HYPOTHERMIA
Before describing the methods which are used i chayeal
practice to achieve
hypotherma, attention must be drawn to the difficulty of measuring body tempera
ture  Body temperature 1s 1 fact, a meamingless term, for it will vary with the
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part of the body where 1t 1s measured There 1s obviously a difference in temperature
between the skin and the interior of the body, but 1t has been shown that there 1s
no uniformity of temperature in the central body core nor even in the various
mternal organs (Horvath Rubmn and Faltz, 1950) Such differences will not
necessarily disappear with cooling, but may 1n fact be increased 1if coolng 15
mduced by perfusion of cooled blood primanly through the heart or bram
Lucas (1956) points out that the rectal temperature used by many workers may
give dangerously misleading results In chimical work, 1t 1s the temperatures of the
brain and of the heart which are of prime importance and these are probably
best measured by thermometers, electrical or mercunal, inserted in the pharynx or
mid oesophagus To obtain a more accurate measurement of bramn temperature
Kimoto, Sugie and Asano (1956) used a needle electrode thermometer inserted
to the Jugular vein but 1n their work cooled blood was being circulated primarily
through the bram and 1t 15 doubtful whether jugular vein blood was indicative of
true bramn temperatures Similarly 1t must be remembered that 1f cold blood 15
being introduced drrectly 1nto the heart as in the vein to vern method of extra
corporeal cooling that organ will cool more rapidly than other parts of the body

The methods of cooling may be classified under three headings (1) surface
cooling, (2) body cavity cooling and (3) extracorporeal cooling

Surface cooling

The application to the unprotected surface of the body of ice packs, or of
a mattress through wiich 1ced water may be circulated, or the total immersion
of the body 1n 1ced water, are simple and effective methods of lowering the tem
perature  The two protective reflexes shivermng and vasoconstriction must be
controlled

If vasoconstriction 1s permitted there will be delay in the fall of temperature
and also a danger of tissue damage (frostbite) When the skin 15 n contact with
temperatures around 0 C the mmtial reaction 1s vasoconstriction, but this may
@ive place to vasodilatation It1s however, not necessarily the case that the vaso
dilatation results 1n adequate capillary perfusion as 1t 1s probable that arteriovenous
connections open up (Lewss, 1930) If vasoconstriction 1s permtted only 2
relatively small volume of blood will perfuse the cold surface tissues and cooling
will be largely by conduction from the skin mwards There will, therefore, be a
gradient of temperature from the surface to the central core of the body Two
undesicable effects follow If active cooling 15 stopped at what 15 considered the
desired temperature the warm blood from the mtenor will continue to perfuse
the cold surface tissues and there will be a continued fall in temperature of the
wnternal organs A further effect will be that during rewarming the vasoconstriction
will give place to vasodilatation which will result 1n a considerable mcrease mn
the capacity of the vascular bed to accommodate blood This combined with the
reduction 1 plasma volume which occurs 1n these circumstances as early investt
gators discovered may result i severe and possibly fatal peripheral circulatory
failure (Dill and Forbes 1941)

Shivering and vasoconstriction must, therefore be controlled and fortunately
the drugs which affect the one reaction generally modify the other Virtue (1955)
used anaesthesia induced with thiopentone and cyclopropane and marintamed with
ether, wath the addition f shivering occurs of a muscle relaxant With the
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cxception of the head and neek he immerses the pitient completely 1 1 bath of
wced water The tungs are hyperventilated throughout with the um of muntuning
a blood pH on the lkaline side of normal 1n order to reduce the nisk of sertous
cardiac arrhythmin The need for anaesthetic ceases at 28° C and ventilation s
thereafier with oxygen only Others (Gray, 1955, Burrows and hus colleagues
1956) have preferred lighter anacsthesia supplemented with chlorpromnzine
Chlorpromazine, 100 mulligrams, 1s given orally the night before opcration and
50 milligrams intramuscularly one and a halfhours before cooling Light anaesthesta
1s tnduced with a small dose of thiopentone 1nd maintained with mitrous oude
and oxygen only A short acting relaxant may be used for intubation Curarization
1s used when abdomrmal relaxation 1s required or during thoracotomy to achieve
control of the respiration and at the end of the procedure 1t ts reversed 1n the
usual manper, with ncostigmine In the absence of curarizatton shivering 1s
controlied 1f nccessary, by further iniravenous njection of chlorpromazine
(10-25 milbgrams) and/or apalgesics such as methorphinan (0 5-15 mulligram)
or pethidine (20-50 mulligrams) Cooling 1s achieved by the apphication back and
front, of 1ce packs, or by the use of a cochng mattress Unless there 15 profound
respiratory depression or relaxants have been used the respirations are not
assisted by these workers

Even when full vasodilatation 15 mantained, some allowance must be made
for a fall in temperature after active cooling has been stopped This  after drop”
of temperature will be greatest in the well-covered patient as fat 1s an excellent
thermal insulator, such patients will also tend to cool more slowly than will the
thin individuals who cool rapidly and show httle or no after drop Children are
particularly unpredictable They cool rapidly and also may continue to drop in
temperature Virtue (1955) has recommended that active cooling should usually
be stopped when two thirds of the destred fall 1n temperature has been achteved
This 15 good advice to the tyro who wishes to avoid trouble With experience
however, 1f the build of the patient 1s borne 1n mind 1t 15 possible to predict
reasonably accurately the after fall of temperature and to achieve a desired stable
level of temperature It may be helpful to change the posture of the patient during
the cooling to avoid pooling of cold blgod and its subsequent re entry into the
general circulation (Burrows and his colleagues 1956)

A disadvantage of surface cooling 1s the danger of the onset of fibrillation during
the cooling process and before the chest 1s opened Brom (1957) of Leiden suggests
m cntieal cases such as severe aortic or pulmonary stenosis an endotracheal tube
should be passed before anacsthesta commences, anaesthesia then induced and
the chest opened Cooling 15 then carried out 1n a bath with the chest open so that
measures for defibrillation can be taken without delay Brom also stressed the
importance of hyperventilation with close pH control and as has been stated
above with control of the serum potassium concentration

Rewarming presents no difficulty except that of speed Covering with blankets
and perhaps the cautious use of a gentle heat cradle outside the blankets together
with the natural recovery processes when the anaesthesia 1s stopped re’s:on; the
temperature to normal The time taken for rewarming may be as long as s
hours h "

and this 1s an undoubted disadvantage of the method when more rapud
rewarming 1s required, as perhaps after an meident of severe cardiae wregulanty
during heart surgery Efforts to overcome this by the use of diathermy corls
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wrapped round the abdomen of the patient as described by Virtue (1955) or by
radiofrequency treatment (Bigelow, Hopps and Callaghan, 1952) have not proved
satisfactory, as the danger of burns 1s very real and limits the speed at which the
rewarming process may be carried out Obviously the use of warm water baths 1s
more rapid (Sellick 1957) but tn an emergency this 1s precluded by the open chest
Brom, 1n fact rewarms the patient i a bath with the chest still open 1f there 1s any
anxety as to the condition of the heart The pouring of large volumes of warm
saline into the thoracic cavity (Blades and Picrpoint, 1954) 1s not particularly
efficient and 1s extremely cumbersome to carry out When temperatures below
29 C are not being employed and there 1s no manipulation of the heart so that
ventricular fibrillation 1s not likely, this disadvantage of surface cooling 1s of little
importance

Body cavity cooling

Blades and Pierpoint (1954) described a method of cooling and rewarming a
patient by pouring cool and warm saline solution respectively into the open thoracic
cavity The method 1s slow and requires large volumes (as much as 75 litres) of
saline solution and does not appear to be very practicable Furthermore, during
cooling the heart 15 exposed directly to the cold saline solution and cardiac
wrregulanties are common In one patient cooling had to be stopped on no less
than mine occasions because of arrhythmia Khall and MacKeith (1954) found
ntragastric cooling useful in rabbits and applied 1t 1 one patient a child suffering
from hyperthermia The apparatus consisted of a piece of thin portex tubing at
the end of which was a balloon made of a finger stall which would inflate to hold-
250 muililitres After the balloon had been introduced into the stomach 1t was
inflated with 1ce cold water and left i situ for about two munutes Repeated fillings
of the balloon are required and extrasystoles were not uncommon during the
cooling, especially 1n the early stages The advantages suggested are controllability,
lack of ussue gradients and early cooling of vascular organs with high metabolic
rates such as the iver The method however, 1s slow and not likely to replace
surface or extracorporeal cooling although 1t mught be found useful where, durng
surface cooling, all efforts must be made to warm quickly

Extracorporeal cooling

The method of allowing blood to pass from a cannulated artery through tubing
immersed 1n a cooling medium and returning 1t to a vern was first described by
Boerema and his colleagues (1951) and Delorme (1952) This procedure was
modified by Ross (1954) who suggested the withdrawal of blood from a vein and
by Brock (1956) who used cannulae inserted through the right auricular appendage
—one up 1n the superior vena cava and the other down 1n the inferior vena cava
This method of veno venous cooling requires a pump to withdraw the blood
from the vein and move it round the cooling col and so back to the return cannula
1t has the advantage of avording cannulation of a major artery and 1t does not
entail the creation of artificial arteriovenous fistulae which i patients with con
gemital heart anomalies can so upset the circulatory dynamics as to be dangerous
However crrculating blood through tubing and a pump 1s likely to cause haemo
lysis and also interfere with the clotting mechanism Obviously the more often
the blood has to pass through the apparatus the more severe are these effects
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tikely o be, so the cooling must be eflicent and farly ripd—but here agam
a balance must be struck for, if 1t 15 too ripd  the {emperature of the heart,
which 15 the first organ by this method ta be exposed to the cold blood, may
drop teo quichly 1nd taa far and cardne arrhythmia of a scrious fure may
rosult Brock suggests 1 cooling rate of 1°C cach fise munutes The cooling
plant may be 3 complex refngerating and rewarming plnt as used by Brock
(1956) or 1t may be extremely simple as 15 that used by Lucas (1956) The Iatter
consists of a cotl of portex tubing of 4 mullumctre bore and 16 feet long mnserted
i a 31b Ryner jar filled with a midure of Cirdice {carbon droude snow),
saline and alcohol The praportion of alcohol determincs the freczing point
of the miture and the temperature of the fimd should be around —2°C Lucas
also suggests for rewarmung the use of molten sodim thiosulphate which melis

™C A
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Fig 17 ~Scheme for selective brawn coolng v
by trrigation
ThC Thermocouple :nto mternal jugu

far vemn
P Pump of DeBakey type
ABT Artenal blood transfusion
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nto the incrsed heant cavity
BP  Blood pressure of femoral astery
BT  Blood transfusion to femoral vein
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at 46° C but warm water mawtamed at about that temperatuse 15 quite satss
factory The output from the cooltng coil should be of the order of 100 milltitres
pel}') m;nutt] 4V
athins Jensen and Vars (1954) used extracorporeal cooling to lowe

femperature considerably below that of the geueral bodf lgx:;ef;tiﬁ: bx;z:g
Kimoto Sugie and Asano (1956} have developed this expenmental 3ppma,ch on
ﬁog,s, and apphed the techmique chnrcally in 11 patients A further 25 cases with
2 deaths have been treated m this way (kimoto and ha colleagues 1957} Thes
workers cannulate the carotid artery with polythene tubes so that the blood .
be passed through o coohng corl and returned 1o the dstal side of the can‘z:::l“

fated artery (Fig 17) Using this techns
gue the bram tempera
the temperature of yugular vetn blood was lowered to 14 p(tlrw[hu;: t::: l;i"les::‘rleg gy
temperature was as highas 31 or 32 € Doubt may be expressed as to how ofai
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Jugular vein blood reflects actual brain temperatuse As the temperature of the heart
1s above the critical level below which ventricular fibnllation 1s always a hazard
the advantage of this procedure 1s clear The early clinical work by these workers
1s encouraging, but 1t must be remembered that the spinat cord will be nearer to
the general body temperature than to that of the bramn Moreover, the danger
of carotid artery thrombosis 1s considerable although Kimoto (1957) states that
this complication has not been expertenced 1n his series and suggests that 1t can be
prevented by the admumistration of heparin

The method of extracorporeal cooling has obvious advantages It permuts the
surgeon to open the chest and explore the cardiac anomaly under normothermic
conditions when heart rrrtability 15 not increased, and measure the various mntra
cardiac pressures which may assist i the diagnosis (Ross, 1957) It also provides
the best possible control over the temperature tn that rewarmung can be carried
out efficiently and speedily and after drop of temperature does not occur
Obviously the method of vein to vein cooling using the venae cavae, 1s unsuitable
for extrathoracic operations It 1s, indeed, doubtful whether cannulation of a major
vessel 1s justified ever for such procedures when the surface cooling method has
proved so satisfactory The circulation of blood through tubing and a pump carries
1ts own hazards of interference with coagulation, a complication which has been
not infrequently experienced with this technique and which will be discussed
more fally under hazards

HAZARDS OF HYPOTHERMIA

It should be remembered that hypothermic anaesthesta carries all the hazards of
general anaesthesia The patient for example, who 1s being cooled 1s just as
likely to regurgitate stomach contents as 15 any other anaesthetized patient and
the regurgitated matenal 1s just as likely to be aspirated mn the absence of
intubation with a cuffed tube Such a case during the induction of hypothermia has
been described (Dundee Gray Mesham and Scott, 1953) However this procedure
also carries 1ts own dangers and these may be grouped under (1) the circulatory
system (2) skin and internal organs and (3) the metabolism

The circulatory system
Blood pressure

The blood pressure falls during hypothermra as a result of the fall in cardiac
output and the vasodilatation which ensues as a result of the admimstration of
vasodrlating drugs or of the low temperature The fall in blood pressure 1s not
often very pronounced and, in fact, when extreme hypotenston 1s desired as duning
highly vascular ncurosurgical operations a hypotenswe drug may have to be
used (Burrows and us colleagues 1956) Severe falls in blood pressure can occur
however and if there 1s a cardiac deficiency the adequacy of the perfusion of
the coronary artertes must always be borne 1t mind

Cardiac arrln thima

A fall in heart rate 15 a normal accompaniment of cooling 1n the absence of
shinvering It 1s due to depression both of the SA node and of conduction through
the bundle of His Electrocardiograms at low temperatures show that cardiac
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systole takes up a greater than normal fraction of the cycle and below 30 C these
conduction changes arc hikely to be mamfested by a protonged PR interval
spreading of the QRS complex and lengtheming of the ST mtennal ST deviations
from the 1soelectric line are not uncommon (Scurr 1955) Aurncular fibrillation
1s not mfrequently seen dunng hypothermea in chimeal practice
Cookson and Di Palma (1955) found that a cardiac cnisis occurred in dogs
cooled o temperatures between 23 and 15 C This was manifested by the cessation
of sinus thythm the onset of nodal rhythm of intense bradvcardia ventricular
fibnllation or more rarely of heart block or sinus tachycardia It appeared that
\entricular extrasvstoles heralded the ventncular fibnllation and a shifting pace-
maker the bradvcardia The bradscardia was not relieved by atropine or vagotomy
It 15 mteresting that an sntense bradycardia unrelieved by atropine has been seen
tn chimeal practice (Dundee cited by Gray, 1957) It1s however the danger of
ventricular fibnllation which has dogged the use of this techmque and its fullest
exploitation A great deal of research has been directed towards the eluaidation of
the cause of this arthvthmia and its prevention In order to obtam a clearer
prcture of the trends 1n optmon 1t 1s necessary to distinguish between what
15 generally regarded as factual—accepted of —and a ber of other
observations linked together by varying hvpotheses It s a fact that although
ventnicular fibnllation may occur at any temperature, it 1s very much more Itkely
when the temperatute of the heart muscle 1s below 29 C and when there 15
actual manipulation of the heart This 1s born out by the report of a seres of
over 180 neurosurgical operattons under hypothermia without one case of ventri-
cular fibnllation (Gray 1957} A second generally accepted observation s that st
1s much less Iikely to be seen 1n the young amimal than 1n the adult (Adolph
1951) To these might be added but perhaps with less evidence a widely held opinion
that the abnormal myocardium such as that damaged by rheumatic disease or by
gross hypertrophy 1s more prone to fibnilate Apart from these agreed opions
different w orkers have laid emphasts on many differing observations as the principal
actiologrcal factor Thus 1t has been attributed to hypocarbia (Bigelow and his col
leagues 1950) hypercarbra (Flermng 1954 Lynn and hus colleagues 1954 Swan
and hus colleagues 1953b) hyperhalaemia (Sealy Young and Harms 1954) hypo-
kalaemia (Zeavin Virtue and Swan 1954) too much calcium (Melrose 1954) and
100 Iittle calcium (Swan and his colleagues 1953a) These varying observations
appear to be cond nto two op One Iays emphasis on the influence of
changes n the hydrogen 1on concentration which occur during hypothermia and the
other attributes the increased cardtac irritability at low temperatures to myocardial
hypoua A bmef summary of the principal evidence for these two Views mas
clanfy the present position
From the earliest days of work on the use of hypothermia for cardiac surgery

Bigelow has stressed the importance of mamtarung a steady lesel of pH 1 hypo-
thermic patients (Bigelow and his co-workers 1950) Sudden changes 1n the
reaction of the blood would appear to predispose to ventricular fibrillation How-
ever shortly after Bigelow s work Cookson Neptune and Baley (1952) showed
hat the survival rate n cooled dogs was 1mproved by pulmonary hypen;ntllatlon
and this was confirmed by the work of Osborne {1953) and Swan and his collea
(1953b) Fundamental work has been done by Brooks and his colleagues (019551;1::;
the excitability of the heart Although they demonstrated the greatly ncreased
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absofute refractory persod at fow temperatures, they were unable to show any
defimte inerease m the srrtabality of the myocardium  Although Covino and
Williams (1955) onginally claimed to have demonstrated alterations in the thres
hold of the myocardium resulting from acidosts, a later communication (Hegnauer
and Covino, 1956) drew attentron to the snadequacy of the technique which they
employed and appeared to indicate that there were relatively shght deviations from
the normal under these curcumstances

It may be that the earher observations suggesting that a_sudden change n pH 15
an smportant preciputatory fuctor will prove vahd Certainly this ss borne out by
the Tact that this comphication 1s not infrequently smtiated m clumcal pracuce
when the clamps which have been occluding the venae cavac during cardiac
surgery are removed  Brewin and his colleagues (1955) have shown that circulatory
occlusion durmg hypothermit resufts i a marked metabolie aadosis due to
lactacidaemia and when the clamps are removed blood with a very low pH
immediately enters the heart 11 may welt be that part of the protectron afforded
by the lengthy hyperventifation suggested by Swan (Swan and s cofleagues
19532 Swan and Zeavin 1954) 15 attributable to the fact that the resulung res
piratory atkatosis will tend to offset this botic acdosis The lactacid
can also be prevented by the prevention of congestion in the infonor cava duning
acclusion by withdrawing the blood

Those who hold the opinion that myacardial hypoxia 1s the fundamental cawse
of ventricular fibriilation have also considerable expersmental support for thew
view The effect of cooling on the d n curve of oxyh fobin sesults
1 less ready dissociation of the oxygen from haemoglobin (Fig 18) and there 1s
the possibility of tissue hypoxia without anoxaemua This effect 1s further nercased
by any hyperventilation of the Jungs which results in hypocarba  Bigelow and
others strive to avosd this by ventilation with 5 per cent carbon droxsde (Bigelow
and fus colleagues 1950, Niazt and Lews 1955) Against this view s the fact that
there 1s no change 1n the AV oxygen difference 1n the blood passing through the
coronary artenal system as the temperature 1s reduced (Penrod 1951) and
apparently the heart can take up as much oxygen from the blood at 24° C as at
nosmal body temperature (Swan, 1954) There 1s, however, evidence that the
coronary blood flow 1s greatly reduced duning hypothermia and Edwards and hus
catlcagues (1954) have used the mitrous oxide desatusatson techiique to demonstrate
this At the same tme they measured the oxygen uptake and work done by the
feft ventricle At temperatures of 27 -25 C the coronary blood flow was reduced
as alo was the work donc by the ventricle but a decreased efficiency of the
ventricle was indicated by the fact that the drop in ventricular work was greater
than the drop i oxygen uptake These workers considered that there was dunng
hypothermia an imparrment in the ability of the myocardium to convert acrobic
encrgy into useful work 1t 15 suggestive of myocardial hypoxsa that just before
the onset of ventncular fibnflation there 5s always a high serum potassium fevel
m the coronary venous blood without a corresponding change 1 the artenal
serum potassium Movement of potassium out of cetls 15 characterstic of hypoxia
Sauth (1956) found that m six of mine dogs the coronary vein serum potassium
was 20-30 per cent higher than was the arterial just immedutely prior to the
commencement of fibritlation and that this was associated with electrocardiographic
changes charactersstic of myocardial hypoxta Morcover these clectrocardiograph
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effects could be used to predict the onset of scrious arrhythmia Smith also
confirmed the findings of others (Gollan 1nd hus colleagues, 1955) that full coronary
perfusion with oxggenated blood during hypothermua restored the clectrotardio
gram to normal and prevented fibnllation 1t could be regrded ns further cvidence

Fic 18 —Dissociation cunve of oxyhaemo-
globn as related to temperature
(Afier Bladex ond Pi pot 1(1954) b7 vou 1e ¥ of the
authors ond p hlivhe 5)

that hypoxia 1s a factor 1n the cause of ventricular fibrillation that defibrillation
1s much more hkely to be successful in the heart which s well oxygenated
It seems fikely that both factors, amdaemia and myocardial hypoxia, predispose
to this comphication and the truth 1s that, i the words of Boecrema ‘it 1s not
one deviation alone for instance the change 1n the pH of the blood, which brings
danger inits wake but rather the Joss of a harmony and the dissociation of normal
Ife processes, which cause death to occur ' (Boerema and his colleagues, 1956)
Apart from ventilatory adjustments and coronary perfusion several prophylactic
measures have been suggested which st 1s claimed by their vagious advocates,
reduce the sneidence of ventneular fibrilation Infiliration of the superior atriocaval
Junction (SA node) with procamne appeared to prevent fibnilation i 20 dogs
submitted to ventriculotomy under hypotherma whereas fibnllation occurred 1n
90 per cent of control dog& undergoing the same procedure (Radigan Lombardo
and Morrow 1956 sce also Riben, Stderys and Shumacker 1956) Prevedel
Montgomery and Swan (1954) suggested the injection of neosugmine into the
base of the aorta, and found experimentally that this procedure gave some
protection However, the dose of neostgmine required for full protection 1s such
as to sfow the heart to about 20-25 beats per minute and the danger of complete
cardiac arrest 1s considerable (Montgomery Prevedel and Swan, 1954) The use
of neostigmie injectsons climcally has been found useful in some centres and
doses of 0 25-0 5 milligram are injected intravenously by Virtue (1955) when the
sequired temperature has been reached and 0 03 milhigram per stone body weight
are injected by Sellick (1957) just proximal to the aortic clamp before cardiotomy
Not surprisingly acetylcholine (50-80 milligrams in dogs) has been reported as
having a ssmular action (Kimoto Sugie and Asano 1956) Several drugs have
been investigated for thewr effect on ventnular fibrillation but the most promust
15 a report on Ambonestyl (2 diethylaminoethy! 1sontcottnamide) which edl “g
the mcidence of ventrcular fibrillation during ventniculotomy 1n acdot, crd uee
25 -23 C from 80 per cent to 30 per cent Combining the adminstrat 1€ dags at
substance with hyperventilation reduced the incidence by 1 lon of this

00 per cent (Covino
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and Hegnauer, 1956) Quinidine sulphate (3040 mulligrams per kilogram body
weight) has also been reported as affording some protection (Gollan and his
collergues, 1955)

If ventricular fibrillation does occur the treatment has become standardized
The ornginal remedy in which the fibrillation was converted to asystole by the
injection of potassium chloride 1nto the coronary circulation and then a rhythmic
beat restored by massage (Swan and Zeavin, 1954) has been superseded by the
use of an electric shock, which not infrequently restores normal rhythm without
1mitial asystole Electrical defibrillation 1s likely to be more effective if the heart 1s
not flabby and soft and if the myocardium 1s reasonably well oxygenated The
mtracardire mjection of 1-3 millilitres of 1 3000 adrcnahine (1 1000 solution has
been used with success) will tighten up a flabby myocardium and cardiac massage
will ensure 1dequate myocardr1l oxygenation To deliver the shock the electrodes
should be placed across the heart from the base to the antertor surface and the
current used should be of 1 5-2 amps 1t a voltage of 120-200 volts with a duration
of 0 f second The shock may be repeated if necessary until asystole or normal
rhythm 1s restored

The blood

The blood increases in viscosity as the temperature falls but more mmportant
n practice has been the alteration 1n the corgulation charactenstics This 1s not
just a matter of the slowing in coagulttion which 1s seen i titro at low tempera
tures During hypothermia there 15 a fall 1n the number of platelets which 1t 1s
generally accepted 1s hikely to be greater when the extracorporeal method 1s used
Helmsworth and Cole (1956) claim to have shown that both the fall 1n platelets
and the other blood changes, namely haemoconcentration and reductions i the
eosinophil and leucocyte counts, as well as in the mean corpuscular haemoglobin
concentratton Are, 1n fact, greater when animals are cooled by the surface method
It may be of sigmificance however, that the ammals cooled by the extracorporeal
method 1n this work were on an average at a temperature 5° C higher than
those to which surface cooling was apphed Animals cooled by the surface method
and mamtained at a low temperature (about 29°C) for days may show 1
progressive slowing of coagulation time (hair capiilary method), Joss of fibrinogen
and reduced platelet counts until after three days the coagulation time of their
blood may be upwards of half an hour (Gray, 1957 Fisher and his colleagues,
1957) It 1s suspected but not yet established that thus 1s associated with the
relcase of some inticoagulant substance Intractable haemorrhage has not been
a serious danger in patients cooled by the surface method but where there is a
pre operative clotting deficiency as mn liver cirrhosts, this has proved a real and
fatal compliation (Dundee Gray Mesham and Scott 1953) Much more difficulty
with clotting has however been experienced following extracorporeal cooling The
arculition of blood through plastic tubes and a pump 1s responsible and this
complication s particularly hikely to be seenif the blood has to be circulated through
the apparatus over a prolonged time during cooling and rewarming In adults the
rate of cooling, supgested by Brock (1956) of one degree change of temperature
every five minutes should be 1chieved if this danger 1s to be avorded If mtractable
bleeding s .xpertenced the best treatment 1s transfusion with fresh hepanntzed
b]o‘ofd‘fcllowed by n adequate dose of protamine sulphate

178



HAZARDS OF HYPOTHERMIA

Shin and other organs

The effeets of extreme cold on Ining cclls has been well reviewed by Burton and
Edholm (1955) but this would seem to have little tmmedinte practical importance
1o those practising hypothermis Future visis may be opened out perhaps, by
the many reports of the possibility of cooling warm blooded mrmmals to tempera
tures around 0° C (Smuth, 1956 Gollin 1nd Ius collegues, 1955) The practical
point, however, 1s that there 18 1 real danger of producing frostbite during surface
cooling unless adequate vasodilatation ts mantuned (Gray, 1955, Sellick, 1957)

There has been some discussion of the effects of hypothermia on the hiver and
other parenchymatous organs Knocher (1955) demonstirated severe damage to
the liver hidneys and adrenal glands 1n dogs which had been made hypothermic
by surface cooling 1nd drew attention 1o the simlanty of these changes to the
stress responses reported by Selye (1946) These occurred only after hours of
marntenance at temperatures around 25° C Other workers have not been able to
reproduce these results after such short periods of cooling, but a recent report
seems to indicate that sumlar changes may be found nfter days of hypothernmin
(Gray, 1957) It 1s not the general opinion that fear of such changes need contra
mdicate the use of hypothermua 1 chmeal practice where 1t 15 ndierted

The metabolism

Apart from the general slowing of metabolism charactenstic of the hypothermic
state there are changes which should be remembered by those who are employing
this slowing to facilitate surgery n patients Wynn (1954) has drawn attention
to the hyperglycaemia which occurs during hypothermia in patients During the
cold state glucose 1s metabolized slowly, and 1f glucose 1s given during the pro
cedure as 1n a dextrose infusion a marked hyperglycaemia m1y develop This
may result he suggests, in dilution of the extracellular flurd with intracellular
water and the plasma sodium and proteun levels will fall He suggests that jnfusion
should be of 2 5 per cent dextrose instead of the usual 5 per cent strength

The effect of cold on the endocrine function 1s still hittle understood The
admrnistration of thyroxine for 13 days previous to cooling hastened the cooling
process 1n dogs (Hegnauer and Penrod, 1950)

Much has been written about the severe stress reaction which follows exposure
of warm blooded animals to cold, and fears expressed that this might result 1n
exhaustton and be a danger m the chinical use of hypothermia It has been
suggested that the surface method of cooling might be particularly hazardous 1n
this respect (Delorme, 1952) To ths siress hnocker (1955) attnbuted the severe
changes she found in the liver, kidneys and suprarenals Definttive work remains
to be done to determine the effect of acute cooling 1n the absence of shivernn,
and vasoconstriction on the human body s recuperative reserves Certainl thg
very considerable climcal experience ganed does not suggest that an glt .
reaction that may occur 1n patients cooled by the methods currenty usress
sufficient to detract from the advantages of the procedure when it 15 md\cate: *

It has been suggested that at low temperatures the anmmal body loses the usual
pituitary adrenal response to trauma such as surgery (Khalil 1954) 1t % con
:nc:;/;::l;r:?a:vthe tabxsence of thlfi resplonse during the actual surgical pro‘se;z:e

erve intact pituitary adrenal reserves for the recover
b y pentad and thu
e beneficial On the other hand further work would seem to suggest conmdcrablz
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over activity of this response during recovery from hypotherrma (Gray and
MacPhee, 1958)

INDICATIONS FOR HYPOTHERMIA

There are both surgical and therapeutic mdications for the use of hypothermia
but as has been seen the principle underlying both 1s to reduce temporanly the
oxygen requirements of the vital tissues, especially those of the central nervous
system

There are many reports of the use of hypothermia to permut suspension of the
circulation during operations on the heart (see for example, Lewis and Taufic,
1953, Virtue 1955, Brock, 1956 Sellick, 1957) There are two limiting factors
to this application of the techmque The time for which circulatory arrest may
be permutted 1s stifl severely limited The maximum permissible period 1t a tempera
ture of 28° C 1s probably around six with an absolute maximum of ten minutes
and lowering the temperature a further 3° C increases the hazards without greatly
ereasing this time Secondly this work 1s bedevilled by the ever present danger
of ventricular fibrillation which, as has been seen may be precipitated by the
cardiac mampulations the alterations 1n circulatory dynamics which must follow
on such operations, and by the metabolic acidosis which 1s a sequel of circulatory
occlusion Constderable protection 15 afforded by the manoeuvres which have
been reviewed, especially by the establishment of a respiratory alkalosis by
hyperventilation and possibly by the control of serum potassium but the hazard
1s always present Although ventricular fibrillation may be reversed by electrical
shock an effective heart action 1s much less hkely to be re estabhshed if there 15
myocardial abnormality such as hypertrophy or n older patients The consensus
of opinion, at present 1s that the degrees of hypothermia which are safely attain
able are useful only for operations such as open atrial septal defect repairs and
for pulmonary stenos:s 1 young subjects Older subjects or those 1 whom there 15
anestablished degree of pulmonary hypertenston do not do well under hypotherma
Ventricular septal defect repairs must be tackled with some form of heart lung
pump to permit cardiac bypass It 1s possible that the differential brain cooltng
described by the Japanese workers may extend the period available for intra
cardiac mampulation up to about 25-30 muinutes but this approach has not yet
been fully explored

Surgery on the great vessels occasionally may demand hypothernua In
coarctation of the aorta the collateral circulation 1s usually adequate to permut
prolonged aortic occluston during the msertion of grafts, but hypothermia has
been found useful by DeBakey and Cooley (1954) Although hypothernma has
been used by Bigelow and Greenwood (1954) for mutral surgery there s a consider
able nisk of rreversible ventricular fibrillation occurring when there 15 a discased
myocardium (Dundee, Scott and Mesham 1953 Bailey and Ius colleagues 1954)

It 1s 1n neurosurgery that hypothermua 1s [ikely to find its most consistent
application Burrows and his co workers (1956) have described the techmque
Under hypothermia not only are very prolonged periods of extreme hypotension
tolerated, but clamping of major cerebral vessels duning treatment of cerebral
aneurysms and vascular tumours 1s practicable The decrease in cerebral blood
flow, bramn volume, mntracramal pressure and venous pressure are all very
advantageous 1n this type of surgery (Rosomoff 1956)
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Procedures other than ncurosurgery occastonally demand prolonged hypo-
tension n patients who would not under normothermic conditrons be constdered
suitable for 1 Jowering of blood pressure, and hypothernna 1s extremely helpful
tn such cases (Gray, 1955)

Moderate cooling has been employed 1n the treatment of discased conditions
charactenized either by hypermetabohism or by some nterfesence with cerebral
circulation Two cases of severe thyrotoxic cnisis are reported by Dundee, Grey
Mesham and Scott (1953) 10 have been treated successfully by hypothermia, and
encouraging results have been obtained i patients who have hypermetabolism
due to hypesthernua as occurs i some c1ses of pollomyehtis (Miorner, Haeger
and Ryd 1955}

Two types of neurological disorder may call for this treatment There are
reports of its use 1n intracranial 1schacmic lesions and pyrexins of hypothatamic
ongm (Sedzmur, Jacobs and Dundee, 1955) when there has been a disturbance of
the heat regulating mechamism It 1s also indicated when cerebral oedema 1s
exacerbating an 1schaeruc or anowic cercbral lesion, as after cardac arrest during
operation It cannot be sufficiently stressed that such conditions will respond only
if treatment 1s prompt before sertous damage has occurred It 1s this ime factor
which will imut the application of hypothermia in cases of coal gas poisoning

CONCLUSION

Hypothermia 1s a practical procedure and 1s safe when the temperature 15 lowered
only to 29 -30° C and particularly so where there 1s no direct tactile stmulation of
the heart Its future 1s established 1n neurosurgery and other fields as an adjuvant to
hypotension It has not yet been fully exploited 1n cardiac surgery, chiefly because
of the hugh 1ncidence of ventncular fibnilation and the danger of using those lower
temperatures which would permit prolonged circulatory arrest There 15 un
doubtedly a trend towards the use of some form of heart-lung apparatus 1 this
field, but further research may yet prove that hypothermia either combined with
such apparatus or used alone has advantages The field of deep hypothermia which
has been explored 1n ammals opens up prospects for human apphcation which
would extend enormously the scope of radical surgery both cardiac and general
Thus may vet prove pr ble and the may take flight and envisage
the implications of such an approach not only in surgery of election, but particu
larly 1n the treatment of large scale casualties during both war and peace
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CHAPTER 10
CARDIO-RESPIRATORY PUMPS
D G MELROSE

THE CORRECTION of an intracardiac abnormality demands 1ccess to the intersor of
a bloodless and motionless heart An unhurried and effective repair can be achieved
1n all but the simplest lesson only 1f a method 1s available for protecting the vital
centres from the consequences of circulatory arrest for periods 1n excess of thirty
minutes No modification of the principle of hypothermia can at present allow
of such operating tumes, and 1t 15 generally accepted that the function of the heart
and lungs should be maintained during prolonged procedures by a heart-lung
machine These machines are 1n use 1n several centres throughout the world, and
while by no means perfect have established a new approach to the treatment
of cardiac disorders

THE OXYGENATOR

Imutation of the function of the lungs remains the most difficult problem, and it
1s here that opinion 1s most sharply divided In all, four different approaches are
being explored three of which are wholly artifical, and one involves substituting
for the normal lung a lung taken from another ammal

Homologous amimal lung

The homologous animal lung 1s a very efficient mechanism for the oxygenation
of blood and represents a near phystological method It 15, however, not readily
prepared and does not lend 1tself to the maintenance of good sterile technique
An alternative to the 1solated homologous lung has been suggested whereby a
portion of the amimal s own lung 1s used but cannulation of the pulmonary veins
1s exceedingly difficult and hittle success yet attends this attractive possibility

Artificial systems
Semi permeable membranes

Of the wholly artificial systems the one which most nearly approaches physto
logical condttions 1s that involving the use of serm permeable membranes This
techmque has evolved from experiences with the artficial kidney However the
membranes available scarcely allow an adequate gas exchange and their use 1s
Iimited Those which have been found most useful at the time of wnting are made
of ethyl cellulose or polyethylene The most effictent transmission of oxygen
through such membranes to date was obtained with an ethyl cellulose film
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one thousandth of an inch thick which allowed the diffusion of 14 6 cubic centi-
metres of oxygen per square metre per minute When using a film so thin,
considerable mechantcal problems have to be overcome in the design of an
ovgenator based on this prnciple Howeser this technique deserves further
investigation (Clowes, Hophins and Newille, 1956, kolff and tus colteagues, 1936)
Work proceeds on the use of Teflon film which possesses a greater diffusion constant
than ethyl cellulose and also 1s mechamcally more durable Should this material
fulfill 1ts promuse 1t may well be that a disposable unit could be made capable of
exchanging sufficient gas to provide for the needs of adult man

Direct exposure of blood 1o oxygen

The two methods most commonly chosen are those which involve exposure of
blood directly to oxygen In one method blood 15 filmed on bubbles of oxygen In
same desiens these bubbles are microscopic and dense foam 1s created (Clark,
Gollan and Gupta 1950) In others the bubbles are Jarger, the foam produced
1s much less dense, and less difficulty attends the reconstruction of blood free from
gas bubbles (Clowes, 1954}

A large vanety of designs to accomphsh this form of oxygenation have been
descnbed, one of which, the oxygenator ascnbed to DeWall and us colleagues
(1956) 1s used extensively m chimcal practice (Fig 19} In 1t large bubbles are
formed as oxygen 1s dispersed i blood and these pass up a vertical tube of
polyvinyl chloride At the top of this tube 1s a de bubbling chamber contarming
a sil ant: foam pound from which the defoamed blood 15 allowed to
descend 1n a spiral of wide bore tubing This helix acts as a settling chamber and
also as & reservoir from which oxygenated blood can be pumped The tubing 15
disposable 2nd the unit 1s newly constructed for each perfusion

A mofe recent modification of this, also disposable 1s a single polyvinyl chlonide
unit 1 the form of a plastic bag (Hyman 1956) The ssmplest description of thus
15 that of a patr of plastic trousers up one leg of which the bubbles cimb and, after
defoarmng at the top, cascade down the other leg as blood It 1s hikely that 2 great
variety of fully disposable units will eventually be produced for this 1s undoubtedly
the simplest method of oxygenating blood However, 1t 15 not yet known what
physicochemucal alterations to the blood such bubbling devices cause nor whether
any such changes are in fact important

The bubble oxygenator has allowed several hundred intracardiac operations
to be performed with a mortality of between 20 and 25 per cent However, 1t has
been repeatedly demonstrated in surgery that 2 new technique, even 1n the’hands
of the finest exponents, carnes an alarming mortality but if this 15 placed against
the mevitable early death of a large proportion of these patients it Tepresents a
very sigmficant advance This device has not sotved the many problems of cardiac
surgery, and it cannot be demed that the system has certain hmutations and s
best used 1n circumstances m which perfusion rates are low and operation times
are short Improvements may fully overcome the present disadvantages and gne
to this relatively simple device a much wider application £

The bubble oxypenator has 1n the main been used m association with what s

known as the low flow panciple This 1

principle was derived from the experim
of Andreasen and Watson (1953) who showed that provided the azggos \C:xtrs\
was unobstructed occlusion of both the supenor vena cava and the inferior vena
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c1va could be muntaned for periods of up to thirty nunutes without the subsequent
death of an anim1l The blood flow carried by the azygos vern allowed a cardiac
output of only about 10 per cent of the normal, but this low flow was in fact
sufficient These experiments Jed Cohen and Lilicher (1954) in their human per
fusions to use perfusion rates of between 20 and 30 per cent of the expected cardiac
output

Fic 19 —The bubble oxygenator of D.Wall and Lillcher
The vertical tube forms the oxygenating chamber from
which foam emerges to descend through the spiral tubing
being debubbled as 1t flows

This low flow in combmation with the bubble oxygenator has undoubtedly
proved effective though certain penalties are attached to 1t A severe metabohie
acidosts 15 created by thus nadequate perfusion and 1t 1s probable that full
replacement and more exact imutation of normal circumstances should be
attempted The primary object of the cardtac byp 1ss procedure 1s to allow surgeons
adequate time to repair defccts within the heart and 1f 1t 1s a feature of the low
flow principle that this time 1s himited  because of alterations to the aud bise
balance it must surely prove but a stop gap procedure
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Thit the guding prnaiple should be the full replcement of the circulation
with adequite reserves of oxygenation md flow Titu s the firm conviction of the
group of surgeons phistologists aniesthetists nd others t the Mavo Cline
{hirkhn and his colleagucs 1955) Tlus tewm has demonstrited 1 remarkable
masters of ll the problems imvoled They hve chosen 1 method of oxygennhion
which imolies the direct cxposure of blood to gis but which docs not mohe
the bubbling of gas through blood This principle Whereby blood 1s spretd in
very thin films and exposed directhy ts one of the oldest known To enumerate
the many methods described to ensuro the provision of lrge surfice areas would
imvolve a lengthy hustorienl review Three examples will make clear the prneiples
Von Frev 1nd Gruber (1885) tn therr artificinl lung allowed blood to spread in 1 thin
film over the mnee surftce of 1 cvhinder which was filled with oxsgen The surface
area was approxmately half 1 square metre Virnts of this were tried i suc
ceeding vears but proved meffectne  Bjork (194%) 1 Stockholm described
machine using rotating discs to expose films of blood to oxygen In this machine
forts or fifty dises dip 1into 1 trough of blood When rotated they pick up on there
surfaces thin films of blood and m this way create 14 Jarge gas-hquid interfrce
the surface arc1 exposed being continually renewed as the dises rotate Thus
device was a great deal more efficient thin any proviously desenbed and did much
to renew mterest m this type of oxvgenator

Vertical screen principle

Miler Gibbon and Gibbon (1951) described an oxygenator m which the blood
was streamed over 1 number of wire puze screens These screens are stationary
and as blood descends over them the turbulence of their passage exposes 1 grent
number of cells to oxvgen In order to mike more eftictent such 1 svstem which
has of itself no moving parts the blood 1s recirculated within ats own pulmonary
cireunt

It 1s this method of oxygenttion which has been so brullintly utilized by the
workers at the Mavo Clinic Using Gibbon's machme 1s 1 modcl, they hnve
constructed an artificial heart 1nd lung cipabk of circuliting and adequately
oxygenating over 5 litres of blood per minute without serious destruction of its
elements (Fig 20)

Two disadvantages attend the use of the vertical screen principl. One 1s the
difficulty 1nvolved 1n creating a uniform film of blood over the sereens for there
1s 2 tendency for rivulets to form which immedtately hinut the aren of blood
exposed The screens themselies cannot be allowed to dry while filming 15
progress, and hence the film once established cannot be broken without d’\ﬁgu' of
fatlure to reconstitute 1t Thus the oxygenator once charged must be kept running
throughout what may be a lorg waiting period N

The second difficulty 1s occastoned by the fact that the faster the blood flows
over the screens the more blood 15 n fact held on the screens themselves Therefore
the blood volume of the artificral lung tends to increase with the flow rte and m
order to control this a flow rite through the pulmonary cirewit mn exeess of an
expected dunng perfusion must be established npd muntuned These d\s)
advantages are only practical ones and should be eradicated in the future New

materials may themseles bring relief from these blems and elim
y robl
\ P! d ehminate the
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cava could be maintained for periods of up to thirty minutes without the subsequent
death of an ammal The blood flow carried by the 1zygos vein allowed a cardiac
output of only about 10 per cent of the normal, but this low flow was n fact
sufficient These expersments led Cohen ind Lulleher (1954) 1n their human per
fustons to use perfusion rates of between 20 and 30 per cent of the expected cardiac
output

Fic 19 —The bubble oxygenator of DWall and Lillches
The vertical tube forms the oxygenating chamber from
which foam emerges to descend through the spural tubing
beng debubbled as it flons

This low flow 1n combination with the bubble oxygenator has undoubtedly
proved cffective though certain penalties are attached to it A severe metabolic
actdosis 15 created by this inadequate perfusion, and 1t 1s probable that full
replacement and more exact imitation of normal circumstances should be
attempted The prim wry objcet of the cardiac bypass procedure is to allow surgeons
adequate tme to sepair defects within the heart and i 1t 15 a feature of the Jow
flow principle that this time 1s limited  because of alterations to the acid base
balance, 1t must surely prove but a stop gap procedure
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That the gwiding principle should be the full repl 1 of the cir

with adequate reserves of oxygenation and flow rte s the firm conviction of the
group of surgeons, phystologists, nnesthetists and others 1t the Mayo Chnic
(karklin ind s colleagues 1955) This texm has demonstrated a remarkable
mastery of 1l the problems mnvolved They have chosen 1 method of oxygenation
which nvolves the direct cxposure of blood to gas but which docs not mvolve
the bubbling of gas through blood This principle whereby blood 1s spread in
\ery thin films and exposed directly 1s one of the oldest known To cnumerate
the many methods described to ensuro the provision of large surface 1rens would
wnvolve a lengthy tustoncal review Three examples will make clear the principles
Von Frey and Gruber (1885) in their artificial lung allowed blood to spread in a thin
film over the inner surface of 1 cyhinder which was filled with oxygen The surface
area was approximately half 1 square metre  Varants of this were tried 1n suc-
ceeding years but proved ineffecine Bjorkh (1948) 1n Stockholm desenibed a
machine using rotating dises {o expose films of blood to oxygen In this machine
forty or fifty discs dip 1nto a trough of blood When rotated they pick up on their
surfaces thin films of blood nd 1n this way create a large gas-hqud interface
the surface arca exposed bemng continually renewed as the discs rotate This
device was a great deal more efficient than any previously described and did much
to renew 1nterest 1n this type of oxygenator

Vertical screen prnciple

Miller Gibbon and Gibbon (1951) described an oxygenator in which the blood
was streamed over a number of wire gauze screens These screens are stationary
and as blood descends over them the turbulence of their passage exposes a great
number of cells to oxygen In order to make more efficient such a system, which
has of 1tself no moving parts the blood 1s recirculated within 1ts own ‘pulmonary
crreuit

It 15 this method of oxygenation which has been so brtlliantly utihized by the
workers at the Mayo Climc Using Gibbon's machine as a model, they have
constructed an artificial heart and lung capable of cireulating and adequately
oxygenating over 5 litres of blood per minute without serious destruction of 1ts
elements (Nig 20)

Two disadvantages attend the use of the vertical screen prnciple One 1s the
difficulty mvolved in creating a umform film of blood over the screens, for there
1s a tendency for nivulets to form which mmediatelv umt the area of blood
exposed The screens themselves cannot be allowed to dry while filmng 1s 1n
progress and hence the film once established cannot be broken without danger of
failure to reconstitute it Thus the oxygenator once charged must be kept running
throughout what may be a long warting pertod

The second difficulty 1s oceastoned by the fact that the faster the blood flows
ovef the screens the more blood 15 1n fact held on the screens themselves Therefo
the blood volume of the artificial Jung tends to 1ncrease with the flow rate and "
order to control this a flow rate through the pulmonary circuit n excess of at:;‘

expected during perfusion must be established and
2.
advantages are only practical ones and shoul mamtamed These dis

d be eradiated 1n the fat N
materials may themselves bring rehief from t elmmate the
el may thems hese problems and elimmnate the
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FiG 20 —A vertical screen oxygenator 1s a promiment feature at the right hand end
of the machime 1n use at the Mayo Chimic

Rotating disc oxygenator

When this problem was taken up at the Postgraduate Medical School of London
1 1949 1t was decided that the rotating disc oxygenator should be used Simple
enlargement was rejected and a novel design adopted In this machine blood
passes along a rotating cylinder set at 20 degrees to the horizontal (see Fig 21)
In the cylinder thin plastic dises are so arranged that they form crescentic
protrustons mto the lumen of the cylinder As the cylinder rotates these discs pass
under the blood and then up into the gas mixture where the adherent blood films
are oxygenated When rotating at 100 revolutions a mnute the available surface
area exposed 1s 1n the regron of 120 square metres and oxygen can be ntroduced
1nto the blood at rates of more than 100 millilitres per htre per minute Destruction
of the cellular elements of blood 1s shight and but little depositton of fibrin occurs

Conclusions

As yet no full comparison of the methods discussed has been possible It 1s only
now that techmcal progress in the application of these machines has reached 2
sufficient degree of consistency to warrant such a comparison It 1s Iikely that 1n
the near future a re assessment of the position will be undertaken Not only must
the actual efficrency and effectiveness of each of these methods be taken into
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FIG 21 —The rotating disc oxygenator Is seen in this figure behind the pumping umt

account, but a study of therr pracucability will often reject an excellent solution
on grounds of complexity, of expense, or of difficulty 1n maintenance or cleaning
Although fully disposable systems have the most appeal, they may also be
prohibitively expensive It 1s sometimes better to clean thoroughly a well made
item than to nisk possible defects 1n manufacture 1n a replaceable one

THE PUMPING CIRCUIT

If the number of varieties of oxygenators 1s large 1t 15 greatly exceeded by that of
the pumps offered However these pumps can be divided into two mamn types
On the one hand there are those pumps whose action 15 intermittently to empty
the pumping chamber the direction of flow bemng controlled by valves, and on
the other hand there are those 1n which an elastic tube through which the blood
passes 15 squeezed within the pump either by the action of a roller or by the
compression of fingers, the rollers or fingers acting both as the pump and as the
valves The essential difference between these two types 1s that 1n the first instance
control of the output of the pump may be both by changing the rate of the pump
stroke and also by altering the length of the stroke, whereas 1n the second type
only a change 1n rate at which the pump works 1s possible The pump described
by Dale and Schuster (1928) 1s a good model of the first type, while the roller
pump of Jouvelet (1934) or that of DeBakey (1934) typifies the second group
The finger pump 1s essentially a roller pump and should be regarded as such

In use the difference between these two types becomes obvious The intermittent
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pumps employing valves to control the direction of flow can be made to imitate
closely the normal shape of the pulse, while the roller type of pump tends to
have a continuous output aind a mintmum pulsec component

The most widely used pump todty 1s that manufactured as the Sigma motor
pump which uses compressing fingers (Fig 22) Just as the bubble oxygenator
1s particularly surtable for the low flow type of perfusion, so 1s this form of pump
most effective at low flows It 1s convenient, mexpensive but Iirmted m output
Attempts to obtain high flows result in considerable destruction of cells

The Gibbon apparatus at the Mayo Clinic uses the roller pump of DeBakey and
no difficulty 1s found i pumping at flow rates 1n excess of 5 Iitres per minute
Both these pumps produce an almost continuous flow with mmmum pulse and

F1G 22 —The Sigm1 pump -

although no definste evidence exists as to whether a pulsatrle flow ss necessary 1
may be important, and a pump has been designed which seems closer to the 1deal
(Fig 21) (Melrose, 1955)

In 1t a simple straight rubber or plastic tube 1s squeezed by compression plates one
plate acting as a back stop against which the other plate presses the tube The pumping
plate 1s driven by a cam shaft which imparts an undulating movement to 1t The back
stop can be moved towards or away from this moving plate and hence the amount of
compression can be varied and with 1t the stroke volume In practice a vanation of
oulput between 0 and 5 litres per minute can be obtarned 1n this manner Such 2 pump
of course requires valves to direct the flow and mn order to mamtamn the advantages
of the roller pump 1n this respect these valves do not lie within the blood stream They
are essentrally mimiature versions of the plates and ly occlude the
tubing at appropriate pomts 1n the pumping cycle which provides a close imitation of
the normal ventricular cycle In this design the tubing 1s only compressed completely
at the valve sites and hence there 15 Inttle danger of blood destruction by the apposition
of the walls of the tube 1n the pump chamber It 1s this apposttion of the tube walls
throughout 1ts whole length 1n the roller type of pump which endangers the blood cells
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It will be scen that no hard and fast rules yet exist to govern the design of
pumps Again the considerations of practical utility have to be balanced against
the claims of phystological imutation 1t s clear, however, that the pump must be
capable of maintaining a blood flow through 1t of at least 4 litres 1 minute 1ganst
normal vascular resistance, that as smooth a flow 1s 15 possible through the
pump should be established, that the materii with which blood comes n contact
should be mert and non toxic, that the pump chamber should be eapable of
sterthization  and that complete mechimcal reliabiity must be expected
Smmplicity, casc of muntenance, and 1ccuracy of control of the output from the
pump are 1lso valuable attributcs

THE BYPASS PROCEDURE

The mechanical aspects of the heart-lung machine arc only a small part of the
techmque of the bypass procedure, which must become the responstbihity of a
team experienced not only tn the surgery of the heart but skilled in the measure
ments of vascular pressures, and of brochemical and haematological changes

Certain broad principles are agreed at this time to govern the technique of
connecting heart-lung machines to the patient or ammal, to prevent blood
coagulation and 1ts attendant problem of re establishing a normal cloting time
after perfusion and to avord severe metabolic alterations

Cannulation

It 1s generally agreed that venous blood should be extracted from the great
veins entering the heart by wide bore tubes, and 1n practice 1t 1s usual for these

Fio 23 —A stainless steel cannula such as 1s
wnserted into the subclavian artery
(By courtesy of the Ge 1o U inary Ma ufactu | g Co Lid)

| —;

tubes to be passed into the superior and 1nferior venae cava
atnal appendage This 15 particularly necessary when blood exslzrl?;l»%}eldu:z r;lght
freely from these veins without the assistance of a suction pump As yet the e
no complete agreement on the vexed problem of how to ensure the maxm:: n
flow from the veins some rely on gravity, others on direct suction, but all o
agreed that as large a calibre tube as possible should be mserted,l the
Lnl}:ancc of the great veins nto the heart close to the
or the return of oxygenated blood into thy
the left or right subclavian artery The subecf;\:zfla?g:;r;: I:l? Sl;ru ke 15
close to the vital centres and can be sacrificed if need be without d: e
this vessel can be inserted a cannula capable of carrying the n, el cards
output for that particular patient without the mpositton of a h i?rmal Sardiac
the inflow of blood 1t 15 essential that a variety of cannulae (F, ngSNSl&m“cc o
to ensure that the largest that will fit into any ginen subclavign ag-(i:; actahar;d
n be
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inserted The interference to blood flow created by a very narrow cannula creates
considerable destruction of red cells and seriously hinders perfuston An aliernatve
to the subclavian s the femoral artery, which 15 always repatred at the conclusion
of the bypass

Pressure measurement

The measurement of the artersal pressure and also that withun exther the superior
or mferior vena cava by direct cannulation should be regarded as essential That
obtaining 1n the great veins 15 a most important factor tn est1blishing a successful
perfusion The rate at which the perfusion can be performed must depend wholly
on the rate at which blood can be obtained from the venous system Additional
suction from the veins can have no effect other than to collapse them and to bring
the perfusion to 1 halt It 1s thus essential to mamntun a perfusion rate which
keeps the central venous pressure as normal as possible, and it 15 most useful
to have a continuous measurement of this value both before, during, and after
perfusion A rise 1n venous pressure indicates that the perfusion rate 1s not bemng
maintamned at the highest possible level Here, of course, the subject gets more
controversial, for in the low flow system a high venous pressure 1s expected
because the perfusion rate 1s arbitrarily about one third of the normal cardiac
output

A record of the arterial pressure when taken in conjunction with that of the
central venous pressure gtves a reliable index of the state of the heart, and the
onset of heart failure can be readily appreciated The artersal pressure 15 used also
to detect changes mn the size of the vascular bed and to reflect the vasomotor tone

Electrocardiography and clectroencephalography

Two other quantites which should 1f ble be d ci ly are those
provided by the electrocar and the electr hal ‘Though Lttle change
1s normally found n the electrocardiogram alteratton of the T wave 15 a sensitive
index to chemical change in the blood, and of course the onset of arrhythmias gwves
warning of the possibility of ventricular fibrillation The recording of the electro
cardiogram may well be continued for many hours post operatiely because the
extensive reparr of some cardiac defects gives rise to considerable anxiety dunng the
period of operative recovery

Detatled tnterpretation of the electroencephalogram 1s not a necessity, but alteration
of the normal alpha and thera rhythms particularly towards the slow d.lta rhythm
signify a farlure to perfuse sufficiently and oxygenate the brain As pattents are normally
only lightly anacsthetized during cardiac surgery the effect of angesthetic agents 1s
mimmal and alterations to the electroencephalographic pattern are of serious import
It has been the experience of many that even an app. ly 'y bypass | d
may come to naught due to undetected cortical damage if this measurement 1s neglected

Llective cardiac arrest

Simple bypass of the heart 1nd fungs does not cause the heart beat to cease and
1t 1s essential to noursh the active myocardium by maintaiming an adequate
coronary blood flow This blood flow may be substantil, and druning as 1t does
into the right atrium and right ventricle 1t may greatly hamper the visualization
and reparr of intracardiac defects An additronal problem 1s posed by the
possibihity of the beating heart ejecting air into the great vessels from its open
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cavities To overcome these hindrances the heart beat must be arrested 1n such
a way that 1t will restart at will and the coronary circulation must be halted
duning the penod of the mtracardiac manmipulations

Reference to the discorery of Ringer (1883) of the effect of different cations
on the heart beat provides a techmque far achieving this The wjection into the
coronan circulation of potassium citrate so that a concentration greater than
one milhgram per millilitre 15 created n these vesscls will arrest the heart beat in
diastole and will mamntain the quiet state so long as the concentration persists
(Baker and hus colleagues 1957) Normal beating ts restored when simple perfusion
of the coronary artertes washes out the potasstum citrate solution

The ovvgen consumption of the quiescent heart 15 fow, and even at normal
body temperature a penod of myocardial ischaem:a of 15 to 20 minutes does not
endanger such a heart

This manoeuvre has ample expenmental and chimical background and should
be regarded as a necessary adjunct to the bvpass procedure offering as it does an

opportunmits for surgery within the motionless, flaced heart and without the
danger of air embolism

Blood volume

Verv considerable care must be exercised 1n regard to the blood volume
Accurate estimations of blood loss must be made throughout the procedure and
full replacements immediately made Care must be taken to avoid the conse-
quences of the injection of large quantities of fluid which though tsotomc may
fact not be 1sosmotic A hugher proportion of fatlure particularly 1n those cases
already mcapacitated by pulmonarv damage s Iikelv if severe haemodilution
occurs So senously do the workers at the Mayo Clinic consider this problem
that they take speeal care by adding human albumun to preserve the sosmotic
value of any fluid used either to mamntain an intravenous route or to flush through
cannulae or catheters used for measurement The smaller the patient the m(;re
important this aspect 1s and the more essential 1t 15 to preserve a normal blood
solume Weighing before and after perfusion should be camed out

and
readjustments made to ensure no overloading of the vascular system

Anticoagulants

Al machines require a certain amount of blood to charge the;

must be fresh blood taken through non wettable tubmg ml;omn:: sell’t]:l(;lg
¢ The ant ulant used should in general be heparin and a generally
agreed concentration for this 1s 15 milhigrams of heparin to each 500 mllihtres of
blood stored Coagulation 1s prevented n the patient or anmmal by the intravenous
mjection of hepanin Alternatives exist but heparin 1s the most common substance
used Though in some respects inadequate particularly 1n regard 1o the change i
the actual physical properties of blood which heparin creates hepann has the
ment of bemng a naturally occurring substance whose action can be reversed

The reversal can be brought about b:

g y the ingection of protamine sulpha

forms a loose bond Spnate wich
forms ond with free hepanin in the blood and neutralizes 1ts anticoagulant

\Pr:t:mmc is not without dangers and of itself creates clotting problems if
guen n excess It has an addiyonal disadvantage of affecting the blood pressure
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if given rapidly or 1n too high a concentration A workable rule 15 to obtamn a
hepanin level 1n excess of 2 milligrams per kilogram of body weight in the blood
and to reverse this at the end of perfusion with an equal quantity of protamine
after which a clotting time examunation 1s made If this value 15 less than twice
normal no further protame need be given If 1t 15 greater than this then a
protarune titration test should be done (Perkins and his colleagues 1956) and
additional protammne given During the three hours succeedmng perfusion it 1s
useful to nfuse slowly a quantity of protamine equal 1n amount to that given to
neutralize the heparin

Failure to re establish a normal coagulation time following a bypass procedure
may be due to many comphicated effects There can be no doubt that platelets are
usually deposited on the artifictal matenal of which the apparatus s constructed
and 1t 1s known that a form of defibrination of the blood frequently takes place
This 15 not obvious and does not often lead to frank clotung However 1t does
lead to the consumption of many clotting factors, and the only way m which
this can be prevented 1s to ensure that the heparin level 1s not allowed to fall
unduly during perfusion The treatment of the bleeding tendency sometimes
found 1s at present confined to replacement of blood, and in some instances to
the addition of fibrimogen Blood must be quite fresh and must be drawn with
the same precautions as those used to charge the machine, namely through non
wetting surfaces into non wetting contammers A direct transfusion can be of
enormous value 1n cases of severe bleeding tendency A pownt to note m this
context 1s that »f the blood 1s allowed to cool during passage through the machine
the tendency to bleed will be exaggerated This problem ments further study for
1t 15 by no means solved and continues to Jeopardize the bypass techmque

Matenials

The effect of passing blood over foreign surfaces 1s variable, and many of the
difficulties associated with coagulation deformuties following perfusion are
fact due to the use of inappropriate materals

The advent of new plastic materials whose surface can be rendered quite non wettable
and whose composition 1s non toxic has greatly sumplified the choice Platelets leuco
cytes and snevitably fibrin will adhere to rough surfaces to those contammated by
debris and particularly to those exerting strong chemucal attraction In this respect
untreated glassware 1s suspect as 1s rubber 1n which there 1s an excess of chemical

fillers  Pure latex and glass whose surface has been rendered mactne by a coatng
of sihicone 1s less guilty 1n this respect Probably the finest material fronmt which to
make apparatus at present 1s polytetrafluorethylene This has as its trade names

Fluon and Teflon Unfortunately 1t 1s very expensive and most workers are
content with erther Perspex or polyvinyl chloride These two though 1n most respects
1deal cannot be safely autoclaved and while ch ] ster: s bted!!
effective there are many who would prefer to add to such a method the more traditional
one of autoclaving

‘Whatever the material the surface to which blood 1s to be exposed must be as
smoothas possible It has been found that stamless steel 1s an exceflent material provided
3t 1s given the finest polish and 1s particularly suitable where nigid parts are required
The choce of matenals grows ever larger and 1t 1s safe to say that the precise requure
ments will in future be met

The use of silicone compounds has been particularly rewarding Not only will
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certawn of these make mert otherwise active surfices but others of the sxme group
have the remarkable abmlity to deform blood without 1n any way juring l‘hc hI?od
stself The resurgence of mterest in the bubble type of oxyg ss wholly der t
upon the discovery of  Silicone  1ntifoam A

Iiltration

The necessity to filter 111 the blood coming from the machine has not been
established However, normally the Jungs shield the cerebral and coronary vessels
and probably filter out aggregations of protein and other cellular debrss This can
be imutated by screens of finc mesh but 1f these screens are to be fully effective
agamst such particles they constitute a gross mmpediment to flow, and may of
themselves contribute largely to the destruction along the tubes Most workers
are content to screen only those particles which will not pass through relatively
Jarge meshes and 1t 55 usunl to employ a mesh of between 100 and 250 In order
that hold up by such a filter should not be excesstve large arcas of mesh must be
used Frequently the filter can be combined with an atr trap in the circurt

CONCLUSIONS

These then are some of the assoctated problems with their present solutions
There are many more, particularly those concerned with the physiological sesponse
to the bypass procedure Luttle 1s known of the physiological mechanism brought
mto play when the heart and lungs are bypassed The behaviour of individual
organs 1s unstudied, and even the effect on the cellular elements of the blood 1itself
awaits more refined techniques of determining cell survival and function However,
a pownt in development has undoubtedly been reached from which st 1s possible to

look forward to an increasing concentration on such problems rather than those
of mere survival
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CHAPTER {1

THE TREND IN OBSTETRIC ANALGESIA AND ANAESTHESIA

HiLDA ROBERTS

OBSTETRIC ANALGESIA

THE EVOLUTION of analgesia 1n labour has produced a multiphcity of drugs and
techniques mtroduced over the past half century The trend has been from neglect
to the mtense narcotization of twilight sleep , the latter tending to take a toll
of infant life This eflfect made obstetricians more conservative 1 the use of
pain relieving drugs with the result that for a time the average standard of pam
relief was poor However 1n the past two decades various satisfactory techniques
have been mtroduced Although during the antenatal period the care of the patient
15 hardly within the anaesthetists realm he should appreciate the value of
present day methods of preparation for natural childbirth Some of the claims
made by the enthusiasts are extravagant but anything which educates and
reassures a woman about labour 1s valuable

The efficiency of any analgesic drug must be judged accordmg to the following
cntera (1) the effect on the mother, concermng pain relief and side effects
(2) the effect on the course of labour and (3) the effect on the foetus As yet no
analgesic drug has attamned the 1deal especially with regard to the effect on the
foetal respiratory mechanism but the discovery of suitable antidotes has
contributed to the safety of morphine and pethidine A review of the analgesic
drugs 1n use indicates that the bromides and chloral hydrate have given way to
the more powerful hypnotics and narcotics Nevertheless the former provide an
excellent preparation for the subsequent administration of narcotics or halational
analgesics The hypnotics admistered 1n labour have been mamly barbiturates
These drugs which were mtroduced into obstetrics 1n 1929 have remained
popular although they have httle effect on raising the pain threshold if conscious
ness 1s mawntained The short acting barbiturates are to be preferred and 3 grams
of quinalbarbitone given to a restless patient 1 the early stage of labour followed
by more powerful drugs can provide a satisfactory and restful Jabour Although
the barbiturates do not appear to have any direct depressant effect on uterine
activity, they can mmpatr the expulsive mechanism of the second stage The degree
of depression varies directly with the dosage Instrumental deliveries are more
frequent since the patient is disinclined to use her contractions and the resulting
inertia may predispose to postpartum haemorrhage Reports vary concerning the
effect of these drugs on the newborn but there 1s reason to believe that there 15
delay in the onset of breathing and dimmished ventilation at birth (Galloway
Grier and Blessing 1936)

196



OBSTETRIC ANALGLSIA

Pethidine

Pettudwne has sedattve, 2nalgesic, and antispismodic propertics, and has proved
4 most valuable drug durmg lbour It has 2 considerable margin of safety, but
shock like reactions he been reported Disturbing 1s these undoubtedly are
thesr occurrence 1s nfrequent Tonsidering the farge number of admimstrations
Pethidme can mmpatr the strength of uterine contractions 1f given 11l advisedly
kymograph recordings of uterine activity (Roberts, 1948) ndicated that the interval
between the contractions can be lengthened by intrivenous pethidine or pethidine
and scopolamine, but the normal thythm s resumed after two to three contractions
of labour 1s well established Chnically, the newborn infint secms to be httle
depressed by average doses but pethidine appears to have the effect of reducing
the minute volume for the fiest few hours of hife (Roberts and her colleagues
1957) This respiratory depressant action of pethidine can be offset by the antidotes
now available Although levallorphan did not have the effect of raising the mean
minute volume when combined with pethidine 1t did appear to reduce the number
of nfants born 1n a state of asphyxta 1n the series Levallorphan did not mmpair
the analgesic value of pethidine when combined in the ratio of 1 mulhgram of
levallorphan to 100 mulligrams of pethidine Nalorphine hydrobromide (Letndrone),
another antidote to the respiratory depression has been reported on favourably

Alphaprodine bydrochlonide

Alphaprodine hydrochlonide (Nisenttl) like pethidine a pipenidine dervative,
was described as an analgesic by Randell and Lehmann (1948) Personal observa-
tions concermng 1ts efficiency showed that, although some pattents did not appear
to obtain relief they gave a favourable opinion the next day Neither the course
of labour nor the foetus suffered any 1ll effects and the usefulness of the drug lies
m ats comparatively rapid effect and excretion (Roberts and Wrigley, 1953)
Other members of the piperidine ring series have been mtroduced but none has
attamned the satisfactory therapeutic level of pethidine The use of amudone (Metha.

goqnei Physeptone or Dolophing) has been described by Prescott and Ransome
1947

Morphime

Morphine and 1ts alkaloids still provide satisfactory results 1n certain obstetric
circumsiances but routine use 1s now rather the exception When other analgesics
fail to give relief to 2 ured patient, morphine will often prove satisfactory Accord
mng to Wolll Hardy, and Goodell (1940}, the efficiency of this drug for pawn relief
lies in 1ts ability to elevate the pain threshold and replace fear and anxiety by
conteniment relaxation and apathy nducing lethargy and sleep Reports on the
effect of the drug on wtenine activity are rather conflicting according 1o the
writings of Bourne and Burn (1930) Dodek (1934) and Embrey (1940)
Diamosphime

Diamorpfune (heroin) ducctvlmorphmc 15 a dru,

g which proves
l\x)s:cl'u‘l1 f:r ;;m:;c}}:crésn ; patents butis regarded with a certain amium o[?\tsl;i,:oei);
ause of us habit forming property Lund and Harns (1943
concluded
diamorphine produced Jess respiratory depression in the snfant mai doe‘s: rlrl:‘lerphtx};):t
197
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Scopolamine

Scopolimine was introduced into obstetrics as the companion drug to morphine,
1ts outstanding ability to produce amnesta made 1t the operative drug in  twilight
sleep”  There 1s 1 narrow margm separating the desirable and undestrable
therapeutic effects, but v3z gran added to 100 mulligrams of pethidine rarely
cses excitement 1n the normally baltnced patient (Roberts, 1948)

Methylpentynol

Bourne (1954) reported that methylpentynol produced satisfactory rehef from
tenston, and promoted analgestt i 1 fur proportion of women tn labour, without
interrupting the course of Jabour or aflecting the newborn Personal observations
led to the concluston that methylpentynol provided a sausfactory state of comfort
and relaxation 1n approximately 40 per cent of women 1n Jabour, and that it
appeared to erthance the wnigesic effect of other drugs

Tranquihizers

Meprobamate and acetylpromazine are now betng introduced, as also 1s
chlorpromazine Norton and s colleagues (1956) nd Schafler (1956) describe
techmiques which give satisfactory results The former combine chlorpromazine
with scopolimine 1nd quinalbarbitone, the latter uses only scopolamnc as the
companion drug The medication sounds rather eliborate, but the authors of
cach work record satisfrctory 1nalgesia without untoward results The usefulness
of chlorpromazine lies 1n 1ts tranquilhizing property and the potentiation of other
drugs used 1n conjunction with 1t

The ‘ lytic cocktail’ of Laborit provides effective relief during labour (Laborit,
1952) 1nd 1t 15 possible to admumister 1t by the intravenous route 15-20 minutes
before delivery without 1ll effect to the mfant The potentiation of analgesic drugs
by pecazine (Pacatal), 1 phenothiazine derivitive has been studied by Nieschulz
and his colleagues (1954) and clincl observation recorded by Hayward Butt
(1957) the latter indreating its usefulness 1n the obstetric ficld He has comned the
term * ataralgesia * to deseribe the resulting calmness and freedom from pam A
study of 200 pattents receiving chlorpromazine pethidine, and promethazine
during, Inbour has been presented by Carroll and Hudson (1955)

Vitamins

Even the vitamins have been employed to case the discomtfort of labour The
writer used vitamin By 1n 24 patients 1n l1bour, s a means of combating physto
logical pamn and accelerating parturition This has been recommended by Soviet
workers Eighteen pattents described 1 feeling of relaxation and tiredness 1nd 6 of
these experienced mild analgesia also Doses of 80 to 100 milligrams were given
mtrimuscularly at hourly intervals for 3 to 4 doses The cfects of any 1nalgesic
drugs given 1n 2ddition appeared to be potentiated but although labour proceeded
satisfactontly in these cases there did not appear to be any acceleration

INHALATION ANALGESICS
Nitrous oxide and air

The withdrawal of chloroform capsules for use by the midwives called for some
other easily administered method of pain relief The need wis answered by Minmitt
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wha conducted research nto the effectiveness and safety of sclf adminstered mtrous
oxide 1n ar, and the method and apparatus evolved was accepted by the Central
WMidwives Board 1n 1937 for the independent usc of muidwives The techmique 15
well hnown and 1ts use has stood the test of time, and the only observation which
need be recorded here 15 a warning on the 1nevitable reduction of oxygen to the
patient using the apparatus It has been shown by Walker and Turnbull (1953) that
the oxygen Jesel 1n the foetal circulation falls to 2 dangerously low percentage after
full term Therefore 1t can be concluded that the ordimary mixture of gas and air
creates an extra hazard for the postmature foetus The intermattent use and quick
exeretion of mutrous oxide may act as a safeguard during labour There 1s no doubt
that mtrous oxide combined with oxygen instead of air 15 the most satisfactory
halation analgesic for Jabour, but the nced for a more intricaie apparatus makes
1t unsuitable for its unsupervised use by the midwife It 1s 2 pity that our standard
of obstetric analgesia should have to be set by such aircumstances

Trichloroethylene

Trichloroethylene has now reached an established position mn anaesthesia
Jackson (1934) used 1t as a substitute for the usual narcotics to marntain analgesia
over Jong periods In 1941 Hewer and Hadfield noted the degree of analgesia
occurning 1n the early first stage of anaesthesia, a property which has made 1t so
switable for obstetric analgesia Vanious types of inhalers have been designed for
the admimistration of trichloroethylene but since the percentage of vapour varied
under certam conditions m the earher models they were not regarded as suntable
for use by midwives The work of Helliwell and Hutton (1949) drew attentton to
the rapud passage of the drug across the placenta and 1ts consequent accumulation
1 the foetal tissues After conducting a specially planned trial, a memorandum
was published by the Medical Research Counail (1954) which recommended that
mudwives should be allowed to use two approved trichloroethylene inhalers, the
Emotnil and the Tecota models The final observations of the Special Commuttee
were that (1) trichloroethylene was superior to gas and air in analgesic potency
and appeared to be as safe, (2) trchloroethylene may have shght bul defimte
effect on the duration of labour m multiparae and also on the child at birth,
but the meidence of dangerous comphcations 1n either mother or child was the
same as in gas and air (3) the use of pethidme with either trichloroethylene or
gas and air results in greater analgesia but tends to prolong labour and mncrease
the frequency of signs of respiratory depresston in the child

Isopropy! chloride

Isopropyl chionde was described by MacDonald (1950) 1n a prelim:
m which he stated that when the drug was used m( norerl [agournt]hr;a;}rl\;legi‘s)xré
qualities facilitated the delivery by reason of the patient s co operation and her
freedom from pam Similar results were obtamned by the writer 1n a small serres
of cases The analgesic effect was produced quickly and pleasantly, the patient

using the tnhaler decribed by MacDonald The snfants fie
drug, and the third stage was unc e fenpth rcied B tho
Pt i ane third g ncomplicated The average length of use by the
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CONDUCTION ANALGESIA

Although this aspect of obstetrical analgesia has been dealt with i Chapter 6
1t would seem appropriate to review briefly current British practice here
Krers introduced conduction analgesta into obstetrics by performing a spimal
block for an operative delivery 1n 1901 Other techmiques followed, and 1n 1909
von Stoeckel mnjected cocane into the extradural space tia the sacral canal At
7 later date the segmental nerves associated with uterine pain were blocked at the
costa] margin by Schimpert In 1933 a series of combined paravertebral and low
candal blocks was described by Cleland who also was the first to gre details of
the accurate nerve supply connected with uterine pain  The onginal techmque of
eprdural analgesia as devised by Doghott (1933) has been 1atroduced with success
into obstetric practice Rerch described yet another conduction method mn 1951,
thatis paravertebral lumbar sympathetic block in labour Since these methods of
local analgesia have their application m normal and abnermal labour and de
Inery they will be considercd under these headings

In normal Jabour and delnery

The most commonly employed method s that of local nfiltration This pro
cedure 15 satisfactory for episiotomv and subsequent repatr, and also for the
suturing of perineal tears The nfiltration ts usually made with procaine 05 per
cent combined with hyalase introducing the flid fanwise around the ared
mvolved IT however there 1s time for an unhurried injection and the foetal head
15 not too low 1n the vagina then a pudendal nerve block 1s desirable A knowledge
of this technique 15 useful although it rarely falls to the lot of the anaesthetist to
perform 1t

The most commonly employed solutions used for mjection are procaine 2 per cent
and 0 5 per cent both combmed with hyalase A fine bore 4-inch needle facihtates the
placing of the analgesic fluid n the correct planes There are two methods of approach
(1) The 1schal spine 1s :dentified by palpation of the Jateral wall of the vagina a wheal
1s rarsed with 2 per cent solution and the needle 1s advanced until the up strikes the
ischial spine 1t 1s withdrawn shghtly and moved a Iittle to the Jateral side of the spine
Five mullihitres of 2 per cent solutton are mjected the needle bemng Xept 1n constant
motion The atm of the mmjection 1s to place the analgesic solutton around the mternal
pudendal nene as 1t passes nto the perineum adjacent to the ischial spine It 1S
mamntamed that infiltratton of the tissues surrounding the levator am muscles with
05 per cent solution relaxes the floor of the pertneum This can be done as the needle
1s being withdrawn and iof 50 destred up to 20 muliitres of 0 5 per cent procamne can be
njected The internal pudendal nerve on the opposite side 1s blocked 1n the same way
Local infiltration of the proposed site for epistotomy 1s thought to be advisable again
with 0 5 per cent procame solution (2) The alternative approach for the mntial myec
tion 1s externally at a point midway between the 1schial tuberosity and the anus The
direction of the needle towards the 1schial spine 1s guided by two hngers 1n the vagma
palpating the 1schial spine

Caudal analgesia has been described at length by Galley and Peel in 1944 and
Hingson and Edwards (1942) It has proved a very satisfactory method 1f applted
to the night case at the right time of labour Galley s comprehensne survey of
this techmique emphasizes 1ts value from the foetal pornt of view especrally 1n
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prematurity and in the presence of foctal thstress (Galley, 1949) Epidural analgesia
has, however, tended to supersede the caudal approach, since the introduction
of the analgesic flwd at a pont away from a potentinlly infected area 15 more
acceptable 1o the obstetricran However, 1t must be admtted that the technique
1s more difficult and also the analgesia may need 1o be augmented by esther a low
caudal injection or a pudendal nerve block, since the steral nerves 2, 3 and 4 may
not be affected by the imtial epidural injection

A fall 1n blood pressure may prove troublesome during these conduction
techmques, especiaily if they are of the contnuous vartety Flowers (1954)
recommends a continuous intravenous dnp of S per cent glucose contaiming
noradrenaline

In abnormal methods of delivery

Pudendal nerve block has already been described, and although a very sats
factory method 1t 1s sufficient only for hmited manipulations The more extensive
procedures demand greater areas of analgesia, and swuitable procedures are
(1) epidural block with or without pudendal nerve block or low caudal anal-
gesia (2) caudal injection sufficiently high to block all nerves up to D 10 and
(3) a subarachnord mjection The latter method 15 excellent for forceps dehivery
especially for the patient who has had a long and tiring labour when the chnical
picture 15 often one of varymg degrees of uterine inertia some dehydration
distension of the abdomen 1n excess of the pregnant uterus and often the presence
of foetal distress The result of the mnjection 1s most gratifying from both the
patient s point of view and from that of the obstetncian Time 1s not lost and
the patient can be placed 1n the lithotomy position immediately after the injection
and the perineal and vaginal toilet commenced However, when the delivery 1s
complete and the patient 1s changed from the hithotomy to dorsal posture, the
blood pressure should be carefully observed lest 1t should fall unduly Whenever
spinal analgesia 15 employed the mampulations of the obstetricians should be the
mummal necessary since vlerine activity can easily be stimulated and give nise to
considerable difficulty with the delivery For breech delivery a saddle block 1s
effective, and 15 usually performed with the patient in the siting posihion between
contractions Needless to say, 1t 1s useless for a breech extraction where only
comparatively deep general anaesthesia can satisfy the requirements of both
patient and obstetrician

Caesarean section presents a different problem since a far proportion of
patients in Great Britain prefer to be asleep throughout an abdominal operation
It 15 undesirable to submit a patient to any method of conduction analgesia unless
she 1s willing and the circumstances warrant 1t However, the mother 15 usually
very co operative where the survival of her baby 1s concerned, and if she s
promised anaesthesia after the infant 1s delivered she almost invariably agrees to
the procedure The main points to remember are first the pregnant woman appears
to need smaller doses of analgesic solution to produce the requured level of
analgesia secondly her blood pressure 1s extremely labile and a wise admuinistrator
has the necessary restorauives well at hand and thirdly satisfactory oxygenation
of the maternal tissues should be maintamed and where ventilation 1s impaired
g;s;:e:ys}lg;d\::rus sphnuing the diaphragm and over enthusiastic analgesia

given without delay Interesting obser\ations on the mechamism
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1 sudden circulatory collapse during caesarean section have been made by Holmes
(1957) He suggests that careful investigation of a patient showing circulatory
mstability may prevent catastrophe

The success of Jocal mfiltration for caesarean section depends mainly on the
skill of the person performing the block A satisfactory techmque has been
described by Frankis Evans (1953) as the arrowhead block’ It takes advantage
of the fact that the somatic branches of the'10th, 11th, 12th dorsal and Ist [umbar
nerves pass across the anterior axillary line, between the lower border of the 12th
nb and the upper border of the iliac crest These blocks can 1f circumstances
permit, be augmented at a swtable stage by thiopentone In all methods of
conduction analgesia the operator should show tact and a high degree of skill if
the procedure 1s to satisfy all concerned

Local techniques used therapeutically

Continuous epidural analgesia has appeared to give satisfactory results i
reducing hypertension of toxaemia of pregnancy The reports of Hingson and
Edwards (1943) and Ostlere (1952) have indicated success The renal function 1s
mmproved and there 1s associated reduction 1n oedema

GENERAL ANAESTHESIA IN OBSTETRICS

There 1s a greater appreciation of the importance of the value of skilful anaesthesia
m obstetrics and this advance has made a contribution to the improvement in
the perinatal mortality over approximately the past two decades The success of
halation anaesthesia in obstetrics depends mainly upon a smooth quick induction

Satisfactory results can be produced by the skilful admimistration of cyclopropane

or mitrous oude and oxygen augmented by one of the volatile anaesthetics It 15
essential to ensure satisfactory oxygenation throughout the induction and mam

tenance periods of the operation If the patient 1s 1n active labour advantage can
be taken of the increased mspiratory effort during a contraction, and any volatile
anaesthetic being employed can be increased at that time If, however chloroform
1s being used the percentage must be increased with care Any method used should
be judged as in apalgesia according to 1ts effect on mother, foetus and utense
activity It 1s essential that the drugs used should be effective 1n non touc doses

casily broken down and excreted with an absence of post operative 1l effects

since all anaesthetic and analgesic drugs given for systemic effect appear to pass
the placental barrier (Apgar and Papper 1952)

That the obstetric patient 1s usually 11l prepared for emergency anaesthesia 15
well known but since 1t 1s the practice 1n Great Brtamn to regard all labours as
potentially normal unless abnormality has been detected 1n the antenatal period
the patient s diet during labour 1s not favourable to anaesthesia A modified or
totally flind dret duning labour 15 one way to curtail anaesthetic vomiting during
dehvery although Parker (1954) does not think that catastrophes are avoided
entirely by administering purely liquid nounishment during labour He ascribes
the asthmatic complication to inhalation of liquid vomut and the asphyxial type
to aspiration of solid or semn solid food Various measures are being introduced
to avord this complication such as for example gastric lavage asa pre anaesthetic
measure This 1s a practical method no doubt but one of httle refinement, and
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capable of reducing the blood ovy gen to a dangerous fevel i a strugghing patiet,
and undoubtedls creating an extra hazard for the foctus A more recent method
of reductng the naidence of yomiting 15 the administration of apomorphine before
anaesthesia and 15 de enbed by Holmes (1957) Jt appears to have some
advantage over the previous measure, but sull results 1 dircomfort to the woman
1 labour There 1s no doubt that one effective answer fo pre anaesthetic vomiing
1sarapd smooth induction and a shitful anaesthetist can usually gwide the patient
to a safe level of anaesthesia Cyclopropane 1s one of the most effective drugs,
wswng as much as 50 per cent with oxygen until the patient has passed the danger
level of vomting and then reducing the percentage to a more normal value
Conduction analgesiais another satisfactory solution to the problem of vomiting
duning emergency obstetrical procedures

Premedication

The two mam needs are the control of salination and the mental reassurance
and support of the patient Atropine 08 mulbgram {3 grain) given mtra-
venously about 10 minutes before induction has 1n the expenence of the wrter,
proved hughly satisfactory The psychological aspect 15 too often 1gnored and
the practice of placing the patient prematurely on the operating table and
surroundmg her with all the nomse and bustle of preparation 15 all too common
Consequently the anaesthetist 1s presented with an apprehensive patient winch
10 say the least 1s not conduenve to the smooth induction which 15 all important
However the tranquillizers are contrbuting to this problem and in the writers
expenence 4-5 mullihitres of 2 combination of pethudine 100 milligrams chlorproma-
zine 50 milligrams promethazine SO mulligrams 1 20 mullihitres of solution in-
jected ntravenously about 15 minutes prior to anaesthes:a provides a rvery sats-
factory analgesia In association with an epidural block 1t 1s very effective and of
gnen before a general anaesthetic 1t does not appear 1o depress the mfant

Anaesthetic drugs

Most of the gaseous and volatile anaesthetics have been used m obstetrics
One of the more recently ntroduced members methyl N propy} ether, 15 useful
as 1t produces a quick induction (Sykes 1949) and recovery 1s similasly rapid

Dawkins (1950} r ded the ad ration of post opertine sedation
before the patient eaves the table 1o avord unpleasant sequelae The use of
mtravenous barbiturates depends on the shill of the anaestheusst and his under
standing of the effect of these drugs on the foetal TESPIrAtOry System

Relaxant drugs have made 1t possible for anaesthetists to provide a quict fleld
of operation for the obstetrician 1n abdominal delvery without the perls of deep
anaesthesia (Gray 1947 Davenport and Prime 1950) Expenimental work has
tndicated that these drugs do not pass the placental barrier or at least 1n quantities
so small as to be ineffectine (Young 1949) Efficient ventilation of the maternal
respiratory system 1s all important before the delivery of the mfant but over~
enthustasuc inflation 1s not to be recommended, since 1t may reduce the carbon

?loxxgc 1}:1 1h; maternal tissues to a very low level Snyder and Rosenfeld (1937)
ound that hyperventilanon of the maternal ammal prod
exposed rabbit foctus produced apnoea m the

Halothane the new non-explosine volaule anaesthetic has been extensnely
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vestigated from the point of view of gencral application (Medical Research
Council, 1957), but further trials m the obstetric field are required

Intubation

The decision to intubate or not depends on the skill and wisdom of the
Annesthetist Unless quickly performed 1t 1s better not to break the thread of the
anaesthesi, except when there 1s 1 special indication A review of the opinion of
the experts would reveal, m all probability, 1 fur division of opinion

ANAESTHFSIA FOR PROCEDURES OTHER THAN DELIVERY

These patients should be given the usual care extended to general surgical cases
but with the 1dditionnl precwtion of constant high oxygen mtake The short acting
relaxants are extremely useful 1n augmenting thiopentone for short manipulative
procedures during pregnancy, for cxample cxternal verston T intra uterine
conditions permut the turming of the mnfant, the thiopentone relaxant technique
will improve the chances of success Manual removal of the placenta combined
with heavy postpartum loss needs all the skill 1t the command of both obstetrician
and anaesthetist Treatment of the inevitable shock 1s essential, although persistent
blecding may not allow the removal of the plicenta to be delayed and the patient
will be 1n a serious condition The anaesthetic level must be sufficiently deep to
avoid further shock when the obstetrictan mtroduces his hand into the uterus

CONCLUSION

The sphere of obstetric anacsthesia and analgestt ctrries an importance out of
all proportion to 1ts size and until this 15 appreciated by a1l anaesthetists the
standard of anaesthesia will lag behind that of the other branches of the spectalty
It 1s the duty of the consultant aniesthetist to play 4 full part in the obstetrical
service He should do 7l he can also by tuitton and full support, to encourage
the midwife so that she may be expert 1n obstetricnl analgesia
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CHAPTER 12
THE ANAESTHETIST IN THE PAEDIATRIC UNIT
G JAChSON Rirs

INTRODUCTION

PROGRESS In many fields of scientific activity 1s ofterr made along a road which
has been paved with a working hypothesis So 1t was in anaesthesta durng the
years following World War II when a concept evolved in which the state of
anaesthesta was broken down mto a number of components each of which 1t
was thought possible to produce independently 1n varying degrees Thus indivdual
patients might be brought into a state particularly appropriate to the proposed
operation It was suggested that the state of anaesthesta nvolved a combnation
of narcosis muscular relaxation and analgesia (a term used for lack of a more
appropriate word to 1mply a reduction of reflex response both autonomic and
somatic to trauma) Based on such a concept there developed a techmque of
anaesthesta 1n which sleep was mduced with a barbiturate, muscular relaxation
achieved with a relaxant drug and  analgesta  was mamtamed with mtrous oude,
supplemented perhaps with pethidine or with mummal concentrations of a volatile
agent

It was later suggested that to derive the optimal benefit from such a techmque
1t was desirable to replace spontaneous respiratton with artificial ventilation In
this way the dosage of drugs required for the performance of any particular
procedure could be reduced (Dundee 1952) Thus the concept of anaesthesia as 8
tetralogy of apnoea narcosis relaxation and analgesia was proposed (Rees and
Gray 1952)

As a result of experience with the techmque in which apnoea was maintained,
1t became apparent that patients 1n the relaxed and apnoerc state unconsciousness
or amnesta (for under the pertaining conditions differentiation between these
states 15 not posstble) could be maintained by saturation of the patient with a
50 per cent concentration of nitrous oxide Thus the true place of mtrous oxide
1n anaesthesia became appreciated The role which 1t fills 1n such a techmque 15
probably not dissimilar to the role of ether i the technque descnbed by Artusio
(1955)

These techmques were developed very largely in adult patients and there 15
reason to believe that this reflects sadly upon those engaged 1n paediatric anaesthesta
for 1f such techniques are well adapted to the adult, they are much more apphcable
to the chuld
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THE CHILD AS A SUBIECT FOR ANAESTHESIA
Cardio-respiratory considerations

The child must first be examined anatommically and physiologically as a subject
for anacsthesiz It 15 most profitable to consider the extreme of childhood
that 1s the newborn infant and to compare him wath the adult At birth the child
1s possessed of 2 heart which has hitherto had to provide a arculation through
the body and through the placenta, a mass of tissue whose weight 1s considerable
1n relation to that of the chuld The capacity for work of the heart 1s reflected
sts development In the child it 15 a relatively bigger organ than 1n the adult In
mfancy the cardio-thoracic ratio 1s 0 55, as compared with an upper Iimit of
normahty of 05 in adult hfe The functional resene of the heart at birth 1s
sHlustrated by the frequent absence of symptoms even 1n cases of gross structural
abnormalits At birth the heart 1s more than capable of performing its function
On the other hand 1t might be said that the functional efficiency of the
respiratory svstem 15 mimmal Up to the time of birth the lungs have not been
functional and at birth their development 1s such that the area available for
respiratory exchange 1s small both in relation to the weight of the child and to
the size of the lung Engels (1947) esumations of the area of the respiratory
surface n relation to body weight shows it to be about 1,500 square centimetres
per hlogram 1n adult life, whereas 1n infancy 1t 1s only about one third of this
figure At the same time 1n infancy the oxygen consumption per hilogram has
been shown to be much higher than in adult hfe some figures quoted gine a
value as great as twice that for the adult
It will thus be seen that the rate of gaseous exchange across the resprratory
membrane of infants must be very Jugh (about 6 times that of adults in basal
conditions) This 1s facilitated by a high rate of ventilation exchange (3 § Iitres per
minute at 6 months) The effects of a relatively nadequate resprratory surface
are seen 1n the periodic type of respiration which 1s so commeon 1n the newborn
infant the cause of which 1s demonstrated by the fact that 1t 1s abohshed by the
exhibition of a high oxygen tension It1s essentially simular to the pertodic breathing
seen in certain types of respiratory disease mn adults and to the periodic breathing
which results from respiing air at low atmosphenc pressures i that the more
highly efficient excretion of carbon dioude 1s adequate with a small respiratory
surface but oxygen uptake1s not This bemgso the driving force of the respiratory
mechanism 1s probably oxygen deficiency
These circumstances produce a demand for a relatsvely high respiratory minute
volume The mechanism of pulmonary ventlation of the nfant 1s possibly less
effiient than that of the adult The relatively honizontal plane of the thoracic
inlet and the configuration of the nbs cause respiration to be largely draphragmatic
The more complete depend on diaphragmatic movement means a refamel
greater shortening of 1ts muscle fibres duning inspiration This implies that th)
cantraction deviates from the 1sometric and tends towards the 15otonte a fo ef
contraction 1n which tension 1s developed at the expense of very much reates
oxygen consumption (Hill 1949) 1t has been suggested that these fact et
x‘:l :xkhxgh proportion of the total resting metabolism 1o mfancy being us(:: lrneszll{x]1
ork of ventlating the lungs (Rees, 1954) Tiys suggestion 1s supported by :h:
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figures for oxygen consumption of the newborn before and after the onset of
respiration

Such considerations show how mmperative 1t 1s that the work to be done n
ventiating the Jungs should not be increased by any anacsthetic technique, and
that, mn fact, 1t 15 desirable to reduce it if possible The necessary conditions are
rcadily obtainable if artificial ventrlation 1s mantuned and the work required for
pulmonary ventiation 1s provided by an external source

The achievement of controlled ventilation calls for endotracheal intubation
ind for the use of some myoneural blocking agent

Fndotracheal intubation

In the past spectal hazards have been 1seribed to instrumentation of the infant s
larynx, but for many years most aniesthetists have regarded these hazards as
another example of medical mytholagy As long 2go s 1922, Magill (Magilf and
Clausen 1925) expressed regret that the advantages of endotracheal intubation
were not more frequently employed 1n pacdiatric anaesthestt, and 1n recent years
n the Amenican literature Smuth (1953), Pender (1954) Pender and Hallberg
(1953), and EchenhofT (1951) have all reported very large series of cases m which
intubatien has been performed with 1 very low metdence of comphications At the
Philadelphun Children s Hospital 98 per cent of 4l children under two wecks of age
who arc anaesthetized are mntubated as also arc 65 per cent of all cases all
age groups (Eckenhofl, 1951) An endotracheal techmque was used 1n virtually
every case nd no major complications resulting from ths procedure had been seen

Post intubation oedema used to be a real danger wiuch has been cehmmated
by improvements 1n equipment and i preparation of the patient for mtubation
Another contributory factor of importance is the better apprectation of the flud
and electrolyte requirements of chldren In the past injudicious mfusion of
sodium chloride solutions was common but 1t 1s now appreciated that this
mevitably and raipidly produces generalized oedema tn mfants especally notice
able on the dorsal aspect of the fect and hands 1t 15 possible that many of the
cases of so called post wstrumentation laryngeal oedema may have been due to
this cause

Our predecessors had 4 particular horror of the use of endotracheal tubes in
children with tracheobronchial infections, but st 1s now known that n many
cases aspiration of the trachea and bronchu ts a very valuable therapeutic measure
if therefore surgery 1s necessary for the relicf of some acute condition mn a chld
who 15 also suffering from 1 tracheobronchial infection 1t would be unreasonable
to withhold asprration which treatment endotricheal wnacsthesia makes possible

Furthermore the usc of endotracheal intubation and controlled ventilation, with
a muscle relaxant, will permrt the maintenance of anaesthesia with nitrous oxide
which 1s the least toxic of all 1nacsthetic agents known today

Muscle relaxant drugs

The chorce of muscle relaxants in children 1s genernlly speaking, governed by
the same principles as in adults, and the sensitvity (werght for weight) appears
to be similar

The newly born infant however 1sin this respeet exceptionl The expression
¢ newly born has been used here deliberately ns 1t does not smply a definite age
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range as docs the term nconatll  For a varble period followsng birth the
infant appears to be pecuharly sensitive 1o the action of myoncural blocking
agents of the antdepolnizing type and to be resistant to depolanizing effects
(Stead 1955) Tins type of response does not persist beyand the fiest theee or four
weeks of hfe, nd 15 wteresing when considered 1n relation to other changes
1 the infant s make up occurring at the sume time

An mvestigation by Rickham (1957) of the metabolic responscs to trauma of
the newly born has shown that all infants exhubit, as do adults, a ncgative mitrogen
and potassium balance following surgery 1n the case of the infnt, however, the
quantutative relationship between the loss of potassium and the loss of nitrogen
1s different In the adult the ratio between the loss of mtrogen and that of potassium
15 higher than that 1n which the two elements exist 1n lean muscle tissue This s
taken to indicate that besides a breakdown of tissue which liberates potassium
and mtrogen there 1s also a loss of potassium from cells which do not break
down and lose their mtrogenous content On the other hand in the newborn
infant the metabolic response to surgery 1s such that the potassium/mtrogen ratio
approximates to the ratio in lean muscle tissue, indicating that, although there 15
a breakdown of tissue there 1s no loss of potassium from those cells which retain
their nitrogen

1t 1s interesting to speculate whether there might be a relationship between this
absence of the pathological diffusion of cations across the cell membrane, and,
on the one hand, the ease with which the physiological diffusion of these 10ns
assoctated with muscular activity may be tnhubited by antidepolanizing agents
and on the other the apparent resistaunce to drugs, the action of which 15 dependent
upon the production of cation diffusion—the depolanizing drugs

There 1s another feature of the response 1n early life to the relaxant drugs which
1s frequently seen The so called dual response’ to suxamethonium 1s very much
more obvious 1n newly born infants, and almost 1nvariably the maintenance of
relaxation with the drug for any length of time will result 1n some residual paralysis
This paralysis may be reversed with edrophonium 1t 1s greatly exaggerated if
ether has been admunistered 1n combination with the relaxant A further point 1s
that muscular fasciculation 1s not seen following the injection of suxamethonium
m the very young These features are perhaps not unexpected m the case of a
patient whose response to antidepolanzing agents 15 marked and to depolarizing
agents 1s relatively shght

The respanse of patients s this age group to relaxant drugs 15 thus similar to
that of the pauent with myasthenia gravis This might be considered 1n relation
to the discovery of Wilson, Obrist and Wilson (1953) that extracts of foetal thymus
an:i of the thymus glands removed from myasthenic patients are both capable of

g myoneural tr; There also seems to be some possibulity that

there 1s a common cawse for the behaviour of the newborn and of the myasthenic
panent in response to relaxant drugs, and for the difference between the metabolic
response to trauma between the mfant and the normal adult It may be that
the response to trauma of the myasthenic patient may approximate that of the
wfant, and 115 considered that there 1s room for mvestigation of this possibil,

Whatever may be the cause of the sensitivity of the ver: cl}; ltl“y
polanzing drugs, st would seem sufficient 1o discourage their usey |r¥ th:sge pgui::;
and there 15 a growing tendency 1o use 1nstead intermttent doses of suxamethonium
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The responses to these drugs appear to assume the adult pattern quite early
1n Iife, and at the end of the neonatal period the antidepolanizing drugs may be
given 1n doses equivalent (weight for weight) to those used 1n adult patients

Hyperpyrexia

As has been suggested, consideration of the infant or child as a subject for
anaesthesia suggests that he 1s well adapted to the current ‘apnoeic techniques
of anaesthesta The truth of this 1s perhaps most dramatically illustrated by the
temperature changes which occur under anaesthesia of this type

A common and feared complication of anaesthesia n children was formerly
hyperpyrexia often leading to convulsions and to death This complication was
most common 1 the age groups from three or four years to seven or eight years,
and 1s rarely seen 1n mnfants under about six months, whose temperatures tend to
fall rather than rise under all types of anaesthesia

A variety of actiological factors have been suggested and nclude carbon dioxide
retention, respiratory obstruction, atropine premedication, dehydration, pre
operative infection, mackintosh drapes and ether anaesthesia The condition 15
seen classically 1n the dehydrated and pyrexal child with peritonitis, and m the
past 1t was suggested that the admimstration of atropine to such children as part
of their pre operative premedication predisposed to the development of hyper
pyrexia In the authors experience these patients always show a fall in body
temperature when anaesthetized by a techmque which includes control of the
respiration, even though atropme 1s mvariably given pre operatively These views
are expressed as a result of expertence gained m a temperate chimate (Great
Bntam) and where hyperpyrexia, although encountered 1 the past has not been
so frequent or as serious a complication as m those regions where higher tempera
tures are encountered However, those series of cases which have been reported
from such regions nvariably have been anaesthetized by a techmque 1 which the
respiration has been spontaneous There 1s a need for an investigation 1n a warm
climate into the relative incidence of hyperpyrexia after anaesthesia by techmiques
1n which respiration 1s, on the one hand, spontaneous and, on the other controlled

Premedication

In the past there has been a strong body of optnion that children should be
prepared for anaesthesia 1n such a way that they are asleep on reaching the
operating theatre It can be argued with some truth, that such a view 1s based on
an unenlightened approach to the problems of hife which face the child a keener
appreciation of which 1n recent years has been reflected in many diverse aspects of
child management The concept of the mother and young child as a single bro
logical unit the disruption of which 1s lable to produce 1n the child at best a
period of profound musery, and at worse a Iife long effect on his behaviour
pattern has led to the belief that 1n many cases of chuld neglect 1t 1s better to
maintain the family umt than to place the children 1n the care of the local authority
The aphorism that a bad home 1s better than no home at all has much to
commend 1t A parallel line of thought has led to the view that 1t 1s destrable for
the chuld 1n hospital to be visited daily despite the reactionary opposition i some
quarters on the grounds that 1t upsets the child just when he 1s settling down
This setthng down process 1s 1n fact a retirement of the child into himself,
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and the development of apathy This c1n oftent be appreciated by the sympathetic
observer even 1n the best paediatric umits The dady reassurance that a visit from
Tis mother gives to the child 1s more than compensation for the outburst of
emotion which may follow her departure

The question of the state which 1t 1s desirable to induce with the premedication
gnen to a child should be considered 1n the hight of the child s great fear of
abandonment It s moreover, clearly undesirable that there should be a period
of recovery n which there 15 a prolonged twilight state, possibly with restlessness
induced by post operative pain and m which the mental state 15 such that contact
with the child cannot be made It would appear much more desirable that he
should be conscious pre operatively, so that before and while anaesthesia 1s
bemng duced, he can be assured of the anwuety which mother (or the mother
substitute according to social background) is feeling, and that he should recover
rapidly from his anaesthesia to the remforcement of these suggestions, preferably
by the same individual

Regarded 1n this ight 1t would appear that the oral barbiturates if used n
dosage sufficient to produce pre operative unconsciousness, would probably be
bad n therr psychological effects This was illustrated to the author by the tramn
of events 1n an ear, nose and throat umt with a large turnover of tonsillectomies
A new anaesthetist 1ntroduced as premedication heavy dosage of quinalbarbitone
This was followed by a remarkable increase 1n the ncidence of post operative
mght terrors which was again reduced when the policy of pre operative
unconsctousness was abandoned

These matters require further investigation, but in the meantime 1t 15 well to
appreciate that the psychic trauma of the operation 1s not necessanly eltminated
because the ctuld 15 unconscious on reaching the operating theatre

The real danger of such trauma 1s very much less 1n those children whose
emotional developmental age 15 greater than five years (this does not necessanly
parallel the chronological or intellectual age), and 1t 1s wise not to perform surgeal
procedures, which are not urgent, on children who have not reached such a stage
of development

1t would seem that the 1deal state to induce pre operatively 1s one 1n which the
child 1s conscious amenable to suggestion and 1s sufficiently analgesic to minimize
the pain of intravenous inductron This may be achieved with a small dose of oral
barbiturate combined with morphine or some other analgesic on a dose far weight
scale with a phenothiazine derivative alone or in combination with an adduional
analgesic, or with one of the newer tranquillizers

ANAESTHETIC APPARATUS AND THE CHILD
The dead space

The design of anaesthetic apparatus for children has not always been ntelligent
and there has been a tendency in the past towards ‘miniatunization , that xs,
towards the scaling down of apparatus designed for the adult patient ,ll 1s felt
that such attempts are doomed to failure because they do not take cognisance of
the ligh respiratory rates seen n chuldren If the total minute volume 1s to remain
constant a proportional tncrease mn the dead space will reduce the effective
ventifation more profoundly than if this minute volume were achieved by a lower
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rate  Thus, 1f 1naesthetic apparatus which possesses a dead space acceptable 1n
the adult 1s scaled down 1n size to the proportions of an infant patient, the dead
space of the reduced apparatus 1s not necessanly acceptable for the child Efforts
to reduce the dead space of anaesthetic apparatus for children have led n the
North American countries to the development of non rebreathing valves and n
Great Britain to the adoption of various modifications of the Ayres T piece

Reduction of rebreathing

The non rebreathing valves have a measurable dead space, which, tn the case
of the Slater Stephens valve, 1s approximately 10 mullilitres The degree of
rebreathing 1n the Ayres T picce 1s rather less ¢asily definable, and presents a
complex problem Formerly 1t was considered necessary to adjust the capacity
of the expiratory limb of the T prece, but more recently there has been a tendency
1o neglect this, maintuning a length which 1s 1n excess of the tidal volume, and to
adjust the flow rate of fresh gases to minmmize rebreathing The necessary flow of
fresh gases 1n T piece circmts has been estimated mathematically (Mapleson
1954) and by experimental methods using an artificial lung (Inkster, 1956) The
general conclusions of such investigations suggest that provided the miute flow
rate of fresh gases into a T piece system 15 about twice the respiratory minute
volume there 1s no sigmficant rebreathing The precise value for the relationship
between the rebreathing percentage 1nd the tidal volume in these T prece systems
varies with the form of the resprratory curve, being less 1f this 1s of the type n
which there 1s 1 pause in expiration The T piece may be adapted for artifical
ventilation if some means 1s provided of varying the pressure at the outflow point
This may be done by intermittent occlusion of the outflow or, better, by fitting
to the outflow a double ended reservorr bag, through which the gases escape to
the atmosphere and which may be used as a means of controlling respiration 1f
the outflow 1s restricted (Rees, 1950)

Carbon dioxide absorption

There would appear to be a current trend 1way from carbon dioxide absorption
methods 1n all types of anaesthesia 1 trend which possibly 1s the result of better
understanding of the principles of the semi open circuits, and possibly due to the
diminution 1n the use of cyclopropane In paediatric practice the classical virtues
of carbon dioxide absorption methods, namely conservation of gases conservation
of heat and conscrvation of water vapour, are less obvious, because the flow
rates required on semi open circuits are small and because heat loss should not
be discouraged Water vapour can be efficiently added to the gases by a hummdifier
if this 1s considered to be desirable Moreover, 1t 1s difficult to arrange a Waters
type of canister on the smaller infants 1n such a way that the dead space 1s
neglgible Although it 15 felt that therc 1s little place for cirele absorbers 1n smaller
children over the age of four or five years carbon dioxide absorption may be
useful, as at this age the minute volume of the child 1s such that high flow rates
are required 1n semt open circuits

Inhalation apparatus of the type described by Picken (1950) and Swerdiow
(1956) 1n which the gas flow from the anaesthetic apparatus 1s connected to the
endotracheal tube with an intervention of a perforated brass tube, the perforations
1n which are open to the atmosphere has the disadvantage that should the rate
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of wmspiration exceed the rute of gis flow the anaesthetic gases are diluted with
atmosphenic air This would seem to be a serlous deficiency 1f the techmque 1s
ane m which nitrous oxide 1s to be used s the only nrcotic agent

Size of rebreathing bag

No discusston on mhalation anaesthetic appiratus 1s complete without mention
of the effect of vadying the size of the rebreathung bag when this 15 used to produce
intermittent positne pressure ventilion Manual compression of such 4 bag
ncreases the tenston of the rubber membrane, and 1t 1s the tenston set up which
produces the increase tn pressure withun the bag The peressure difference set up
between two sides of a spherical membrane 1n tenston varies mversely with the
diameter of the sphere It follows that for any given degree of muscular effort on
the part of the anaesthetist the pressure produced within the bag will be greater
if the bag 1s small The pressures required to ventilate children of varying ages
are the same as, or greater than, those required to ventilate adults Therefore, if
the size of the bag 1s matched to the size of the child, less muscular effort 1s
required for adequate ventilatton m the smaller children Thus 1s a considerable
advantage, because 1t enables the operator to appreciate more accurately the
pressure and volume changes occurring with each inflation of the lungs, factors
which are very much more difficult to assess with a large bag 1f the tidal volumes
are smali

INTRAVENQUS TECHNIQUES IN CHILDREN

The ncreasing use of intravenous drugs in paediatric anaesthetic practice has
called for the development of rehable methods of gamming access to the blood
stream The practice of giving intravenous infustons nto the scalp veins of infants
has helped considerably Avatlable for this purpose are special needles with a
nozzle at thewr proximal ends which may be inserted into a fine polvthene tube
to take a Record or Luer adapter These scalp drips may be fixed in position with
narrow strips of plaster bandage or with one of the plastic skin dressings, and
they will run sattsfactonily for long periods The scalp veits may also be used for
direct injection of drugs, but even here the hazard of ntra artenial injection Js not
absent The author has on two occastons seen the injection of thiopentone nto
the superficial temporal artery or one of uts branches In neither case did any
permanent damage result {a 2 5 per cent solution of the drug was used in both
cases) In one the volume injected was a fraction of a millilitre and the effect was
a transtent blanching of an area of the scalp 1n the other case 2 millilitres were
myected and this resulted in smparrment of the circulation mn the scalp for several
days but there was no skin necrosis This accident should not occur if the
precaution 1s taken of palpating the vessel prior to puncture

For major surgical procedures and when 1t 15 felt that blood transfusion may be
necessary the scalp drp should be cansidered 1nadequate, and a polythene cannula
should be inserted 1n 2 leg vein In mfants, 1f the dnp 1s to be used as a route for
the injection of drugs, 1t 15 useless to make the mjection 1nto the rubber tubm
where st will be dduted with an indeterminate volume of flud and enter lhg
cireulation at a rate and ume which will be governed b, .

y the rate at wh
tnfusion 1s running usually very slowly Direct tyection of drugs shuuldlife1 :::
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aim, and this can be achieved only by the use of a threc-way tap fitted to the
end of the polythene cannula

For direct njection nto the venous system of infants whose growth of hair
precludes the use of the scalp vein, the wrist provides the most promusing site
In small children a needle of surtable size (20 or 27 gauge) may be allowed to
rematn as an ndwelling needle There 1s little tendency for reflux of blood and
clotting to occur, after the injection of drugs along the course df these thin walled
veins there 1s often a Jocal wheal produced, which slightly raises tissue tension
locnlly and thus prevents the reflux of blood Intravenous techmques in children
over the age of three or four years present no special problems

THE PAEDIATRIC ANAESTHETIST AND PULMONARY DISEASE

In smaller children the risk of post operative pulmonary complications 15 greater
than 1n adults and older children, and, furthermore, the pattern of such complica
tions 1s rather different If an adult patient has a post operative lobar collapse,
1t 1s almost 1invariably the lower lobe which 1s affected, but 1n infancy 1t 1s much
more commonly an upper lobe The reason for this 1s possibly to be found 1n the
difference 1n anatomy of the chest wall 1n infancy, when the ribs and the angle of
the thoracic inlet are relatively horizontal This necessarily means that, with
spontaneous respiration, ventilation of the upper lobe 18 less efficient than in the
adult There 15 1n addition a difference 1n the configuration of the bronchial tree
1n that, 1n nfancy, the upper lobe bronchs pass more directly backwards than in
the adult, they are thus morc likely to become flooded if fluids are aspirated 1nto
the bronchial tree

Whatever may be the reason, when a partial collapse occurs 1n the lung the
upper lobe 15 usually affected first and recovers last It 1s, therefore, essential to
nurse all infants post operatively with a head up ult Total collapse of a lung 18
common i the newborn following operation, and particularly so 1n premature
mfants It 1s usually possible to re cxpand these lungs by posturing the child with
the affected lung uppermost, and by light tapping of the chest It 1s not uncommon
for such treatment to re expand the affected lung completely while resulting the
total collapse of the contralateral lung Such alternating collapse of a lung may
oceur several times i one child Fig 24 shows the senal radiographs of a child m
the post operative days following repair of oesophageal atresia

If posture does not result 1n re expansion of the lung 1t 1s necessary to treat the
condttion more actively In the case of the right Jung, flud aspiration with a soft
catheter 1s usually effecttive but 1n the case of the left lung bronchoscopy 18
frequently required

Apart from the head up position the neonate may be protected from post
operative pulmonary complications by besng nursed n an atmosphere of high
hunudity This 1s best achieved by the use of one of the excellent infant incubators
which are now available and which permit the regulation of the temperature and
humidity of the child s environment Hunudification of the at phere for older
children 1s best carried out with an atomizer Good results are claimed for
detergent solutions such as Alevaire which may be used n atomizers to facthitate
the coughing up of sccretion, but 1t 15 doubtful whether these have any advantage
over droplets of water (Palmer, 1957)
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FIG 24—Radiographs of infant aged two
days followmng operation for repair of
oesophageal atresta and showing alter
nating collapse and expansien of lungs
{a) Right lung, expanded—left lung col
lapsed  (8) Right lung collapsed—left
lung expandmg () Right lung expand
ing—Tleft lung expanded
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After thoracotomy young infants exhibit a grunting type of respiration, holding
the breath momentarly 1n inspiration This ts probably caused by panful strmult
arising from the operative site, for 1t 1s abolished by analgesic drugs After such drugs
the venulation 1s better and st 1s believed that therr use evenin the smallest mfants
reduces the incidence of pulmonary complications and assists 1n their resolution

It 15 essential, if the mortality rate 1s to be low, that any umt where major
surgery 15 carried out on young infants should be equipped for the treatment of
respiratory emergenctes An emergency trolley equipped with suction apparatus,
laryngoscopes, bronchoscopes endotracheal tubes and suction catheters should be
available for immediate use, and there must be resident stafl available who are
capable of dealing with such emergencies when they arise

Apart from the post operative pulmonary complications there 1s 1n the
paediatric hospital a wide field open to the anaesthetist interested n respirology
The application of anaesthetic methods to many of the acute respiratory diseases
of children can often be life saving The epidemic bronchopneumonia of mfancy
with copious secretions 1s frequently an indication for emergency tracheobronchial
toilet, and, as the cause of death 1n this condition 1s often a primary resptratory
fulure, resuscitation by means of artificial intermuttent positive pressure ventilation
1s sometimes possible

The acute membranous laryngotracheal bronchitis 1s another condition to
which anaesthetic management 1s applicable In this condition there forms wathn
the bronchial tree a thick membrane usually of a dark colour consisting of
mspissated mucopus and necrotic epithelum The membrane may become detached
m places and cause respiratory obstruction and death Treatment 1s normally by
tracheotomy and removal of as much debns as possible, but 1n spite of this the
condition 1s often fatal As in all cases of respiratory obstruction there occurs the
victons cycle of madequate ventilation leading to increased metabolism and so
to merease 1n the ventilation demand It has been customary mn the past for the
tracheotomy to be performed under local anaesthesta, a procedure which in the
circumstances would seem unnecessarily discomforting and irrational The obvious
anaesthetic approach to such a case would be to anaesthetize the child esther with
mtrous oxide which 1s usually quite feasible 1n the presence of the carbon diowide
accumulation which will ewist 1 a severe case or with a mintmal dose of mtra
venous barbiturate, and to abohsh resprratory muscular activity with a relaxant
drug In this way the metabolic demands are reduced and ventilation may be
carried out by intermittent posttive pressure respiration Thus artifical ventilation

will result m a larger tidal volume because the mspiratory phase may be prolonged
as compared to the brief mnspiratory phase of the tachypnoea which exists as a
result of the obstruction A short period of such ventilation erther with an
anaesthetic face piece or an endotracheal tube will pernut a more leisurely
bronchoscopy During such a bronchoscopy venttlation may be continued by fitting
an endotracheal tube into the lumen of the bronchoscope

In many of these patients the state of the larynx makes 1t mposstble to pass 2
bronchoscope m which case resuscitation 1s mamtamned with a face piece or
endotracheal tube while a tracheotomy 1s established Thereafter a per tracheotomy
bronchoscopy may be performed The condition 1s one which taxes the mgenuity
of the anaesthetist but one in which the sntelhgent apphcation of modern
anaesthetic methods can often be lifesaving
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ANAESTHETIC METHODS IN THE TREATMENT OF THE
DISEASED CHILD

Tetanus

Anaesthetic methods may be apphied to the treatment of tetanus in even the
youngest children one case of ncomatil tetanus was maintained under the
whuence of relaxant drugs and on ntermitient posttive pressure respiration for
as long as 34 days As regards the plice of trachcotomy the approach to such
cases may vary from the accepted practice m 1dult cases In the smallest infants
tracheotomy 15 difficult to manage because of the relatively large head and
relatively small neck, furthermore, the small distance between the stoma and
carina makes 1t very difficult to provide an aurtight scal between the tracheotomy
tube and the trachea when positive pressure ventilation 1s used In spite of the
general view of the difficulty ;1 managing tracheotom:es 1n mfancy, there 1s a
Scandinavian unit 1 which tracheotomy 1s performed routinely in all cases of
oesophageal atresia The author his always felt that, when 1t 15 desirable to main-
tain conttnuous arbificial ventilation m mnfancy for long periods, 1t 15 preferable
to use endotracheal tubes until 2 stage 1s reached when reversion to spontaneous
resprration 1s possible, or at that stage to perform tracheotomy if necessary

Salicylate poisoning

The place of anaesthetic methods in the treatment of pornoning with narcotic
drugs 1 children 15 established, but among the commonest drugs responsible for
aceidental poisoning in childhood are the salicylates (It 1s estimated that 1 the
United States of America 86 children under five years of age die annually from
salicylate p g ) The most , alarming and lethal manifestation of
toxication with these drugs 1s hyperventilaton This 1s brought about by an
effect on the nervous mechanism of respiration, and leads to widespread bio
chemical changes and death There has been a recent report of this condition
being treated by the use of relaxant drugs to paralyse the hyperactive respiratory
muscles and by artifical ventdation untd such time as the blood fevel of the
drug fell to a harmless value It would seem that the apphication of such a line of

treatment might Jower very constderably the mortality from salicylate
(Freier and his colleagues, 1957) Y poisoning

RESUSCITATION OF THE NEWBORN

Classification of conditions

An aspect of paediatrics which 1s within the
province of the angestheust s
resuscitation of the newborn To review this problem i 1s necessary to clasufy
:Ee condm!ons which produce (rhc need for resuscitatron It 15 possible to divide

em 1nto twe marn groups as follows falure of respirator
ventilate despite respiratory effort P ¥ effort and fulure to
Grloup I fatlure of respiratory effort

n this group must be included all those fant

s who fail to bre

_l;_chcausc of damage to, or insufficiency of, the nervous n'«echamsmroiT tthei a]t ?1] o

1s may be duc to drugs anoxsa, cerebral trauma, or immturity prEnon
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Group 2 failure to Lentilate despite respiratory effort

This group consists of those infants who have respiratory obstruction which
may be the result of postchoanal atresia, micrognathia, congenital tracheal
stenosis or atresia, foreign matter n the bronchial tree intrathoracic tumour or
diaphragmatic hermia In this group there should also be mncluded another type
of respiratory embarrassment which 1s also, 1n effect, a respiratory obstruction
This occurs when pulmonary development in the premature infant has not yet
reached such a stage as to be capable of expansion

In attempting to subdivide the infants with respiratory difficulty into these two
groups 1t must be appreciated that an infant 1n group 2 (the obstructive group)
might secondarily have an anoxic failure of the respiratory centre

Treatment

The methods available for the treatment of these conditions are also divisible
1n two groups

(1) Attempts to supplement the oxygenation 1n the lungs by intragastric oxygen

(2) Methods of augmenting pulmonary ventilation

Methods of artificial ventilation are (a) by intermuttent positive pressure,
(b) by rocking (c) by a Drinker type of respirator, which may be triggered by the
patient and (d) by electrophrenic stimulation

The commonsense approach to the selection of the treatment for group 1
cases 1s to supplement the pulmonary ventilation and 1t 1s felt that in such cases
there 15 no place for intragastric oxygen therapy The most efficient form of therapy
1s by endotracheal mtubation and intermuttent positive pressure ventilation The
other methods of supplementary ventilation are less efficient but may be carried
out by relattvely unskilled personnel

In the obstructive group of cases the treatment should, where possible, be
directed towards the relief of the obstruction, and 1n most cases this may agamn
beeffected by endotrachealintubation and intermuttent positive pressure respiration

The most difficult group consssts of those infants who are of such prematunty
that, despite quite powerful respiratory efforts, little or no ventilatron 1s achieved
because the lung has not as yet developed sufficient air spaces to permit expansion
It 15 1n this group that there may be a place for intragastric oxygen It has been
suggested that attempts to ventilate the lungs by positive pressure may result in
rupture of the lung and surgical emphysema However, the forces which the
nfant 1s capnble of developing by his own respratory efforts are such that rupture
and emphysema may occur spontaneously and the pressure likely to be used n
resuscitation 1s unlikely to produce damage if 1t does not exceed 25 centimetres of
water It 1s the author s view that even this group of mfants 1s better treated by
assisted ventilation
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CHAPTIR 13
THE PITUITARY ADRINAL SYSTEM AND ANAESTHI'SIA
E T Scowin

THE GENERAL ADAPTATION SYNDROME

THI CONCI1 TION of systemicstress and the general reactions which oceur in response
to such 1 stimulus we owe to Sclye (1937, 1944), from whosc onginal immal work
the concept of the general adaptation syndrome has been elaborted (Selye, 1946
Albright 19431 and b Ingle 1942) Nomenclature has ciused much confusion
and 1n order to consider the behviour of the pitustary and adrenal glands it will
be necessary to consider bricfly the generil adaptation syndrome and ats
component features Not only to the surgeon 1s the recogmtion of these com
ponents of basic importance, but also to the 1nnesthetist, who his to Nee the
stress response of hus mediction and the superimposed stress of surgical traum
Upon the anaesthetist 1lso rests the responsibility of 1ssessing the effcts of
previous stress before 1nesthesi s undertahen

The generl adaptition syndrome consists of three mun phases (1) the alirm
reaction (2) the stage of resistance nd (3) the stage of exhaustion

The alarm reaction

The alirm reaction 1s charactenized by all the non specific phenomena which
oceur in response to the sudden exposure of Iarge portions of the body to damaging
stmull troumatic chennc, physical or emotional  Tius deviation from the
norml resting stute of extensive somatic rets either because of 1 functional or
direct injury constitutes systemic stress and the agent responsible 1 designated
the stressor I the stressor be applied ncutely 1t 1s the alvrming stimulus which
will alert the rm rewction and of the action be prolonged will mtnte the
whole sequence of the generit adptition syndrome It will become pparent In
the Itter stages of the syndrome that the full characters of the iarm retction ¢
be produced only 1f the orgamism be not adapted to the stressor used

The alirm reaction can be disided into two phases the phase of shock nd the
phise of counter shock

The shock phase

The phase of shock represents the sum total of the tissuc damage nd 1s
characterized by 2 fill 1n body temperature and of the blood pressure depresston
of the centril nervous system and 1 decrease 1 muscle tone There 15 1 mirked
disturbance of cell membrane permeability with haemoconcentration  hypo
chloriemny, & rise 1n the blood potassium and sometimes acidosis There 1s 10
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excesstve tissue breahdown and hence n toss of nitrogen (En gel, 1951, Cuthbertson,
1932)

The coumter shock phase

The phase of shock 1s always followed by the phase of counter shock, unless
the damage 1s too severe and death occurs It 1s characterzed by the reversal of
many of the changes seen n the phasc of shock Pyrexia with a nise 1 the blood
pressure and blood volume develops The blood chiondes and blood sugar fise
(Sprague and his colleagues, 1950) There 1s a tendency to alkalosts and there
may be a dwresis In many circumstances there 1S a leucocytosis afthough there 1s
a marked blood eosinopema During this phase there 1s 2 marked tendency to the
development of gastric erosions and gastro intestinal haemorrhage

The mportance of these stages of the alarm reaction must be emphasized for
they are the essential changes m the non specific recovery from systemic stress
and the same tramn of events can be set mn motion by a bewildening variety of
agents On this basic pattern therefore there will be superimposed the direct
actions of the stressor which may confuse the picture The syndrome may thus
be modified by a number of factors or condihoning factors , which mclude the
direct pharmacological action of the stressor, the state of receptivity of the target
organs and the general state of the whole body 1n relation to 1ts nutrition and to
recent and previous sumilar or diverse stress reactions

The stage of resistance

The simple sequence of shock and counter shock represents the recovery from
short sub lethal systemic stress If however, the stress 1s prolonged or repetitive
the body becomes inured or has acquired adaptaton It becomes more difficult
to produce an alarm reaction by the same stressor Thus 1s designated the phase
of resistance It seems probable that, in many circumstances this protection is
gamned at the expense of decreasing resistance to different stressors The body
changes both broch { and morpholog which occur m this phase are
negligible but may show a tendency to overswing from the changes of shock

The stage of exhaustion

However perfect adaptation may appear the stage of resistance to continuous
or repeated stress exposure cannot be mamtamed indefinitely The extent of the
resistance 15 finte and mdvidual and constitutes what 1s called the adaptation
energy This energy appears to depend largely on genetic factors and though it
may be modified to some degree by changes in nutrition it cannot be changed to
any marked degree

If therefore stress continues and reststance 1s overcome all the changes of
the shock phase return and further resistance 1s mmpossible counter shock does
not oceur The changes become irreversible and death will ensue This represents
the phase of exhaustion

Such are the features and sequence of the vartous sta €S 1n
from systenuc stress They are the same whatever the gstressersecg:\;r{h‘: \3;2:1‘;
represents the general adaptation syndrome The drverse features which may be
supenimposed mainly occur when conditioning factors for example a enyeral
anaesthetic modify the syndrome by their special pharmacological actloﬁs Let
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1t be emphasized that recovery from this action still demands the same sequence
of general non speaific reactions whatever specific actions may be needed for
the eradication, metabolism or detoxication of the agent used

ADRENAL FUNCTION ADAPTATION

The fundamental changes 1n the body which occur 1n response to and recovery
from stress are sull largely unknown It 1s, however certain that the adrenal
response 1s essential to recovery from stress (Engel, 1953) It 1s equally certain
that, unless an adequate response occurs or adrenocortical hormones are supphed
1 adequate amounts recovery will not occur (Hardy and Ravdin, 1952, Moore
and Ball, 1952)

The activity of the adrenal gland 1s produced by stimulation with corticotrophm
released from the antemor pitwitary gland The wital reaction therefore 15 the
mechamsm which brings about an immedsate and sufficient output of cortico
trophin (Ingle, 1951, Long 1950 Engel, 1953)

Factors influencing release of cortrcotrophin

Animat experiments show that there arc at least two factors which may be
responsble for release of corticotrophin, nervous and humoral It 1s difficult at
present mn man to separate these factors and indeed with increasing knowledge
of humoral factors i nerve transmission the distinction may be artificral But the
Tesponse to a nervous mmpulse may be much quicker than the humoral response
(Fortier, 1951, Hume 1953)

The response to adrenaline, which 1s always released n the alarm reaction
may also play a part 1n corticotrophin release Indeed, this response has been used
as a measure of the adequacy of the piturtary and adrenal functronal reserve
mainly by estimating the resulting eosmopema (Recant and his colleagues 1950
Wolfson, 1953 Farrell and McCann, 1952)

There remains one aspect, which has received insufficient attention It 15 certain
that the piturtary gland can release corticotrophin in response to humoral factors
It seems reasonably certamn that, at least within certain imits one of the main
controls of regulation of corticotrophin release s the level of circulating adrenal
corticoids We know that adrenal hyperplasia can be prevented by adequate
cortisone adnumstration indeed adrenal atrophy can be induced We know,
also that this effect of cortisone can be lessened or overcome by the concomitant
use of corticotrophin The blood Ievels of corticotrophin can be shown to be
increased in Addison's disease and in congenital adrenal hyperplasia (Sydnor
and his colleagues 1953) and some functional adrenal tumours may mduce
atrophy of the normal adrenal tissue

After hypophysectomy adrenal atrophy occurs This atrophy can be repasred
or prevented by corticotrophin It 15 of interest that this repatr will oceur regardless
of the quantity of cortisone administered The adrenal failure induced by hypo
physectomy differs from the effects of total adrenal ablation by surgery or disease
and 1t 1s now known that after hypophysectomy some residual function persists
n the adrenal gland Elaboratton of corticoids ceases but some aldosterone
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production continues which enables more stability to be muntained 1n electrolyte
balance than 15 the case after ndrenalectomy Present evidence suggests that
aldosterone production 15 1n fact 1utonomous, although an mncrease can certamly
occur 1 response to adrenal stimulation

Circulatory corticoids

If the rapid reduction of circulatory corticoids 1s 1n any measure responsible
for the rapid corticotrophun release 1 the alarm reaction, then there must be a
rapid utilization or removal of such substances from the blood The need for
them n recovery from stress is both aggravated and pressing Amounts are
released and metabolized, which under normal conditions would rapidly produce
signs of overdosage and mimic the mamifestations of Cushing s syndrome During
this phase large amounts of corticords can be admtmistered without untoward
effects 1n fact 1t 1s really astounding at times how much can be given with only
good effect

Clearly there 1s need for a great increase in corticoids and they are removed
and metabolized rapidly If the increased demand 1s not met adequately, then
mamfestations of adrenal failure may occur even though at that time the corticord
production 1s well above normal  Normal obwviously 1n the stress response and
recovery 1s multiplied many times from resting normal Since large quantities are
removed so quickly, 1t 1s easy to understand how much more quickly—and 1t
must be almost nstantaneously—the small crrculating quantity of the resting
normal will disappear when the increased demand 1s made

To apply the information which we now possess m chinical practice demands
that 1t should be possible to measure the reserve capacity of this vital reaction
to stress For with adequate reserve no interference will be necessary provided the
stress 1s not overwhelmuing or too protracted At present no satisfactory method
which can supply this need 1s available

Two methods have been tried The first 1s the eosinopenic response to an
myection of adrenaline At this stage no advantage can be gamed by a discussion
of this test for there 1s increasing doubt about 1ts reliability

There 15 no other method to test piturtary sensitivity, but corticotrophin can
be used to test adrenocortical reserve (Thorn and his colleagues 1948) Intra-
muscular mjection 15 unreliable and the mjection must be given travenously
This necessitates an mtravenous admimistration over eight hours and a measure
ment over this ime of the eosinopenic response, and the ncrease 1n corticotds
and 17 ketosteroids in the urine over at least 24 hours—a cumbersome and tedious

test at best and demanding elaborate laboratory facihties
routine use 4 It 1s unsuitable for

Assessment of the adaptation phase

For the assessment of the adaptation
phase and the reserve of en,

remains we are left only chinical judgement It 15 this which demands a full aergy that
and understanding of the whole adaptation s
10 the clhinical assessment 4

If the present state of the patient be u;

nderstood 1n this perspective

suggesting adrenal hypofunction obviously must be vxewgd w]:lh‘gravaens):l’s.;z:::grcls
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It will be well to recnll, also that the 1mount of adiptation energy 1s largely
genetically determined but nutnition at the time can enhance or detract from this
Finally there 15 a suggestion thit the total 17 ketosterord output declines
progressively 1f repeated stresses invohe myor adrenal reactions and that full
recovery of ndrenal energy may take many months, and 1t 1s doubtful whether
n some mstances a full recovery of energy reserve can ever occur (Hardy,
Richardson and Dohan 1953, Moore and Ball 1952, Hardy and Cole, 1953}

THE PRE-OPERATIVE AND POST OPERATIVE
USE OF CORTISONE

The preceding d sn makes 1t tbundantly clear how vital to recovery from
anaesthessa and surgical operation s the adrenal response An example of the
method of using cortisone to mime the normal reaction s provided by surgical
operation for the remoyal of the adrenal or the prtwstary gland The pioneer work
of Huggns (Huggins and Bergenstal 1951 1952) was hampered by madequate
maintenance but the mtroduction of cortisone and later compounds has made
posstble the expanston of thus type of operation durng the last five years (Luft
Olivecrona and Sjogren 1952 Luft and Olivecrona 1953 1955, 1957, Luft and
tis colleagues 1956, Pearson and fus colleagues, 1953 1955, Pearson 1956,
Pearson and his colleagues 1956 Ry 2nd Petrson 1956)

The 1mtinl demand for increased corticoids will begin concomitantly with
anaesthesia and the early operitne stages reaching its maxmmum within a few
hours This maximum Jevel will be required for two to three duys and then the
demnnd will gridually deciine, in the tbsence of comphications 10 a normal
mantenince level within seven to ten days To mumic the normal phystological
response, adequate cortisone must be watlable when annesthesia begwns and the
rate of avulability must not only rise steeply as operation proceeds but remif
mph durmg the early phase of recovery As recovery progresses the demand
dimsmishes and normal maintenance levels onlvy will be reguired

For this purpose the standard preparations available e (1) suspension of
cortisone acetate for ntramuscular use (2) 1 sotution of hydrocorusone for
ntravenous use and (3) tablets of cortisone acette and hydrocortisone acetate
for oral admmstration

Preparations of hydrocortisone acetate are unstitable for parenteral substitution
therapy the absorption being uncertan and rrregular They are, of course
frequently used for local infiltration for which purpose they have great usefulness

Productton and mamtenance of cortisone level

The absorption of cortisane acetate after oral admtmstration 15 rapd and
rehable but 1 1s difficult to produce constancy of the blood fevel by this means
The rapid absorption and utitlization eventually imply fluctuation unless un
necessanly large doses are given at frequent mntervals which can only resuit mn
abnormally lugh levels 1f the corresponding lowening by utilization s not to
produce any undue fall With stmple mamtenance thertpy ths factor 1s relatnely
ummportant, but drately great fi when great d ds are
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being made on the cortisone supply Excellent cxamples of this difficulty can be
seen when patients with adrennl or pitwitary ghnd nsufficiency have to be

d with complicating disease, particularly ifection It s even better
demonstrated 1n congemtal adrent] hyperplisia, for onc can follow casily the
demand for cortisone quantitatnely In this condition there s an mnborn error
which prevents the elaboration of normal adrenal cortical secretion Such absence
produces a chronic state of hypodrenilism a gross excess of corticotrophtn
output, and hyperplasia of the adrenal with the production of large amounts of
pathological adrenal steroids which re excreted 1n the urine Adequate matn
tenance with cortisone can prevent this pathological activity (Wilkins and his
colleagues 1950 1952) It 15 however, remarhable how quickly escape from
control can occur Tmmediately the level of cortisone declines corticotrophin
1s released and the adrenal gland 1s stumulated, 1n this circumstance, to pathological
actvity It 1s from this disease that we have learned how constant the cortisone
level 1s and must be kept We discussed too how difficult this 1s to achieve with
oral therapy, and we have learned only too well how rapid 1s the need for tnereased
supplies of cortisone 1 the presence of stress Even a munor afection can break
the control within a few hours, and more severe stress results 1n gross and often
fatal adrenal nsufficiency unless the mncreased demand 1s urgently met It has
shown also how ymportant 1t 1s to antcipate this demand for 1f the shock or
crisis 15 allowed to develop fully the changes may easily become irreversible
It 1s now well known that such patients 1f exposed to surgical intervention without
adequate replacement seldom survive passing rapidly into a condition of shock
from which they usually die within twenty four hours an example of the shock
phase with no corresponding counter shock although the adrenal stimuh may be
enormous Anticipation and prevention 1s the only safe course

Scheme of management

Oral therapy pre operatively can only be an adjuvant and rehance must be
placed on the parenteral route Cortisone acetate should be given intramuscularly
Tt 15 not absorbed quickly and to ensure an adequate level at the mmitiation of
surgical operations 1mjections must be given at least 24 hours before Not less
than 100 milligrams should be njected intramuscularly and this dose should be
repeated 12 hours before operation At the beginning of the operation hydro
cortisonie should be given intravenously diluted 1n saline or glucose solution so
that 50 milligrams shall be given duning the operative procedure and 50 milligrams
over the 6-8 hours post operatively For 48 hours after operation cortisone
acetate should be given intramuscularly every 12 hours 1n doses of 100 mltligrams
The dose can then be reduced to 50 milligrams for the next two days It should then
be possible to begin oral maintenance treatment with 25 milligrams by mouth
every 8 hours reducing to 12 hourly admimstration by the seventh or eighth day
Should any complications anse they should be treated as for the imtial stress
the dose and route of cortisone ad ration bemng com ate with the
severity of the stress The final maintenance dose usually 15 between 25 and
50 milligrams a dav of esther cortisone acetate or hydrocortisone acetate by mouth

This scheme of management 1s applicable whenever 1t 15 suspectedylh
adequate piturtary or adrenal response to stress may not occur I e of

n conditions of
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piturtary or adrenal ablation it s, of course, obligatory 1t 1s equally obligatory
when there 1s known disense of either of these endocrine glands In other eircum
stances the decision 15 much more dificult and here the need for a test of the
responsiveness 1s urgently required In addition the decision may have to be
made 1n conditions of emergency, 1nd as has been mentioned carlier 3t may be
difficult to repur 1 wrong decision, for the resulting collapse may castly prove
irreversible Tt 1s casy, perhaps, 1o overstress the frequency of the danger and 1t
15 surprising how well the adrennl gland may respond n what may appear to be
adverse eircumstances Caution, however, 1s required, particularly n circumstances
when prolonged and repeated stress precedes the present circumstance This 18
prrticulatly noticeable after prolonged intoxication from nfection after prolonged
mamtion, and i crrcumstances which mnterfere with normat intestinal function
The difficulties of the operitive and post operative course of patients with chroric
ulcerative colttis with chronic intestinal obstruction, and with gastro colic fistula
need not be emphasized here for the difficulties are so well known Tt is i these
circumstances that cire m maintumng an adequate cover to prevent irreversible
shock can show ats greatest value In an emergency intravenous hydrocortisone
1s available and, 1f there be time, pre operative cortisone, as previously described
should be used It 1s not to be thought that in these and related conditions every
operation should be covered in this way Tn many cases it 1s unnecessary but when
the 1ssue 15 1n doubt the cover may prove of inesttmable value In the absence of
specific crteria, the decision calls for the highest degree of professional shill and
Judgement If, after ¢ critical review, there be present any evidence of hypo
adrenal then the d 115 casy substitution 1s required If there be gross
clectrolyte disturbance particulirly sodium depletion, substitution 1s beneficial
If there be obvious nanition or malnutrition substitution 1s advantageous The
rest lies 1t present in the bewildering paths of experience, fillacious though this
may be 1t times and climcal judgement, which 1s notoriously dificult

Tt 1s fortunate that unless the substitution used 1s overlvish the nisks are small
In sertous stress the demand for cortisone 1s so lngh that to prevent the natural
reaction 1s almost impossible It 1s 1n prolonged over substitution that the rishs
1re gret It 1s therefore better and safit to err on the side of caution rather than
to nisk adrenal failure, bearing in mind that some conditions may be aggravated
even by short term administration

THE CONTRA INDICATIONS TO CORTISONE THERAPY

Tuberculosis

Active tuberculosss can be aggravated by the admmstration of esther cortisone
or corticotrophin The dise1se may spread 4nd cven dissemunate The need for
substitution 1n the presence of adrenal insufficiency still remains, and indeed such
substitution can be only benefictal In some circumstances, also, high doses are
used with benefit when the infection 1s controlled by nntibiotics and chemo
therapy It 1s, however 1n the uncontrolied or unrecogmzed lestons that the marn
danger lhes, for the nisk of spread of discase post operatively even without
exogenous cortisone s well recogmized
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Peptic nicer

The same sequence 15 essentually true with peptic ulcer There 1s no doubt that
the admimstration of cortssone can have a deleterous effect on peptic ulceration
for haemorrhage and perforation have frequently occurred (Davis and Zellar
1952) It 1s probable, too that fresh ulceration may be produced Here agam 1t 1s
not physiological substitution with cortisone which 1s harmful, but administration
10 high doses The frequent exacerbation of peptic uleer by surgical or traumatic
stress presumably mdicates a similar effect from endogenous corttsone  Peptic
ulceration does not therefore preclude the use of cortisone 1f indicated for the

operatine and post operatne penods but indicates the necessity for cautton n
dosage

Diabetes mellitus

Diabetes mellitus s aggravated by the admrustrauon of corusone Provided
thss 1s recogmized the diabetes melhitus can still be easily controtled by sulin
Here the risk lies in non recogmtion of the diabetes mellitus or failure to take
precautionary measures to prevent the disease becoming uncontrolled

Congestive heart failure, arterzal hvpertension

In the presence of congestive heart failure, cortisone should not be used unless
1t be considered hfe saving Even the short term admmistranon of comparatiely
large doses will mevitably result i an mcrease of the water and salt retention
and detenoration in the heart fagjure Cortisone s best avoided also 1n the presence

of arterial hypertenston for somettmes a marked increase in the blood pressure
may occur

Pregnancy

It 15 ofien stated that cortisone should not be used during pregnancy It 1s
difficult to understand that harmful effects could occur in human pregnancy,
since the endogenous production of corticords at this time 1s enormous and it
wouid bedifficult to make much impression on this quantity by exogenous cortisone
Tt1s however possible that in early pregnancy it mught be hazardous and there 15
some evidence that foctal abnormaliies may occur In early pregnancy therefore
cortisone should be avorded unless Itfe sastng After the sisth month the evidence
of harm 1s not forthcomng (De Costa and Abelman 1952)

Adrenal gland dvsfunction

Clearly 1n abnormalities of the adrenal which result 1n excessne corticord
production such as Cushing s syndrome 1t 1s unhecessary to constder the use of
cortisone unless surgical treatment for the disease 15 contemplated Substitution
for the adrenal response 15 required as previousty described but sn these as
other circumstances of prolonged endogenous over production of cortisone 1 1s
essential to remember that account must be taken of the normal level of cortisone

to which the patients have been subjected The usual
sch
based on a true normal basal level o e 1

The mcrease in blood level could approximate

10 the normal level in Cushing s disease If the appropriate subsmuugf\ dose be

notenhanced manyfold the adrenal removal would gesult ina gross fall of cortisone
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Jevel even though the substitution under normal crrcumstances would produce a
rise adequate for the stress Substitution in these circumstances should be additional
to the calculated daily output of the disease tn terms of cortisone 1f apparent
adrenal nsuffictency 1s to be avoided

Psychetic episodes as side-effects to cortisone

It 15 not rare for patients recewving cortisone to develop a psychotic episode
Although account must be taken of this 1n long term treatment the short term
use for covering acute stress 15 unlikely to ncrease the hazard matersally above
the nisk of such an episode following the natural response, a phenomenon well
recognized 1n the post aperative period

Provided that the substitutrion with cortisone 15 short and that if therapy for
any reason 1s continued only muntenance doses are given, other untoward effects
are unlikely Such substitution and marmntenance should not exceed the normal
physiological levels If high unphysiological doses be prolonged then the nisk of
inducing Cushing s syndrome becomes considerable If this phase be reached
considerable difficulty may present stself for the signs of intercurrent infection may
be masked 1nd delay 1n healing may oceur

THE INFLUENCE OF PREVIOUS TREATMENT
WITH CORTISONE

Many reports have substantiated the fact that, following prolonged adnumistration
of cortisone there may develop a greater or less degree of functional adrenal
cortrcal atrophy (Engelman and his coll 1953) Once this has been induced
1t may not recover spontaneously for months, or even possibly years (Fraser
Preuss and Bigford 1951) In some patents the atrophy appears resistant to
exogenous corticotrophin This has led many workers to intersperse courses of
corticotrophin during long continued cortisone tretment Whether this 1s
umformly successful 1s unknown but even after treatment with corticotrophun
nlone functional atrophy has followed although much less frequently than in the
case with cortisone

These findings together with experimental data have led to endeavours to
induce cortical atrophy producing a medical adrenalectomy This has been used
n some conditions of adrenal overactty particularly 1n the acquired adreno
genital syndrome but more frequently m the treatment of advanced cancer of the
breast and prostate both for therapeutic use and also to render easier the operation
of adrenalectomy Exposure of the adrenals after massive cortisone admunistration
has proved a valuable aid to our knowledge Although 1 some cases 1t has proved
possible greatly to reduce the size and vascularity of the glinds 1n the majonty
on the same dose httle 1f any effect was seen Moreover the degree of Cushing s
syndrome produced 1s also variable and sometimes only munor effects are
observed, even with high doses It 1s thought that this represents an example of
the vanable utilization of cortisone and 1f as i many such c1ses continuing
somatic stress produces a greatly increased demand for cortisone 1t would be
more difficult and at times impossible to saturite continuously this demand by
exogenous cortisone This would explain the ultimate phase of exhaustron 1n such
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patients when the adaptation cnergy has come to end 1it)s interesting to note
that many such patients show a progressne dechine 1n 17 ketosterord excretion
sumilar to the decline obtamned with repeated surgical trruma It 15 well known,
too that in such adsanced cases winch have to be subjected to surgical 1nter
\ention recovery from the trauma 15 dubtous and the counter shock phenomena
are laching

1t 15 not known how long treatment with cortisone must be contiaued or what
1s the critical over all dosage required to cause adrenal atrophy Thercfore any
previous treatment must be viewed with suspicion if surgical ntervention 1s
contemplated  Unless time allows adequate mnestigation of adrenal function
treatment with cortisone should be restarted before operation or hydrocortisone
given during operation and treatment continued during the post operative course
It 1s only 1 this way that sudden and severe adrenal farlure may be prevented
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CHAPTER 14

ANAESTHESIA AND THE AUTONOMIC NERVOUS SYSTEM
INDUCED HYPOTENSION

J B Wyvian

TECHNIQUES TO PRODUCE HYPOTENSION

It 1s not intended here to discuss the techmques of hypotension 1 detail but only
to point 1o new knowledge and to attempt some assessment of the value of this
procedure as 1t appears at the time of writing B

Although hypotenston can be induced by several methods there are 1n fact only
two events that cause a dirminution 1n bleeding at operation These are (1) vaso-
constriction which prevents the vessels from bleeding and (2) vasodilatation and a
resulting poohng of blood 1n dependent parts of the body

The techmque of arteriotomy as mntroduced by Gardner (1946) and used n
neurosurgery by both Bisland (1951) and Mortimer (1951) 15 1 stself an elaborate
surgical procedure and with improvements i other hypotensne techmques 1s
falling nto disuse It 15 interesting as Gslhes (1952) pomnts out that this pnnaiple was
first used by Harmvey Cushing who would allow patients to bleed dunng neuro-
surgical procedures because he found that this lowered the tension of the bram and
allowed tumours to be handled with greater safety

The other approach 1s to achseve hypot, by the prod of vasodilata
tion Vasodilatation can be brought about by general anaesthesia by spimal and
epidural anaesthesia or by the intravenous ngection of drugs which block trans
musston n the sympathetic gangha It may be seen from Table 1 (adapsed from
Gillies 1952) that except when the agent is chloroform the pharmacological
changes induced by the usual methods of mawtaining light anaesthesia are con-
ducive to haemorrhage

The vasodilatation which 1s mamly of the superficial vessels during hght
anaesthesi2 becomes generalized as the anaesthesia deepens the blood pressure and
the cardiac output fall and a dry surgical field results Thus any general anaesthetic
can produce hypotension but generally speaking only m the deeper stages which
are not justified To produce working conditions comparable to deep anaesthesia

with the advantages of subnmutting the patients to the lighter planes only necessitates
the usc of sympathetic blockade ether by spinal or epidural anaesthesia or by the
use of ganghon blocking agents

Spinal and eprdural block
Spinal and eprdural block have disadsantages Not only 1s the patient exposed to
23
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TABLE 1
PHARMACOLOGICAL CHANGES INDUCED BY AMNAESTHETIC AGENTS

Ether (light) (1) Superficial vasodilatation Increased haemorrhage
(2) Increased cardiac output
{3) Pulsc pressure raised

{Systolic rises—dastolic unchanged)

Cyclopropane (1) Artenial pressure normal Increased haemorrhage
(hght! (2) Cardiac output sncreased
(3) Vasodilatation
(4) Pulse pressure raised
(Systolic normal—diastolic falls)

Intravenous
bar I v: IE Increased haemorrhage
(2) Transient fall in blood pressure

) Vi Dry field
(2) Depression of yasomotor centre
(3) Cardiac output decreased

| (4) Pulse pressure lowered

Ch!

whatever hazards there are snvolved 1n the production of hypotension but these
techniques carry their own nishs Although most of the comphcations of spinal
anaesthesia can be avoided by - careful and scrupulously aseptic techruque others
for example headache and possibly some neurological sequelae are at present
beyond the control of the anaesthetist and can cause a patient severe post operative
stress A further disad ge 15 that 1t 15 impossible to control the extent and the
duration of the hypotension

The introduction of the analgestc drugs mnto the eprdural space obviates some of
the disadvantages of spinal anaesthesia However the nature of the epidural space
makes 1t difficult to achieve the gradual dilution of the anaesthetic drug at the
higher levels in order to produce differential block of the sympathetic fibres The
use of more dilute solutions so that only the sympathetic fibres are affected necesst
tates the use of supplementary general anaesthesta thus making the techmque more
elaborate and clumsy

Ganglion blockh

There remamns ganghonmic blockade which has proved the most satisfactory
method The drugs which have been used to block the autonomic gangha durning
anaesthesia are the lower members of the meth series (p honmum and
he I ) tr han (Arfonad) and pentohinum tartrate (Ansolysen)
These drugs all cause a fnll 1 blood pressure and chmcally they are indistinguish
able except as regards the duration of therr action Pentoltntum appears to have
the longest action followed by the methonium compounds trimetaphan of course
15 the shortest acting Obviously the duration of effect will depend on the dosage
and therefore tnmetaphan 1s best used in a dilute solution (1 mlhigram per
mlhhtre) given s anintrivenous diip when 1ts effect 15 almost evanescent When
ever posstble 1t seems preferable to use drugs which are not only spectfic in action
but also of short duration as by this means the greater control must be achieved
Hence the admmstration of trimetaphan by intravenous drip 1s an improvement
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over the former techmque of internttent injection of larger doses say 25 milfigrams
(Scurr and Wyman 1954) Ustng the method of continuous infusion 1t 15 possible
to obtam a finely graded control of the falling blood pressure and a return to
normal tension when the operation 1s completed In elderly patients 1t 1s casier to
control the hypotension 1f the solution 1s diluted to 0 5 milligram of trimetaphan
per nulliitre Overdosage 1s not dangerous—it merely extends the time taken for
the pressuse to return to normal Once the gangha are blocked any further action
of the drug does not increase the extent of the hypotenston It must be remembered,
howerer, that the general anaesthesia plays a part m the hypotension and full
restoration of the blood pressure may not occur uatil the anaesthetic has been
discontinued Obviously the deeper the anaesthetic the more likely 15 this to occur
The evanescent effect of trimetaphan has removed all post operative worries due
to prol d hypo and although it 15 more difficult to use, the control
achieved 1s amply worth the trouble

Trophemum (phenacyl homatropimium chlonde) was first introduced as an
intravenous hypotensive agent by Robertson, Gillies and Spencer (1957)

Pharmacologically 1t 1s said to differ from tnimetaphan 1n that 1t 1s a pure
sympathetic ganghome blocking agent 1t was found to be much less active than
trimetaphan as a hustamine hiberator and has negligible atropine like side reactions
Chnscally 1t 1s indistingwshable from trimetaphan the blood pressure returning
to normal 1n about the same time In the author s series there 1s 2 suspicion that
the number of failures to produce adequate hypotension 1s greater than with
tnmetaphan Nevertheless, the drug 1s worthy of extended trial

The use of posture

Posture may be used to serve two purposes (1) to help lower the blood pressure
in dfficult subjects and (2) to help drain the site of operation

Extremes of posture are both unnecessary and dangerous, and apart from a few
degrees of the ant: Trendelenburg position n young resistant patients 1t 1s rarely
necessary to depart from the conventionaj position that the operation demands
Tt1s 1 the skin that it 1s difficult to get a really dry field and 1f this 1s important as
tn plastic surgery then it 1s advisable to dramn the area for as long a time as possible
before the operation commences The steep head up position can be very dangerous
except 1n the young and fit as the pooling 1n the legs becomes excessive and the
venous return to the heart seriously reduced The respirations have been seen to
stop 1n a steep head up position only to return spontaneously when the table was
fevelled indicating a drmimished blood supply to the medulla In addition quute large
vemns have been seen to start to bleed when the table has been levelled and 1f the
pressure 1s stll low 1t 15 advisable to do this deliberately when the wound ls’about
to be closed Finally, 1 patients sensitive to this technique an excessive drop m

blood pressure may be immediately corrected by placing the
al
degrees of Trendelenburg position e ¢ patientn one or two

The anaesthesta
There 1s no particular merit 1n the t
ype of general anaesthesta empl
‘hn the quahty of the anaesthesia used The Patient must be qult‘; 2:3::%5‘:1);
ypolension 1s induced There must be na coughing gagging laryngeal spasm orr
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mdeed, anything that may produce even temporary asphyxia The danger of
mducing hypotension 1 a pattent not adequately oxygenated cannot be sufficiently
stressed The effect of the ensuing hypotension on an anoxic myocardium 1s very
dangerous and the attempt to quieten such a patient with further anaesthetic may
prove fatal 1f there 1s a sertous asphyxial episode during induction 1t 1s much wiser
to abandon the technique The author strongly recommends endotracheal
anaesthesta in all cases of induced hypotension

CHANGES IN HOMEOSTASIS ASSOCIATED WITH
HYPOTENSIVE TECHNIQUE

The problems of this techmgque may be divided 1nto fwo groups (1} the ntegnty
of the blood supply to the major organs—the heart, bramn Iner and hidneys and
(2) the precipitation of vascular accidents—reactionary haemorrhage pulmonary
embolism and other embolic hazards

The heart

An unchanged or even shightly increased cardiac output with decreased peripheral
resistance means decreased cardiac work and therefore increased tolerance to
dimmished coronary flow That the coronary flow 1s dimumished 1s indicated by the
fall :n mean blood pressure—the mean blood pressure 1s an indication of the filhng
pressure for the coronary arteries

The critical test 1s whether the coronary flow such as 1t 1s during the hypotension
suffices for cardiac muscle working at a lower load

In the early work with this techmque it was found that the electrocardtographic
readings showed no changes either during the period of hypotension or post
operatively but a sufficient number of chest leads had not been examined

In thirty unselected cases electrocardiograph d; d by the author
showed changes i all but two The most frequent change was a lowenng of the
T wave or sometimes a flattening of that wave yn one or more of the chest leads
This change was reversible 1n all cases but on occastons tt persisted for a few days
Rollason and Cunning (1956) have confirmed that no permanent changes occur

Earlier, the author (Wyman 1953) reported two cases of cardiac arrest duning
hypotension pointing out that the reason was nexperience and allowance of the
technique to be used after severe asphyxia during the induction This has never
happened since and from a growing experience of using this technique on patients
with impaired hearts 1t 1s dered that induced hypot: does not affect the
myocardium

The bramn and the cerebral circulation

In the author s senes there have been two cases of cerebral thrombosis both in
patients with histonies of a previous cerebral catastrophe This may be a contra
ndication to the technique but many such cases have been reported without the
use of hypotension There has also been one case of cerebral damage due to hypo
tension following severe anoxia Again this was early on n the series and 1t does
ot require hypotension to produce this state (Hunter, 1950, Courville, 1936 1938)
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These castastrophes have been due 1o errors in technique and since correction they
have not recurred

1t has been shown (Enderby 1953) that when the body 15 tilted gravity induces a
gradsent sn artenal pressure (30 mullimetres of mercury for every 15 inches vertical
heght from heart level) Thus for neurological operations tn which the head up
position 1s used 1t has been found necessary only to lower the blood pressure to
00 millimetres of mercury to produce excellent worhing conditions There has been
a great deal of work done on the cerebral crreulation (Van Bergen and fus colleapues,
1954 Hughes 1954) butit1s not conclusive Electr phalograms mdicate that
all cortical actnvity ceases when the systolic pressure falls to 55 mullimetres of
mercury (Van Bergen and his colleagues, 1954 Bromage 1952a Schalleh and Walz
1954) Also some alteration 1n cerebral function has been shown by the flicker
fusion test of Berg (Nilson 1953) Burrows and his colleagues (1956) suggest that
hypothermua renders hypotension safer during neurosurgery

The hidnevs and liver

There have been no cases of Iner or hidney damage following this procedure
except 1n one patient who was found to have Elhis Type I hidneys The hidneys were
small, and 1t 1s believed that surgery was invanably fatal to these patients when this
disease was more common Hepatic and renal blood flows may not be greatly
distusbed dunng hypoteasion although naked ¢ye changes have been obsened
(Miles and hus colleagues 1952 de Wardener 1955 Esans and Enderby 1952,
Bromage 1952b)

Blood loss and reactionary haemorrhage

The lear that this method of anaesthesia would lead to frequent reactionany
haemorrhages proved unfounded The very fact that the fall in blood pressure 1s due

TABLE 11
AVERAGE BLOOD LOSS I\ TYPICAL QPERATIONS

Operation Arerage Blood Loss (millifitres)
With hrporension ( ¥ ithout by potension
Thyrordectomy 6 %
Radrcal mastectomy | 2 ] 535
Prostatectomny [ 30 551
‘Theracotomy 160 1158
Pelvic evisceration ) 157 1500

to \asodilatation means that cut vessels do bleed

and as there 15 no capitlary 00zing the ble
Thus 1t1s ble with this ng the bleeding pornts caneasily be seen and stopped

to get a dry field as good as that ob:
with adrenaline infiltration but congyd 5 o Jose o b
obtaned at mromhration bu nsiderable attenuation of the blood loss ean be
Tt 15 obvious that the success of controlled hypotenston depends a great deal
s

AS the bleeding 15 not profuse
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upon the efliciency of the surgeon and his assistants in prcking up the bleeding
points, but with ther help the blood loss during mor operitions can be reduced
to a mmimum When these patients go back to the ward and therr blood pressure
1s agun normal they will lose blood from the circulation post operatively, as do
prtients anvesthetized with conventional forms of anaesthesin who have had a
wide raw arci exposed Thus 1fter operitions such s pelvic eviscerations
abdontino permel resections of the rectum and hundquarter amputations, a pint
of blood should be given s 1 routine It 1s 1n these very major procedures that the
true worth of the hypotensive techmque 1s seen

Pulmonary embolism and coronary thrombosis

There has not been iy increise m the dence of pul y cmbol
in these cases, nor in the ineidence of post oper itive coroniry thrombosis

TABLE Il
ISTIMATION OF CIRCUI ATION TIMI IN NORMAL PATIENTS

Route right arn to I ft leg

Time in seconds (9 cases) 1215 51 26 21 12 14 60 43
Mean value 30 6 seconds
Standard deviation 6 2 seconds

TI'he circulation ime and other cardiovascular changes

Radionctive sodium has been used in 1n attempt to me 1sure the circulttion time
n normal, 1 esthetized 1nd hypotensive pittents A wide v iration was found in
un inesthetized pitients (Table 1H)

The circulation times of the same pitients under ordinary anacsthesit Hways
showed 1 slowing (Tablc 1V)

TABLE IV

ISTIMATION OF CIRCUIATION TIMI IN
NORMAL PATI! NTS UNDIR ORDINARY

ANALSTHI S1A
Cuse Mo In ward Upneder anacsthesia
Time In seconds Time in secomls
2 22 32
3 21 28
4 10 16
5 19 40

When the times were compared with patients 1n whom hypotension had been
duced there was comparatively little slowing 1gun (Table V)

If however the circulttion time from foot to neck wis made in cases under
hypotension  there was always 1 slowing
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TABLE V
ESTIMATION OF CIRCULATION TIME [N HYPOTENSIVF
PATIENTS

Case Mo Inward Under anaesthesia
with ks potension

Time tn seconds | Blood | Time it seconds | Blood
pressure Ppressure
1 23 105/80 27 60'50
6 25 128/85 20 60 40
2 2 220 160 26 4035

These cases are too few in number to draw positive conclusions but they do
suggest that there 1s not a marked stowing of the crreulation time, even when the
blood pressure 15 reduced considerably

Direct observation of the capillanes through a shin microscope revealed no
obvious disturbance in the rate of flow of corpuscles

The clotung and bleeding times are unaltered Haemodilution occurs when the
blood pressure falls and 1t appears to vary with the pressure

The mtra-ocular pressure has been measured and this too falls wath the blood
pressure One case of amaurosis with partial mmprovement has been reported
(Goldsmith and Hewer 1952) but as this was thought to be due to spasm of the
retinal artery 1t 1s difficult to implicate a techmque that causes vasodilatation
Direct obsenvattons of the retina reveal no changes during hypotension

The blood pressure

By means of an electromanometer the ntra arteral pressures have been
measured directly tn the aorta renal and femoral vessels and the vanations tn
pressure have been found to correspond directly with those recorded with the
brachial stethoscope The pressure 1n the pulmonary artery has also been
measured showing a fall from 30/12 to 12/8 millimetres of mercury

Adrenocortical response

Thorn s test showed that there was a prompt cortical response and the eosinophils
disappeared within a short time of operation

CONDITION OF THE PATIENT UNDER HYPOTENSION

a state of extreme hypotension
oty about the candition of the
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and the pulse steady Controlled respiration lowers the blood pressure about 20
millimetres of mercury and this 1s evidenced frequently by the sudden nise 1n blood
pressure when automatic respiration 1s restored

The superficial temporal and carotid arteries are easily palpable even when the
pressure 1s low once expenence 1n feeling pulses at such pressures has been ap
preciated

The general condition of the patient remains unaltered and unafiected irrespective
of the extent of the trauma The conservation of blood during the operation 1s an
mmportant factor and it 1s interesting to see what happens to a patient when a Jarge
quantity of blood 1s lost during the state of hypotension This occurred 1n three
patients and 1n each 1nstance 1t was due to damage to a large vein buried 1n a mass
of mahgnant tissue The lost blood was immediately replaced and at no time did the
patient s condition give nise to anxiety It appears that sudden heavy blood loss
during hypotenston with this technique may not be the overwhelming disaster that
has been anticipated

POST-OPERATIVE CARE

The evanescent action of trimetaphan has ehminated a great deal of the post
operative worres that accompanied the use of longer acting drugs If the blood
pressure has not returned to normal at the end of the operation, the patient must
be returned to the ward n the head down position and must remain so until this
occurs The hypotension does not delay the return of cc and the p

are quite comfortable even 1f the pressure 1s still low Vasopressor drugs such as
adrenaline noradrenaline and methylamphetamine rapidly restore the normal
pressures but as these are not physiological antidotes care must be taken that the
drop 1n pressure does not recur once their effect has worn off The methonium
compounds are excreted unchanged n the urine and 0 5-1 litre of 5 per cent
dextrose helps to eliminate the drug more effectively than do the vasopressors

CONTRA-INDICATIONS

Inexperienced personnel

Thus 1s not a technique for the trainee or occasional anaesthetist as the penalties are
high for infingements of basic anaesthetic principles

Non-cooperative surgeon

The cooperation of the surgeon 1s essential as not only must he be aware of what
1s happening but he must understand the implications All bleeding points however
small must be hgated or sealed with the drathermy that 1s cautery otherwisc
whatever advantage 1s obtained during the operation will be lost 1n the post
operative phase

Severe cardrac disease

The present knowledge of using this techmique n cardiac patients 1s imited and
1t has been thought unwise to subject an 1mpaired heart to sudden fluctuations of
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cotonary pressutes In eases of conrctation of the norta the techmque has been of
great assistance, although Vale (1956) attributes post operatine htemorrhage in
one patient to the subsequent rise 1n blood pressure after the chest had been closed

Crreulatory failure
This must also be considered 1 contry indie1tion until proved otherwise

Severe hidney disease

Some of the drugs used to procure hypotenston are excreted unchanged by the
hidneys and 1f these are discased the restoration of the pre operative blood pressure
may be long delayed

Respiratory inefficiency
This contra indicatron ncludes severe nacma or wmoxia from any cause

Severe diabetes mellitus

The hypotension induced by hexamethonium appears to potentiate the action
of insulin and hypoglycaemic coma may ensue which 1s mashed by the hypotensive
anaesthesia (Gnffiths 1953)

INDICATIONS

The indications for the use of hypotension are himited to the case in which blood
foss esther prejudices the successful outcome of the operation or in which, although
1t 1s small 1n quantity, 1t hampers the surgeon working 1n a confined space The
number of patients 1n whom 1t can be used will be very small but if these are

correctly selected the techmique will be a valuable addition to the anaesthetists
armamentanium

CONCLUSION

Controlled hypotension will be of use in only a small number of problems that
daily face the anaesthetist The technique complicates ordinary anaesthesta tnd
should be undertaken only when the advantages obtamned justify its use

The early pitfalls that beset the anaesthetist using this technique have been
discussed and 1t might be thought overcome It 1s during this early period that the
mortality figute of 1 450 suggested by Hampton and Luttle (1954) was obtawed
(equivalent to the mortahty figures for muscle relaxants without anaesthesta
revealed in the United States of America by Beecher and Todd, 1953) Any add:
tional rish depends upon the shill of the anaesthetist and a proper understanding
of the smpl of the technique A series of fatalities has been published n
which the hypotensive technique had been used, but they largely demonstrate what
has already been stressed—the dangers of poor anaesthetic technique accompanying
this form of anaesthesta Any deviation from the stringent rules 1s followed by the
heaviest penalties

Many authorities disapprove of this technique and their view:
Davison, 1953) are worthy of great consideration, but in g \ud:nlngscx(pGel:e);zczltglg?s

techmque has in expert hands proved safe and of great benefi
oy g t to the patients and
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ANAESTHLTIC FATAIITIES

H J VvV Morton

IT Has been said of anaesthenc drugs that they are one of the wonders of the
modern world But this 15 a laymans view and it 1s unlikely that anaesthetists
ever regard them 1n this way An anaesthetist 1s more likely to have his mind on
their side effects their shortcomngs and the complications which they can produce
One complication 1s death

In recent years great changes have taken place in anaesthetic practice Has
there also been a change in the frequency of anaesthetic deaths? How many
deaths are still due to anaesthesia? Such opening questions cannot be answered
with certainty though an indication of the size of the problem may be found m
the Minstry of Health Report for 1954 Here 1t 1s recorded that the number of
deaths under anaesthesia 1n England and Wales has been decling-year by year
since 1938 (Fig 25) By 1954 there had been a reduction by over one third to
562 the latter figure representing about 1 1,000 of all deaths occurring 1n the
population It is noteworthy that this reduction has occurred during a period of
steady increase 1n the numbers of anaesthetics ginven In some hospitals these have
more than doubled m the last ten years (Dawkins 1956)

The figures quoted refer to deaths under or in association with anaesthesia They
do not represent the number of deaths due to anaesthesia Case details when
available often show that anaesthesia recetves mention on a coroner s certificate
when 1n fact 1t was only incidental to the fatality On other occasions anaesthesia
Mmay escape mention although 1t had a causal relationship to the fatal result
These discrepancies are largely explamned by the many ways in which the admin:
stration of an anaesthetic may bring about death without leaving changes
demonstrable post nortem

Beecher and Todd (1954) analysed the results of over 500 000 anaesthesias given
during a 5 year peniod in 10 university hospitals 1n the United States of America
They arnved at g case mortality for anaesthesta of 1 1560 This may represent
an 1ncidence of death associated with anaesthesia of 329 per 100000 of the
population of that country They made the mteresting companison that more

than twice as many citizens out of the total poputation of the country die from
anaesthesia as die from poliomyelitss
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A LARGE SCALL INQUIRY

ta draw mferences from s data was to run the risk of serious error, and that
these figures cannot be accepted 1s representing the true relttive death rates’

The phrase  true relative death rites  demands our closest atention It implies
that the side effects of drugs may achieve fatil sigmficance, nd that m spite of
the greatest shill disaster will occasionally occur—a drug may carry an nherent
toxeity

Now here 5s something of prime importance 1n anaesthesia which yet may be
very difficult to establish with certainty However with respect to anaesthetic
deaths 1n general there will be hitle disagreement if we postulate that thewr
oceurrence 1s mamly a function of three factors the skull of the administrator the
condwion of the patient the agent used and of these the first has overwhelming
mmportance

Anaesthetic deaths 1 which there has been no error of judgement or departure
from accepted practice are not common yet 1t 15 only through the colfection of
accounts of such cases that the inherent toxicity of drugs can be demonstrated
Attempts to do this require the cooperation of many contributors Each will
have brought to bear varying degrees of technical skill and observational diligence
and differing cnteria with respect to choice of techmque and assessment of a
patient s general condinon To disungwish between preventable and mexplicable
deaths from such data must be difficult indeed

What do we mean by skill? Skill 1s compounded of many parts one of which
1s relevant knowledge To prevent anaesthetic deaths we require knowledge not
only of the mechamism through which the fatality may be brought about but
of the means to counteract 1t When both become known deaths previously
attnibutable to inherent toxicity become deaths due to lack of skill

A LARGE-SCALE INQUIRY

Beecher and Todd (1954) 1n the remarkable survey already mentioned made a
detailed statistical analysis of the mortality associated with the use of the muscle
relaxant drugs At no time did they claim that any specific patient had been
killed by the use of these drugs but therr figures are to say the least very striking
In brief the death rate when curare (relaxant drugs) was used was 1 370
when not used it was 1 2 100 They stated that in most cases curare deaths were
not associated with gross errors of anaesthetic management Even when such
tmportant factors as the expenience of the admimistrators  major and mner
operations and patient nisk were taken mto account the mortality figures were
still always unfavourable to curare  In an analysis of the pnimary causes of
curare deaths 63 per cent were recorded as due to respiratory fatlure (hypoxia)
and 37 per cent to cardiovascular failure (notwithstanding artificial respiration)
The pomt was made that death from curare can be other than resprrat;
and 1t was concluded that muscle relaxants have an mherent toxicity pratory,
Beecher and Todd s work was subected to much entieism Ths chbieism was
1!_namly on three grounds First the design of the nvestigation was not smitabl
or discovering the actual causes of the anaesthetic deaths Second| 1 .
collapse due to relaxant drugs m spite of the use of adequate amﬁcu{l rcexsrclur:ttory
was something contrary to generally accepted chnical and pharmacr:)loglxg:l
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Fia 25 —Dcaths under or n association with antesthesia (Englind and
Wales 1933-53) (Reproduced from the Report of the Muister of Health for
1954 by Aind permussion of the Controller of Her Majesty s Stationery Office )

SCX AND AGE INCIDENCE

Where Inrge collections of datn have been studied st Iis been usunl to find more
denths in males than in females (Edwards and lus colleagues 1956, Stephenson,
Reid ind Hinton 1953, Brown 1950) Beecher and Todd (1954) showed that there
w1s 1 real disproportion in this respect, deaths i males amounted to 58 per cent
of the total where1s the proportion of males in 1 sumple of the surgical population
under study was 43 per cent They suggested that  perhaps the higher nerdence
of heart and airculatory disetse 1n men makes them less able to tolerate annesthesit
thin women  Most reviews of data also show 1 disproportionate number of
deths 1t the extremes of 1ge particulaely in the first decade

Mimstry Reports record an increase 1n recent years 1 deaths under 1naesthestt
i the clderly We should remember however not only that the average nge of
the population 1s increasing but that  advances m anaesthetic and surgtetl
prictice hive mude 1t possible to perform meyor surgery on cases formerly
regarded 1s inoperable on account of their age Could deaths be related to the
numbcr of operitions 1t might be found that there was now less rish of an clderly
pient dying duning 1 surgicnl operation than previously (Regustrar Genertl's
Review, 1953 )

INHERENT TOXICITY

The relative safety of the various agents and techniques used 1n annesthesit his
been 2 perenmal subject for discussion Chloroform and ether were among the
first to recctve tention To quote but one eximple Hewitt (1912) assembled
data relating to over 1000000 wdministritions  The death rate wath ether was
1 16302 and with chloroform 1 3162 But Hewitt was quich to point out that
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SCEPTICISM AND TRADITION

expenimenter  relationship  Reports of anacsthetic fatalities need to be finely
detatled, and utterlv factual, the post hoc ergo propier hoce falley may itroduce
ttself in the most insidious fashion

RISKS LARGE AND SMALL

Untoward results have followed failure to appreciate the relattve risks of alterna
tive courses of action In order to avoid a very small nisk a far greater one may be
taken Neostigmine may or may not have been the sole cause of a very small
number of deaths But many deaths n the immediate post operative period have
been caused by respiratory obstruction or prolonged nadequate ventilation due
to the muscular flaccidity of unreversed curanzation It seems likely that the
majonity of such deaths would have been prevented by the use of neostgmime

The explosion nsk 1s another example An exaggerated importance of the
danger of even the briefest use of ether-air mixtures 1n the X ray room has led
beginners to embark sometimes with fatal results on complicated non mflammable
techmques with which they were not familinr (Report of the Working Party on
Anaesthetic Explosions 1956)

SCEPTICISM AND TRADITION

There are some risks which are both clearly understood and unmersally
appreciated No doctor would unhesitatingly subject a patient to general anaesthesia
1f he knew for certain that that patient had a full stomach In contrast there ate
some risks about which next to nothing 1s known Cases are on record where
small children have suddenly and unexpectedly died during the course of trivial
operations for which anaesthesia had been admimstered 1n a seemungly flawless
fashion  Status lymphaticus s no longer m vogue and 1t 15 customary nowadays
to ascribe such deaths to vagal mhibitton  This explanation even if correct
provides no help towards the prevention of such fatalities They are 1n anv case
so rare that the more sceptical anaesthetist may insist that they represent some
unrecorded or d techmecal t

There are some risks that come between these two extremes and where relevant
knowledge though far from complete 1s sufficient to enable prophylactic measures
of undoubted value to be taken The nsh of * ether convaulsions 15 an example
Thus potentrally fatal complication 1s sufficiently uncommon for many anaesthetists
lacking first hand experience of the phenomenon and doubtless activated b
scepticism to reframn from taking precautions which are both reasonable ani
stmple  Children are much more likely to develop this complication than are
adults and out of a mass of previous conjecture 1t has emerged that there are
six factors of outstanding actiologreal mportance namely an mborn habil, v
sepsis atropme overheating, carbon dioxide retention and b

deep eth
Th;‘ last four of these are easily controlled P ether anaesthesia
part from the deliberate use of cooling for spe:
allow uncc patients to b i pecial cases 1t 15 stull customary to

overheated This 1s due to
apghr.:mon of blankets and hes 1n an atmosphere which I:h:lwg;;‘: rhO:ts
and often hurud This practice may be due to thoughtlessness or tradition ’
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opuion Thirdly, why were deaths labelled s due to respiratory failure after
relaxant drugs not regarded ns due to lack of skill? This last apparently justifiable
criticism tended to overshadow the others Since details were not given there
was no evidence to suggest that the deaths from respiratory fulure might have
been for example, mstances of the rare phenomenon of neostignine reststant
curanzation, subsequently described by Hunter (1956) And even then prolonged
respiratory paralysis, 1f uncomplicated by circulatory madequacy, has little or
no smister significance 1f modern equipment 1s available Complete recovery after
even weeks of artificral respiration 1s nothing unusual

As to the design of the investigation, the authors themselves emphasized the
value of imiting future inquirtes to  certain kinds of severe test situations (anaes
thesia for gastric surgery, or common bile duct surgery) Although subsequent
approaches to the problem have been made in this direction, none has been
conducted on a scale large ¢nough for the results to carry conviction

Concerning circulatory fatlure, Beecher (1954) drew attention to the importance
of distinguishing between observed fact and generally accepted opinion’, and
emphasized that these deaths are still infrequent enough for any given 1naesthetist
to have a thousand or two cases without a death attributable to curare
Anaesthetic deaths 1n the form of cardiovascular failure following * curare were
recorded at the rate of 1 1,000 admimstrations which gives an indication of the
size needed for any future nquiry ammed at a statistical investigatron of this
problem

POST HOC ERGO PROPTER HOC?

Trichloroethylene 1s known to be capable of causing cardiac arrhythmias of a
potentially dangerous type This agent 1s widely used 1n Britain yet recorded
fatahties 1n which 1t mught be directly implicated are very rare Hewer (1956)
reports 40 000 consecutive 1dmunistrations with three fatalities possibly due to
the drug Edwards and his colleagues (1956) mention 9 possible cases n 1000
deaths associated with anaesthesia Ostlere reviewing the Iiterature in 1953
commented the fairest decision seems to be that trichloroethylene can cause
primary cardiac farlure 1n the same way as chioroform but extremely rarely

Does this drug 1n fact carry an inherent danger? Be this as it may, trichloro
ethylene deaths 1 the form of sudden cardiac arrest exemphfy an important
aspect of the anacsthetic death problem as a whole

When a drug 1s introduced mto chinical practice undesirable side effects may
be possible and eventually a death may occur This 1s reported, and the implica
tions of the side effects fully d d Now the cir ances which attend the
occurrence of unexpected cardiac arrest are hardly :deal for the making of clear
unhurried observations Further the difficulties of constructing a completely
unbiased account of such an event are increased by the natural desire of the
individual concerned to be able to state a cause for the fatality and maybe 2
cause independent of skill  Hence there 1s a tendency not only to invoke any
possibly relevant explanation already on record no matter how conjectural or
hypothetical 1t may be but also perhaps unwittingly to suppress facts irrelevant
to this particular explanation The difficulties of the situation resemble those so
clearly described by Claude Bernard (1865) when commenting on the observer
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sndisputably demonstrated there 1s no reason why an occastonal anaesthetic death
should menitably occur 1n no matter how large a series of administrations

Beecher and Todd (1959) gnve some figures for anaesthetic deaths associated
wath the use of thiopentone (all uses without curare) during the period 1948-52
There were 109 600 admumistrations tn alt with 72 deaths (1 1522) The vearly
figures are more wnstructne They show a death rate of | 720 at the beginning of
the penod  decreasing steadily to 1 3400 at the end, a reduction by a factor of
47 Xt1s difficult to beliese that this improvement can represent anything other
than increasing skill on the part of the admimstrators

Dundee (1956) made a list of the absolute and relatise contra idications 10 the
use of thiopentone A perusal of this prompts the observation that mistakes can
anse through the msinterpretation of quantitatine data relaung to anaesthetic
deaths which have been inadequatels classified For example unless care 1s taken
to prevent it general anaesthesta produced bs any agent can be complicated by
fatal respiratory obstruction No general anaesthetic drug 1s unique 1n this respect
If anaesthetic mismanagement i this direction 1s common then the drug which
1s popular at the moment will be the one most commonly 1 olved Unthoughtful
interpretatson of crude statisuics 1n which such fatalities are included may give
nse to an exaggerated view of the particular dangers of the drug concerned So
much 1s obvious But the fallacy 1t represents can appear i more subtle forms

Macintosh (1949) pointed out that several agents in turn ncluding the intra-
venous barbiturates have been descnbed as berng particularly deadh when gnen
to patients alreadv suffenng from severe resprratory obstruction (the question
was first raised a propos oedema of the glottis associated with mnflammatory
processes 1 the neck) He males 1t clear that there ts no need to invoke speaificity

Loss of consctousness from anv cause means loss of the use of the accessory
muscles of resprration In thys lies the danger

THE NEED FOR FACTUAL DATA

Regurgitation or vomiung during anaesthesia has brought about many deaths
Ttus hazard 1n contrast to many of those already mentioned represents one which
can be largely explained without mvolang abstruse hvpotheses Edwards and his
colleagues (1956) gne a classification of 110 fatal incidents They re-emphasize
that this nsk 15 particularly connected with acute abdominal conditions aceident
and obstetnic cases Some comments on fatalities 1 the latter category will serie
to tilustrate what 15 perhaps the most important aspect of the whole problem

Parker (1956) recorded 3 048 forceps delneries i domicihary practice without
a death due 10 vomiting During the same time there were 2 200 deln entes 1n one
hospital 1n the same area with four deaths due to vomiting This stemficant
difference (p = 0 03) demands explanation ) -

Tt has been suggested that hospital cases always mclude a greater proportion
of patients in poor general conditton less Likely to stand anouc episodes should
they occur 1t has howeser to be admitted that many healthy patients have
succumbed to this compheation Where vomuting 15 concerned the lateral 15 safer
than the lithotomy position and the former 1s more commonly used 1n domseiha
midwifery practice The nutrous oude-owgen—cther sequence 1s customary 31
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It 1s certunly not the outcome of experiment Fortunately 1t rarely causes serious
harm

It 15 also customary to give atropine to small, 1ll children 1n a dosage similar
to, or only shightly less than, that used for fit ndults This 1s a departure from the
accepted principle that dosage should bear some relationship to body weight
and physical status Maybe this exception 1s made because children tolerate
atropine well  Data relating to convulstons during anaesthesia, and particularly
from those cases 1n which temperature control was disregarded, throw doubt on
the general vahdity of this axiom, 1nd on the wisdom of following traditional
practices of unproven value

Another time honoured custom 1s to put unconscious patients n the lateral
positton only 1if they happen to be recovering from certain operations notably
those on the nose, throat or mouth (Macintosh, 1949) If it were customary to
put all patients recovering from general anaesthesia n thus position (unless
contra indrcated) doubtless many deaths would be prevented Deaths due to
post operative respiratory obstruction have occurred through the unsatisfactory
circumstances brought about 1n some hospitals by the shortage of trained nurses
These facts demand a reconsideration of the traditional view that the care of
unconscious patsents, in the immediate post operative period, comes reasonably
within the province of a hospital s nursing staff

QUANTITATIVE AND QUALITATIVE ASPECTS OF RISK

Dundee (1956) collected reports from various sources which showed that 67
deaths occurred 192281 admimstrations of thiopentone a mortahty of
1 2,870 He pointed out that,

1t does not follow that one need encounter threc to four mewitable deaths i each
ten thousand administrations of the drug No details of dosage rate of mnjection or
of the pre operative condition of the patients are available for the fatal admumstrations
but 1t 1s possible that many fatahties could have been prevented by the judicious use
of the drug and a proper apprecration of its ltnitations

If anaesthetic deaths have taken place 1n certain circumstances 1t 1s reasonable
to say that those particular circumstances carried a nsk  The word nish can
be usefully used 1n such a context But it appears to be not uncommon practice
to attach to the word numernical values based on mortahty, and then to use these
numbers as though they were probabitlities known a prior:

If a particular card 1s obtained as the result of making a single random draw
from a mixture of twenty packs of playing cards 1t would be true comment to
say that the probability of this event occurring was about 1 1,000 It would be
equally true to say that this probability holds for stmilar procedures n the future
The nsk of getting this card remains the same When there 1s an anaesthetic
death after thiopentone or, mutaus mutandis after any other drug 1t would not
be true to say that the nisk was 1 2870 Comparable remarks are frequently
reported as having been made 1n coroner s courts Although this misuse of the
language of numbers may be exemplary when offering condolences 1t cannot be
construed as a justification for compl y Unless wnh toxicity can be
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generally used 1n these circumstances are concerned with conjectures and not
with facts If facts were avanlable and ncluded information with respect to the
status of the anaesthetist concerned they mught show that the prevention of
anaesthetic deaths 1s more an cducitional and admmstrative problem than a
pharmacological one

ERROR AND RETICENCE

There has been repeated occaston to note that some anaesthetic deaths cannot
be completely explained although there may be a more or less satisfactory
hypothesis with regard to the manner in which death occurred, for example,
as the result of reflex cardiac arrest We do not know, however, why such a
complication should occur in one patient and not 1n _some other apparently
similar one exposed to 1y similar nces Descriptions of fatalities
of this hind and accounts of relesant research are not infrequent 1n the hiterature
Fatalities where there has been lack of shill recerve less publicity and mamfesta
tions of frank error are very rarely discussed except 1n such cases where there
has been medico legal action In many surveys of anaesthetic deaths mcidents of
this hind are bnefly d d under such nebul head as *‘gross errors
of anaesthet:ic manag Such v or reticence 1s very understandable
and may be desirable from some pomts of view and on some occastons but 1t
15 the negation of all progress towards the prevention of error

It has come to Iight that deaths have been caused by the injection of one of
two drugs of widely dissimilar potency but with almost indistinguishable names
Once 1t was established that such calamities occurred repeatedly the hazard was
reduced by altering 2 name Deaths have occurred through the use of the wrong
cylinder of gas A means has now been devised which if generally applied will
make this hazard of historical mterest only Deaths have occurred through the
sprayimng of too much local analgesic solution into the air passages A new sprayer
has been invented commendable on account of its efficiency even when used by
the less thoughtful but safer 1n anyone s hands than the older appliances because
1t will not hold more than a safe quantity of solution

It 1s unbelievable that these, and a few similar examples represent the himit
that can be reached by the application of ingenuity to the prevention of deaths
due to error It would not be far wrong to suggest that the amount written about
anaesthetic deaths 1s 1n direct proportion to the ranty of the form they take and
the obscunty of the arguments needed to explain them Great progress might be
made 1f 1t were generally recogmzed that the disclosure of error may be as helpfut
as the disclosure of ignorance The encouragement by the Association of
Anaesthetists (1949) of the anonymous reporting of all types of fatalities has
already produced promising results Liability to error 1s not a failing pecuhar to
anaesthetists and the prevention of fatalities due to mistakes might be achieved

1n ways other than through the sciences immediately basic to anaesthesia itself
Bull:ngenuny can never be applied to this problem unless the patterns of error
are known

CONCLUSION

Some examples of death under anaesthesia have be
en considered but th
many other equally important ways in which thys tragedy can occur Thcsee(;:a?ll:

249



ANAESTHETIC FATALITIES

hospitals, open chloroform and ether are the rule 1 general practice Is it easter
for the non expert to mike a smoother induction with a chloroform-~ether mixture,
so that the number of patients at risk 15 less? Ts it that anaesthetists of the younger
generation lack expertence i making mitrous oxide-oxygen—ether nductions a
method which 15 seldom used nowadays except 1n obstetrical work? What pro
portion of obstetrical anaesthesias are given by anaesthetists, what proportion
by house surgeons house physicians or by jumor members of the obstetric staff
directed to undertake 1 procedure for which they have nerther interest nor
qualification? Even given the experience necessary to mnterpret them, 1t 1s unlikely
that the signs of imminent vomuting during anaesthesia will always be noticed
by someone whose nterest 1s predormnantly in the obstetric management of the
patient

30

FiG 26 —Onset of emergence vomiting

after obstetrical anaesthesta
Emergence vomiting occurred 1 70 of

100 consecutive patients lightly anaes
thetized with mitrous oxtde-oxygen-ether
for episiotomy and forceps delvery The
time interval between the removal of the
facepiece and the onset of vomiting was
noted and 1s recorded above The
average duration of anacsthesia was 32
mnutes With deeper and longer anaes
thesias the interval before emergence
vomiting 1s likely to be longer
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How often does emergence vomiting bring about this type of fatality ? The time
of occurrence of this phenomenon can be noted (Fig 26) It could be imferred
from such data 1f they are representative of the general situation that potentially
dangerous emergence vomuting takes place very soon indeed after the mask 1s
removed Hence what expenence and what degree of competence has been
attained by an indwidual who when giving an account of a fatality from this
cause uses such words as after a few munutes I was called back and
found ? What proportion of the anaesthesias 1n hospitals has to be given by
nexperienced doctors and how much instruction in practical anaesthesia did these
doctors recetve 1n their undergraduate days?

We can take 1t as axtomatic that skall s the greatest single factor m the prevention
of anaesthetic deaths Can 1t be that the elementary mustake 15 still being made
of laymg undue emphasis for misfortune on drugs and mere mechanical apphances
to the virtual exclusion of the prime mmportance of the human factor in these
matters?

Practically all the foregoing remarks which may be taken as typrcal of those
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CHAPTIR 16
HYPNOSIS
A A Masoxn

ToDAY a vast amount of hterature 1s emerging both 1n England and the Umited
States of Amesica on the uses of hypnosis ;n medicine psychratry and anaesthesia
1n thys short chapter the application 1n anaesthesia 1s summanized, together with
some of the dangers associated with 1ts use, st must be emphasized however that
a chapter ke this merely serves as a superficial introduction to a vast subject
Students wishing to practise hypnosis would be well advised to read the
books wnitten by Wolberg (1948) Brenman and Gill (1947}, le Cron and Bordeaux
(1949)

SUSCEPTIBILITY TO HYPNOTISM

Susceptibility to hypnosis bears no relatronship fo the sex race, profession or
mntelligence of the subject Broadly speaking 1f the patient 1s accessible he can be
hypnotized, and 1t has nothing to do with will power or ‘weak mindedness
Some of the best subjects are often highly intelligent and very self willed but they
must be persuaded to co operate in the induction The patient whose fear or
aggression makes him uncooperative cannot be hypnotized From the time they
are first able to understand language and stmple mstructions the very young are
excellent subjects, as are those in their teens Elderly patients are more difficult to
hypnouze if they are deal’ for the method of induction 1s so frequently vocal

With an adequate technique, there 1s stiecess tn approximately 90 per cent of
cases The 10 per cent of farlures may be hypnotized by another hypnotist and are
probably due to some incompatibility between patient and hypnotist Therefore
nearly 100 per cent of people are hypnotizable by someone or another This
seems to 1mply that hypnosis 1s 2 normal perhaps physiological state which
we can all experience from time to time This will seem less strange if 1t 1s
appreciated that most people have probably experienced hypnotic states without
realizing their nature for example when lulled to sleep by the rocking of a
train ship or hammock or by the monotonous stimulation of a lecturer, or a
massecur

The production of hypnosts may be summed up as follows It 1s a trance hke
state produced by repeated rhythmical monotonous sensory stimulation The
sumulatton may be auditory voice music or any monotonous sound wisual a
glczlzjcrmg pattern swinging pendulum or light, or tactile stroking of imbs face or

251



ANAESTHETIC FATALITIES

can be classified by diverse methods, but there 1s one way which 1s both simple
and relevant to thss final approach This 1s merely a division of fatal cases to two
types those for which a reasonably satisfactory explanation can be provided, and
for which effective counter measures are practicable, and those which cannot at
present be fully explained, and for which counter measures are either lacking or
Iargely empirical

It follows that there are 1 number of essential requirements for the prevention
of such deaths as for example (I) the encouragement, by some means or other
of the direct or ndirect reporting of detailed accounts of fatalities, (2) the widest
dissemimation of such useful nformation as can be dernved from these accounts,
and 1ts inclusion 1n a prominent position 1n teaching programmes, (3) a restriction
of the practice of unsupervised administration of anaesthesia by newly qualified
doctors and (4) the application of research not only to the elucidation of the
more obscure aspects of the problem but to the preventron of fatalities of the
types that are already understood

The modern trend 1s towards the recogmtion that the prime prerequisite 15 the
collection of factual data  Only a fool learns by lus own experience  No saying
could be more apt to the present context
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The direct eye gaze method

In thus method the hypriotist gazes dircetly into the patint s eyes making all the
while suggestions of heviness drowsiness sleep and so on It docs not appear to
be a very successful method for English people, probably because of an immediate
resistance 1n the race to betng told authontatively what todo This hind of authorita
trve method 1s excellent for children who become restless and impatient with the
slower forms of induction

Other methods

Other methods of trance induction employ the use of mechanical devices such as
rotating discs and metronome hike appliances There 1s however no substitute for
the human voiee which can be varied to suit each patient Above all the student
should eschew any form of mumbo jumbo darkened rooms mysterious passes and
all the tricks of the stage hypnotist These are undignified and unnecessary and
cause only ridicule and disrepute

1t 15 possible to use drugs to ard the mduction of hypnosis Sodium 1mylobarbi
torie has been used both orally 1-3 grains, and intravenously, 250-500 mithgrams
Scopolamine 135 grain ts one of the most effective drugs and makes the induction
of hypnosis very easy Induction of hypnosis 1n a new patient takes approximately
10 minutes and 1f there 1s fallure to induce hypnosts after the second attempt,
then 1t 1s probably wiser to abandon the attempt The fatlure 15 due to unconscious

resistances 1n the pattent which are difficult to defeat and outside the realm of
anaesthesia

TRANCE DEPTHS

Just as there are varying depths of anaesthesta, so are there varying depths of the
hypnotic state The depth of the anaesthetic state depends on the guantity of various
chemicals 1 the body The depth of hypnosis, on the other hand 1s related to the
personahity of the person being hypnotized and to the skill and technique of the
hypnotist It may even vary in the same patient on different occasions dependent
to some extent on mood The depth achieved on the first induction 1s less than that
on subsequent inducttons and the final depth possible 1s usually not 1chieved until
several inductions have been performed The trance state has three divistons light

medium and deep hypnosis Of patients 35 per cent will go 1nto 2 hight trance

35 per cent into a medium trance and 20 per cent mnto 1 deep trance Itis important
for the anaesthetist to distinguish between these levels of hypnosis When the
patient s eyes close involuntarily and 1n response to suggestion then it can be
assumed that the patient 1s at least 1n a light trance The eyehds close 1n the manner
typical of the cataleptic eyelids Simple suggestions are then made to the patient

for example your nght hand will get hghter and float up nto the aie  If the
patient responds to these suggestions he 15 probably 1n a medium trance state If
%ie fails 10 respond he has not progressed beyond the light trance state The best
method of determuning the depth 1s by tesung with pin prick Suggestions of

analgesia are made such as Your
il T night arm s becoming cold and numb and you

The patient 15 then tested gentl.
y with a needle If he reacts
immediately he 1s 1n a light trance If he allows some penetration but winces or
moves when a more panful stimulus 1s apphed then a medwm trance has been
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METHODS OF TRANCE INDUCTION
The hand levitation method

In the hand levitation method, the patient sits 1n a comfortable chair or hes down,
he 1s then told to concentrate all his attention on one hand Suggestions are then
made that the fingers will move and after that the hand will get light and float into
the air These suggestions are repcated over and over until normal movements
occur 1n the patient s fingers, and these normal movements are incorporated within
the hypnotist s suggestions as though he had suggested them The patient then feels
that the movements have occurred because of the suggestion that they would occur
It 1s then suggested that the hand 1s getting hghter and will float up and reach the
pattent s face and when 1t does so the patient will go into a deep sleep The whole
procedure generally takes 10-15 minutes It has the advantage of proceeding at
the rate that the patient himself determines by his hand raising The induction may
be lengthy and cannot be forced along by being more directive, which makes the
method of little use 1n anaesthesia where time ss imited A more detailed account
of this excellent method 1s given by Wolberg (1948)

Hypnosts by eye fixation

The patient 1s seated 1n a comfortable chair or lies on a couch His eyes are fixed
on a spot slightly behind and above the hypnotist s head This can be a ight ora
spot on the ceilling As the patient gazes at this fixedly generalized suggestions
of tiredness heaviness and drowsiness are made, and more spectfic suggestions are
made such as that the eyelids are getting heavier and tired (which of course they
will do physiologically), and the hypnotist continues with rhythmical repetitive
suggestions until the patient goes nto a hypnotic trance Here 1s part of a verbatim
report of such an induction

You are getting drowsy and heavy your eyes are tiring and watering you are
blinking more and more Your lids are gettng so heavy that they want to close Relax
and think about sleep Your eyes are watering  your lids get heavier and heavier Your
eyes are tired and presently they will close Keep thinking about sleep how nice 1t
would be to sleep You notice you are getting sleepier and sleepier keep lookng at the
spot You are feeling your eyelids getting heavier and heavier—more and more tired
Now they are closing and now your arms and legs are heavy as lead and a drowsy
feeling spreads over you You are relaxing and going to sleep Relaxing and gomg to
sleep Breathe deeply and slowly with each breath you sink nearer and nearer to sleep
Your eyes are heavy and sleepy they are closing up closing up closing up

Repetitive suggestions for several minutes usually result i a closure of the
patient s eyes voluntanly If the patient s eyes do not close very often a firm
command to close them will produce the desired result When the eyes close
mvoluntanly and m a progressively rapid blinking fashion the hypnotic state 1s
reached This phenomenon the eye blinking more and more rapidly and then
closing 1n a flutter 1s known as the cataleptic eyehd It 1s quite distinct from
voluntary closure of the eyes and 1s a reliable sign that the hypnotic state has been
achieved
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cystoscopy nd 1 host of mampulitions with surpicy] instruments can cause
anviety and distress 1 many patients and can be comfortably performed m the
hypnotic state Hypnosis for cardiac catheterszation can be very useful It does not
embarrass the mefieient heart and permits use of chemiel antesthesia only for the
mayor surgical procedures thus enabling the cardiac patient to husband hns shm
resautces for such imes Goldie (1956) showed how thus depth of hypnosis can be
utilized 1n the casunlty department, particularly for the emergency with the full
stomach

Decp trance hypnosis

In deep trance hypnosis analgesin 1s considerable nd extcnsive surgery can be
performed Mason (1955) reported a second stage mammaplasty, and n 1957 an
abdomnal scar hermorrhiphy under hypnosis Amputations of hmbs can be
performed, impacted wisdom tecth have been removed in Great Britan many
times and reports from the United States of Amerca of caesarean section,
appendicectomy and thyroidectomy have appeared i the last few years (Kroger
and DelLee, 1957) The advantages of surgical procedures without any anaesthetic
being gnen are obvious The toxic effects of anaesthetic drugs are absent, and
hypnosis can be used in severely 11l patients 1n whom chemuical anaesthesia 1s contra
mdicated  Shock 1s mimmized, and protective reflexes, apart from those which
have been specifically removed, are present Accidents are therefore less Iikely to
occur, and ulnar nerve pressure, brachial root traction, and burming with hot flds
would be felt by the patient and brought to the notice of the surgeon The cough
reflex1s present therefore blood and vomut cannot be mhaled, and oral procedures
are facilitated and rendered free from anxiety The patient can drink fluids during
the operation and post operative pain or discomfort can be prevented by suitable
suggestion The patient can be made immediately ambulatory if desired and chest
complications therefore mimmuzed Post operative nausea and vomiting can also
be eliminated

This would be an 1deal form of analgesia were 1t not for the fact that not more
than [5-20 per cent of cases can be anaesthetized n this way for major surgical
procedures, and the impossibility of forecasting good hypnotic subjects beforehand
Emergency procedures are almost completely ruled out The certarnty and safety

of chermical anaesthesia today has relegated the use of hypnoss for major surgical
procedures to a very mnor place

HYPNOSIS AND BURNS

Crasiineck and hus colleagues (1955) have treated severely burned patients with the
aid of hypnosis It s used as a method of anaesthesia for debridement dressing,
changes and skin grafting and the obviation of repeated chemical anaesthesta 1s of
great value n these very toxic patients Post hypnotic suggesnion can be utilized to
allay post operatne pain This enables early ambulation decreases chest comply

cations and mmmmizes contracture formation Food intake 1s another problem
m the severely burned case because of pamn depression toxaemia and nausea The

use of hypnouic suggesuon directly and post hy]
pnotically has been used
the calorie intake from 1 000 to 8,000 calories daily Y edtoclevate
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achieved If the skin can be penetrated completely with no reaction from the
patient, 1 deep trance has been achicved

These tests are rough guides to depth, and 1s 1n chemical anaesthesia, expernence
15 the only sure gurde It s infrequently realized that analgesia 1s not an automatic
concomitant of hypnosis, and even though the patient 1s 1n a deep trance there 1s no
analgesia unless 1t 1s suggested directly Words such s numb and frozen are apt to
be ambiguous and the phrase *“you will feel no pamn * should always be inserted to
make sure It must also be emphasized that the anaesthesia produced does not
follow the lines of neurological distribution It occurs specifically in areas which are
suggested, and these areas must be clearly outhined, for example the suggestion

your jaw will become anaesthetic 1s valueless becuse the patient will not know
whether the upper or lower jaw 1s meant and the Iy concept of jaw differs vastly
from the anitomical concept However 1f st 1s sugpested that your hand below
the wnist both back and front will become nsensitive to pan |, then it 1s clear to the
patient which aren he 1s expected to nacsthetize and he will do so accurately
Agarn, areas such as the back or the stomach are impossible to delhineate 1n a
patient s mind The arca might be swabbed with spirit or water so that the patient
feels, and 1n consequence knows exactly the 1rea to be anaesthetized

Light trance hypnosis

Although analgesia does not exist 1n the hight trance state, this depth of hypnosis
can find considerable use in the practice of anacsthesia Tt 1s particularly useful 1n
the removal of the psychological overlay of pan, as for nstance 1n the patient who
does not go to the dentist because of fear rather than any antictpation of pam the
patient who 1s terrified of a local or general anaesthetic or 1n particular the patient
who still complains of pan despite an adequate local or regional block These
patients are filled with fears and anxiety, and their minds translate touch or any
physical sensation mnto pamn because of the overlying fear If they are put into @
light trance state and then local or general anaesthesia 1s induced an excellent
result ensues Light trance hypnosis 1s an excellent premedication for general
anaesthesia It ensures freedom from anxiety and a smooth induction phase and 15
particularly useful for dental anaesthetics It 1s also an effective adjuvant in the case
of the patient who must undergo extenstve surgical procedures under local or
spinal analgesta

Medium trance hypnosis

Here varymng degrees of analgesia are present and tests should be performed to
find out the extent and depth Procedures should never be attempted which require
a greater depth than that which exists This destroys the patient s confidence and
prevents the utilization of even the limited benefit present Medium trance 15 2
useful depth for repeated procedures which do not warrant general anaesthesia
Examples of these are repeated manipulations, orthopaedtc and physiotherapeutic
urethralinstrumentation thoracic and abdominal exploration and lumbar puncture
Ward procedures like mastoid antral and burn dressings can be done with very
Dittle pan and discomfort n the medium trance state Muluple dental fillings are
eminently suitable to be carried out under this depth of hypnosis since they require
repeated local blocks which may be more painful than the filings themselves
Procedures Iike sigmosdoscopy, gastric lavage and aspiration  antral puncture
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CHAPTER 17
ANALSTHISIA AND DIST'ASE
O P DinnNick

OperATIONS 1re performed today which twenty years ago would have been
considered unyustified owing to the diseased condition of the patient Improved
anaesthesra bload transfusion chemotherapy and particularly the regulation of
flud and electrolyte balance have all contributed to this mmproved situation
No longer are patients subjected to long periods of bed rest before operation
and early post operative ambulation 1s encouraged This not only tends to prevent
airculatory stagnation and thus diminish the Iikelihood of pulmonary embolism
and atelectasis but also benefits the morale of both patients and wrd staiT alike

INFECTIONS
Bronchitis and the common cold

The common cold may well be a precursor of pneumoma and 1s a condition
which undoubtedly predisposes to post operative pulmonary complications
(Harns 1951) Harns also again drew attention to the important point that
such complications were frequent after operations which predisposed to post
operative atelectasts such as abdominal or other procedures which nterfered
with breathing and coughing Palmer and Sellick (1953) further emphasized the
connexion between upper respiratory tract infections bronchitis and post
operative chest comphications Besides stressing these relationships they clearly
showed the importance of reducing the patient s sputum production to a mimmum
before operation Post operative breathing exercises alone were insufficient an
energetic regrme of postural drainage and active coughing combined with the use
of bronchodilator drugs 15 essential for a few days before and immedrately after
surgery

Tt1s sometimes argued that post operative pulmonary complications may be
controlled by modern antibiotics but Palmer and Sellick (1952) had previously
shown that routine pemicitlin  cover  without active steps being taken to assist
the chmnation of sputum did not reduce the incidence of atelectasss, even though
the secondary nfectron was controlled A sangume atutude to the powers of

biotics and the develof of drug resist in bactenia 1s obviously justified

n all emergency surgery but 1t should not be allowed to cloud the clhimcal assess
ment and appropriate preparatien of patients for elective operations

For assessment there are three broad groups of patients but every case must be
considered on 1ts merits First there 1s an obvious group 1 which 2 cold 15 a
clear contra indication to operation either because of the site of the operition
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HYPNOSIS AND OBSTETRICS

Good obstetric nalgesin has many requirements to fulfil It may have to be pro
longed for hours or d1ys and so must be of low toxicity It also needs to be powerful
enough to give relief from the severe pun of the second stage without depressing
cither uterine contractions or the mfant s respiration Hypnosis fulfils both these
requirements excellently Potent local or general naesthesit needs expert admmn
stration and this 1s not avulable for most delveries, but hypnotic analgesia 1s
cmimnently safe and frequently more effective than mitrous oxide and ar, trichloro
cthylene or petludine Many of the complications of lnbour are due to delay 1n one
of its stages The delay itself 1s frequently second iry to anxiety, fear and pamn
which ¢1n 1l be lessened by the use of hypnosis thus reducing its incidence nd
sequelac Hypnosis 1s especially valuable in cases of toxaemua of pregnancy or
cardine fulure

The fact that the mother 1s conscious at the ime of her delivery 1s thought to hve
great psychologienl importance for the future mother-child relationship

PHYSIOLOGICAL ASPECT

The physiological mechamsm which 1s responsible for the production of analgesta
1n hypnosis 1s not clear Some research workers believe 1t to be allied to distraction
anaesthesia 1nd some believe that there 1s 1 blockage of pun mmpulses at the
synaptic junctions Some patients being operated on under hypnosis show no
elevation of pulse and respirition or f41l in blood pressure suggesting that the pain
1s not being apprectated centrally Other pittents exinbit pulse, resprratory and
blood pressure changes, but say nfterwards that they expertenced no painful or
unpleasint sensations In these cases there has undoubtedly been central apprecit

tion of pain but the amnesin produced by the hypnotic state removes tius from
consciousness Itis as yet undecided whether there can be  paun  in the organic or
surgical sense 1f there 1s no consciousness of 1t Research being carried out at the
present moment will, 1t 1s hoped, clarsfy this point However, electroencephalogram
recordings of patients being subjected to punful sttmult in the hypnotic state
resemble closely recordings of patients subjected to punful stimult under general
anaesthesia This, of course, supports the contention that the anaesthesia is real
and not simulated or hystericnl
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condition requiring surgery, and by the accompanying operation The chances of
this occurrence are more difficult to assess, but chemotherapy has reduced them
to reasonable proportions morcoser, the surgieal condiion frequently compels
acceptance of the nisk

Patients with sputum must be treated with postural drainige as previously
described and chemotherapy commenced In favourable cases the sputum will
become negatne for acid fast bacilli, and the disease arrested sufficiently 1n a few
weeks to permut operation Patients with healing foc1 or early cases with no
sputum or with sputum free from tubercle bacilll may safely be given a general
anaesthetic In these cases 1t 15 impostant to avosd violent respiratory movements
which may break down walled off areas of partly healed disease If chemotherapy
caver 1s ginen to these less severe cases it must be continued for several months
Finally, the risk of infecting hospital staff and apparatus must not be overlooked
and full nursing precautions must be taken until the sputum can be shown to be
free from tubercle bacilli

STERILIZATION OF EQUIPMENT

The sterilization of anaesthetic equipment or even the effective cleaning of such
items as corrugated tubing and one way valves sets a problem to which no satis-
factory solution has yet been found Stershzation by heat 15 accepted as being the
metbod of choice whenever passible, but 1ts application to anaesthetic apparatus
and equipment 15 exther impracticable or else shortens the hfe of rubber equipment
to a degree that makes 1ts routine employment economically unacceptable

The practical difficulties of solving this problem and the apparent absence of
serious sequelac when absolutely stenle eq is not used, have perhaps en-
gendered a casual attitude to the subject Ziegler and Jacoby (1956) found that
anaesthetic machunes sn daily use were heavily conta d with orga —
especially round the facepicce connexions—but failed to demonstrate their trans
mussion from an anaesthetic machine bag to an experimental rubber lung

Smuth (1957) reported that slices of rubber from an endotracheal tube could
it the growth of staphylococer under certam i uitro condiions  the 1mport
ance of this observation hies not so much 1n that 1t may perhaps partly account
for the absence of cross infection 1n the past, as 1n that the newer synthetic plastic
matenals may not possess this bacteriostatic property Nevertheless there seems
tittle doubt that cross sfectton by contaminated anaesthetic apparatus can occur,
though judging by the scarcity of reported meidents 1t ts uncommon presumably
because patients with a virulent respiratory infection seldom come to surgery It
has been suggested that influenza might have been transmutted 1 this fashion
(J Amer med Ass 1937) and Living and his coll (1941) reported the
spread of tut ! fection by d face masks More recently Joseph
(\952)ld§scnb§d ar; epidemic of tonsilitis 1 which the anaesthetic machine was
suspected as the infecting agent and this report cast dou n
behef (Waters 1931) that sogda lime was an :ﬂ‘ccme hacte]i:a?trg;e previously held

Although Magath (1938) devised a water bactersal trap for closed etrcust
machines any effectne filter must wevstably be bully and matenally increase
the Tesistance to Tespiration moreover no matter how efficently 1t may absorb
bactera 1t 1s not possible to protect against a virus ifection by this method
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s for eximple the nose or eye, or because 1t 15 1 purely cosmetic operation 1
which clearly no nisk 1s yustifiible

A sccond group of cises comprises those tn which the hhelihood of post
operitive chest complicitions s remote, such as operations on the arms Here
undoubtedly, the risk of operating in the presence of a cold s shight (Elhis, 1955)
but there are nevertheless, reasons for counsclling caution One s the unpredict
abihty of the discise, and the Iikelihood that any subsequent pneumonia would
be blimed, perliips rightly, on the 1nacsthesin  secondly, that the cause of any
post operative pyrexit is mide more diflicult to diignose, and thirdly, that a
paticnt miy not tolerite well the added discomfort of cven 1 munor operation
while suffering the misery of 1 severc cold

The third group consists of pitients who, because of the site of the operation
the presence of bronchitis or other pulmonary diseise or of 1 history of previous
post oper ttive chest complicitions demand most cireful consideration Here the
operation m1y justifitbly be postponed bectuse of a cold, which will almost
invariably ex icerbite a pre existing bronchitis 1t ss difficult to predict the course
of any cold in 1n individun) but some guide may be obtuned by knowledge of a
particular epdemie, either in the hospital or 1n the patient s home or place of
work A two day smiflle’ miy be ignored but other strams of virus produce
more sertous upsets I 1 pitient stales, 15 1s not infrequent, that a cold always
goes to s chest, and 1f « further questioning chicits that this 1s Always accompanied
by incresed sputum for three weeks or so then an operition such as gastrectomy
should clearly be delayed, wnd the best course may be to dischurge him from
hospital for thit period On the other hind 1f no such hustory 1s obtained two or
three days postponement muy be suflicent The common cold 1s 1 serrous
condition 1n t bronchitic patient and delayed resolution tnd bronchicctasis may
follow pneumonst It 1s wise to be cautious

Pulmonary tuberculosis

The successful operative tre itment of pulmonary tuberculosis in many chnics
under a viriety of generil ind local annesthetic techniques, and the effectiveness
of chemother ipy, hive together revolutionized the approach to this discase Many
patients arc now confidently accepted for surgery both of the lung and for inter
current conditions who 1n the pist would hive been denied active therapy and
doomed to long months of expectant treatment

Outstde the thoracic surgical centre frequently 1 routine pre operative radio
graphic examination of the chest reveals 1 susprcious tuberculous mfiltration
Unfortunately activity cannot always be diagnosed with certunty from onc
film, or 1 one clinical examin wtion  C ises for elective operation must of course be
postponed for investigation but 1n many there 1s a farr degree of surgical urgency,
and the nisks of operation must be briefly considered The immediate and most
serious risk 15 thit of n mhahtional tuberculous bronchopneumonta or of
secondary infection 1n 1 post operative atclectasts Such direct spread of the
disease should largely be avoidable by careful anaesthetic management and pre
operative reduction an the amount of sputum  but if this be not possible and the
surgical condittion demands immedinte operwuon regional analgesia 1s strongly
ndicated, so that an active protective cough reflex may be preserved

The later sk 15 of exacerbatron of the disease by the metabolic stress of the
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DIABETES MELLITUS

tlus reason are widely recommended 1nd used for diabetic patients Too much
stress however, can be lad on the hyperglycacmic cffect of the drugs used in
anaesthesia

Prolonged pre operative starvation has been tbohished, cmotional stress reduced
by premedication, and the excitement stige crrcumvented by thiopentone Hypoxia
1s never tolerated under modern condtions and carbon dioxide elimmnation 1s
cnsured by controlled ventilation and flud balance 1s mamtained and post-
operatine vomiting greatly reduced These many factors combine to make a
modern anaesthetic even one i which a lttle ether 1s used relatively little
disturbing to carbohydrate metabolism when compared with that of twenty years
ago and 1t would seem reasonable to view with caution any recommendations
based on observations made at that time Climical experience supports this view,
and the author has not seen any case complicated by hyperglycaemic coma but,
on the contrary hypoglycaemia has been a greater worry, especially when glucose
has been gnen by mouth and presumably not been absorbed

Although the blood sugar level 1s not seriously disturbed by a well gien
anaesthetic in a fit patient (Gniffiths 1953), the diabetes may be made worse by
other factors such as dehydratron nfection persistent vomiting and the metabolic
response to trauma In most cases the total effect of the illness and operation 1s
exacerbation of the disease Some patients become resistant to msulin and 1n all
nsulin requirements are increased This requirement may vary very greatly in the
immediate post operative period and after a major operation the patient may
not become stabilized until as late as the fourteenth day Because of this rapid
and 1n some cases extreme fluctuation of msulin requirements a quick recovery
from the anaesthetic 1s very destrable so that one of the possible causes of post
operative coma may confidently be excluded

Stabilization

Facilities for accurate blood sugar estimations mn 2 laboratory should always
be provided when operation 1s contemplated on a severe diabetic but when such
a service 1s not readily available use may be made of a simple bedside method of
estimating blood sugar which has proved to be of great value i the treatment
of emergency cases {(Davies and Paley 1957 Osborn 1957) However as explained
below 1n most cases the insulin dosage may be adjusted according to the urine
sugar levels

Before operation the longer acting msulin should be stopped and the patient
stabilized on soluble snsulin whenever possible This may take 48-72 hours and
this time should always be made available for severe diabetics who are to undergo
major surgical procedures The oral msulin substitutes of the sulphonamde
group should never be used at such 2 time The time taken for absorption of
orally administered drugs 1s always uncertain and may be considerably delayed
by apprehension and narcotics such as morphine or pethidine (La Salvia and
Steffan 1950) and this uncertain absorption applies equally to food and hyper
tonic glucose solutions This knowledge has been emphasized by the recent report
of the Assocration of Anaesthetists Commuttee on Anaesthetic Deaths (Edwards
and his colleagues 1956) which showed that the mhalation of vomit was one of the
mo;t u;1pormnt causes of death associated with anaesthesta Moreover 1t was
made clear that the proportion of diabetics dying from this cause was considerably
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The lack of information on the vulnerability or otherwise of viruses must not
be forgotten when considering chemical methods of sterlization Many com
pounds have been employed for this purpose, only a few of which are effective
in a reasonably short time, but the nisk of rrrtation and contact burns from
chenucals remamning in the rubber in spite of repeated washings, has resulted mn
most of them being tbandoned for use with anaesthetic equipment The common
practice 1s to rely on washsng and, where possible, scrubbing with soap and water

This simple measure 1s, 1 any case, an essential prelmmary to any further
chemical  sterlization and has been shown (Joseph, 1952) to produce a
hundred fold reduction n the bacterial count in anaesthetic equipment This
author reported a further ten fold reduction in the bacterial count when hexa
chlorophene and a detergent were used instead of soap and he 1dvised the
employment of such a substance for the routine cleaning of anaesthetic rubber
equipment, a recommendation which has been endorsed by McDonald Welch
and Keet (1955) but as Ziegler and Jacoby (1956) stress, to be effective such
treatment must be carned out immediately after the equipment has been used
and before any secretions have time to dry

A product readily wvadlable in Great Britain which would appear to be very
sustable for this purpose 1s a mixture of 0 5 per cent cetrimide and 1 2 000 chlor
hexidine (Hibitaine) which 1s detergent nomtrritant and effective agamnst a wide
range of bactena Though this solution will inhibat the growth of M3 cobacteriuni
tuberculosts a 05 per cent alcoholic preparation of chlorhexidine 1s required to
Ml this orgamism Nevertheless until this promising drug has been proved effective
on anaesthetic equipment 1n routine use 1t would be wise to rely on sterthzatron
by heat so fir as possible particularly after such equipment has been used on
patients with open tuberculosis or other acute infective diseases

The mtroduction of equipment and apparatus that can be easily cleaned and
repeatedly sterilized by heat 1s a challenge to our designers and manufacturers
which should not be overlooked

DIABETES MELLITUS

This common disease with an estimated incidence of 6 per 1 000 in Great Britain
(Lancet 1953) has 1n the past given rise to much confuston of thought and
unnecessary concern m relation to anaesthesia Much of this has ansen because
of attempts to lay down detailed schemes of treatment where the insulin dosage
was adjusted according to anaesthetic agents or the nature of the operation and
also because of a failure to stress the wide varations 1 the type and seventy of
the disease 1tselt

Carbohydrate metabolism

The approach to the subject has not unnaturally been affected by the rise 1
blood sugar which has frequently been observed both i amimals and m man
after the admmstration of narcotics (Harris 1951) Moreover, n the past
Letosis was also not infrequently an additionnl sequel to ether and chioroform
anaesthesia (Minnitt  1933) Thiopentone cyclopropane and mitrous oxide are
drugs which produce much less disturbance of carbohydrate metabolism, and for
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of unconscrousness 1s only a few minutes, 1t 1s neécssary onfy to ommt the nsubin
for the one mussed meal, for the equuvalent glucose muy be left out without grave
nsh Itss however preferable esen in the dict only group to give some msulin,
say 10 umts and 25 grammes of glucose ntravenously, if the operanion 15 of any
magmtude This may be repeted 1n the post operatne pensod for as long as
necessary cheching the insulin dosage from the urne tests

1t 1 customary to arrange that where posstble the diabetic patient 1s placed
first an the List and 1t 1s obviously destrable that major procedures on severe
diabetics who are going to need close and shilled post operative supervision
should not be performed too late 1 the day However, as most of the less severe
drabetcs are usually stabilized with a morning and evenung dose of soluble insulin
1t 15 often stmplest to arrange a minor operation for these cases at about mdday
They may then have a normal or hight breakfast with insulin dosage adequate
to cover this (that 15 less than the usual morming dose) and they should have
recovered sufficiently to take their usual evening meal Operating schedules are,
however frequently disturbed but this need cause no alarm provided no injection
of msulin 1s gnen 1n the ward with the ordinary premedication and the obsolete
practice of relying on glucose by mouth 1s abandoned This dose of insulin should
be postponed untl the patient is anaesthetized with an intravenous glucose
dnip runnung satisfactonly Any inadvertent hypoglycaerma is thus aveided should

the operation be unexpectedly delayed A short penod of hyperglvcaemia 1s
harmless 1n the absence of ketosts

Hypothermia and hypotension

Two anaesthetic technmiques demand special consideration In hypothermia
the metabohsm of glucose 1s apparently mhibited below 31°C, and therefore
glucose must be adnunistered yntravenously with caution Blood sugar levels as
hugh as 1,000 milligrams per cent have thus inadvertently been reached m non-
diabetic patients (Wynn 1954) Gniffiths (1953) on the other hand has shown
that hexamethomum, when used to mduce hypotension duning anaesthesia, will
lower the blood sugar in both normal and diabetic patients Moreover, the action
of msulin 1s greatly potentiated under these circumstances and a profound hypo-
glycaemua 1s easily produced This ts the more serious because the classica) signs
of this condition, pallor, sweaung tachycardia, dilated pupil and twitching may
be masked by the anaesthesta and sympathetic block 1If, as Gnffiths sugéesled
this msulin sensttivity 15 a direct result of the sympathetic bloch, mhibiting the
release of adrenal medullary harmone 1n resp to nervous stimulation, it can
be expected to occur with some other drugs and methods of induced hvpotension

Conclusions

In conclusion the prnciples of management may be re
peated, the aim bemng to
disturb the patient s metabolism and dietetic habits as hittle as ;mwb]a ¢

(1} Pre-operatne stabilization on soluble msuln
{2) Pre operative glucose never to be given by mouth

(3) Admumstration of intravenous glucose n
place of mssed meals wt]
msulin during and after all but the most mnor procedures 1n muld m‘;:lsh appropate
(4) Avoidance of dehydration and salt depletion

(5) Close post-operative superviston with 4 hourly to 6-hourly control of insulin
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higher than the proportion of dabetics at risk There 15 no doubt that this resulted
largely from the custom of giving pre operative glucose by mouth Personal
experience of several similar cases, fortunately without a fatal outcome, and the
knowledge of two unpublished deaths, reinforces the conclusion that oral hyper
tonic glucose solutions should never be prescribed before operation It 1s said
that 1sotonic glucose 1s of less risk, and this may be so mn patients of a phlegmatic
temperament, but the amount of glucose that can be admimistered 1n this way 1s
limuted and st 1s better given mtravenously

King (1957) has dealt at length with this problem, and corroborates the con
cluston that pre operative oral glucose 1s unnecessary and dangerous

Regime

No detailed regime can be laid down for all situations and each case will be an
mdrvidual climeal problem, but the question of who 1s to be in charge of the
diabetic management of the patient must be clearly defined In practice most
patients will be found to fall into one of the following groups, (1) severe diabetics,
usually young, who should be adnutted to hospital for close superviston, rrespective
of the nature or severity of the operation, (2) mid diabetics that 1s, tnose well
stabilized on less than 40 umts of nsulin a day, who will usually need sumilar
treatment 1f a major procedure 1s contemplated (3) muld diabetics (as above)
for very minor operations, (4) diabetics controlled by diet alone, and (5) diabetics
of the first three groups for emergency operations

When stabihization on soluble mnsulin has been effected pre operatively 1t 1s
relatively simple to estimate the glucose and mnsulin requirements over the period
when the patient 1s unable to feed himself A satisfactory ratio 1s to give 1 umt of
msulin for every 25 grammes of glucose admmistered intravenously In most
cases, the calorie intake will be limited by the amount of 1sotonic glucose required
to an adeq fluid bal and the msulin dosage must be adjusted
accordingly Only mn exceptionally severe cases where there 1s already ketosis will
1t be necessary to give extra glucose 1n hypertomic solutions This should be
avorded 1f possible as these strong solutions tend to cause venous thrombosis

In the absence of dehydration and salt depletion both of which should be
assiduously avoided 1t must be remembered that dangerous hypoglycaemia may
be produced more rapidly than extreme hyperglycaemia It 1s therefore wiser to
err on the side of the Jatter during the immediate post operatne period, when the
patient s level of conscrousness 1s likely to be mmpaired by powerful analgesic
and narcotic drugs This 1s particularly important 1n emergency surgery where 1t
15 not uncommon to find that the patient has been given his insulin but has etther
not had the equivalent meal or has vomuted 1t This mformation should always
be sought when taking the history It may often not be possible to elicit accurate
details of this kind and it 1s then that a blood sugar estimation may be of great
value

In the immediate post operative period if adequate flurd has been given it
should not be difficult to obtain enough urine from the sugar content of which the
next dose of msuhn 1 calculated but exceptionally a blood sample may be
required The effect of this dose may be assessed after 4-6 hours by a further
urme test and the amounts of subsequent injections adjusted accordingly

In the mulder cases or even m some of the more severe ones where the period
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the basic principle 1s to provide extra corticosteroid  usually cortisone to cover
1he stress of the operation and mote particularly the post operatne penod This
must be given by mjection immediately before operation and continued until ab-
sorption can again be guaranteed by mouth After 3 few days, the extra cortisone
may be gradually reduced until a sutable matntenance dose 15 attaimed or resumed
Patients on these high doses of cortisone have greatly reduced powers of resistance
to wfection and prophylactic chemotherapy 1s usually indicated but the greater
sk 1s of a hypotensnne cnists and strict attention must be pard to the details of
fimd and electrolyte balance which 1s very unstable 1 these cases Nevertheless
the blood pressure may [all to dangerously Jow lerels i spite of apparently
adequate supportine treatment It may be that the cortisone 1s not adequately
absorbed or properly utthzed and sn these circumstances mteavenous hydro-
cortisone has been found of great value This drug bermng n alcoholic solution
must be considerably diluted before being injected but this may be obviated by
the use of a recently developed water soluble demvative hydrocortisone hemi-
succinate Now that the value of hydrocortisone has become appreciated
noradrenalne 1s less often required to control these hypotensive cnses

A fulf review of the problems of anaesthesia in adrenocortical insufficiency has
been published by Dundee (1957) An tncreasing number of patients now being
presented for surgery have been treated with corticotrophin or the sterord hormones
for vanous condittons and 1t 15 important that this possibility be always borne
m mind As de Mowbrav (1957) has pornted out n a comprehensive review, the
nisk of post operatnve adrenal failure s sull present for as Jong as 2 years after
steroid therapy has been withdrawn

THYROID DISEASE

Thyroid disease has ceased to be a major anaesthetic problem, though each case
needs careful assessment and management Adeguate preparation with 1odine and
sedatives generous premedication non touc anaesthesta and the application of
the prmnciples of flud balance and temperature control have removed the aura of
mystery and most of the dangers of the thyraid cnisis while the relaxants enable
intubation to be safely performed mn practically every case mcluding those mn
which there 15 tracheal obstruction Should cnises occur pre operatnely or post
operatinely good results may be achieved as they have m the past by the use of
hypothermua to reduce the metabolic rate (Dundee and s colleagues 1953)

MYASTHENIA GRAVIS

This strange disease 1s of particular nterest to anaesthetists not only because
pauents with this condition come to surgery but also because the musele relaxants
behave in an atypicat fashion in these cases and indeed these abnormal responses
have been uulized i duagnosing the condition

Churchill Davidson and Richardson n 1952 estabhshed tha
pauents are resistant to the action of normal d
also found that m mild cases la
a prolonged paralysis m certain

1 myasthenic
oses ol decamethonium and they
rger doses of this drug would suddenly produce
muscles and they postulated that these muscles
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dosage based on unine analysis perhaps with occastonal blood sugar checks ermng
on the side of too much sugar rather than nsking hy poglycacmia

{6) Indueling catheter usually req 1 for magar og

(7) Rapid recovery of consciousness and juaimal post operative stupor

(8) Absence if possible of post operative vomuting

Quick recovery, and minimal post operative vormiting, may sometimes be conflicting
requirements especially if the phenothiazine derivatives are used for the latter purpose
and cautious dosage of these drugs 1s therefore indicated Close attention must also
be given to dosage of post operative analgesics which should be selected for therr
mimmal sumulating effect on the vomiting centre

If these principles are followed any modern general anaesthetic of the
anaesthetist s choice may be employed, and there 1s seldom any necessity to use
complicated major regtonal techniques with which the anaesthetsst may be less
famihar, though obviously the presence of diabetes mellitus may tip the scale 1
favour of local analgesia for many mnor operations It must not be forgotten
that the adrenaline which 1s so frequently required with mayor regional analgesias
may raise the blood sugar as much as, or even more than a well given general
anaesthctic Moreover, the heavy premedication required for such a procedure
may well result in a longer period of stupor than after a general anaesthetic when
relaxants are used

CORTICOSTEROID DEFICIENCY

The functions of the many adrenal and related pituitary hormones and their
recently discovered synthetie apalogues are described n another chapter They
are important to the anaesthetist because 1 patient with absent or greatly impaired
adrenal corucal function 1s unable to stand the stress of infection or trauma, and
15 hikely to die within a few days of an operation unless adequate hormone replace
ment 1s provided The extent of the stress response imitiated by the various
anaesthetic drugs and techmques has not been fully determined but there seems
Iittle doubt that it 15 relatively small when compared with that of most eperations
(Virtue and Helmnich 1956) The patients whose stress responses may be ympaired
mnclude (1) those for adrenaleciomy for causes such as mahgnant disease or
Cushing s syndrome (2) patients 1n whom adrenal function has been depressed or
inhibited by prolonged treatment with cortisone, for example those with rheuma

tosd arthnitis or lupus erythematosus (3) those with Addison s disease, (4) patients
with acute adrenal msufficiency (5) those who are to undergo hypophysectomy

pitustary stalk sectton or other forms of pituttary ablation, and (6) cases of
pan hypopituitansm or Stmmond s disease Ths Jatter group 1s of mixed aetiology,
and varying severity and many of the patients first mamfest symptoms shortly
after parturition Sheehan (1939) estimated the naidence as 1 m 1,000 of the
population, but only one fifth of these are severely affected and the author has
not knowingly anaesthetized such a case

Tt matters hittle in essence whether the adrenal 1s removed, atrophied or deprived

of effective piturtary control or if there are associated disturbances of other
hormones causing for example diabetes mellitus or myxoedema which may be
treated 1n the usual way All are m need of broadly similar management with regard

fo corticosteroid replacement The detals of treatment will naturally vary but
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the basic princsple 15 to provide extra corticosterod, usually cortisone to cosver
the stress of the operation, nd more particularly the post operatise pesiod This
must be gnen by injection immediately before operation and continued until ab-
sorption can again be guaranteed by mauth After a few days, the extra cortisone
may be gradually reduced until a suttable dose 1s d or r d
Patients on these high doses of cartsone have greatly reduced powers of resistance
to mfection, and prophylactic chematherapy 15 usually indicated, but the greater
nish 15 of 2 hypotensive ensts and strict attentton raust be pad to the details of
flwsd and electrolyte balance which is very unstable n these cases Newvertheless
the blood pressure may falf to dangerously low lfevels n spite of apparently
adequate supportise treatment It may be that the cortisone 15 not adequately
absorbed or properly utihized and sn these circumstances intravenous hydro-
cortssone has been found of great value This drug bemg m alcohalic solution
must be conuiderably diluted before being njected, but this may be obviated by
the use of a recently developed water soluble dernvative, hydrocortisone hemy
sucesnate Now that the value of hydrocortisone has become appreciated
noradrenaling 1s Jess often required to controf these hypotensive crises

A full review of the problems of anaesthesta 1 adrenocostical snsufficiency has
been published by Dundee {1957) An mcreasing number of patients now bemg
presented for surgery have been treated with corticotrophin or the sterord hormones
for vanous conditions, and 1t 1s important that this possibihity be always borne
mmnd As de Mowbray (1957) has pointed out 1n a comprehensive review, the
nsk of post aperative adrenal fatlure 1s sull present for as fong as 2 years after
steroud therapy has been withdrawn

THYROID DISEASE

Thyrowd disease has ceased 0 be 2 major anaesthetic problem, though each case
needs careful and deg prep with jodine and
sedatives gemerous premedication, non toxic anaesthesia and the appheation of
the pnneples of flwd balance and temperature control have removed the aura of
mystery and most of the dangers of the thyroid cnsis, while the relaxants enable
winbaton to be safely performed m prachically every case mcluding those
which there 15 tracheal obstruction Should crises oceur pre operatnely or post-
operatively, good results may be achieved, as they have in the past by the use of
hypotherma to reduce the metabohe rate (Dundee and his colleagues 1953)

MYASTHENIA GRAVIS

Thus strange disease 15 of particular interest to anaesthetists, not only because
patients with this condttion come 10 surgery but also because the muscle relaxants
behave 1n an atyprcal fashion i these cases and indeed these abnormal responses
have been utihized in dragnosing the condition P

Churchll Davidson and Ruchardson sn 1952 established that myastheme

oses of decamethonmum and they
this druy, would suddenly produce
and they postulated that these muscles
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would be the next to be affected as the disease progressed Morcover, 1n advanced
cases, normal doses of decamethonum were found, not nfrequently, to produce
a similar protracted parcsts in the affected muscles The prolonged paralysis so
produced resembles that produced by 7 non depolarizing type of rel , such
as tubocuranne, 1n that 1t 1s reversible by neostigmine, but Churchill Davidson
and Richardson (1953) have produced cvidence that a neuromuscular block of
this type 1s preceded by a transient depolanizatton block This dual action 1s
characteristic of myasthema, and a similar disturbance of motor endplate functions
has been postulated 1n non myasthenics to cxplain some cases of prolonged
action of other depolanizing drugs, such as suxamethonium (Argent, Dinnick and
Hobbiger, 1955, Brennan, 1956)

The fact that all the Ies are to decamett 1n the early stages
of the discase provides considerable support for the view that myasthema 1s 2
generalized disease and 1s not imited to the affected muscles

This 15 a more complicated concept than was onigmally appreciated, when the
striking resemblance of the myasthenic state to the paralysis induced by curare
led Bennett and Cash (1943) to suggest that this drug be used as a diagnostic test
for myasthenia Support for this 1de1 was given by reports of an unexpectedly
prolonged response to curare mn cases which were subsequently shown to be
myasthenic In 1951, Dundec suggested that gllimine be used for this purpose,
as this drug produced Iess subjective disturbance 1nd less profound respiratory
depression

In the diagnostic test using decamethontum described by Churchill Davidson
and Richardson (1952), precise end points were obtamned using electromyographic
recordings from the hypothenar muscles In 1n endevour to stmphfy this test
the author dispensed with the clectromyogriphic control and attempted to
obtain an adequate end point by objective observation of muscle power, and by
subjective responses Though well aware of the fallacies of such a method of
evaluating the cffects of relixants and of sts potential dangers 1t was felt that
such a simple procedurc was worth trying m cases m which the diagnosis was
obscure Ten cases have been tested by this method Decamethonium tubocurarine
and gallamine were njected at a st indard rate on separate occasions on the same
patient but the use of the latter drugs was abandoned after four cases since
subjective distress came on early, and a clear end point was impossible to obtamn
Churchill Davidson (1955) has since potnted out that only those muscles which are
chimically weak are hypersensitive to o tubocuranine the remamnder responding
normally

On the other hand a fairly clear evidence of sensitivity was obtained i five
cases using decamethonium njected at the rate of approximately 025 nulligram
per minute after a loading dose of about 1 § milligrams given shghtly more rapidly
Later follow up has confirmed the diagnosis of myasthem n these five cases,

of the remainder three were subscequently diagnosed as muscular dystrophy, one
as multiple sclerosts and one probably hysterical Neostigmine, thiopentone and
an anacsthetic machine were of course to hand and the latter combination was
used twice once to relieve distress and once for subsequent muscle biopsy
Neostigmine was used on all occasions after o tubocurarine and gallamine, and
twice after decamethonium The fact that no serious difficulty was experienced
was probably because no serious cases were accepted, and 1t 15 strongly felt that
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such a test performed 1 this manner should be used only m exrly mild cases of
mterouttent paralysis where the diagnosis 1s sertously 1n doubt, and the therapeutic
test with ncostignunc has given equivocal results
When the myasthenic patient 1s presented for surgery, most often for thymectomy
there 1s Iittle time to observe these abnormal responses to relaxants Though both
decamethomum and suxamethonum have been used to facilitate intubation, therr
use 15 not only unnecessary but they may seriously complicate the re cstablishment
of respiration at the concluston of the operition Profound anaesthesia 1s all too
easily produced 1n these cases, with relatively small amounts of the usual agents,
and Jf desired 1t 15 easy under any anaesthesia to take over control of the
respiration Difficulty may be encountered with profuse secretion 1n the respiratory
tract, but this can usually be overcome by frequent suction and additional doses
of atroptne
A small point of mportance which may be overlooked 1n the preparation of
severe myasthenics for thymectomy 1s to ensure that those patients who are
recening neostigmine or pynidostigmune by mouth are re estabhished on those
drugs by njection before operation, to ensure their effective absorption
Increased doses of neostigmine are often required tn the post operative period,
but excessive neostignune may itself cause a muscular paralysis and occasionally
this gives nise to great difficulty It 1s then necessary to stop all medication to
clanfy the diagnosss, and 1t 1s therefore essential that a mechanical resprator,
though seldom needed be readily available The use of a tracheotomy and inter-
muttent positive pressure has been advocated (Jorgenson and Therkelson, 1954)
mstead of a cabinet respirator in these cnises, and Chang Harland and Graves
(1957) have recently reported a case successfully treated by this method, which 1t
seems reasonable to adopt if respiratory paralysis 1s prolonged more than a few
hours Though such respiratory crses are fortunately rare post operative
pulmonary collapse 1s more common than after other thoracotomies This s
because the sternum sphitting sncision mhibits effective coughing and also because
of the profuse secretions caused by neostigmine Atropine may of course be given
but may complicate matters by making the sputum too viscid Close supervision
and wvigorous physiotherapy are therefore essential and bronchal toilet may
have to be performed repeatedly
An nteresting case has been desenibed by Gnifiin, Nattrass and Pask (1956) who
discuss many of the problems of management Their patient remained in myasthenic
cnsis for practically 44 days and had to be maintained for most of thus time on
mechanical ventilation with a tracheotomy Thymectomy was pecformed under
mitrous oxide and pethidine anaesthesta on the 37th day, which operation ultimately
resulted 1n considerable improvement In discussing the pathology of myasthenic
f:\se:m(c:r}:émthslg Dawbdscsa and Richardson (1957) however, suggested that the
m‘S"m \hann\o ) }:V:\h l')x'1 :ctl; nclase'r ;as }iue to the resting of the motor end plates
be rested more cﬂ'ccn)\,zel 1Fd:’ub ey further suggested that the end plates could
tion e mcchamca{, " mocurarme were admimstered in conjunction with
102 Case treated 1 this wa “X;;fr x]on, and they describe A dramatic improvement
Most S y where large doses of tubocurarine were given for 8 days
ost van Spyk and Lammers (1957) have reported the use of 2 similar regime
n 4 cases but their results though encouragin It
they only admimstered P ging were less dramatic However
Y red curare for 24 hours and unlike Churchill Davidson and
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would be the next to be affected as the discase progressed Moreover 1 advanced
cases, normal doses of decamethonium were found, not nfrequently, to produce
2 stmilar protracted parests i the affected muscles The prolonged paralysis so
produced resembles that produced by a non depolarizing type of relaxant, such
as tubocuranne 1n that it s reversible by neostigmine, but Churchill Davidson
and Richardson (1953) have produced evidence that a neuromuscular block of
this type 1s preceded by 1 transient depolarnization block This dual action 1s
charactenistic of myasthema and a similar disturbance of motor endplate functions
has been postulated 1n non myasthemes to explain some cases of prolonged
action of other depolinzing drugs, such as suxamethomum (Argent Dinmick and
Hobbiger, 1955, Brennan, 1956)

The fact that all the muscles are resistant to decamethonium 1n the early stages
of the disease provides considertble support for the view that myasthema 1s a
generahized disease 1nd 1s not limited to the affected muscles

This 15 a more complicated concept than was originally apprectated when the
striking resemblance of the myasthemc state to the paralysis induced by curare
led Bennett and Cash (1943) to suggest that this drug be used as a diagnostic test
for myasthenin  Support for this 1den wns given by reports of an unexpectedly
prolonged response 10 curare 1n cases which were subsequently shown to be
myasthemc In 1951 Dundee suggested that gallamine be used for this purpose
as this drug produced less subjective disturbance and less profound respiratory
depression

In the drgnostic test using decimethomum described by Churchill Davidson
and Richardson (1952) precisc end points were obtained using electromyographic
recordmgs from the hypothenar muscles In an endewvour te stmphfy this test
the author dispensed with the clectromyogriphic control and attempted to
obtamn an adequate end point by objectine obsersation of muscle power and by
subjectnne responses Though well ware of the fallacies of such a method of
cvaluating the effects of relixints 1nd of its potential dangers 1t was felt that
such a simple procedure was worth trying 1n cases in which the diagnosis was
obscure Ten cases have been tested by this method Decamethonium tubocuranne
and gallimine were njected at a standard rate on sepirate occastons on the same
patient but the use of the latter drugs was abandoned after four cases since
subjective distress came on erly nd a clear end point was impossible to obtan
Churchill Davidson (1955) has since pointed out that only those muscles which are
chnically weak are hypersensitive to o tubocurarine the remainder responding
normally

On the other hand, a fairly cleir evidence of sensitinity was obtamed five
cases using decamethonium injected at the rate of approximately 0 25 milhgram
per mmute after a loading dose of about 1 5 mulligrams given shightly more rapidly
Later follow up has confirmed the diagnosis of myasthenta in these five cases,

of the remainder three were subsequently d d as lar dystrophy one
as multiple sclerosis and one probably hysterical Neostigmine, thiopentone and
an anaesthetic machine were of course 1o hand and the latter combination was
used twice once to reliese distress and once for subsequent muscle biops)
Neostigmine was used on all occasions after « tubocurarme and gallamine and
twice after decamethomum The fact that no serious difficulty was experienced
was probably because no serious cases were accepted and 1t 1s strongly felt that
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tant consideration 1 the anacsthetist’s asscssment of the cardine patient

mﬁ?c:ugh there 2re many new methods of analysing pulmonary functron (D Sx:vnf
1956) they have et to be proved to be of value n the prc operative asscs;mcn 0
patients for though no single test can evaluate all aspects of pulmonary function,
yet the work of Miller, Wu and John<on (1956) using the Ilzlcdre;((jplmtory
cipacity, indicates the likely direction of future developments u:{t 1s fie

Thiopentone must be njected very slowly 1n order to avoid hypotension n
patients with cardiac disease This applies particularly to cases of coronary
insufficiency where the vicious circle of fall in blood pressure—poor coronary
filling—myocardial hypoxta—weak contraction of the heart—fall i cardiac
output with further fall n blood pressure 1s all too easily started The direct
depressant effect of thiopentone on the myocardium may also help imtiate this
cycle A further reason for extremely slow 1njection 1s that the arm-brain circula
tion time 1s often prolonged 1n cases of valvular incompetence or early congestive
faslure Maintenance of anaesthesia presents relatively minor hazards compared
with the mduction and recovery periods and even these hazards are reduced by
the previous admmustration of oxygen for a few minutes Adequate premedication
Is necessary to lower oxygen consumption and to dimimsh the likelihood of
adrenaline secretion which may cause ventricular fibrillation

If the above principles are observed there are very few cardiac patients who
need be refused general anaesthesta and the only strong contra indication to
elective surgery 15 a very recent coronary thrombosis where there may be a soft
nfarct in the myocardium Though diagnosis may be difficult and the electro
cardiogram be musleading fatalities may occur 1if this condition be missed

Bellett (1956) diccusses the problems of anaesthesia in coronary disease at
length but 1t should not be forgotten that occult forms of the disease may not be
diagnosable chinically (Blumgart, Schlesinger and Davis, 1940) That 1t 1s virtually
imposstble to forecast when a patient 1s gomng to get a coronary occlusion implies a
nisk that must be accepted, this also renders difficult the statistical assessment of
the aetiological sigmficance of anaesthesia and operation

The markedly hypertensive patient with a history of coronary occlusion and
increasingly severe angma must however be regarded seriously Some authorities
(Hayward 1956) recommend that quinidine 5 grains should be given three times
a day for a few days before and after operation to this type of case, which 1s
often associated with aortic stenosis and here hypertensive episodes are partcularly
1o be avorded

Provided that pulmonary hypertension 1s not excessive, patients with other
types of valvular heart disease may usually be anaesthetised without trouble, even
where there 15 some mild congestuve falure but this condition should be controlled
as far as 15 possible before operation Omnions differ regarding pre operative
digitalization but this 1s usually unnecessary for extrathoracic operations, except
where specifically indicated as in congestive failure and auricular fibrillation

For operations mside the chest the situation 1s not comparable and the stram
on the heart 15 usually greater Digitalization 1s then often indicated, and mdeed at
some thoracic centres all patients over 50 years old even without known cardiac
disease receive digitalis pre operatively (Chun 1957)

Auncular fibollatton 1n a digitalized patient 15 of no significance, while of the
other pre operative arrhythmuas only gallop rhythm need cause concern
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Richardson encountered 1 sensitivity to curarc 1n ! patient, who failed to benefit
from the trertment

CARDIAC DISEASE

The recent dramatic progress m cardiac surgery has shown that many patients
with severe heart discase even when congestive failure 15 present may safely be
anaesthetized but this should not be allowed to lull the anaesthetist into a sense
of false security when dealing with intercurrent heart disease 1n general surgical
cases Although undoubtedly the risk for these patients has been overstressed 1n
the past 1t must not be forgotten that cardiac patients for general surgery are
usually older and thereforc may hive less myocardial reserve than those for
clective cardic surgery They differ from the cardiac surgery group n that there
1s not the immediatc 1mprovement n ther circulation which results from a
successful cardiac operation The not infrequently grave post operative condition
of those patients in whom surgical relief to an mmpaired circulation has proved
1mpossible 15 proof that even modern anacsthesia and surgery throw an appreciable
strain on the severely diseased hetrt (Secher 1957)

Many attempts have been made to assess a patient s 1bility to withstand the
cardiovascular strain of operation from the breath holding test of Sebrazes mn
1902 (Mason 1956) to the ballistocardiogram (Wang and Howland 1956) but
none has found widespread acceptince Although these tests are of mterest
and m some cases are a guide to the amount of hypowa or hypercarbia that 2
conscious patient can withstand they give bittle information of value to the
anaesthetist tn his management of the case

The most serious hazard for the heart during anaesthesa 1s myocardial hypovia
which m1y be produced by poor coronary filling due to hypotension from any
cause or by impaired oxygenation of the blood secondary to a disturbance of
respiration  The anaesthetist  pre operative assessment of severe cardiac patients
1s based largely on his estimate of any anticipated difficulty 1n preventing such
maidents Can he guarantee an uninterrupted respiratory exchange and has the
patient a sufficient volume of circulating blood to maintain hus blood pressure at 2
re. ble level during sp ous or controlled respiration?

The use of the relaxants and controlled respiration ensures umnterrupted
respiration and avoids episodes of breath holding and coughing Marked broncho
spasm or emphysema may however render controlled resprration impossible or
dangerously nefficient and 1n these circumstances the use of a breathing machine
which provides a negative pressure during expiration may often be of advantage

The operative period however 1s not necessanly the time of greatest stress
indeed, with the lowered metabolism and rich oxygen atmosphere the condition
of the cardsac patient 1s often temporanly improved

Of greater moment 1s the nsk of a post operative atelectasis pneumonia of
pulmonary embolus comphication d with pulmonary hypertension and
wiich are likely to prove fatal when the heart 1s already diseased Although the
site of operation 1s of paramountimportance the presence of pre existing pulmonary
disease such as emphysema or bronchitis makes the prognosis considerably
worse and 1t 1s therefore essential that any chest infection 15 vigorously treated
pre operatively

Thus 1t 1s respiratory rather than cardiac functron which 1s often the more
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particularly important s very Ul patients and those with severe hiver disease, for
under these circumstances the 1bility to metabolize citrate ripdly 1s ympasred

Furt and Hephal (1957) have clucidated the mechimsm of cutrate toxication,
and the subject 15 fully reviewed in a leading arhicle i the Lancet (19576)

Palycythacmia

Polycythaemia 15 found as a compensatory mechamsm 1n tigh alutude
acchmatization, and 1 some heart diseases, notably 1n children with Fallots
tetralogy, where the mtense cyanosis is partly due to this condition Specific
treatment 15 not ndicated, ndeed, as the polycythaemia 1s compensatory, vene-
section would reduce the amount of available oxyhaemoglobin, which 1s already
barely sufficient for the resting state, and such a [oss would outweigh the benefit
of lessened cardiac strain produced by thinning the blood A relative polycythaemma
1s also present 1 oligaemic shock

In adults who come to surgery with polycythaemia rubra, the situation is
different The ncreased viscosity of the blood 1n this condition predisposes to
thrombote episodes and increases the stramn on the myocardium Venesection 1s
regularly prescribed for such pateents, and should be part of the preparation for
all operations 1n which blood loss 1s not anticipated This 1s normally sufficient,
but difution of the blood may be further encouraged by admumstration of intra
venous glucose saline solution Early post operative ambulation 1s desirable but
the anticoagulant drugs may usually be kept in reserve

Haemophiha

Haemophulia 15 the best known of a hereditary group of diseases tn which the
blood clotting mechanism 1s defective and of which the precise pathology 1s
slowly becoming understood No case should be so labelled without full haemato
fogical mvestigation Although occurnng in varying degrees of severity, 1t
mevitably adds considerably to the hazards of surgery in any patient unfortunate
enough to be so affiicted

The essential deficiency 15 of an ‘antt haemophilic globulin” (A H G ) which 1s
normally closely associated with the fibrinogen fraction of the plasma proteins
(Christmas disease (Biggs and her colleagues 1952) previously thought to be
h:cmophﬂm, 15 due to a deficiency of a quite different factor normally present 1n
the serum ) Many attempts have been made to separate this substance and make
’th available for clinical use but with only hmuted success and fresh blood has been
the most useful and readily available therapeutic source Natural A HG obtained
1 this way deteriorates rapidly so that the blood must be given within 48 hours
ofAbemg drawn and preferably sooner (Dacie 1952)
fav«:ll:}r]::lih one hitre of fresh blood may reduce the clotting time 1o normal 1n a
overlonds Cil;c 1n a remisston 1t 1s usually difficult to achieve this end without
Al bkgg ¢ circulation 1 a patient who 15 not bleeding On the other hand
enmyme o 1:3 (;ccurs there 1s a further compheation 1n that AH G 1s hot an
Ver o : lt;ce erating factor but 1s actually used up n the clotting process
n onte if 3sanmvcs of blood are therefore required for even mimor operations
Rusel v g ancillary measures such as topical appheations of thrombin or

tper venom 1n an attempt to make larger quantities of A H G available
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Arrhythmias due to reflex sttmult or anaesthetic agents are seldom serious in a
well oxygenated heart when the blood pH 1s not disturbed, therefore irregularities
of the pulse ansing during anaesthesta should always arouse the suspicton of
myocardial hypoxia, and an increased supply of oxygen with an augmented
respiratory exchange will nearly always improve the thythm and volume of the
pulse The author has never felt the need for procaine amude or other drugs to
control cardiac irrtability during extrathoracic operations

Although Hayward (1956) and Beard and Goodwin (1956) have recently discussed
the assessment of the cardiac patient for surgery there s httle satisfactory statistical
information available on the risks mnvolved for such a patient undergotng routime
extra thoracic surgery under modern anaesthesia

Of paramount importance 1r the shill and experience of the anaesthetist and
surgeon 1n voiding hypoxin and preventing post operative complications, and
this fundamental axiom does not lways lend itself to mathematical analysis

BLOOD DISORDERS

Anaemia
The anaesthetist 1s more concerned with the seventy than with the nature of an
anaemia and although many of these patients can be improved by appropnate
medical treatment, there 1s frequently insufficient time for such therapy to become
effectine 10 patients presented for surgery and resort must be made to blood
transfusion It 1s not possible to define a critical level of haemoglobin below which
operation 1snadwisable much will depend on the climical assessment and the nature
of the proposed operation and on the availability of suitable blood

If transfusion 1s considered advisable the rate at which it can be given depends
on the patient s blood volume which 1s frequently increased 1n chronic anaemtas
unassoctated with recent severe haemorrhage In these cases transfusion must
not be hurried and packed cells are often preferable to whole blood A bolder
policy may be adopted 1n preparing for operation pattents with malignant disease
espectally if they are dehydrated or undernounshed for these cases frequently
have a lowered blood volume as well as a low haemoglobin and they are conse
quently much less easily overtransfused

Though not always practicable a pre operative blood transfuston should
preferably be given more than 24 hours before surgery for even if antihistamines
or sedatives are given munor reactions may yet occur and these tend to deprive
the patient of much needed rest moreover there may be increased bleeding
during the operation 1f 1t 15 undertahen too soon after a muld overloading of
the circulation

Although 1t has been argued that transfusion may restart the bleeding n a
patient with peptic ulcer once the decision to operate has been taken the
anaesthetist would be advised to give blood generously and rapidly Emergency
gastrectomy for bleeding ulcer 15 becomung a common procedure and the author
has yet to see harm come from overtransfusion of blood 1n these sometimes severely
11l patients provided that the risk of citrate intoxication 1s borne m mind This
nisk may be considerably reduced by the simultaneous admimstration (into a
separate ven) of 10 mulliitres of 10 per cent calcrum gluconate per 500 millilitres
of blood, whenever rapid and massive transfusions are given This treatment 1s

270



HEPATIC DISEASC

chnical vamation, and there seems hittle doubt that the standard modern anacsthetic

of 1 thiop —nutrous oxide-oxygen-tubocurarinc-pethidine,
does not matenally depress hepatic function, though common sense advises
caution 1n the dosage of all premedicant drugs This 1s confirmed by cxperience in
patients with obstructive jaundice, w ho invariably scem to do well 1n the absence
of surgical or other complications .

Patients with chemotoxic jaundice seldom come to surgery, but 1n two 1nstances
where this was due to chlorpromazine recovery did not appear to be impaired
by general anaesthesia and laparotomy Acute infective hepatitis, however, must
be regarded more seriously and since 1t tends to relapse and 1ts course 1s un
predictable 1s usually considered a contra indication to elective operations

The only case of post operntrve hepatic failure i the author s personal expert
ence followed n exploration of the common bile duct mustakenly undertaken
to relieve jaundice due to nfective hepatitis but recovery fortunately followed
treatment with intravenous glucose Insulin and amino acids such as methionine
are not only unnecessary but may even be dangerous in the treatment of liver
fatlure (Sherlock 1955) a condition hkely to be encountered by the anaesthetist
only 1n cases operated on for the relief of portal hypertension

RENAL DISEASE

All forms of renal disease may be considered together, and the anaesthetist need
only consider the severity of any resultant uraemia This term covers 2 more
complicated electrolytic disturbance than just a raised blood urea and as 1s well
known such a state may progress through stupor to coma and death Doses of
the non volatile narcotics and 1 pecially thiopentone, must be kept
mimmal The post operative sleep after the latter drug 1s markedly prolonged in
proportion to the severity of the uraemia (Dundee, 1956)

Before major surgery every effort must be made to correct dehydration and
clectrolyte imbalance, and to provide unnary dramnage For this latter purpose
modern general anaesthesia need not be refused provided munimal thiopentone 1s
used and in severe uraemua as httle as 50 milligrams may be sufficient

Cyclopropane or mirous oxide are the most useful agents and of the relaxants
suxamethomum or tubocurarine need not be withheld if used with discretion
Gallamine and decamethonsum should be avoided as they are excreted probably
entirely 1n the urine

In the past decapsulation of the kidney for the treatment of anuna has been
performed without appreciable deterioration n the patients condition which
could be attributed to the general anaesthesia employed High spinal analgesia
has also been recommended as the sole therapeutic measure but both these
dramatic approaches to the treatment of anuria have been largely superseded by
the conservative dietary regime, or by dialysis

PORPHYRIA
This rare disease of unknown aetiology 1s associated with skin pigmentation
showing photosensitivity  attacks of abdominal pan and progressive lower
motor neurone paralysis In ats later stages or after abdominal symptoms a
charactenstic red unne 1s secreted—porphyrinunia Unfortunately this dramatic
18—my A, 21
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Didwell (1955) has prepared a concentrite from bovine and other ammal blood
These products hase the disadvantige of sensitization of the reaipient 10 foreign
protein and st 35 possible that they become less effective after repeated doses
Nevertheless Fraenkel and Honey (1955) found them of value in a case which
cven so required vast quantities of bjood before the pahent was out of danger

More recently Kekwick and Wolf (1957) have prepared a promising extract of
AHG from human blood of which 100 mililitres are equivalent to a fitre of
fresh plasma Though less concentrated than the bovine extract the disadvantages
of the latter are avorded these authors have described sts suceessful use m 6 cases

This new product marks a great advance n the tr t of the b phil
nesvertheless 1t would be unwise to embark on an operation m such a patient
without the full resources of 1 hacmatological laboratory and an ample supply
of bloed In the words of Dacie  Operations have been performed suceessfully
on hacmophtlincs but before the patient ss on s fect agun the surgeon usually
wishes that he had never operated  Nevertheless, the number of cases who have
successfully undergone surgery is steaddy growing and these hse receatly been
reviewed 1 3 feading article in the Lancet (19571)

HEPATIC DISCASE

The bibhiography on anaesthetics and lver funetion ss vast and conflicusg for
example Waters (1951) 1n an extensive snvestigation and using a battery of tests
found remarkably lttle hepatic disorder folfowing anacsthesia On the other
hand Dundee (1956} concluded that thiopentone 1n doses over 750 muthigrams
produced detectable dysfunction m an apprecable proportion of cascs Al that
15 beyond dispute 15 that 3f hypoxia occurs duning, anaesthesia st certanly may
result i biver damage

The lver possesses vast functional reserves, and cven when severely damaged
the extent of such disturbance cannot casily be assessed by the many function
tests which have been devised and ail these snvestigations are of luttle value to
assessing the probable effect of anacsthes:r on an already diseased Iner The
author has anaesthetized 1 considerable number of patients with severc Iner
disease who were subjected to peritoncoscopy i an atiempt to clarify the dignosis
and he has not found st possible 1n these cases (chuefly of cirrhosis or malignant
disease) to correlate the response to anaesthetic agents with the hiver function tests
Dundee and Gray (1953) have described a ressstance o o tubocuranine i the
presence of impared fiver function  tns has been confirmed by the author on
several occastons and by Hasclhuhn (1957) but 1s by no means an snvariable
finding This discrepancy s presumably cxplamned by differences i the serum
cholinesterase fevel which may be depressed by many ¢auses (Wiethorski and his
colicagues 1936) but which is not consistently fow 1n fiver disease (Sherlock, 1955}

It 15 welt known that the effects of morphine petiudine and other narcotics
may be markedly protonged in patents with a damaged liver but here agun the
response 15 unpredictable from function tests and often also from the chimical
condition Many patients with inaperable casemoma with gross mvolvement of
the liver have been anaesthetized but hepate fadure 1s an extremely unusual sequel

Haselhuhn {1957) considered that the very shght reduction tn thiopentone
consumption nioted n hts cases with advanced hiver disease was within the range of
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sign 1s scldom manmifest 1n the Intent stages of the disense, which 1s often not
dingnosed until 1t has been exacerbated by drugs such as sulphonamide or, morc
particulirly the barbiturates Dundee (1956) has reviewed this subject, and shows
clearly that thiopentone 1s partictlarly harmful, and reported severtl cases in
wluch the resultant parnlysis progressed to a fital outcome It would appear that
this drug 1s absolutely contraindicated mn this diseise one of the very rare
instances where such 1 dogmtic remark may be mde 1bout an tnaesthetic agent
in common usc

GERIATRICS

An old patient s physica! condition 1s best ssessed by his function il stite ind the
chnetl findings, naither of these bears iny relationship to numericnl age How
cver many old people irc undernounished ind have + vitumin deficiency They
profit from 1 period of rest and feeding before operation ind s they dipt
slowly to chinge 1t 1s 1 kindness not to rush them into operitton Tlis policy
lows dequite time to tre it ny intercurrent disc ise

Erly post operitine imbulation 1s particulrrly importint nd 1s made easter
by the fict that miny old people instinetively realize this Not infrequently they
have v high pun threshold and need relatively small amounts of annigesics

Ment 1l confusion accompnies most illnesses 1n the 1ged, and this ts exagger tted
by narcoties Careful supervision and mmmimal dosage are the only safeguards
and one must beware of giving further or different hypnotics 1 an attempt to
control restlessness which itself may be duc (o drugs Bedford (1955) has driwn
wttention to the frequency of meat 1l chinges following operttion tn the aged, ind
there 1s no doubt that the margin of sfety s reduced in these ptients, many of
whom 1re hypertensive or have hid episodes of cerebril thrombosis There scems
lntle doubt that most of the cises he described were secondary to episodes of
hypoxt1 or hypotenston nd the latter state must never be allowed 1o occur
iadvertently  still less intentionally Shkilled anaesthesta, cautious dosage of
wnalgesics and, above i1, carly and adequate blood transfusion are essentinl

There 1s 1 common belicl thit 1t 1s dingerous to transfuse old people tnd
cirdiicpatients Danger hiesonly inripid teansfusion ind i1 therefore prrtculrly
importint that blood should be given carly but slowly 1n these cases so tiat the
need for ripid wWdmimstrition should not inise The use of pressor drugs should
seldom be necessiry but they should not be withheld

With tdequite prepirition and ere taken to prevent hypotenston, there re
few ptients who need be dented the benefit of surgery, such 1s prostatectomy 1n
men 1nd the reliel of prolipse nd stress incontinence 1n women These my not
come under Bedfords citegory of uncquivocully necessary , but only when
recent mental deterior itton s ippetred need 1 circumspect \ppro ich to surgery
be wvocited for such 1 chinge frequently presiges the finil dissolutron
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IMPAIRED RESPIRATORY [ UNCTION

to obstruction 1s likely to recur, or to continue, the trachen must be ntubated
with a cuffed tube Inhalation of the obstructing gent may have occurred, 1in
which case branchoscopy must precede, or catheter suction follow intubation
Such a state of affurs may be encountered after a scvere fracture of the maxilla,
which can give nise to considerible haemorrhage 1f the patient s vonuting a wide
bore tube should be passed down the oesophagus and stomach dratnage mstituted

Laryngeal obstructton

Obstruction at the level of the larynx will necessitate careful and gentle
intubation but on ocesion it may be relieved only by tracheotomy

Bronchial obstruction

Foreign bodies aspirated matenal such as water, food, vomitus or blood or
bronchopulmonary secretions may block the lower air passages Bronchoscopy
and suction with postural dranage and energetic physiotherapy will be the
measures demanded

Aetiology

Among the obstructive conditions which may be encountered are new growths
of the pharynx larynx thyroid, or of the structureswithin the thorax haemorrhage
asprration of foreign bodies including food and fluds inflammatory conditions
especially those affecting the floor of the mouth and the laryngo pharynx fractures
of maxilla or mandible bilateral adductor paralysis of the vocal cords njury to
the lungs and bronchi incfuding tension pneumothorax One nteresting and
possibly hopeful therapy 1s the bronchoscopic treatment of status asthmaticus
Sometimes the bronchospasm can be dramatically relieved by the local applica-
ton of a few millilitres of hignocaine The successful outcome of this manoeuvre
1s most rewarding 1n an unconscious patient with a dwindhing tidal volume,
tracheal tug and commencing penipheral vascular failure

Depression of the resprratory centre

The actiiity of the respiratory centre situated mn the pons and medulla
oblongata, may be depressed by drugs or by products of abnormal metabohism,
or may be affected by injury or vascular catastrophe Depresston of the respiratory
centre will 1f severe or prolonged reduce ventilation below the level of minimal
efficiency The lungs of a patient in coma are vulnerable to the hazard of atelectasts
from aspiration or accumulated secretion and even small areas of collapse added
1o a state 1n which the tidal volume 15 already dimmmshed by central depression
may precipitate an anoxic crisis Head mnjunies or the sequelae of cramal surgery
and of some neurological diseases posoming by such drugs as barbiturates or
opiates, imtoxications such as occur m diabetes nephriis or eclampsia, carbon
diowide coma 1n chronic bronchitis and emphysema, these are but some of the
conditions for which the anaesthetist may be called upon to restore normal
physiological equiibrium by re establishing respiratory effictency After mtial
clearance of the arway artificial respiration must be carried on for so long as
e resprratory centre 1s functioning nadequately This may necessitate the
maintenance of mechanical ventilation for days on end and will present technical

problems which will challenge the ingenuity and tax the endurance of the most
highly orgamzed anaesthetic department
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CHAPTER 18

THE ROLE OF THE ANALSTHITIST IN DISORDERS
OF THE RESPIRATORY SYSTEM

PATRICK SHACKLETON

TECHNIQUES learned and practised tn the operating theatre duning the last two
decades have fitted the anaesthetist to take his place as a respiratory physiologist
and as an applied pharmacologist n the therapeutic team Here his advice and
assistance are becoring more and more frequently sought His most valuable
contribution will probably be made in the treatment of patients in whom the
normal resprratory function 1s threatened or gravely imparred

IMPAIRED RESPIRATORY FUNCTION
Classification

The conditions leading to rmpairment of respiratory function may be classified
as follows

(1) Obstruction of the air passages somewhere between the atmosphere and the
alveolar capillary barner

(2) The effect upon the respiratory centre in the brain of depression or damage

(3) Interruption of the paths of transmussion of nervous impulses between the
bram and the muscles of resprration

(4) Conditions affecting the muscles of resprration themselves or thetr attach
ments

In practice the treatment of all these conditions resolves 1nto two problems the
establish and nce of an adequate arrway and the amphfying of
nadequate respiration or respiratory control duning apnoea

Respiratory obstruction

Respiratory obstruction may be acute or may develop slowly It may affect
either of the two main functions of respiration oxygenation and the elimmation
of carbon dioxide equally or one more than the other It may be intrinsic as
1n conditions m which a growth a foreign body or secretions block the Jumen of
the passage of extrnsic as where pressure from a growth or haemorrhage
mflammation or tension pneumothorax constricts the airvay

Phar)y ngeal obstruction

Obstruction of the airway may occur in the pharynx by haemorrhage or vomitus
and laryngoscopy and suction may be all that are needed If the condition leading
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IMPAIRED RESPIRATORY FUNCTION

Anoxiz will increase capiliary permeability and, with a low mtra alveolar pressure
may lead to pulmonary oedema Full ventilntion with 1 PP R will both start the
reversal of the 1caidosts and miy present or reverse the pulmonary oedema
Tracheotomy serves as 1 conventent nd efficient port for suction totlet which
must be continued until the acute stage of the infection 15 controlled by antibiotic
therapy

Respiratory pumps

The relative ments of the different types of respiritory pump have been very
fully discussed (Mushin 1nd Rendell Baker, 1954) In the chronic bronchitic with
emphysema who develops acute resprratory insufficiency a machine which can
produce a sub atmospheric pressure at the end of the expiratory phase carries
an advantage and mmposes less upset of circulatory dynamics The great dis
advantage of I PP R, life saving though 1t may be 1s sts direct reversal of the
normal intrathoracic pressure pattern with resulting impediment of the venous
return to the heart

Resuscitation of the newborn (see also p 217)

Resuscitation of the newborn often falls within the province of the anaesthetist
The deciston when to employ more active treatment than the traditional passes
often accorded to the apnoerc baby may be a difficult one The slowing heart rate
of anoxia 1s probably as good an indrcation as any that active assistance 1s urgently
required, although a myocardium which 1s feeling anoxic stram to the extent of
exlibiting a bradycardia of the order of 80 or 70 beats a minute may indicate
cortical damage of an extent which bodes 1ll for the child s future A rate of
100 beats per minute which 1s continuing to fall after a further minute of observa
tion should demand more active nterference All infants should be placed after
birth on to an mchined board or table top 1n the head down position, and not
put immediately mnto a cot or oxygen box Liguor will then dramn naturally from
the air passages and resuscitative measures simple or more elaborate, may be
easily performed If with simple measures such as cleaning the pharynx of liquor
and amnotic debns, and the passmg of a fine oxygen catheter through the posterior
nasopharynx (which often elicits the sneeze reflex and starts rhythmical respira
tions) a respiratory rhythm 1s still not established intragastric oxygen may be
commenced A more effective measure, though requining skill and practice, 1s
tracheal intubation followed by very carefully controlled intermittent positive
pressure (Blarkley, 1956) An oxygen flow of one litre per minute nto the side
limb of a T piece connected to the endotracheal tube and finger blocking of
the other imb for one second in every three may be applied safely until spontaneous
resprration commences The object of this manoeuvre 1s not immed:ately to mflate
the lungs but to raise rhythmucally the ntratracheal and ntrabronchial pressure,
so acting upon the stretch receptors m the pulmonary intetstitial tissue as tl;
actuate the Hening Breuer reflex Passage of oxygen into the blood stream tiq

the tracheal and bronchial mucous membranes als

0 occurs A baby whose
respiratory centre s silent because of depression from morphine or geth\dme
gnen to the mother late 1 labour may be released nto Tesprratory activity b,
the timely use of an antagonust such as nalorphine Y

279
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Management of the unconscious patient

The manag t of the yus patient has been described by Mushin
(1955) Nevertheless it 1s surprising how the two essentil principles of establishing
a clear urw 1y nd nstituting and muntumng 1dequtte ventilation are often
neglected These two measures are vital i the treatment of any resprratory
emergency and until they are tiken the patient s Ife 1s in immediate danger
The ums are to ensure the maximum oxygenation of the patient s blood and to
remove carbon dioxide from his circulation These two functions of respiration
may not be 1chieved unless the basic principles of the physiology of respiration
are remembered The 1dmimistration of oxygen may convert 1 blue patient to a
pinker colour, but unless the tid1] volume s well 1s the minute volume of resprra
tion are adequate cirbon diovde will accumulate n the body A small tdal
volume even with 1 high minute volume may be madequate as the ratio of tidal
volume to dead space may be too small The immediate treatment therefore of
the apnoerc patient or onc whose resptration 1s inadequite 1s to establish a clear
airway and to ventilate the lungs with an ur or oxygen flow of 8-10 litres a
mnute The diagnosis of the condition crusing respiratory msufficiency can then
be made mn an atmosphere more conduene to cletr thinking

If the condstion 1s one 1n which central impurment of respiration 1s likely to be
of brief duration sentilation may be muntammed by bag squeezmg , but if
mamtenance 1s going to occupy hours or even days or weeks a more thorough
organization must be developed Tracheal mtubation and ventilation by some
form of respiratory pump must be employed Should the way ahead appear long
tracheotomy should be performed and intermittent positive pressure respiration
carned out through the cuffed tube mserted through the tracheotomy One
practical pont 15 of importince here The tracheotomy should be performed as
high as possible, the operator disiding the thyroid 1sthmus and cutting a diamond
shaped window 1n the trachca Too low or too long a sht inciston 1n the trachea
may allow the tube to slide down on to the carina or into one of the main bronchi
Intermittent positive pressure resprration (I P P R ) 1s most easily carned out in @
totally apnoeic patient, 1t 1s not so satisfactory in those cases i which the patient
makes inadequate attempts at spontaneous resprration In these circumstances a
machine triggered by the patient s own respiratory effort will be of great help
n producing assisted respiration In the absence of such a machme 1t may be
necessary to abolish the neffective respiratory movements by a muscle relaxant
and assume full control of ventilation

Superimposed acute resy 3 mfections

Patients with acute respiratory infections superimposed on chromc lung disease
are sometimes admutted to hospital 1n a grave state of uncompensated resptratory
acidosis (Biorneboe and his colleagues 1955) They are dyspnoeic and cyanotic
and are often given oxygen therapy whereupon they may pass from dyspnoea
to apnoea The reason for this phenomenon which may trap the unwary 1s that
when a respiratory centre tuned to a high carbon dioxide concentration 1s exposed
to a sudden increase 1 oxygen concentratron its activity 1s reduced still further
because of removal of the hypowuc drive from the peripheral chemoceptors
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IMPAIRED RESPIRATORY FUNCTION

relaxants Tracheotomy 1s essential in cascs of tetanus so treated and control by
muscle paralysis and ventlation may have to be mammtained for many days
Management as tn all respiratory cases 1s essentially a matter of team work, and
the nursing problems are severe mn the extreme Dunng the active control of the
tetanic spasms it seems reasonable on humamtanan grounds as well as to himit
the trigger effect of external sumuli to keep the patient centrally sedated Light
mitrous oude oxygen anaesthesia was employed by some unul Lassen and his
colleagues (1956) cast doubts upon the harmlessness of prolonged anaesthesia
with this agent Some patients with very sesere tetanus who from the incubation
period stage of onset and severty of symptoms might have been expected to die,
have been successfully treated with tracheotomy and intubatron muscle relaxants
and I PP R The use of chlorpromazine seems to offer further help particularly in
those cases of tetanus where hyperpyrexa 15 a feature and more especially when
this appears to be associated wath i olvement of the bramstem

The convulsions of strychmine poisoming can be treated 1n the same way as
tetanus Indeed the whole techmque 1s avatlable for any and every case of con-
sulsion or apnoea whether due to central or more penipheral causes

A3 asthema graris

The acute respiratory cnsis of myasthema gravis presents some interesting
problems (Gnffin Nattrass and Pask 1956) Quite apart from the mamntenance
of ventilation which should be along the lines already indicated a pharmacological
conundrum may be posed Often very large doses of neostigmine have been given
prior to the crists becoming acute The possibility anses that there has been -
adequate ehimunation of the drug and that a concentration has been bult up
sufficient of 1tself to produce a degree of neuromuscular blockade Thymectomyv
may be performed at this stage but 1t 1s essential to proceed back to spontaneous
respiration slowly and carefully continuing the respiratory control for at least a
week after the fast dose of neostigmine

When 1t 15 suspected that this may be the case 1t 1s advisable to stop all therapv
and depend on pulmonary ventilation for 24 hours or so Not infrequently some
spontaneous respiration will recommence and from then st 1s easy to observe the
effect of doses of neosugmine pyndostigmne or perhaps because of 1ts transient

action edrophomum (Tensilon) which 15 the most useful drug for this type of
therapeutic test

Head wyurtes

Head injuries sometimes present as respiratory problems Ineffictent respira
tion or complete apnoea may be the result of direct injury to the bramnstem or
1o a generalized nise n intracramal pressure Often these patients can be kept
alne for days without any response from the respiratory centre which has
been damaged beyond repair A sort of mightmare state 1s bult up n which a
pau::n can turn into a heart lung preparation where coronarv and pulmonary
cire are h ally d without a flicker from any other part
of the body 1t1s disturbing to record a normal complex on the electrocardiogram
n a patent who one suspects 15 dead' Nevertheless such pessimism must be
tesisted and the reward of an unexpected recovery confidently awaited
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ANALSTHETIST S ROLE IN DISORDERS OF THE RESPIRATORY SYSTEM
Interruption of nervous impulses

Pohomyelitis

The classic example of respiratory mcfliciency due to interruption of the nervous
impulses occurs 1n antenior pohomyelitis It 1s anto this ficld of therapeutics that the
anaesthetist has been called most urgently and where he has made perhaps his
most spectacular contribution When poliomyelitss affects the higher part of the
cervical cord, ventilation will be diminished and suboxygenation and carbon
dioxide retention occur Such cascs may best be relieved by treatment i a box
respirator  but 1f the bramn stem 1s 1nvolved as well as the cervical cord more than
ventilation will be affected The protective function of the glottis will be imparred,
the 1ction of swallowing disorganized and the air passages will become vulnerable
to the aspiration of sceretions or of food The measures adopted by Lassen (1953)
and Ibsen (1954) in the 1953 eprdemic in Copenhagen brought the everyday
techmques of the anacsthetist to the rescue of these unhippy people To the
management of bronchial seerctions by suction and physiotherapy was added the
use of intermuttent positive pressure respiration 1pphed through a cuffed endo
tracheal tube inserted through 1 trachcotomy opeming By this techmique the
Damsh workers reduced the mortality of these cases of spmobulbar poliomyeltis
from some 80 per cent to 30 per cent In many countries st 1s now the custom to
gather such patients into special units where they are treated by a team consisting
usually of a physictan, an anaesthetist and an ear nose and throat surgeon
assisted by a biochemust and a physiotherapist Such hospitals have a mobile
service to safeguard the patient during the journey from home to the umt Endo
tracheal intubation may be necessary before undertaking the journey and a means
of ventilation esther by hand bellows or bag or by pump should be available in
the ambulance or aeroplane, together with adequate suction

The shme techmques of mamtumng adequate ventilation may be apphed
successfully 1n the apnoeic crises of myasthenia gravis of polyneuntis of some of
thcdnre myopathies such 1s polymyositis, and 1n njurses to the cervical spmal
cor

Tetanus

Tetanus kills by asphyxia by exhaustion or more frequently by pulmonary
complications due erther to infection or to aspiration of food fluids or pharyngeal
secretions  Modern treatment (Woolmer and Cotes 1952 Shackleton 1954
Ablett 1956) aims at limiting or stopping the spasms altogether, mamtaming
adequate ventilation and treating the pulmonary condition by antibiotics and
phystotherapy Control of muscle spasms may be achieved by central sedation
or such treatment may be combined with 1n attempt to reduce muscie tone with
the aid of mephenesin However in some cases it may be necessary to produce
complete muscle paralysis with drugs of the muscle relaxant groups m which
case the muscles of respiration will share 1n the paralysis and controlled ventilation
will become necessary Almost all the known muscle relaxants have been used 1n
this conversion of severe tetanus to a state analogous to that of reversible spino
bulbar poliomyelitis The advantage of the short acting relaxants given by ntra
venous drip appears to be flexibihity and minute to minute control On the other
hand, some workers ¢laim greater safety and effectiveness with the longer acting
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often be replaced by ntragastric therapy Routine biochemistry can be performed
at arranged times Physotherapy and trachcobronchinl suction toilet become,
with practice, less and less of an ordeal for the staff and patient

SPECIALIST SERVICES

Tn certamn specal hospitals or units the scope of the anaesthetst s responsibilities
extends mto fields of even wider application In some thoracic umits the important
business of assessment of pulmonary function falls to the anaesthetsst s lot and
there 1s wide scope for chinical nvestigation both before and after surgery In
plastic surgery umts to which patients with burns gravitate m these days, the
anaesthetist has a useful part to play in the general management of these far from
easy cases The treatment of burn shock’, with the hour to hour adjustment n
intravenous nfusion and transfusion and the problems of mamtaining efficient

tissue oxygenation, especially difficult 1n children, are of absorbing nterest and
vital importance
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ANALSTHETIST'S ROLE IN DISORDERS OF THE RESPIRATORY SYSTEM

Respiratory muscle disorders

Injury to the thorax and to the accessory muscles of respiration may, by pam
or by the mechanieal effect of flul chest  or tension pneumothorax, produce a
state of respiratory insufliciency Where pamn alone 1s the cause, adequate analgesia
by local or central medication may suflice In the disruption of the mechamies of
respiration an flail chest 1 PP R sall chminate parrdoxical respiration and restore
normal respiratory dynamics

MANAGEMENT OF PATIENTS IN APNOLA

The generil management of these apnoeic cses demands great cire and
thought They bristle with technicil and physiological problems Pulmonary
ocdema 1s always immunent whether s a result of the discase process itsell o
precipitated by the disturbance of vasculr respiritory dynamies s a result of
the treatment The m untenance of fluid bal ince and of electrolyte control may be
most difficult, but will be rendered so much more casy if intravenous replacement
cn be wvoided Therefore the passage of a reasonable sized stomach tube should
be a sine qua non of the techmque, so that nutrtion 2nd body chemustry can be
maintamned 1n a natural manner

The problems ansing out of prolonged artificral ventilation are numerous
(Woolmer 1956) Ventilation may become difficult duc to inadequate removal
of secretions or to collapse of one or more pulmonary segments Ventilation
which appears adequate may, an hour liter be apparently not fulfilling its function
Acidosts or alk ilosis may be present but which of these states eusts may not at
once be casy to deaide Such a patient may pass from acidotic coma, duc to
nadequate ventilation, to alkalotic unconsciousness due to hyperventilation with
remarkable case  Acidosis may anise insidiously as 1 result of dimimished ventila
tion duc perhaps to undetected obstruction from sccretrons bronchospasm,
anoxia from any cause, or to the superimposition of renal acidosis The conse
quence 15 medullary depression and a breihdown of the renal compensitory
mechimism  Alkalosts on the other hand will, 1f severe or prolonged, upset the
haemoglobin dissocintion curve and so himit tissue oxygen uptike In extreme
cases tetany may occur or renal caleult may be laid down, and so repeated records
must be made of the serum and unine pH total and combined carbon droxide
and of serum electrolytes Blood pressure and pulse charts and flud balance
records must be rccurately kept The electrocardiogram and the electroencephalo
gram may be of help Death 1n all cases 1s ultimately anowic, but in the type of
case discussed here prnmarnly so Although in Great Britun 1t 1s usually only
the poliomyelstis cases which arc concentrated n special centres 1t 1s becoming
more frequent especially 1in Seandinavia to establish special  respiratory wards
Into these wards which 1n one case at Icast (in Swedcn) are in the charge of the
wnaesthetic department are trinsferred those cises presenting 4 problent 1 the

blish and of adequate ventilation There 1s much to be said

for collecting such cases together (Crampton Smiuth Spalding and Russell 1954)
for the successful management of apnocic paticnts rehies essentially on team work
and on skilled nursing Lvery cise nceds specialling  and the minute to minute
management becomes a nursing problem Techniques should be standardized ns
much 15 possible and complicated measures voided Intravenous therapy can
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ANONIC STATES AND THEIR TREATMENT

T S

'
ANOXIC [STAGNANT ANAEMIC HISTOTOXIC
—
! EXTRICELUR PERXELL X PTAIQU E | SUSITMTE
hock Anzemz | Hypnotics  Ether Carbon ¢ Hypo-
Ha‘\x:uda Sheel i ; s | dioxide Il ghyaemn
4 .
Asphyxa  Cardac Carbon  Barbutu Chloro- | Uraemis !
fulure  monoxide  rates orm |
!
Drowning | Oprates | Cyclo- | z
| propane M
Lung ) Cyanide  Tnchloro- )
diseases 1 ' | ethylene }
Pulmonary 4 (
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iCerebnl l Cerebral  Cerebral
tschaemra 1schaerna schaerma

In this diagram coal representing oxvgen 1s transported to a furnace representing
a cell The atmosphere 1s portrared bs the lornv and the energy produced m the cell
by the turbme The circulation and heart are shown be the bucket convesor system
ard mrotor Ti <Le respiration 18 represented both tyv the stoker (extracellular) and
the furnace door (pencellular) The cell substrate 1s depicted by the water mn the boiler
and the end products of metatolism are represented by the ashes from the furnace
The transportation of coal mas fail at any point and several mmor defects ar different
stages will have a major effect upon the steam pressure Clircaliv  more than one
type of anoxa often ocours at the same tyme For example 1n acute cerebral 1schasmia
the brain will suffer from stagnant anoxna due to failure of ovvgenated blood to reach
the head al o there will be no substrate for the bramn to metabolize because of the
abrent cucutanon nor can the metabolites be removed In cerebral 1schaerma due to
cardiac arrest occurnng during surgen there 1s the added factor of the anaesthetic agent
FiG 27 —Analogy of coal transportation and oxveen la-k (From Cam, s and Purchase 1956

by hird permission of authors and publisher )

state 15 extremely entical immeasurable 1 fact with present-day biochemcal
techruques If the amount of narconc 1» great the basal svstem 1s also affected and
tissue respiration becomes measurably depressed
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CHAPTLR 19
ANOAXIC STATLS AND THFEIR TREATMENT

B G B Lucas

AT THE begtnming of the present century anoxin was defined by Haldane as no
oxygen n the body but 1t was not unul a few years later that Barcroft (1920)
clanfied this to mean 1 Fulure of oxygen to reach the tissues and classified wnova
into three groups, s follows

Anovic in which oxygen cinnot gun access to the blood stream

Anaenie m which the blood 1s ncapable of carrymng 1 sufficient quantity of
oxygen for the tissues

Stagnant where for some renson the circulation fuls

After the World War I Peters and Van Slyke (1931) added a fourth group
Iustotoxic 1 which the cell 1s poisoned so that oxygen, although freely available in
the blood stream cannot be utihzed by the tissues

1f the defimtion of oxygen I1ck 1s modified to menn not only absence of oxygen
but also nability to use 1t cellular or hustotoxic anoxia can be further subdivided
into four (Fig 27) according to the way 1n which the metabohism 1s affucted

Extraccilular Instotovic anovia s that in which the tissue oxygen enzyme systems
of the body are poisoned The classical example 1s cyamde poisoning where the
cytochrome enzyme system 1s destroyed resulung in the immedsate death of the
cell The action of most hypnotic drugs can 1lso be included as they depress
enzyme activity aind have been shown to inhubst cellular respiration 1n the brain
It hins been suggested (Butler, 1950) that narcotics must have some other action
beeuse the concentration of drugs necessary to depress cellular respiration i titro
1S many times greater than that which 1s necessary to achieve unconsciousness
i teo but one theory has been postulited which overcomes these objections
while retaining the basic principles (McElroy 1947) This 1s that the central
nervous system hts two parallel systems for metabolism The first or basal
system keeps the cell alive and 1s dependent upon the breakdown of carbohydrite
which 1n turn depends upon the presence of tissue enzyme activity The second or
energy system 1s responsible for the production and breakdown of adeno
smetriphosphate (ATP) 1 high energy phosphate which enables the cell to funciton
and emit energy ATP 1s known to be the basic source of utilizable energy nside
the cell and 1t 1s concluded that hypnotic ngents act at the site of ATP synthesis
or breakdown, so mhibiting energy production resulting 1 unconsciousness
The amount of ATP n the cell 1s minute 1nd so the rate of production and break
down must be rapid 1f the cell 15 to produce energy continuously With such 1
rapud turnover 1t follows that the change from the to the us
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HISTOTOXIC ANOXIA

owgen and § per cent carbon diowide was started immediately A lumbar puncture
was performed the pressure being 200 milimetres of water and cerebrospinal fluid
was allowed to flow out slowly until the p fell to 140 mill res At the same
ume a teansfusion of one pint of concentrated red cells was given After one hour
I started Iy after six hours he showed signs of returming
consciousness The next day he was completely decerebrate He sat propped up in bed
with hus eyes closed and a mask like expression on his face and showed no signs of
telligence whatsocver He would drink and swallow 1f anything were placed i his
mouth and exhibted a perfect physiological rage reaction  when pinched he snarled
s face contorted with Tage and he moved tus imbs freely but this movement bore
no relation to the site of the painful stimulus Normally the limbs remaned in 2 state
of flewron the muscles being hypertonte and the plantar response a mass withdrawat
The other systems of the body showed no abnormality He ewisted like this without
any recosery for a further seven days finally dying 1n a state of hyperthermia

STAGNANT ANOXIA

Stagnant anoxsa 1s seen in cardiac failure Chnically, however cardiac failure 1s
not usually considered to be an anoxic state and further confusion 1s caused bv
using the chmeal terms peripheral and central cyanosts Presumably peripheral
cyanosts mdicates a stagnant circulation, and yet there are occasions when the
cerebral circulation 1s so slowed that there 1s msufficient oxygen available from the
blood stream the so called central cyanosis an example beng the fainting attacks
of the very hypotensne subject The mental confusion seen in patients with
arienosclerosis may be due to a dimmshed blood supply reaching the bram

HISTOTOXIC ANOXIA

In all the classical cases 1t 1s common to find other types of anoxia as well, for
example m barbiturate poisoning or deep anaesthesia there 15 usually under
ventifation which produces a retentron of carbon dioxide, the metabolite anoxic
effect of which 1s often 1gnored

Case 11 Male 14 years was admitted to hosputal suffering from concussion and
multiple fractures after falling 40 feet Following anaesthesia and the setting of his
fractures he was nursed 1n the Trendelenburg position and given continuons oxygen
by means of an ordinary anaesthetic mask and machme with partial rebreathing and
a relatively small flow Prior to bemng connected to continuous oxygen his blood
P was 120/80 mull of mercury and he was quite well and semiconseious
During the next three hours his condition deteriorated with deepening coma and fall
of blood pressure to 60/50 millimetres of mercury pulse 140 and respirations 44 His
colour was good although there was extreme vasodilatation Whi
removed and he was placed Jevel he recovered consciousn
and his blood pressure rose to 110/70 millimetres
b{’c:llhmg mthout) cart‘:on dioxide absorption plus the defectine ventilation brought
?wh??}‘nlzglch‘err with the r:r:;:;lfy? :‘hil: naesth e tor 8 marked Jospurarory acidosis
o o e anaesthetic agent and the concussion caused

en the oxygen was
ess within thirty minutes
of mercury In this case the re
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In periccllular lustotoxic anoxia oxygen cannot gain access 1o the cell due toa
decrease n cell membrane permeability such 1s occurs with lipoid soluble
anacsthetic agents for example chloroform or cther

Substrate histotoxie anoxia indicates insuflicient foodstuff for efficient meta
bolism In brain cell respiration hypoglycremia, that is a Jach of carbohydrate 1n
the circulnting blood, has exactly the same cffect on the cell as a lack of oxygen

In metabelite lustotoxic anovia the end products of cellular respiration cannot
be removed so preventing further metabolism as 1s found in uraemia or carbon
dioxide porsoming

Anoxic states can 1nise from 1 variety of causes but the most important features
arc that the cffect on the cell 1s the same whatever the cause and that combinations
of types summate their individual effects as sllustrated m Fig 27

ANOXIC ANOXIA

Anoxic anoxia tlone 1s scen in mdustry followng accidental exposure to
asphyxiant gases or at high altitudes due to low oxygen partial pressure or in
combination with metabohite anoxia in asphyxia following strangulation drown
mg or some other obstruction to the air passages such as the mhalation of vormt,
laryngeal oedema haemorrhage mnto the thyroid gland and so on

Case I Female 18 years previously fit was operated upon for an adenoma of the
thyroid under endotracheal cyclopropane anaesthesia Operation and return to full
consciousness were without incident Six hours after operation a shight stridor developed
and the pattent complatned of difficulty in breathing Four hours later she was cyanosed
and very dyspnocetc Oxygen was given somewhat meflectually through double nasal
catheters and her condition soon worsened until 14 hours later (that 1s 24 hours after
operation) she was practically unconscious very restless distressed and incoherent
An endotracheal tube was passed and continuous oxygen given Jmmediately her colour
returned to normal her general condition improved and her pulse dropped from 130
t0 90 Mentally there was no improvement she was confuscd and emotionally unstable
The following day her condition was unchanged and the tube was removed but
immediately replaced and the oxygen continued as the signs of obstruction at once
made themselves manifest That evening her mental state was much worse and by
morning she was comatose Her pulse and temperature both started to rise and by
evening (3} days after operation) she was deeply unconscious with a pulse rate of 160
and a temperature of 103 F She died early the following morming The anoxic damage
1n this case had occurred during the 14 hours of partial asphyxta due to the presence
of laryngeal oedema

ANAEMIC ANOXIA

Pure anaemic anoxia due to anaemia 1s relatively uncommon because patients
with such a conditron usually die before treatment can be effected but it 1s seen
1n carbon monoxide pe g or methaemoglob In these conditions the
functioruing haemoglobin 1s bound up into permanent compounds which cannot
take up oxygen and so the oxygen content of the blood 1s reduced

Case 11 Male 47 years was admitted to hospital following exposure to coal gas
When first seen he was bright red i colour pulse rate 90 blood pressure 70/50 millt
metres of mercury and respirations almost imperceptible Artificial respiration with
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SIGNS AND SYMITOMS

there 1s a failure of the temperature regulating mechinism and hyperpyrexit of
108° F to 110 F mny be present

Mild anovia

With nuld anowia there 1s mental confusion and the patient 1s rrrational and
frequently lapses mto deep sleep Reflexes are normal and recovery 1s furly rapd
but the patient may have complete amnesia of the anoxic 1nsult and of several
hours preceding it Some mild cases may dnft into unconsciousness 1n a matter of
hours because of the increasing cffect of the mtracellular oedema and be barely
rousable They will respond to parnful stimult 1n a conscious way, although most
reflexes will be dimimished Recovery occurs even after many days of unconscious
ness, but the return to normal may take many months during which time there
may be vanable neurological and psychotic signs

Case IV Female 53 years about to have a stitch abscess incised following a subtotal
thyroidectomy three weeks previously was iduced with 400 mulligrams of thiopentone
Almost immediately her heart stopped The abdomen was opened within four mmutes
and the heart palpated and found to be dilated and mactive Massage was started and
at the same time an intracardrac injection of adrenaline was given Immediately
following the myection the heart started beating and within a few seconds produced an
adequate carotid pulse Respiration did not return for a further twenty minutes By
the time the abdomen was closed the patient was breathing quietly and had a normal
pulse and blood pressure but she was unconscious and had no reflexes She did not
recover consciousness for two days duning which time she passed through stages of
bemng acutely spastic and apparently decerebrate When consciousness returned she
was neurologically normal but completely deluded and irrational During the next
two months she improved slowly She first passed through a phase of bewng completely
child like only remembermng her maiden name and incidents in her early hfe and
later of being a young married woman She ¢ontinued to smprove and three months
after the oniginal cardiac arrest she was discharged from hospital normal apart from
having a somewhat facile personality One year later there was no psychiatric neuro
logical or other evidence that she was i any way different from prior to her cardiac
arrest

Duration of decerebrate state

If the anoxia results in a decerebrate state lasting more than 72 hours complete
recovery will not occur and death usually ensues within one to six weeks There
are occasional exceptions as the following example shows

Case } Male 8 years suffered cardiac arrest duning bronchography under general
anaesthesia and cardrac massage was not started for at least six or seven munutes
Ultimately the heart and respiration restarted but 24 hours later the child was deeply
unconscious and completely flacerd During the next few days he showed all the signs
of decerebration with a slowly increasing spasticity Gradually his spasticity lessened
and after one year he was a typical decerebrate vegetable  He would ery i response
to painful simuli and would eat if food were placed 1n hus mouth but he was in
<apable of making any coordinated movements Six years later he had grown and was
of normal height and weight for his age but was unchanged neurologically The only
sense he appeared to have was that of hearing 1n as much as he would start at a Ioud
noise He had the typical appearance of one whose bram has been destroyed (Fig 28)
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ANOXIC STATES AND THEIR TREATMENT

SIGNS AND SYMPTOMS
Unconsctousness

As the bran 1s the organ most sensitive to oxygen lach it follows that the mam
characteristic of 1n anoxic state ts unconscrousness This wall vary n depth accord
ing to the sevenity of the insult but so [1r as the central ner ous system 15 concerned
1t 15 1mpossible to decide what anoxic 1gent has been the cause The physical signs
of different levels of unconsciousness from anoxrt are the same as those of similat
levels from anaesthesia but differ from those following head mnjury in as much as
1n anoxta the signs lter because of the after effects of the anoxic mnsult on the
brain cell Anacsthetic agents are sud to be unlike ordinary histotoxic posons
since the cell recovers completely when the drug 1s removed Thus 1s true if the
depth and durition of anaesthesia re not too great but post anoxic states are
seen under certain conditions followsng deep anaesthesia especrally i old subjects
Anaesthesia can be considered to be a mild state of wnoxa which 1s reversible,
whereas anoxi from other cuses may c1usc rereverstble changes i the cell

Cellular effects

Fundamentally when the metabolism of a cell 1s reduced there 1s first a short
period of stmulation then paralysis and finally death of the cell there being 2
great difference between the paralyuc stage and death I the reduction of meta
bolism is severe during the paralytic stage certain ntracellulac electrolytic changes
occur which exert an effect after the anowa has ceased there 1s 7 loss of mntra
cellular potassium with a consequent nise 1n sodum This increase n intracellular
sodium causes retention of water n the cell that 1s an tracellular oedema This
oedema prevents the cell from functioning normally for some time after the anoxic
nsult has been withdrawn and may be so severe that the cell becomes distended
and ultimately disrupted When this happens the anovia produces irreversible
changes There 1s some evidence that the intracellular oedema does not occur
until the anoxic insult has been removed and reaches a maximum effect after st
to eight hours Duning this time the signs of unconsctousness will vary For
example, during certam ntracardiac operations under hypothermia the cerebral
crrculation may be arrested for several minutes At the end of the operition the
patient may be conscious and rational but during the next eight hours he may
lb;e:t:(:cmt: sleepy and confused, not returning to normal for a further twenty four

ours

Early stages

Tn the early stages following severe anoxia all the reflexes will be absent apart
from the light reflex Later there may be a stage of wntability when the reflexes
will be exaggerated Resprration may vary from the quiet breathing of light
unconsciousness to the termmal jaw tugging type which s seen with medullary
farlure The heart rate is usually mncreased but there 1s a state of vasoconstriction
with a shght fall 1n blood pressure—an indication of a dummnished cardiac output
In profound damage from anoxia when there 1s complete destruction of the
vasomotor centres the systolic blood pressure falls to about 60-70 millimetres of
mercury Anoxia per se has lttle effect on temperature, except termnally wien
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petformed Two years later his colour was good his hacmoglobin had dropped from
140 per cent to 100 per cent, and he had gained many pounds 1n weight In order to
assess the rusult of the eperation it was decided to recatheterize him and because he
had tolerated the previous dose of thiopentone it was repeated This time he became so
deeply unconsctous that he had to be resusentated for several hours and the cathetenza

tion had to be abandoned

To prognosticate about the ultimate outcome of the post anexic unconscious
subject 15 not e1sy With some patients being ventlated and fed artificially there
may come a time when gontinuation of this artificral means of mamtaiming hife
appears pontless A practical guide 1s that if the signs of unconsctousness change
during the first 72 hours some recovery may be posstble, but 1f there 15 no altera
tion, therapy can be abandoned after seven days A terminal sign 1s a progressive
hyperpyrexia and death will occur at temperatures as hugh as 110° F

TREATMENT
Effective ventslation

The main feature in the general treatment 1s the handling of the uncc
patent so that he does not succumb to some secondary complication Effective
ventilation to ensure that the blood 1s fully oxygenated and carbon dioxide
ehminated 15 essenbial Often the respiratory centre will be depressed by the
anoxic sult so that some form of assisted respiration 1s necessary The method
18 ummportant, provided an adequate minute volume 1s mamntained and can be
performed either by manual ‘bag squeezing with a carbon droxide absorber
or by means of any intermittent positive pressure breathing machine Even
those cases 1 which respiration 1s only shghtly depressed the under ventilation
if uncorrected will cause further anoxa from carbon dioxide retention and the
respiratory centre may fail completely within a few hours

To enable artificial respwation to be done effectively the patient must be
mtubated but if unconsciousness persists for more than 24 hours, a tracheotomy
should be petformed This not only prevents trauma to the larynx, but enables the
patient to be nursed more easily and allows intermittent suction of the bronchi
to remove the accumulation of secretions Survival following prolonged un
consciousness 1s prmarily a nursing tiumph  bronchial toilet 15 most important
together with repeated change of position and physiotherapy The bladder must
be kept empty with the aid of an indwelling urethral catheter and a complete

cover of antibiotscs used to prevent infection anywhere

Hypothermia

Following anoxia the thermoregulating centre may be affected, giving nise to
hyperthermia  For this reason the patient must be cooled deliberately until full
consciousness 1s regained or for a peniod of 7 days The immediate application of
h%’lpolhérmxa tfo 32°-33° C 15 of particular value n protecting the brain from the
alter effects of the anoxic insult by reducing the oxygen demand, bu
no treatment will be of any avail v » but after 8 days
Resting the heart

Apart from the bramn the heart 15 the o

nly other orga
the anoxia and 1t should be rested as much d rgan likely 10 be affected by

as possible An electrocardiogram taken
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PROGNOSIS

Pure anovic anoxa as seen at high 1hutudes has a good prognosis and 1t 1s unusual
for such patients 1f they recover, to havo any restdual neurological sequelae This
15 1lso true of those with barbiturate poisoning, provided adequate resuscitation
1s undertaken immediitely On the other hand, anaemic anoxia, particularly carbon
monoxide porsoning often leaves residual signs A combination of types, for
example cardiic arrest, earries the worst prognosis Obviously the state of the

Fia 28 —Photograph of Case V six years
after cardiac arrest

brain before the anoxia will aiter the tolerance to the sevenity of the sult Hence
anovic Tesistance 1s reduced following shock haemorrhage, or anaesthesia

The young are more resistant than the old, but allowance must be made for
the increased oxygen demand of children particularly at puberty and the fact
that the avadable reservoir of oxygen i the lungs s reduced 1 babies The new
born are extremely resistant to oxygen lack because for the preceding mne months
they have been existing 1 utero at a very low oxygen tension This resistance
persists m the normal for up to six weeks but children with congenital cyanotic
heart disease maintam therr resistance all ther hives or until therr condition 15
treated surgically Contrary to general opimon subjects with cyanotic heart
disease are not anoxic at rest They have a low cardio respiratory reserve In as
much as effort rapidly drops their oxygen supply and they become unconscious
easily but at rest they are not incapacitated m any way Moreover, there 1S o
evidence that these children are mentally backward, as one would expect if they
were chromically anoxic Their resistance to oxygen lack 1s well shown by their
tolerance to nstotoxic anoxic agents such as the barbiturates

Case VI Male 7years with Fallot s tetralogy who was extremely cyanosed under
went cardrac catheterization under rectal thiopentone using a dose of 1 gramme per 30
pounds nstead of the standard 1 gramme per 50 pounds This produced good sedation
but not )! unc b a Blalock shunt operation was
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TRLATMENT OF CARDIAC ARREST
Principle
Carddrac arrest need not be lethal of oy genated blood can be prmped o the bram within 3 minutes
This means artificial respiration and cardiac massage as soon as the heart stops
Procedure
As soon as cardrac arrest has been confirmed
The Anaesthetst The Surgeon The Aursing Stafl

1 Appoints a timeheeper I Opens the left chest anteriorly Send for nib retractor
who will call out minutes through an intercostal massion 2 Place 4 arfernal  tourm

Toudly (5th space) makes a small hole quets around all 4 imbs

2 Commences artificial 1n the pleur before ncising 1t as high as possible
ventilation with o gen so as to avord damaging the 3 Prepare solutions of 10
intubating 1f posstble lune mufliitres of 1 per cent
2 Inserts one hand and squeezes calcrum chlonde and 10
the heart rhy thmeenlly millilitres of 1}10 00D
3 Inscrts and opens rib retractor adrenaline for intracardiac

so that both hands can be ngection

mserted 1nto chest Send for electrical de
4 Opens the pericardium 1nserts fibrllator

one hand behind the heart and

massages with the other

Lffective massage w1l produce z carotid pulse

ES

The emergency 15 now oer and effective cardiac action can be resiored at leisure

1 If the heart 1s toneless and blue massage more vigorously but allow ume for the heart to
fill between squeezes When 1t regains tone the heart will probably start but if 1t does not
nyect 5-10 rmililitres of 1 per cent calcium chlonde into the left ventricle If this does not produce
a beat aject 5 mullilitres of 1/10 000 adrenaline nto the left ventricle Do not repeat these
wyections within ten minutes

2 Ifthe heartsinventnicular fibrillation it will be blue and  shimmering  Massage vigorously
unti! tone and colour improve Fibrillation wiil now be coarser and slower Imect 5 mullifitres of
1/10 000 adrenaline 1nto the left ventnicle and massage for a further one minute Then defibrllate
electrically by placing one electrode on either side of the heart insulating the electrodes from the

rest of the chest as well as possible with preces of rubber such 1s rubber gloves Onc or two shocks
will be effective

Vvhen the heart starts watch for at least 30 minutes before closing the chest assisting with massage
if the heart beat is feeble

1f the heart stops during an abdominal operation an attempt can be made to massage the heart
through the diaphragm by compressing 1t up to the chest wall But if the heart does not start
beating within one minute thus approach must be abandoned

contiuously otherwise the aidosis ntself becomes harmful Blood letting and
transtusion with packed cells are also helpful in removing the carboxyhiemoglobin

Barbuyurate poisonmg

As s00n as possible after resuscitation has been started the stomach must be
washed out to remove any remasning barbiurate In the unconscious stite the
rate of absorption of these substances is very slow and considerible quantities may
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At lenst 24 hours after the msult may reveal a  current of injury pattern , or an
mverted T wave, suggesting conductive tissue or myocardral damage Intra
senous flnds, therefore should be reduced to 1 mimimum 1nd fluid balance and
feeding should be maintaned by mtragastric or rect]l means The electralyte
baltnee must be watched carefully, paying partsicular attention to sodium retention

Dehydration

Some form of dehydration therapy 1s desirable for the treatment of the mtra
cellular oedemt that occurs 1n the exrly post anoxic period The rectl administra
tion of magnesium sulphate has been found to be of no value, but some success
h1s been obtuned with the intravenous administration of a 50 per cent solution
of glucose or sucrose These solutions, howeser, are wrtant to veins and may
cruse phicbitis and the best results have been achreved with four times cton
centrated plasma or scrum  given intrivenously 1n a dose not cxceedng 50 millilitres
per hour There 15 some evidence that dilxtation of the cerebral blood vesscls, 1n
1ddition to the dchydration therapy, 1s bencfictl and histamine 10 a dosage of
1 miligram per 100 mullihitres can be added to the ntenvenous solution for this
purpose, a bilateral stellnte block has 1lso been recommended This dehydration
therapy with or without attempted cercbral vasodidatation has been used most
extensinely following cardine arrest The over all resuits have not been convincing
partly becnuse it 1s tmpossible 1n such circumstances to obtam satssfactory controls

Spearfic therapy

In certun woxic states there 1s 1 need for spectfic therapy n addition to the
general treatment

Cardiace arrest

The trertment of the post anowc state resulting from this condition has already
been described but 1t 1s relevant to mention the immediate problem of getting the
heart 1nd cercbral crrculation rest irted s soon s possible Trme 1s of the greatest
mmportince No definite period can be stated beyond which the brun will not
recaver but more than three minutes of cardie nrrest under nnaesthesia 1n the
adult human may result in permanent bram damage Oxygenated blood must
reach the bramn quickly hence the heart must function as a pump and oxygen be
supplied to the lungs that 1s cirdine massage with efficient rtificinl respiration
The only way to ensure success 1s for all members of the surgial team to be fully
conversant with their respective duties beforehind and not to pame when the
emergency trises The chart on page 293 delincates the duttes of the theatre per
sonnel 1nd the regime which should be followed

Carbon monoxde porsonmng

Following first «ud treatment ind after the ptent h1s been adnutted to hospital
intermuttent ventilatton with 5 per cent carbon dioxide mn oxvgen should be
started Thus muxture w1s first used for carbon monoxide poisoning by Henderson
1n 1916 and 15 probably onc of the few occasions 1 medicine when the inhalition
of such 1 mixture 15 of real value (Henderson 1916) The acidosis so produced ards
the dissociation of €irboxyhtemoglobin but carbon dioxide should not be given
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CHAPTER 20

TRENDS IN THE MODE OF INVESTIGATION
OF ANALSTHETIC PROBLEMS

RONALD WOOLMER

INTRODUCTION

It 15 a commonplace that anaesthesia has improved, during the last twenty years
out of all recogmtion * Fromthe consumers’ point of view, 1t has become so
good that there 1s httle room for further improvement and surprise 1s sometimes
expressed even by intelligent laymen, that there 15 still scope for research m
anaesthesia

It 1s true that if progress in anaesthesia could be represented graphically by
plottmg per of fe against time  the curve would be
an exponential one approaching 100 per cent and if the area above this curve,
tathng off with the advancing years, were taken to represent the field available
for research into anaesthesia, this chapter would not be worth writing

The consumer s” satisfaction, however, 1s not the asymtote by which to deter-
mine boundaries, and the field of research into anaesthesta 1s m fact widenmg rather
than contracting This 1s partly because the scope of anaesthesia increases part
passu with the scope of surgery and partly because of an ncreasing rdentity of
1nterests between anaesthetists and workers 1 other fields

It has been said of surgery—as 1t has of anaesthesia—that there are few worlds
left to conquer and 1t 1s true that no regron of the body 1s now 1naccesstble to the
surgeon Each new advance brings bigger problems, and costs more m effort and
mn skill What 1s now regarded, perhaps naively, as the last frontier of surgery—
the unhurried reconstruction of the open heart—has stll to be attaned The
problems 1t poses are very much the concern of the anaesthetist but they cannot
be studied by him 1n 1solation Progress in this direction demands an integration
of the efforts of workers 1n many fields and it brings the anaesthetist nto much
closer contact than before with other speciahsts to the benefit of all

As advances become more difficult a higher standard of tramng and skill and
greater techmical resources are requred Nowadays, research into any of the
brological scrences requires time teamwork and technology It also requires 1f it
1310 be fruntful, a certain type of mind one which does not form an opimon without
aJogreal basis which does not recognize a causal association until the evidence 15
decisive which puts no value on an experniment that 1s not nigidly controlled
winch 1s alive to the posstbility of hidden vaniables This type of mind 1s not very
common for human beings find 1t hard 1 all spheres to base their opinions on
evidence rather than upon their hopes or prejudices (Russell 1931)
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be still present, even after 24 hours Opinton 1s divided concerming other specific
theripy Analeptics such as picrotoxn, metrazol, bemgride and many others
have been used by some (Koppanyr and Fazekas, 1952) The proponents of this
therapy suggest that analeptics atd the breakdown of barbiturates so that recovery
1s hastened, but 1t 1s probable that they merely stimulate the bramn temporanly, and
do not hasten ultimate recovery However, the unconscious state will be Iightened
from time to time by the use of these drugs, which may be of assistance m the
prevention of pulmonary complications Other workers (Nilsson, 1951) on the
other hand, htve demonstrated that if adequate physiotherapy 1s undertaken
throughout the resuscitative period, and bronchial toilet done thoroughly, there 1s
no reason to use analeptics Finally, it has been suggested that as the barbiturates
poison the flavoprotein group of oxygen enzymes preventing the uthization of
pyruvate, the admrustration of artifictal substrates such as sodium sucenate, or
glutimic acid, mught boost bramn cell metabolism (Beyer and Latven, 1944) In
theory the metabolism of these substances 1s unaffected by the barbiturates but
the results of this therapy have been somewhat cquivocal possibly because having
to be given 1n a 5 per cent solution mtravenously the resulting large volume of
flurd 1s an embarrassment to the brain and the circulation

Asphy via neonatorum

As the newborn are so resistant to anoxia asphyxia neonatorum 1s unlikely to
produce neurological damage hence the urgency m the treatment of this condition
15 to establish respiration rather than treat the oxygen lack Analeptics or respir
atory stimulants are of value only 1n so far 2s they might imtiate breathing
(See also Chapters 12 and 18)
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TRAINING RESEARCH WORKERS

schools i Britain he has to repeat a series of experiments which were first done
by successful rescarchers many yers 1go If he sets up his apparatus and conducts
the necessary operations correctly, the expciment  works I 1t does not, he has
done something wrong The theory s not brought into question This sort of
work although not entirely without value does nothing to teach the principles
of research All 1t does 1s to introduce the student to some of its tools and methods

Having made this nodding acq ¢ with exper I methods the student
Jeaves the laboratorics behind, 1n most cases never to return to them

It may well be thought that this 1s an unsatisfactory basis for the teaming of
research workers or for bringing out latent talent and some would say that
because selection 1s admuttedly very dafficult, all students should undergo a course
of traming 1n research This view 1s exemplified by one of the medical schools in
the Umited States of America There a course 1n biophysics 1s given during the
clinical period It occupies the equnvalent of two hours a week during term for a
whole year It starts with mathematics and ends with instrumentation having
touched on such subjects as hydrodynamics thermodynamics, osmotic energy
atomic structure physical chemsstry radiation cell growth and bio electric
potentials The brological applications are illustrated by clhinical cases or ammal
demonstrations Such a course should provide a valuable grounding n expen
mental methods and should give some 1dea of the scope of biological research
but one wonders how much of the considerable effort mnvolved 1n arranging 1t 1s
wasted on the average student It could be said that if such a course resulted m
even one really good man a year devoting himself to research 1t would be worth-
while but the competing claims of other subjects in the undergraduate curriculum
make 1ts adoption m Great Britain most unlikely

Undergraduate training

What then should be done at the undergraduate level to further a knowledge
of and an interest in research and to bring out latent possibilities i this direction ?
The practical classes in physiology and apphed pharmacology could be improved
and a trend 1n this direction 1s already apparent in some of the medical schools
mn Great Britain and abroad Instead of repeating stereotyped experiments the
class1s divided into groups each of which 1s presented with one aspect of a problem
The group has to discuss the problem realize 1ts implhications and devise a method
of attack The method 1s then discussed with the mstructor and each member of
the group plays his part m setting up the apparatus and recording the results In
many of the experiments the students themselves can be the subjects If they
have an unspiring teacher students wall willmgly submit to considerable dis
comfort and 1t 1s interesting that an expermment performed upon oneself which
mvolves discomfort or pain makes a much more lasting ympression than 1f 1t 1s
performed upon a colleague When the results have been collected and arranged
each group gives an account of what has been done and their part in a composite
;teudy 15 fitted into 1ts place In this way students can be grven mitiative and can

encouraged to worry out problems for themselves as well as gaining some
familianity with the toolis of research
. 'll"he other way 1n which undergraduates are brought 1nto contact with research
Yy association with the people engaged 1n 1t, and one of the benefits which the
Pprosecution of research confers on a medical school 1s from contact with people
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It mav be called for want of a better name the scientfic mind and 1t uses as
1ts natural istrument the scientific method Whether this tvpe of mund can b~
acquired, or whether 1t 1s an inborn charactenistic Iive sed har or left hand~dness
15 2 matter of opmion There 15 no doubt that those lacksng 1t are unlihely to do
research of any value, whatever skill they mav acquire in the methods

SELECTION OF RESEARCH WORKERS

1t 15 often said that Great Britain 1s short of good research workers 1 most fi<lds
of scientific endeavour and unnersities and other teaching bodies are being vrg~d
to produce more but how 1s a potentialls good research worker to be selected?
Aptitude tests are applied—though without conspicuous success—in the appraisal
of fitness for varous industnal occupations but there 1s no aptitude test for fitn=ss
1o do research It 1s sometimes thought that the potentally good research worker
by his outstanding mental quahities and his heenness for imvestigation will thrust
himself upon the attention of the authonties This may sometimes happzn but
the man who draws attention to himself 1s often not realls fitted for 2 researcher s
post Gemus 1t has been said 1s 1 per cent insprratson and 99 per cent perspiration
and the 1dea applies with equal force to research But the patient plodd=r with
an mquinng methodical mmmd and perhaps an occasional flash of intuiine
genius 1s not the one to attract attention though he may well bave the stuff of
which first class research workers are made

This problem of the selection of sustable people for research 1s a baffling one
The more one tres to draw up crtena for selection the less certain one becomes
that these are the nght critenna and the more doubtful one becomes of one's
ability to recognize them 1 am case An analvsis of the characters of out
standingly successful research workers to find some common denominator-—
some group of charactenstics common to them all—quickly results m desparr

TRAINING RESEARCH WORKERS

If then 1t 1s admitted that there 1s no rehable means of selecting suitable
personnel what steps must be taken to mamtamn the flow of research worhers 1nto
the vanous branches of medical science?

Trammg 1n research if it 1s to be effectne 1s expensine and tme-consuming
and 1t should not be wasted on unsuitable materral On the other hand, unless
students are grnen some contact with research latent possibilities cannot come to
light

In Great Brtam there seems to be no consolidated opwion among medical
educators on the place of research mn the medical curnculum. The practice differs
from one school to another but in undergraduate teaching re<earch plavs hitle
part

The first contact the medical student has with research—though 1erv much at
second hand—is dunng hus study of the basic scrences When he 1s learming their
theory he reads of the work of the proneers who established 1t He 1s told how they
planned their expenments and 1f he has sufficient msight he will be able to
follow the workings of therr muinds In lus practical classes 1 most medical
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schools 1 Britain, he has to repeat a series of experiments which were first done
by successful researchers many years ago If he sets up his apparatus and conducts
the necessary operations correctly the experiment works 1 st does not, he has
done something wrong The theory 1s not brought nto question This sort of
work although not entirely without value, docs nothing to teach the principles
of research Allit does 15 to introduce the student to somec of its tools and methods

Having made this nodding acquaintance with expersmental methods the student
leaves the laboratonies behind 1n most cases never to return to them

It may well be thought that this 15 an unsatisfactory basis for the tramming of
research workers or for bringing out latent talent and some would say that,
because sclection 1s admittedly very difficult all students should undergo a course
of traning 1n research This view 1s exemplificd by one of the medical schools 1n
the United States of America There a course i biophysices 1s given durning the
chinieal penod Tt occupies the equivalent of two hours a week during term for a
whole year It starts with mathemaucs and ends with mstrumentation having
touched on such subjects as hydrodynamics thermodynamics osmotic energy,
atomic structure physical chemustry radiation cell growth and bio-electnic
potentials The biological applications are iflustrated by chinical cases or ammal
demonstrations Such a course should provide a valuable grounding in expen-
mental methods and should gine some 1dea of the scope of biological research
but one wonders how much of the considerable effort involved 1n arranging 1t 1s
wasted on the average student It could be sard that if such a course resulted 1n
cven one really good man a year devoting himself to research 1t would be worth-
while but the competing claims of other subjects in the undergraduate curriculum
make its adoption 1n Great Britain most unlikely

Undergraduate traiming

What then should be done at the undergraduate level to further 2 knowledge
of andannterestin research and to bring out latent possibilities i this direction?
The practical classes 1n physiology and applied pharmacology could be improved
and a trend 1n this direction 1s already apparent tn some of the medical schools
1n Great Britain and abroad Instead of repeating stereotyped experiments the
classis divided into groups each of which 1s presented with one aspect of a problem
The group has to discuss the problem realize 1ts implications and devise a method
of attack’ The method 1s then discussed with the mstructor and each member of
the group plays his part 1n setung up the apparatus and recording the results In
many of the experiments the students themsehes can be the subjects If they
have an mspinng teacher students will willingly submit to considerable dis-
comfort and 1t 15 nteresting that an experiment performed upon oneself which
mvolves discomfort or pain makes 2 much more lasting impression than 1f 1t 15
performed upon a colleague When the results have been collected and arranged
::fg 2roup gives an account of what has been done and their part 1n a composite
oy c)rlx 1s fitted 1nto its place In this way students can be gnen imtiatrve and can
o couraged to worry out problems for themselves as well as gaiming some

milianty with the tools of research
s "ll"hea:nh:r way 1 which undergraduates are brought tnto contact with research
prozcc sociation with the people engaged 1n 1t and one of the benefits which the

ution of research confers on a medical school 1s from contact with people
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who are carrying out oniginal work and pursuing original ideas This contact need
not occur 1n the laboratory iself but over the luncheon table or 1n the hospital
mess, and 1t provides a good reason for rescarch worhkers not bemng vory
towered’ The unforced sntroduction to research which may result from an
nformal contact of this sort can sometimes be the means of recruiting to the ranks
of research good men who would not otherwise have jomned them

It 15 evident that the opportumties for teaching research to undergraduates mn
Great Britain are imted, but that better use 1s being made of them than in the past

Postgraduate trammng

After qualification there 15 a case for providing nstruction 1n research for the
selected few The difficulty here 1s one that has already been discussed—that of
selection A voluntary basis has been advocated, on the theory that those who
are keen on restarch and therefore presumably have an aptitude for 1t wiil be
the ones to come forward This 1s an obvious non sequitur, for 1t does not follow
that one who 1s “ keen on research will be any good at 1t nor that those who do
not volunteer would not be the night types The only argument 1n favour of
selection on a voluntary basis 1s that no one has been able to devise a better
method

Having then coli¢cted a group of postgraduate students for snstruction 1n
research , how 1s one to proceed? Should one concentrate on principles or
methods? The principles of research are not amenable to didactic teaching To
the possessor of the scientific mind they are seif evident To him who lachs 1t they
will always be elusive If one decides to concentrate on methods, in the hope that
principles will anse from them one 1s faced with the question What methods?
That excellent Amertcan publication Methods in Medical Research has already
grown to six volumes What techniques what mstruments, what groups of methods
should be taught? In 1nvesugating the problems of anaesthesia one may encounter
a range of apparatus from a Douglas bag to 2 scintillation counter and a range of
techniques from cardiac cathetenzation to electro encephalography The means of
mvestigation can be devised only after the plan of attack has been formulated
and a techruque may have to be evolved to suit each individual problem Whatever
methods may be learned, therefore they will probably be the wrong ones for the
problem the student may wish to mnvestigate later This 1s of no importance
however and the methods he does learn should be taught, not for their practical
usefulness, but merely as 1llustrations of a principle

One has to decide too whether a group of students can be mtroduced, as a
class to the principles and practice of research, or whether 1t 1s better for them
to be spread out, as thinly as possible amony, the departments in which research
15 going on It would seem that the latter method 1s preferable although the
drfficulty of finding effective places for a group of students 1 this way 1s fornudable

Another method of bringing postgraduate students into the research field 1s
by requining a graduate who embarks on a course of study in some special subject
to spend some time—usually a year— doing research This has been called

research at the gunpomnt  Its adoption does something to mcrease the volume of
research work, 1t does nothing to 1mprove 1ts qualty although doubtless some
thing of value sometimes results from 1t

Although this book 1s intended for anaesthetists annesthesia 1tself has so far
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hardly been mentioned 1n this chapter This 1s because biological rescarch 15
indistble It differs from rescarch mnto animate things because account has to
be taken of biological vanation This has a great influence on the design of expen
ments and 1t means that appropriate statistscal techniques must be applied to the
interpretation of results But brological rescarch requuces the same sort of approach
1n most of 1ts branches and a rescarch worker properly tramed n one subject
should be able to adapt himself without much difficulty to another

PROBLEMS FOR ANAESTHESIA RESEARCH

There are a number of problems which should engage the attention of the research
anaesthetist, but for the solution of most of them close co-operation with workers
1n other fields 1s 2 necessity

Evaluation of new drugs

Some of these problems concern the evaluation of new drugs Here the
mestigating -anaesthetist must align humself mentally with the pharmacologist
Anaesthetists have too long been held n thrall by the clhimcal mmpression ,
which 1s not only worthless but may be positively harmful The anaesthetic room
and the operating theatre provide excellent opportumities for extending into the
chnical field work which has been started on anmmals in the pharmacological
laboratory It 1s true that condittons are not susceptible to anything Iike such
close control by the expenmenter and a large proportion of expeniments mav be
sendered valueless through thus This disadvantage can to some extent be mitigated
by careful planning of experiments and the use of proper statistical methods and
it may be offset too by the sheer volume of clintcal matenal avatlable 1f 1t 1s
used intelbgently There 1s a welcome trend 1n the direction of extending the
scientific methods of the pharmacological Jaboratory into the clinical domatn
of the hospital but much progress has to be made 1 thus direction and drugs
which have not been subjected to anything resembling a screntifically conducted
clinical esaluation are stll too often released prematurely to the medical and
even to the fay public This situation 1s not Ikely to improve until we have more
research workers able and willing to carry out chnical trials men who ate capable
of designing an expenment which will distinguish between the ments of two
different drugs or techniques who are aware of such pitfalls as the placebo
response  who have a sufficient volume of clinical materal at their disposal and
who are able 10 present their results i a simple and unequivocal way

Other problems cancern 1ssues more fundamental to anaesthesta such as the
precise mode of action of anaesthetic and analgesic drugs about which one 15
still much in the dark This problem 1s being attacked on seseral different fronts

but though 1t concerns anaesthesia so closely pro
gress can be lo
enzyme chemust and not from the anaesthetist ohed for from the

Mechamsm of consciousness

A fascinating field of research concerns th
e mechams;
held which borders on anaesthesia psychiatry and ne;ﬂ;;)cs?gls:gus:csss’hg
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who are carrying out eniginal work and pursuing original ideas This contact need
not occur 1n the laboratory itself but over the Iuncheon table or mn the hospital
mess, and 1t provides a good reason for research workers not bemng 1vory
towered The unforced mtroduction to research which may result from an
nformatl contact of this sort can sometimes be the means of recruiting to the ranks
of research good men who would not otherwise have joined them

It 1s evident that the opportunities for teaching research to undergraduates in
Great Britain are limited, but that better use 1s being made of them than in the past

Postgraduate trainmg

After qualification there 1s a case for providing instruction 1n research for the
selected few The difficulty here 1s one that has already been discussed—that of
selection A voluntary basis has been advocated on the theory that those who
are keen on research and therefore presumably have an aptitude for it will be
the ones to come forward This 1s an obvious non sequutur, for 1t does not follow
that one who 1s “ keen on  research will be any good at 1t nor that those who do
not volunteer would not be the right types The only argument in favour of
selection on a voluntary basis 1s that no one has been able to devise a better
method

Having then collected a group of postgraduate students for instruction in
research , how 1s one to proceed? Should one concentrate on prnciples or
methods? The principles of research are not amenable to didactic teaching To
the possessor of the scientific mind they are self evident To him who lacks 1t they
will always be elusive If one decides to concentrate on methods, i the hope that
principles will anse from them one 1s faced with the question  What methods?
That excellent Amenican publication Methods 1n Medical Research has already
grown to six volumes What techniques, what instruments, what groups of methods
should be taught? In investigating the problems of anaesthesta one may encounter
a range of apparatus from a Douglas bag to a scintillation counter and a range of
techniques from cardiac catheterization to electro encephalography The means of
mvestigation can be devised only after the plan of attack has been formulated,
and a technique may have to be evolved to smit each individual problem Whatever
methods may be learned therefore they will probably be the wrong ones for the
problem the student may wish to investigate later This 1s of no mmportance
however and the methods he does learn should be taught, not for their practical
usefulness but merely as 1llustrations of a principle

One has to decide too whether a group of students can be mtroduced as a
class to the principles and practice of research or whether 1t 1s better for them
to be spread out as thinly as possible among the departments 1n which research
1s gomng on It would seem that the latter method 1s preferable, although the
difficulty of finding effective places for a group of students 1n this way 1s formidable

Another method of bringing postgraduate students mto the research field 1s
by requiring a graduate who embarks on a course of study 1n some special subject
to spend some time—usually a year— doing research This has been called

research at the gunpoint  Its adoption does something to increase the volume of
research work, 1t does nothing to 1mprove 1ts quahty although doubtless some
thing of value sometimes results from st

Although tius book 1s mntended for anaesthetists anaesthesia stself has so far
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CONCLUSIONS

CONCLUSIONS

To sum up the trend 1n research 1nto anaesthetics appears to be 1n the dircction
of broademing the confines of the subject of 1 more ngorous application of the
scientific method of an nereasing appreciation of the importance of physics
and of a greater tendency towards co operative effort
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depressant power of the anaesthetist s drugs 1s directed more at the motor and
less at the sensory side, the ‘state of mind of a surgical patient becomes
mncreasingly important To the inquining anaesthetist this opens new fields con
cerned with the mechamism of wakefulness, the perception and appreciation of
pain, the psychologrcal effects of unremembered stimull, and the mode of action
of the tranquillizing drugs A great deal of work 1n these fields 1s going on None
of 1t can be done by the anaesthetist alone but he can play an important part 1n
1t by his cooperation with others

Respiration

Other problems concern respiration, and they require the cooperation of the
respiratory physiologist and the chest physicran Lung function tests, fung
compliance, the nfluence of assisted respiratton on pulmonary muxing and
perfusion, the design of breathing circuits and the problem of carbon diowde
clearance are all recenving attention The experience and the resources of the
Services mn aviation medicine and submarine actvities are important 1 ths
connexion

Techmques for cardiovascular surgery

Progress n anaesthesia must always be concerned with the advancing frontiers
of surgery and research anaesthetists are therefore mterested 1n the development
of techmques for cardiovascular surgery in general, and for surgery of the open
heart 1n particular Much work 15 being done—by teams m which anaesthetists
have their place—on artifictal circulations on the possibility of arrestng and
restarting the heart by drugs, on the effects of hypothermia and on the early
detection of cerebral hypoxia

Safety of anaesthesia

Another very important and practical field of mnvestigation 1s the safety of
anaesthes:a and the causes of mortality and morbidity The furtherance of these
mqurries requires planmng orgamization and a correct statistical approach but
1t 15 one of the few subjects which can be investigated by anaesthetists independently

The mmportance of physics

It will be seen then that anaesthesta tn its broadest sense offers a wide range
to the research worker who 15 prepared to be one of a team The tools and the
techmiques which can be useful to him—and of whose potentialities he must be
aware—are mcreasing rapidly A research team cannot be fully effective unless 1t
can use the applications of electronies the various types of mechano electric
transducers the physical methods of gas analysis tracer techmques and the
numerous measuring and recording devices which physical science 15 making
available

There 1s an mportant trend therefore to give increastng emphasis to physics
1n anaesthetic research departments, and 1t 1s now common for a physicist to be a
member of the stafl
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AUSCLE RELANING EFFECTS OF ETHER AND CURARL

the specralts would hardl attract talented recruits In 1950 the establishment of
the Scandiavian Soctets of Anaesthestologists permutted the interests of
anaesthetists 1n these countries to be represented by a single association

The first generation of anaesthestologists 1 Scandinavia have had no tme for
research all therr tme has been devoted to practical clincal work and to con-
vinang their colleagues and Hospital Boards of the value of anassthesia in the
hands of experts It has been necessan to train a large number of voung doctors
for the new anaesthetic umts m ‘arous hospitals—a task not alwavs easy
especialls as the number of vacancres exceeded the number of competent applicants
Owng to this demand some positions were occupied by doctors without sausfacton
trammng or expenience This 1s no longer mecessan but was perhaps imtialls
unavordable It mav be regarded as one of the teething troubles hable to occur
m ant voung spectaltn In the Scandmmavia of today the truning and knowledge
necessar for qualification as an anaesthetist are well defined Moreover remunera-
tion 15 now such as to attract brght and promusing recruits With this recrutment
of voung talented doctors progress 1n the more saenufic aspects of anaesthesta
mght also be expected tme wall tell

Agamst the background of this bref review of the histons of anaesthesta in
Scandinavia, 1t might be of mterest to indicate some of the problems which have
attracted the interest of Scandinavian anaesthetssts and some of the contnbutions
thes have been able to make

MUSCLE RELAXING EFFECTS OF ETHER AND CURARE

The chnical introduction of curare 1 1942 as an anaesthetic adjunct soon gave
nse to new problems thus Gross and Cullen (1943) reported a svnergistue effect
between ether and curare Each substance when ad ed by 1tself produced
muscle relaxation supposedls by the same mode of actron et were svnergistic
when used together Naess of Oslo and Secher of Copenhagen mvestigated thys
phenomenon Naess (19502 b and c) was able to show that ether hasa depressing
effect on the function of the motor endplates 1 stnated muscle He also reported
on the basis of myographic studies that the effect of ether on the motor endplates
was essentially sumilar to that of curare and that the two drugs were svnergistic
However the appearance of the mvogram following the admimstration of ether
differed somewhat from that seen after the admumistration of curare therefore 1t
did not seem justifiable to assume that the o drugs had identical effects on the
motor endplates
Secher (1950 19512 b ¢ d) used the rat s diaphragm nene-muscle preparation
to investigate this problem and showed that ether s a strong muscle relaxant and
that 1t will depress muscle contractions elicited by indirect stmulation The effect
of ether was thus not on the muscle fibre as such On further investization Secher
was able to show that the combined muscle relaxing effects of curare aﬁd ether were
cumulative and not synergistic Secher also produced evidence which indicated
1n hus opiuon that ether acts upon the motor endplates By studying whether the
effect of ether on the endplates could be reversed by a curare :mt?xmmst neo-
:l[xlgn:lme Selcheﬁx: endi:v:\ oured to find ndirect evidence of these two d=ruzs having
wdenucal effect g had an g 1c effect but with W T
concentration By administenng twice the dose of neostigmne the dru; p?ocll?:c::c;
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CHAPTER 21

DEVELOPMENT AND TRENDS IN ANAESTHETIC RESEARCH
IN SCANDINAVIA

Eric NissoN

WHEN 1 new medical specialty begins to develop 1n a country various factors
prevalent at that time direct the evolution 1n 7 certain direction Anaesthestology
1s @ new specialty 1n Scandinavia a specalty which during World War II proved a
necessity not only because of the rapid advances being made 1n surgery but
because of progress in other branches of medicine

Dr Ralph M Waters once said that the development of a new specialty depends
on three things a number of men each willing to put his shoulder to the wheel
and get the wagon moving a journa! and an orgamzation to arrange meetings
for discussion and exchange of thoughts and knowledge To these three require
ments a fourth mght be added namely opportunities for research n the new
branch for without research no specialty can flourish

DEVELOPMENT

Anaesthesia as a specialty i Scandmavia 1s about 15 years old When the new
Karolinska Sjukhuset in Stockholm was opened in 1940 its staff included an
anaesthetist This specialist Dr Torsten Gordh had recerved his tramning n the
United States of America under the drrection of Ralph Waters However Gordh
remained the only Swedish specialist anaesthetist for some years afterwards Thus
progress was slow during the first few years and very few men chose anaesthesia
as their specialty At that time 1t was necessary for such asprrants to the spectalty
to sech trammng abroad and durning World War II Sweden was cut off from the
rest of the world However after the war anaesthesia made tremendous strides
forward Many young doctors went to the United States and England and after
a few years traiming returned not only to continue research in the particular
field 1n which they had become interested but to teach an ever increasing number
of students and young doctors interested 1n this specralty Recruiting was thus
facilitated for 1t was now no longer necessary to travel abroad to learn New
hosprtal departments of anaesthesia were established and numerous vacances for
anaesthetists were witness to the demand The specialty now began to get what
1t needed

It became apparent that there was a need for some orgamzation of anaesthetists
and 1n Scandmavia national associations were founded 1n 1949-50 since when
several new orgamzations have been formed to protect professional mterests It
was soon realized that unless the remuneration of anaesthetists was acceptable
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NARCOTIC POISONING

the frequency of neurological complictions cn be reduced to practically zero
Liljedahl (1955) imvestigated the prolongation of the cffect of spinal anacsthesia
by the mcorporation of a vasopressor in the anacsthetic He found noradrenaline
1o be a smtable drug for this purpose He also discussed the ciusal relationship
between a prolonged effect and the resorption mechamsm of the anaesthetic
combined with noradrenaline

SUNAMETHONIUM

In 1952 TheslelM published a thorough expenmental and clinical investigation of
suxamethonsum He provided chnicians with n effective rapid and short acting
muscle relaxant which in some respects must be regarded as superior to others
vailable

Since its introductron suxamethomum has also found wide clinical use for many
purposes other than in anacsthesta Suxamethonium would scem the best avail
able agent to protect against skeletal fractures duning electroconvulstve therapy
Theslefl has continued his pharmacological studies on suxamethonium and his
latest obsersations suggest that 1t might be necessary to revise our conception of
the mode of actron of muscle relaxants upon the endplates and of so called
depolanzation following admuinistration of suxamethonium (TheslefT 1955)

NARCOTIC POISONING

Today the anaesthetist 1s not solely devoted to the relief of pain duning operative
surgery but plays a part in several other branches of medicine Above all he can
contribute to the management of patents who have lost comscrousness In
Scandinavia as tn many other countries poisoning with sedatives and narcotics
has become an ever ncreasing social problem during the last few decades It 1s
therefore natural that when anaesthesta was recognized as a specialty 1ts
representatives were employed tn the resuscitatton and treatment of these
desperately 11l patients
s Since 1949 there has been in Copenhagen a detovication centre under the
rection of Carl Clemmesen He has long been interested 1n the therapy of cases
of porsoning and excellent results have been achieved 1n his department Some of
the members of that stitute have investigated the different stages 1n the develop
T::ltd‘)f mtoxication and therr results are among the best of their kind in the
ba]r(;lfltig?ﬂrd (l:sl) of Copenhagen drew attention to the undesired effect of
. Classxcalcs ortx the circulation in these patients He pointed out that they presented
e 1hpxc ure of shock and that therapy must be directed towards the treat
b oflsdcondxtmn if the patient 1s to be saved from his coma By the intro
Ny z;gesz}uate shock resuscitation the mortality could be reduced
opion w(hlch ) questioming the value of central analeptics assailed the prevalent
reatmeny 1o arlegarded central nervous stimulants as a necessary part of the
the crrcalation Calrlge clinical series he showed that with adequate treatment of
compheations an(:j apse together with consenvatine prophylaxis against pulmonary
could be red anoxia during the different stages of mtoxication the mortaht
reduced very considerably Since 1950-51 this type of th H
20tz A ype of therapy has been
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a further bloching effect on the motor endplte, which enhanced the effeet of the
cther Tins did not occur when curare was used and was accepled by Secher as
evidence that curare nd cther differ an ther quabiative cffects on the motor
endplites The investigations of Nicss and Secher have shed some light on
inaesthetie problems of general nterest wnd have considerible prictical implie
tions 1 amaesthetic prictice especrally regarding the combination of ether and
curire ind the intagonsst neostigmine

ANAESTHETICS AND THE CIRCULATION

Another ficld of reseyrch on which anaesthetists 1 Scandinavin, espeenlly
Stockholm 1nd Uppsala, h e focused terest 1s the effect of anaesthetics on the
circultion A number of both cxperimental 1nd clucal wmvestigations nto this
problem htve been cirried out The first was by Gordh who i 1945 published
lis 1nvestigation on the effuet of posturl changes on the circulttion n animals ind
men durng annesthesin He showed the profound effeet of lowening of the head
on the venous return to the heart on the blood pressure nd respirition which 1s
so smportint in the practicat manigement of shock In recent years Jolmson
(1951) nd Norlnder, Trocll ind Aberg (1954) of the same hospitsl have con
centrited on other circultory chinges during ind after annesthesin Johnson
studied particularly the distribution of bloed during and afier operation With a
ctheterizwtion techrique he was able to elucidite the function of the lung 1s 1
bload rescrvorr and the changes occurring in 1t under different types of 1n1esthesit
Norlinder Troell and Aberg (1954) studied the chnges 1n total haemoglobin wnd
cffective blood volume during and after n7testhesiy and surgical intervention s
well s the role played by noridren iline

Wikl inder (1956) presented 1n excellent evituthon of different methods vl
wble for the determination of the effective blood volume during anaesthesrn nd
operitron He compared the Cvans blue dye method the radioactive phosphorus
method nd the ilveolrr gas method and rrived at tmportant results of chinical
vilue Holmdihl (1956) in 1 very mteresting monogriph discussed alveolr
diffuston oxygenation durning 1pnoct and its sigmficince m 3mmal expeniments
nd an climical work In an er1 of chnieal tnesthesin i which total apnoe
produced by varous muscle retixants 1s 1 duly occurrence thus monograph his
much to teich those interested 1n animl experiments ind 11 nesthesit

SPINAL ANALSTHESIA

Spint! anaesthesty s been very popular i Seandmavin This 15 due to the
advantages it hid to offer over other types of antesthesin which were avulable
1n the past The complictions of spin 1l anaesthesi s b ive also been made the subject
of detuled snvestigitions 15 1s witniessed by 1 number of publications especially
the monogriphs of Thorscn (1947) Arner (1952) ind Liljedrhl (1955) Thorsén
wd Arner directed attention munly to the neurologiend complications attending
this form of anaesthesit ind arrved 1t somewhat different conclustons Thorsén
found such a high rate of serious neurological complications that he questioned
the value of spmal anacsthesin except for 1 very narrow range of mdicitions
Arner, on the other hand showed on climical materin! that with 1 refined techmque
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ency of neurological complications can be reduced to practically zero
ﬁ?)ct‘drigll! (I?SS) m\csuga%cd the prolongation of the eflect of spinal anacsthesia
by the mcorporation of a vasopressor 1n the anacsthetic He found noradrenaline
10 be & swtable drug for thus purpose He also discussed the causal relationship
between a prolonged cffect and the resorption mechanism of the anacsthetic
combned with noradrenaline

SUNAMETHONIUM

In 1952 Thesleff published a thorough experimental and clinical nvestigation of
suxamethontum He provided chnicians with an effectine raprd and short acting
muscle relaxant which 1n some respects must be regarded as superior to others
asailable

Since its introduction suxamethonium has also found wide chinieal use for many
purposes other than in anaesthesia Suxamethonium would seem the best avaul
able agent to protect agawnst sheletal fractures during electroconvulsive therapy
Thestefl has d his phar } I studies on suxamethonum and hus
Iatest obsenations suggest that 1t might be necessary to resise our conception of
the mode of action of muscle relaxants upon the endplates and of so-called
depolanization following admumstration of suxamethonwum (Theslefl 1955)

NARCOTIC POISONING

Today the anaesthetist ts not solely devoted to the relief of pan during operatine
surgery but plays a part in several other branches of medicine Above all he can
contnbute to the management of patients who have lost consciousness In
Scandinavia as sn many other countries posoning with sedatnes and narcotics
has become an ever increasing soctal problem during the last few decades It 1s
therefore natural that when anaesthesia was recogmzed as a specialty 1its
representatines were employed 1n the resuscitation and treatment of these
desperately 11l pattents

Since 1949 there has been in Copenhagen a detoxication centre under the
direction of Carl Clemmesen He has long been interested 1n the therapy of cases
of poisoning and excellent results have been achieved 1n his department Some of
the members of that nstitute have mvestigated the different stages in the develop-
men‘tdof intoxication and their results are among the best of their kind i the
WOr|

Kirkegaard (1951) of Copenhagen drew attention to the undestred effect of
barbiturates on the circulation in these patients He pornted out that they presented
a classical picture of shock and that therapy must be directed towards the treat
ment of this condition 1f the patient 1s to be saved from his coma By the intro
duction of adequate shock resuscitation the mortality could be reduced

Nilsson (1951), questioming the value of central analeptics assatled the prevalent
opmon which regarded central nervous stimulants as a necessary part of the
treatment In a large clinical series he showed that with adequate treatment of
the circulation collapse together with conservative prophylaxs against pulmonary
complications and anoxia duning the d:fferent stages of intoxcation the mortahty
could be reduced very considerably Since 1950-51 this type of therapy has been
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practised at the Detoucation Centre 1n Copenhagen and used on about 1,000
patients per year Resuscitation from porsomng with sedatives has farled n only
1-2 per cent of cases

When coma 1n mtoxicated patients treated conservatiely 1s prolonged other
complications are liable to occur Sometimes renal damage with anura 1s seen
and then there should be no hesitation 1n using dialysis with an artificial hidney to
carry the patient over the cnitical pertod Early intravenous therapy with the
addition of noradrenaline appears to be effective in the avoidance of hypotenston
with resulting renal imjury mn ntoxicated patients The new barbiturate antidote
bemegnde (Megimide) 1s undergoing a trial by Clemmesen but it will have to
be very effective to lower the present mortality

POLIOMYELITIS

In 1952 when the severe epidemic of poliomyeliis occurred i Denmark there
was an immediate demand for mechanical respirators The seventy of the epidemic
1s reflected by the large number of patients who had respiratory paralysis i the
acute stage The epidemiologists then sought help from the anaesthetists Under
the direction of Ibsen and Weino Andersen a temporary organization was rapidly
established and the Ines of many patients were saved by manual artificial
pulmonary ventilation This was something new 1n the therapy of poliomyelitis
and it was from the expenence gained n operating theatres with this type of
artificial respiration which enabled the anaesthetists to be of such assistance
In this way respite was gained so that the entire orgamzation could be modified
along new lines 1n which eprdemiologists laboratory workers otolaryngologists
and anaesthetists worked together successfully Many urgent problems arose
which required clinical resetrch during the actual eprdemic The results achieved
have been described in several publications (Ibsen Weino Andersen and Lassen
1954 and others) and the contribution of anaesthetists on that occaston was the
main subject of the third congress of Scandinavian Anaesthesiologists held i
Copenhagen 1 1954

FUTURE TRENDS

In recent years departments of anaesthesia have been created in Scandinavia

especially at the unnersity hosprtals and now there are a sufficient number of
anaesthetists to permut them at least some time for research A new Scandmavian
Journal Acta Anaesthesiologica Scandinatica has appeared n the course of
1957 and 1t 1s the hope that 1t will promote research in Scandinavia Of the problems
that are recenving attention i Scandinavia mention might be made of the field
of hypothermua 1n Copenhagen and in Lund Malmo the mode of action of certain
muscle relaxants (Lund) some changes in pulmonary function dunng operation
and anaesthesia (Stockholm) certain new aspects of tetanus (Copenhagen) and
mmestigation of certain effects of plasma substitutes (Oslo) The Kommune

hospitalet in Copenhagen now has first class electronic investigational equipment

It 1s thus apparent that although publications from Scandinavia have as yet been
scanty research 1s going on and 1t 1s hoped that a greater contribution to the
Lnowledge of anaesthesia will be made tn the near future
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CHAPTER 22

TRENDS OF RESCARCH IN ANAESTHESIA IN THE
UNITED STATLS OI' AMERICA

E M PapPer

RESEARCH 1n anaesthesia 1n the Umited States of America has grown gradually
but perceptibly 1n quality 1n the last two decades Many elements have contributed
to this gratifying development Among the most important stimuls to the signsficant
advances 1 anaesthetic research have been the contributions from the physical
sciences the older diseiplines in medicine and from the basic sciences Another
sigmficant factor has been the slow but increasing recruitment of physictans who
wish to be tramed in the research aspects of the specialty Fnally, and quite
mteresting 1n understanding this process of growth 1s the mcreased support of
research mn the United States of America by government, industry and private
philanthropy

It will be necessary 1f one 15 to present even an approximately faithful picture
of modern trends n research 1n anaesthesia i the United States of America to
consider three major aspects which have nfluenced the patterns of development
The first of these 1s the manner 1n which support 1s achieved for scientsfic research
the second 15 the traimng and the recrurtment of those who are to carry on
research and the third aspect 1s the actual substance of research The order of
listing these categories of interest 1s an arbitrary one for convenience of discussion
When all 1s said and done the basic element upon which scientific research n
anaesthesia or any other medical field depends s the skilful bram of the curtous
person Personnel are always the ultimate bedrock of importance n any such
discusston

THE SOURCE OF RESEARCH FUNDS

So far as can be ascertained there 1s no complete information on the quantity or
source of money which 1s spent solely for research 1n anaesthesia One can assume
with reasonable certainty that the pattern of support of research for the medical
sciences 1n general probably represents the manner of support for anaesthesia
with one important exception It 1s more difficult 1n general to achieve substantial
support on as wide a scale for research 1n anaesthesia than for 2 more traditional
field This 1s a normal and natural consequence of dealing with a relatively new
specialty that does not enjoy the dramatic appeal that can be marshalled for
diseases such as poltomyelitis heart disease or cancer Be that as st may the
extent of financial support for research in anaesthesia has gradually mmproved
and contiues to do so
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THI SOURCE OF RISEARCH FUNDS

In December, 1956 Shannon and Kidd discussed the trends of support for
medical rescarch thoroughly and completely They showed that the volume of
support 1n doliars for medical reserch an the United States of Amenica has
tacreased from $40 000 000 to $240 000,000 between 1940 and 1955 This 1s rapd
growth of support for rescarch indeed but 1n 1955 1t represented only 5 per cent
of the support for all research and development in the United States of America
a relatnne proportion that 1s small and essentrilly unchanged since 1940 1f one
also takes 1nto account the change in the purchasing power of the dollar, the
increased support in 1940 dollrs 1s really only  threefold expansion as measured
n terms of constant purchasing power rather thin the sixfold ncrease that 1s
apparent 1n terms of absolute values of dollars (Fig 29)
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Government sources

This change 1n total dollar support of medical research was also nccompanred
by a marked change 1n the origin of the sources of support In 1940 the contribution
of the United States Government to medical rescarch represented approximately
7 per cent of the total expended Because of military expediency in 1944, the
Governmental contribution to medical research ncreased to 16 per cent of the
total By 1955 the share of the United States Government 1n medicnl research had
increased fo more than 40 per cent or $113 000 000 of the $240 000 000 (Fig 30)
Jt1s most important to emphasize that the increases in Government support have
no:l reduced the contributions from private phifanthropy American industry or
lc: g\:tmelrr:tcsre::soc:tnblult:onshto the support of research from all these sources have
Gorammmaren suppzrlt ough not in proportion to the degree of expanston of
sc}?’:&lari;stt:‘mgle expenditure of funds for medical research occurs in the medical
o thest ;\m ; e unversities These institutions spend approximately 40 per cent
P n academic institutions of the total expenditure for research only
i mggr cent 1s available from endowment income Approximately 30 per
Eypes ot hc;ﬂz‘wmlable by gifts from ndustry individuals foundations varous
Ypes ? dssociations and other similar institutions The Feder1l Govern

provided approximately S0 per cent of the total amount of money spent by
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the laboratories 1n the medical schools and the universities in 1955 If one
recollects that only 20 per cent of the funds spent on research are from endowment
1t 1s pamnfully clear that the research money spent by the universities 1s controlled
by outside institutions or agencies to the extent of 80 per cent of the total budget
for medical research This past devclopment suggests that increasing sources for
funds for research will come from ndustrial resources, and to an even larger
extent from the Federal Government
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Industrial sources

Research 1 the medical sciences 1s of course also conducted outside the
umsersities In pharmaceutical firms and other industries approumately $80 000 000
was spent 1n 1955 Much of this money was spent for developmental and speaific
pharmaceutical processes but substantial sums were also available for more basic
studies The medical research laboratories which belong directly to the United
States Government and its various Institutes and military installations had an
operating budget of approximately $58 000 000 in 1955

Federal wnstitutions

It must be obvious that a large degree of financial support 1s dependent upon
the Federal Government It will be of some value to see how this actually operates
The total Governmental expendsture for medical research 1s provided through
several mdependent agencies The largest 1n terms of money 15 the Department
of Health Education and Welfare Shannon and Kidd (1956) pomnt out that
support of medical research by independent agencies 1s not an ineflicient way to
support research Dnersification assures mimimal prejudice and preserves differ-
ences 1n_points of view which are healthier for the scientsfic development of the
nation In the final analysis the admimistrative decisions which are related to the
support of medical research are matters of judgment and many different types
of judgment can be brought to bear if separate and diverse agencies are mvolved
rather than one monolithic control of the Governmental sources of financial
support for research

There seems httle doubt that there will be increasing amounts of Governmental
money available for the support of medical research For the fiscal year of 1957
Governmental appropriations for the National Institutes of Health (only one of
several Governmental agencies) rose to $183 000 000 This represents an 1ncrease
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from $30 000 000 to $37 000 000 for the support of the Gosernmental Inboratories
of the National Institutes of Health in Bethesda Maryland Much more important
15 the fact that there 15 an ncrense of S78000000 over the previous year for
rescarch grants and for truming purposes for non Federal msututions This
mereased appropriation 15 viewed 1s 1 signficint opportunity to advance the
development of medical tnd biologienl research s rapidly 1s possible

TABLE 1
of Health for the research grant programmes fiscal

Appr 1o the N 11
year 1957 by categorical institute
(After Shannon and Aud 1 1956 by courtesy of Science)

T
Instuute } Mudlions dollars
Cancer , 249
Heart 189
Mental health 4
Neurological diseases and blindness. 96
Arthritis and metabolic discases 81
Allergy and infectious diseases 81
Dental research 27
NI1H general 80
Total NI H appropration 917

Support related to discase categories

Tn the course of recent years the categonical pproach to the support of medical
science by diseasc—cancer heart disease neurological diserses and others—has
apparently been difficult for some to understind It should be recalled that any
arbitrary system for the support of research whether by specialty or by disease
1s bound to present the same admimistrative problems and objections The attitude
of the advisory commuttees 1s brond however in that funds which carry 1 1abel
of one disease category are appropriately aalable for fundimental research
activities related to this disease As an example 1t 1s perfectly proper that the
National Heart Institute support a basic study in hypothermia even though there
may be no apparent or immediate direct applhcation to the problems of heart
disease It 15 also proper that the Institute of Neurologteal Diseases and Blindness
consider the support of fundamental physiological problems mn the newborn
period This type of broad view of research makes possible a variety of investigator
efforts ranging from the most fundamental to the most applied Anacsthesin fits

these categones satisfactorily and support for projects 1n this field 1s available to
some extent  (See also Table I )

Method of allocating support

The method by which Federal funds arc made available to mvestigators 1s of
Interest The various granting agencies have as their scientific advisors groups of
specialists formed into study sections These groups provide advice on the
quahity of the proposal for research and the ability of the persons who are requestin,
support These judgments are reviewed by other groups the Nattonal Adv:sorg
Councils which include representatives of the lay public 1s well as sc:xenus!sy
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These groups make their final recommendation to the granting agency This
apparently complex but really quite simple system of advisory groups provides an
assurance agamnst uninformed and arbitrary judgment and 1s a method for
preserving the freedom of research screntists as a group

Stability of support

Another important facet of the granting of support 1s the attempt to seclre its
stability There 15 a trend towards mcreasing the period of support for penods
of 310 5 years This trend 1s balanced to preserve enough money for new imvestiga
tors 1o enter the field Otherwise the obvious danger of excluding the development
of new talent would be apparent There 1s also a trend towards mncreasing the
size of single grants so as to mimimeze the amount of admimstratise and paper
work Reducing the frequency of progress reports has also been of great assistance

THE TRAINING OF INVESTIGATORS

Because of the present situation in the United States of Amenca it has become
necessary to increase the emphasis on the traiming and recruitment of scientific
manpower Federal funds are set aside to increase the opportumties for traimng
The appropriation for research fellowships for example totals $33 500 000 for
1958 Ths 1s almost double the amount for the previous year The hope 1s that
there will be an increasingly intenste traming of physicrans in the disciphines and
methods of research similar to that which 1s avalable for the graduate tramning
of other scientists

There has also been realization on the part of the Federal Government that
this increasing number of tramed scientists will require increased laboratory
facihties Very few institutions now hase adequate laboratory space Accordingly
there has been legislation providing for a total of $90 000 000 over a 3-year pertod
for assistance m the construction of medical research laboratones and other
facihties To preserve private imtiatnve the mstitutions which receive money under
this Act are required to match 1t with theirr own funds

Thus the role of the Federal Government 1n the support of research has become
of great importance The fact that this development has occurred without inter
ference m the intellectual and scientific freedom of the research scientist is 2
tribute to the close and sympathetic understanding between research groups in
prvate enterprise 1n the unnersities and medscal schools 1n industry, and m the
Federal Government This close collaboration will become even more important
1n the years to come

In examining the orgamzation and support of research we have seen that the
Federal Government s acutelv aware of the need for developing and traiming
quabfied imestigators mn the medical sciences In the chincal field the relatively
non traditional specialties require increased recrurtment of people qualified to
carry out research Examples are anaesthesia obstetrics and gynaecology physical
medicme and rehabilitation

In anaesthesia the factors which oppose an mncreased flow of good people into
research are fairly obvious There 1s the compention for qualified anaesthetists
provided by the greater financal gain of private practice There 1s also the tendency
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for miny physicitns intellectually qualified for frutful carcers in rescarch, to
enter onc of the more traditional ficlds such as internal medicine or surgery
These old and well established ficlds have better fcilities for nvestigition and
provide recogmtion for scientific accomplishment morce readily, even though
progress up the academic 11dder may be stower It has become mcresingly and
even pamfully obvious that the impetus to the teuning of competent people for
research 1n 1nacsthesin must come from within the depirtments of 1naesthesia
particularly from those 1n the uninersities The relinnce that could be plced on
the pharmacologist or phystologist to be interested n anaesthetic problems and
1 that sensc  do our research for us  has now disappetred So far as can be
determined, consistent anterest and study of the phirmacology of anaesthetic
agents plays 1 promunent part n the prograimme of only two departments of
pharmacology sn the medical schools of the United States of America

The support for trmming will be available from the increased appropriition
of Federal funds for fellowships from fellowships supported by private agencics
or the medical pharmaceutical industries There 15 currently a fecling which s
probably growsng in strength that fellowships speasfically desoted to anaesthesia
should be made avalable in larger numbers as candidates of high quality in
wncreasing numbers present themselves for such support

THE SUBSTANCE OF RESEARCH

The best anaesthesia research 1n recent years has been concerned with the
acquisition of basic knowledge about the physiological deraingements which oceur
n the anaesthetized state The development of newer anaesthetic agents and
methods while important enough has been sccondary to the understanding of
the disturbances 1n normal function which re caused by tnaesthetic agents

Ventilation

1t will serve a useful purpose to outline to some extent a few of the problems
that have been of interest to American anaesthesiologists in recent years Acid base
balance and its relation to disturbed ventilation has been the source of much
interesting study and a good deal of work n the last few years Interest in this
field has been heightened by improved measuring devices better analytical
techmques and the increased awarcness that the popular practice of controlled
respiration may incur the hazard of retention of carbon dioxide despite efforts
to perform artificial ventilation efficiently Beecher and Murphy (1950) studied
the problem 1n greater detail than had previously been undertaken during anaesthesia
m man  Subsequently other workers added further evidence that respicatory
acidosis was a ready and rapid consequence of disturbances 1n ventilation during
general anaesthesia (Gibbon and his colleagues 1950 Maier Rich and Eichen
1921 Taylor and Roos 1950 Etsten 1953) '
ppreciation of this situation rused several other nteresting problems

:»Ias!&rhe leﬁ:ct of the rapid development of acidosis on the cnrcul:%ugn Changecs)?ﬁ
lhcec cl::n;cltwnyrol‘ the heart were demonstrated and haemodynamic effects after

B ot d&n"o acidosis were also noted (Gertler Hoff and Humm 1946
nd Miller 1952) The most sersous of these consequences was the relatively
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high ncidence of ventricular fibrillation and subsequent cardiac catastrophe 1f
the retention of earbon dioxide were corrected too rapidly Evidence was also
obtained that the retention of carbon dioxtde may provide the background which
makes cessation of cardiac action possible during the stimulation of tissues which
are mnervated by the vagus nerve (Sloan, 1950)

It became quite clear that one of the important keys to the acidosis situation
during antesthesia was the proviston of efficient and adequate ventilation
continwously This concept led to a renewed interest in the possibilities of
mechanical ventilatton The purpose of mechantcal ventilators was in part con
venience, but also the desire to provide effective oxygenation and removal of
carbon dioxide without interruption, while permitting the anaesthetist reasonable
freedom to carry on his other appropriate functions 1n the care of the anaesthetized
patient Work with mechanical ventilators ded n the develo of
practical devices which are efficient for many purposes, and also stimulated at
least two intercsting lines of study The first of these was the development of
respirators which may be used for research purposes One of these a device
designed by Frumum and Lee (Frumin, 1957) 1s 1n effect a mechanical analogue of
the respiratory centre 1n that ventlation 1s automatically governed by the con
centration of carbon dioxide at the end of exhalation through a servo system
which activates the mechamical part of a respirator This device has been frutfully
employed for clinical anaesthesia when used with mitrous oxide, oxygen and
suxamethonium It has also been used for important physiological studtes during
anaesthesia because 1t permits precise control of several important parameters
of anaesthesin and ventilation Another direction of research in the mechamcal
sentilator field has been the effort to study each of the vanbles of resprration
independently Holaday and Gilroy (1957) have constructed a machme which will
be useful for the study of each aspect of ventilation independent of other aspects
of the breathing process

An nteresting and obvious consequence of these lines of work has been
observation of the fact that satisfactory ventlatory patterns may have harmful
influences upon the circulation The direction of nterest 1n the future will be to
define more precisely the effects on the circulation of newer types of mechanical
ventilators and to determine where possible the nfluences of these devices upon
the blood flow 1n specific organs

Muscle relaxants

A field of great interest i the United States of Americt has been study of
the muscle relaxants These agents enjoy much populanity 1n climical use and
fortunately have cxcited considerable interest 1n therr basic pharmacologteal
actions d Tubocurarine has been studied extensively in recent years by Marsh
(1952) who found that the drug was distributed universalfy in the body and that
there was no increased concentration at the myoneural junction In man the
plasma concentration mtially reached a theoretical maximum almost at once and
began to dimmsh very rapidly In less than 10 minutes the plasma level fell to
approximately two thirds of the origmnal Marsh also demonstrated that 30 per
cent of the admmistered dose was excreted 1n the urine He concluded that the
duration of the paralytic action of d tubocurarine after one mjectson was related
to the rapid redistribution and not to the rate of metabolism or the rate of

314



THE SUBSTANCE Of RLSEARCH

excretion of the drug With repeated doses after all depots were saturated the
paralytic action became prolonged and was then more dependent upon the rate
of metabolism and excretion There has been considerable terest in the question
of the central action of this drug and the other relacants At the present time
studies have not defined 1n elenr-cut fashion whether there 1s a central action or
not In general the evidence scems to be that the 1ction of the relaxants 1s
prnimanly penpheral

The particular choce of relaxant seems 1n part at least to be determined by
previous teaching and perhaps in some degree by habit At a guess it s a reason
able assumption that suxamethonium 1s the most popular relaxant in the United
States of Amenca at the present ime The question of prolonged apnoca after
suxamethomum has been of some interest in recent vears However 1t has been
shown independently by several workers that the nature of the block produced
by this drug appears to change after either prolonged admimstration or relativels
large doses The block under these diions comes 10 1 ble more closelv
that produced by d tubocuranine It 1s relicved by edrophomum (Tensilon) 1n
dosage comparable to that used for rehef of block with d tubocuranne (Foldes
1957, Schwetss and Frummin  1957)

Reticular svstem of the brain-stem

There has also been 1ncreasing interest 1n the basic mechamism of the anaesthetic
state as a result of the recent studies of French Verzeano and Magoun (1953)
and Ardum and Arduim (1954) on the physiology of the retrcular system of the
bramn stem These workers observed 1n the cat and monkey that excitation of
the central part of the cephalic bram stem caused arousal of dormant anrmals and
destruction of this area produced a state of chromc coma They concluded that
the reucular activating system appeared to exert a desynchromzing influence on
cortical and diencephalic structures in the state of wakefulness Anaesthesia pro-
duced selectine depression of this area whereas activity mn the lateral direct
sensory pathways and sensory cortex were unaltered These findings suggest
that depression of activity n this area and the cortical interneuronal system
participate to 2 major degree 1n the production of the anaesthetic state

Electroencephalography studies

Other studies carried on by Faulconer Bickford and their associates (Faulconer
1952) on the electroencephalograph during anaesthes:a are consistent with the
hypothesis of Magoun Studies with the aid of the electroencephalograph have
been productive 1n the United States of Amenica One of the Imes of studv has
been the effort to define depths of anaesthesia more precisely with some clear
reference to an objective measurement that 1s easier to accomplish than the
measurement of gases in exhaled air or 1 the blood stream A second interest

n this method of measurement has been to use it for the study of cerebral function
during anaesthesia

Local, regional and spmal anaesthesia

There has been undimimshed clinical interest 1n the field
spinal anaesthesta but a lack of actiat
studies There has been some advance 1

of local regional and
Y 10 carTying on precise and quantitative
n knowledge 1n the mechanism of epidural
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block and there has been considerable interest mn the matter of neurologieal
damage after spmal anaesthesia The studies of Dripps and his associates (Dripps
and Vandam 1954) clearly demonstrate that the neurological complications of
this method have been greatly over emphasized

Studses of the newborn

There has been interest 1n the newborn pertod and 1n providing safe and efficient
anaesthesia for the obstetrical patient The studies in the newborn have mvolved
both chinic1l methods and precise laboratory techmiques A scorng system
designed by Apgar (1953) has gained widespread acceptance tn the United States
of America to evaluate the condition of the newborn A totl score of 10 indicates
that the nfant 1s n the best possible condition and a score of 0 sigmfies a dead
wnfant The factors which are measured are the heart rate, respiratory effort
muscle tone response to catheter stimulation in the nostril and shin colour
Apgar 1s 1n the process of planning a follow up study on the outcome of some
10 000 newborn infants who have been scored by her system In the field of
precise measurement, Apgar and her associates (1955) reported on over 200 infants
whose capillary blood oxygen was measured shortly after birth At the age of
5 years the children studied were subjected to certain ntelligence tests There did
not appear to be any correlation between capillary bloed anowia at birth and
subsequent telligence at the age of 5 years Obviously factors other than neo
natal oxygenation influence the subsequent development of mental function
However this study does suggest that non fatal anoua may not result i cerebral
damage that can be demonstrated with standard intelligence tests At the present
time studies 1n the physiological readjustments of the circulation ymmediately
after birth have been undertaken The results of these studtes should be of
considerable interest

Barbiturates

There has also been continued 1nterest 1 the United States of America in the
development of anaesthetic barbiturates (Brodie and his colleagues 1950) Since
the quantitative studies of thiopentone were reported other anaesthetic agents in
this class have been deseloped and subjected to similar scrutiny  Up to the present
ume the anaesthetic barbiturates have shown relatively hittle difference one from
the other desptte the considerable chinical interest i the newer compounds
particularly thramylal (5 allyl 5 (1 methylbutyl) 2 thiobarbituric acid sodwum salt)
and methothiourate (Neraval Thiogenil sodium salt of 5 (2 methylthioethyl)
5 (1 methylbutyl) 2 thiobarbitunic acid) The pattern of rapid organ penetration
extensine fat localization and side chamn oudation described for thiopentone
seems to be the basic pattern which the body uses for the deposition of all the
anaesthetic barbiturates

The study of subjective phenomena

A most teresting development in anaesthetic research n the United States of
Amenca has been the effort to study subjective phenomena by objective means
Beecher and his associates have been leaders i this particular field (Denton and
Beecher 1949) The problems of pain discomfort anwety and the related
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subjectine responses to factors which <tem from the operitine and anaesthetic
expencnce have been most difficult to evaluate Analgesics anti emetics and
sedatines have been introduced over the years in great profusion with poor
evidence to support the particular virtues of the sarous drugs The cmphasis on
the ymportance of controlled studics 1nd the use of the double bhind techmque 1n
anaesthesta has been an smportant contnibution of the Harvard group These
studies defined, with greater precision, the nature of post operative pan the value
of old and new analgesic drugs and have pomted the way toward expenimental
situations which can be used for the study of drugs 1nd analgesic methods in the
future

Cardiovascular surgery

Anaesthetic research has also been concerned with assisting surgical develop
ments 1n operations upon the heart Studses 1n hypothermia have been advanced
greatly by the work of Swan and his colleagues (1953) Extracorporeal circulation
has been made practical by hirkhin and his colleagues (1955) and Worden and
his colleagues (1954) and the anaesthetist has been a helpful co worker with his
surgical colleague sn these attempts to deselop practical and successful approaches
for the correction of cardiosascular abnormalitics

Simplification of nstruments

Another significant trend of rescarch in the United States of America has been
the effort to simplify precision instruments to assist the chnictan m the more
effectine care of his patient There has been a salutary and reasonably raprd
advance i the breadth of thinking 1n this field which has produced a change from
unfortunate resistance to quantitative insiruments in the operating room to eager
acceptance The clinician 1n anaesthesia now realizes more than ever before that
the more information he has at his command the better he 1s able to take effectse
care of his patients This attitude has encouraged the development of a vanety of
Precision instruments which can be made sturdy enough for operating room use
reasonably sumple to operate for the physician—who 1s after all not an aeronautical
engineer—and safe from the standpont of fire and explosion Not many of these
Instruments are generally available as yet but 1t 15 not unusual m a modern
operating room to find an electrocardiograph, an electro encephalograph a
ventlation meter and a method for measuning the pressures developed during
normal or controlled respiration It has become increasingly apparent that the
provision of instruments which will measure effictently the concentrations of the
common gases such as carbon dioxide and oxygen monitor and record the blood
pressure the heart rate the respiratory rate and volume are the next goals for
the practical translation of research into clincal care
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histotoxic 287
hypothermia 291
mild 289
prognosis 290
stagnant 287
treatment 29§
unconsciousness in 288
Anoxic anoxia 286
Anticoagulants oxygenation and 193
Anti hacmophilic globulin = 271
Antihistamines
Iocal anaesthesia and 77
scdation 1 53
subarachnoid mjection 84

[11]



TRENDS OF RESEARCH IN ANALESTHESIA IN THE UNITED STATLS OF AMERICA
Beecher Bl k and Murphy A J (1950) Acidosis During Thoracie Surgery  J thorac Surg
19 5t

Brown E B Jr and Miller F (1952) Ventricular Fibnillation following Rapid Fall tn Alveolar
Carbon Dioxide Concentration  Amer J Plysiol 169 56

Brodie B B Mark L C Papper E M Lief P A Bernstain £ and Rovenstine E A
(1950) The Fate of Thiopental in Man and a Method for its Estimation i Biological
Matenal J Pharmacol 98 85

Denton J E and Beecher H K (1949) New Analgestcs I Methods 1n Clinical Evolution of
New Analgesics  J Amer med Ass 141 1051

Drpps R D and Vandam L D (1954) Long Term follow up of Patients who recened
10 098 Spinal Anesthetics  J Amer med Ass 156 1486

Etsten B E (1953) Respiratory Acidosis during Intrathoracic Surgery (Overholt) Prone
Position J thorac Surg 25 286

Faulconer A Jr (1952) Correlation of Concentrations of Ether 1n Artersal Blood with Electro-
encephalographic Patterns occurning during Ether-Oxygen and dunng Nitrous Oxide,
Oxygen and Ether Anesthesia of Human Surgical Patients  Anesthesiology 13 361

Foldes F F (1957) Personal communication

French J D Verzeano M and Magoun H W (1953) Neura! Basis of Anesthetic State
Arch Neurol Psychiat Chicago 69 519

Frumin M J (1957) The Climecal Use of a Phystol y Oriented delivenng
N;O0-O; Anesthesia  Anesthesiology In Press

Gertler M M Hoff H E and Humm D G (1946) Acid Tolerance of Dog Heart  Amer
J Physiol 146 478

Gibbon J H Allbritten F F Jr Stayman J W and Judd J M (1950) Chnrcal Study of
R yE: ge during Prolonged Op with Open Thorax  Ann Surg 132 611

Holaday D A and Gilroy J (1957) Personal communication

Kirkin' J W DuShane J'W Patick R T Donald D E Hetzel P S Harshbarger H G
and Wood E H (1955) Intracardac Surgery with the Aid of a Mechamcal Pump-Oxy
genator System (Gibbon Type) Report of Exght Cascs  Collected Papers of the Mayo Clime
and the Mayo Foundation XLVI1

Maier H € Rich G W and Exhen S (1951) Clincal Signtficance of Respiratory Actdosis
during Operations  Ann Surg 134 653

Marsh D F (1952) Distnibution Metabolism and Excretion of « Tubocurarine Chloride and
Related Compounds in Man and Other Amimals J Pharmacol 105 299

Schweiss J F and Frumin M J (1957) Personal communication

Shannon J A and kidd C V (1956) Medical Research in Perspective  Science 124 1185

Sloan H E (1950) Vagus Nerve n Cardiac Arrest Effect of Hypercapmia, Hyposta and
Asphyxta on Reflex Inmibition of Heart  Surg Gynec Obster 91 257

Swan H Zeavin I Blount S G Jr and Virtue R W (1953) Surgery by Drrect Vision
the Open Heart durting Hypotherrmua  J Amer med Ass 153 1081

Taylor F H andRoos A ({1950) Disturbances in Acid Base Balance during Ether Anesthesia
\zvvuh Sgp:cml Reference to Changes Occurring duning Thoracic Surgery J thorac Swrg
0 28

Worden H E Cohen M DeWall R A Schullz E A Buckley J J Read R C and
Lilleher C W (1954) Expenimental Closure of Interventrcular Septal Defects and Further

F gtc Studies on C led Cross Circul Surg Forum 22

318



INDEN

A Antlgesta—~continned
«edition—continued

Abdominal exploration hypnosus in 284 dithieny Ibutenyltmine 49

Abdomunal injunies Liner function and 151 fevorphinol 50

Abdominal scar hermorrhaphy  hypnosts measurement of pamn 44
n 258 methadone 49

Abdominal surgery methyl morphinan 49

cther analgesia in 20

morphine ltke analgesics 49
regional anaesthesia in 93

need for sedation 56

Acctonuria cihyl viny) ether causing 1R non barbiurate sedatives 57
Acctylcholine pethidine 49
depolanization of muscle 9 placcbo reactions 47
synthests 6 potentiating drugs 50
focal anaesthetics suppressing 64 salicylates 48
Acetylpromazine Wollf Hardy Goodell measurement of
obstetrics 1 198 pan 45
sedation 1n 53 wound pain 45
Acd alkali equiibrium Analgesics

hypothermia and 134 175 morphine ke 49

pulmonary ventilation and 129 post operatine 46
Acrocyanosis sympathetic block 1n 100 potency of 46
Adenine triphosphate utihzaton  chlor potentiating drugs 50
promazne and 55 Ancolan n scdation 53
Adrenal function adaptation 222 Angtna pectoris  sympathetic block 1n
Adrenal gland 102

dysfunction 1n cortisone therapy 227 Anoxia 284-294
hypothermia effect on 179 anaemic_ 286

Adrenaline prolongation of spinal anacs anoxic 286
thesia 84 asphyxia neonatorum 294
Adrenocortical response induced hypo barbiturate poisoning 292

tension and

carbon monoxide poisomng 292
Agglutinated red cells surgical trauma

cardiac arrest treatment 293, 294
and 15 cardiac effect 291

Allergy local anaesthetics and 71 cellular effects 288

Alpha fibres 10 decerebrate state duration of 289
Alphaprodine 51 dehydration 1n 292

obstetrics 1 197 early stages 288
Alveolar ventilation 125 histotoxic 287
Amiphenazole 51 hypothermia 291
Amnalgesia 30 mild 289
Amputation hypnosis in 255 prognosts 290
Anaemia 270 stagnant 287
Anaemic anoxia 286 treatment 291
Analgesia unconsciousness in 288
c(;\er 20 196 ?\noxlc anoxia 286
obstetric nticoagulants oxygenatiol
sedation and 44-60 Anh hacmophtlrcyg%obufmn ;"z‘gl 193
:\argiucs[ 52 . Ar}uhlslamlnes
arbiturates cal
potentiation of 54 sgda]t::),rl)aexsr:hesssm and 77
consciousness 51

subarachnoid injection 84

1]



INDEX

Antral puncture, hypnosis in, 254
Anuria 273
Aortic ancurysm sympathctic block 1n 102
Apneusis 112
Apnoea management of patient 1n 282
Apomorphine  pre anaesthesia  1n ob
stetrics 203
Apparatus
pacdiatrics and 211
pulmonary ventilttion eflect on 134
Appendicectomy, hypnosis in 255
Arterial hypertension in cortisone therapy
2

27
Arterial occlusion sympathetic nerve block
100

Arthnitis
local nerve block for 105
suprascapular nerve block 103
Artifictal hibernation 28
Artificial respiration 161
Asphyxia neonatorum anoxia i 294
Ataractics  See Tranquillizers
Ataralgesia 31
obstetrics n 198
Atarax n sedation 53
Atrophic rhimitis sympathetic block in 101
Atropine
cardrac arrest and 156
cffects on circulation 152

fatalities 246
Atypical facial neuralgila  sympathetic
block in 101

Autonomic nervous system
induced hypotension 231
regional nerve block 99

Ayres T piece 212

B

Ballistocardiography 268
Barbiturates
cardiac arrest and 156
effects on crrculation 153
mtoxication 57
anoxia i 292
potentiation of 54
research in United States 316
sedation 1n 57
subarachnotd 1njection of 84
Baroreceptors effects of anaesthetics on
156

Bemignide structure 57

Benadryl sn sedation 53

Benarmine 1n sedation 53

Benoxinate 73

Benzocaine prolonged analgesia and 68

Benzowc acid dervatives 74

Bilary colic sympathetic block 1n, 102

Bilary dyskinesia sympathetic block 1n
102

Bladder pain sympathetic block in 102
Blood coagulation hypothermia and 178
Blood disorders 270-272
Blood flow, cffects of anaesthetics on 156
Blood Joss induced hypotension and 235
Blood pressure

hypothermia and 174

oxygenation and 192

recording during anaesthesia 160
Blood sugar trifluorocthyl vinyl ether and

19

Blood transfuston surgical trauma and 149
Blood volume oxygenatton and 193

Body cavity cooling n hypothermia 172
Body temperature pulmonary venulation

and H3
Brachial plexus block 91
Bradycardia halothane duc to 21
Bramn centres anaesthetic effect on circula
tion and 128
Brain scrotonin reserpine and 54
Brain temperature measurement 1n hypo
thermra 170 173
Bromosulphthalcin excretion
cthyl vinyl cther and 18
trifluorocthyl viny! ether and 19
Bronchial obstruction 277
Bronchitis anacesthesia and 257
Bronch tone 'y ventilation
and 118
Bronchopneumonta in children 216
Bubble oxygenator {85
Burns hypnosis in 254 255
Burns dressings
Dolitrone 1in 28
ntravenous procainc 1 65
Bursitis
local nerve block for 105
suprascapular nerve block 103
sympathetic block 1n 100
Butethamine n spinal anaesthesia 84
Buthalitone pharmacology 24
Butoxycane 73

Caesarcan sectron
hypnosis in 255
mfiltration anacsthesta for 97
Calcrum chloride thiobarbiturate induced
myocardtal depresston and 26

[2]



INDEN

Cancer pan
paravertebral block 103
sympathetic block in 102
Capillary bloed flow
pulmonary 120
surgcal trauma and 145
Capillars fone surpical traumi and 147
Carbocamne 76
Carbohvdrate  mctabolism
methius 260
Carbon droude absorption 10 pacdiatnes
212

m diabetes

Carbon diowide tenuion 1sobars 132
Carbon monoxide poisoning anovia in 292
Cardac arrest 155

anowua in 293

controtled 156

oxygenation and 192

treatment 293
Cardiac arthythmia 269

hypothermua and 174
Cardiac catheterization hypnosis 1n 255
Cardiac discase anacsthesia and 268
Cardiac shythm disturbances of 154
Cardio-respiratory diseases

oxygenator usc of 1n 184

paediatnics 1 207

pumping circut 189
Cardio-respiratory pumps 184
Cardiospasm sympathetic block in 102
Cardiovascular system ethyl vinyl cther

an

Cardiovascular surgery

research in 300

research 1n United States 317
Caudal analgesia 1n obstetrics 200
Caudal blocks

2-chloroprocaine 1n 74

obstetrics 1n 98
Causalgra

cervical spinal nerve block 103

regional anaesthesia m 100
Cephalalgia post anaesthetic 97
Cerebral cir sn induced hyp

and 234
Cerebrum blood flow through anaesthesia
affecting 158
Cervical intervertebral disc removal re
gonal anaesthesia 1n 90
Cervical spinal nerve block 103
Cervicobrachial neuralgia cervical spnal
nerve block 103
Cervicothoracic sympathetic block 101
Cevanol 55
Chemical arachnowditis 82
Chemoreceptors central 113
Chemotoxic Jaundice 273

214+MTA

Chlothextdine  stenhization of equipment
26

Chloroform propertics 17
2 Chloroprocaine 74
«pin1l anacsthesia 10 84
Chlorpromazine §
pethidine and 28
Cholecystectomy  post-opcratine - sympa
thetic bloch 1in 102
Choline 2 6 xyly cther bromide 62
Chnistmas discase 271
Circulation
anaesthesia and
artificial resprration 161
atropine 152
barbiturates 153
blood flow and 156-158
blood pressure recording 160
cardiac arrest 155
cardiac thythm cffects 154
clincal considerations 162
controlled cardiac arrest 156
cyclopropane 152 153
depth of anaesthesia 159
cther 152
morphine 152
morphine scopolamine 152
spimal anaesthesia 153
surgical trauma and 145
time induced hypotension and 236
Coal gas potsoning, hypothernua in 181
Cochiac ganghon syndrome sympathetic
block 1n 102
Common cold, anaesthesta and 257
Conduction analgesta, in obstetrics 200
Congestive heart fatlure cortisone therapy,
and 227
Consciousness, 51
electrical changes of sleep 52
mechanism of research 299
new conceptions 3543
Controlled respiration 161
goronary «}::easi anaesthesia and 269
‘oronary thrombosis, induced h;
and 236 'y ypotension
Corticords circulatory 223
C°m°°“§‘a‘d defictency anaesthesia and

Corticotrophin, factors in release 222
Cortisone zge operative and post operatine

So‘mml‘ 1n sedation, 53
ranial nerve block, 102
Cybernetics 36 '
Cyclawne, 74
Cyclopropane
effects on airculation 152 153

[33



INDEX

Cyclopropane—contimied
renal diseasc, (n 273
Cyclopropane shock 161

Cystoscopy hypnosis in 255

D

Daptazol 51
Dead space respiratory 119
Decamethonium

diagnosts of myasthenia gravis 266

renal disease 1n 273
Decerebrate state 289
Dehydration 1n anoxia 291
Dental anaesthesia

carbocame m 76

Dobltrone in 28

ethyl vinyl ether in 18
Depolanization of muscles 7
Dermatitis local anaesthetics and 70
Detoxication centre n Scandinavia 305
Duabetes mellitus

anaesthesia and 260

cortisone therapy n 227

induced hypotension and 39
Dhacetylmorphine 1n obstetrics 197
Duagnostic procedures regional anacs

thesia for 99

Diamorphine 1n obstetrics 197
Diethazine pethidine and 28
Dtethyl ether pharmacology 15
Diffusion oxygen carbon dioxide 122
Dihydrocodeine 50
Dimethisoquin 77
Diphenhydramine in sedation 53
Disease anaesthesia and 257-275

anaemia 270

bronctutis 257

cardiac disease 268

common cold 257

corticosteroid deficiency 264

diabetes mellitus 260

genatrcs 274

haemophiha 271

hepatic disease 272

myasthena gravis 265

polycythaemia 271

porphyria 273

pulmonary tuberculosis 258

renal disease 273

thyroid disease 265
Dithienylbutenylamine 49
Dolitrone pharmacology 27
Doriden n sedation 58
Dormison 1n sedation 57
Dorsacaine 73

Dyclone 77
Dyclonine 77
Dysmenorrhoea sympathetic block in 102

E

Eclampsia sympathetic block in 102
Edrophontum tn myasthenia gravis 281
Efocaine in proctology 67
Electrocardiography in oxygenation 192
Electroencephaloptaphy

cther analgesia and 20

research in United States 315
Emergence vormiting 248
Endocrine function hypothermia and 179
Endotracheal intubation in paediatrics 208
Epicondylitis local nerve block for 105
Epidural analgesta 1n obstetrics 200
Epidural blocks

2 chloroprocane in 74

mduced hypotension and 232
Epilepsy intravenous lignocaine 1n 66
Eptsiotomy

local tnfiltration for 200

pramoxine 77
Equanmi! in sedation §3
Equipment stenilization of 259
Ethchlorvynol 1n sedation 57
Ether analgesia 20

Ether convulsions , 245
Ethers 15-20

diethyl 15

effects on circulation 152

ethyl vinyl 16

fluorinated 16

methyl n propyl ether 16

trifluorocthyl viny! 18
Ethiamate 58
Ethyl chlonide spray 105
Ethyl vinyl ether pharmacology 16

Explosions fatalities 245
Extracorporeal cooling
72

Extradural block 92
Extremities operations on regional
anaesthesia in 91

mn hypothernma

F

Facial palsy sympathetic block in 101
Fatalities 241-250

atropine 246

emergence vomiting 248

[41



INDEX

Fatalities—continucd
ether convulsions’, 245

cxplosions 245

inherent tovieity 242

muscle relaxants and 243

ncostigmine 245

posture 246

sex and age meidence 242

status lymphaticus 245

trichloroethylene 244

svomuting during anaesthesia 247
Femoral nerve block 92 104
Fibrositis local nenve block for 105
Filtration blood 195
Fluid distribution surgical trauma and 144

Fluon
Fluonnated ethers 16
Fluoromar properties 17
Fluothane 21

properties 17
Fractures local nerve block for 105
Functional residual capacity 119
Furchgott capillary network 146

G

Gallamne 1n renal discase 273
Ganima fibres 10
Gamma loop 40
Gangllonzlglzock nduced hypotension and

Gasserian ganglion block 103

Gastric lavage hypnosis in 254

Gastro mtestinal pain  sympathetic block
i 102

Gaslroscopy7t7npelannamme hydrochloride
m

General adaptation syndrome 220
General anaesthesia 1n obstetrics 202
Genatrics anaesthesia and 274
Glossopharyngeal nerve block 103
Glutethimide 58

Great \eslsgés surgery of hypothermia 1n

H
Haemodng%ysns n barbiturate intoxication

Hzemophifia 271
Haemorrhoidectomy Dolitrone 1n 28
Halothane
cardiac adrenahine sensitnvity and 154
obstetrics 1n 203
pharmacology 21

Head inguries respiration and 281
Head surgery regional anacsthesia in
90-91

Heart
surgery hypothermia in 180
surgical trauma affecting 145
Hepatic discase 272
Hening Breuer inflation reflex 129
Herotn n obstetrics 197
Herpes zoster cramal nerve block 1n 103
Hexachlorophene 1n stenlization of equip-
ment 259
Hexyleamme 74
spinal anaesthesia m 84
Hibitame stenilization of equipment 260
Hip joint pain obturator nerve block 104
Histotoxtc anoxia 287
Homeostasts hypotenston and 234
Hostacamne 76
Hyaluromdase local anaesthesia and 70
Hydroxydione pharmacology 26
Hydroxylignocaine 76
Hydroxyprocatne 72
Hydroxyzine 53
Hyperglycaemia hypothermia and 179
Hyperhydrosis sympathetic block in 100
Hypermetabolism hypothermua in 181
Hyperpyrexta 1n paediatrics 210
Hypnosis 251-256
burns and 255
deep trance 255
direct eye gaze method 253
eye fixation 252
hand levitation method 252
light trance hypnosis 254
meditm trance hypnosis 254
obstetrics 256
susceptibility 251
trance depths 253
voice and 253
Hypoprothrombinaemua salicylate therapy
and 48
Hypotension
epidural block of, 88
halothane dueto 21
hydroxydione and 27
hypothermia and 263
mduced 231-240
adrenocortical response 237
blood losses 235
blood pressure 237
cardiac changes 234
cerebral circulatton 234
circulation time and 236
contra indications 238
coronary thrombosis 236
epidural block 232

[5])



INDEX

Cyclopropane-—continued
renal disease 1n 273
Cyclopropane shock 161

Cystoscopy hypnosis in 255

D

Daptazol 51
Dead space respiratory 119
Decamethonum

diagnosis of myasthema gravis 266

renal disease 1 273
Decerebrate state 289
Dehydration 1n anoxia 291
Dental anaesthesia

carbocaine tn 76

Dolitrone 1n 28

ethyl vinyl ether 1n 18
Depolanization of muscles 7
Dermatitis local anaesthetics and 70
Detoxication  centre in Scandinavia 305
Duabetes mellitas

anaesthesta and 260

cortisone therapy n 227

mnduced hypotension and 39
Duacetylmorphine n obstetrics 197
Duagnostic procedures regional anaes

thesia for 99

Diamorphme 1n obstetrics 197
Diethazine pethidine and 28
Ducthyl ether pharmacology 15
Diffusion oxygen-carbon dioxide 122
Dihydrocodeine 50
Dimethisoquin 77
Diphenhydramine 1n sedation 53
Disease anaesthesia and 257-275

anaerma 270

bronchitis 257

cardiae disease 268

common cold 257

corticosteroid deficiency 264

diabetes mellitus 260

genatrics 274

haemophilia 271

hepatic disease 272

myasthenia gravis 265

polycythaemia 271

porphyna 273

pulmonary tuberculosis 258

renal disease 273

thyroid disease 265
Dithienylbutenylamine 49
Dolitrone pharmacology 27
Dorden 1n sedation 58

Dornuson i sedation 57
Dorsacaine 73

Dyclone 77
Dyclonine 77
Dysmenotrhoca sympathetic block in 102

E

Eclampsta sympathetic block i 102
Edrophonium 1n myasthena gravis 281
Efocaine 1n proctology 67
Electrocardtography 1n oxygenation 192
Electroencephalography

ether anaigesia and 20

research in United States 315
Emergence vomiting 248
Endocrine function hypotherma and 179
Endotracheal intubation i paediatrics 208
Eprcondylitis Iocal nerve block for 105
Epidural analgesia 1n obstetrics 200
Eprdural blocks

2 chloroprocane in 74

duced hypotension and 232
Epilepsy intravenous lignocamne in 66
Episiotomy

local infiltration for, 200

pramoxine 77
Equanl in sedation 53
Equpment stenlization of, 259
Ethchlorvynol in sedation 57
Ether analgesia 20

Ether convulstons 245
Ethers 15-20

diethyl 15

effects on circulation 152

ethyl vinyl 16

fluorinated 16

methyl n propyl ether 16

trifluorocthyl viny! 18
Ethmamate 58
Ethyl chlonde spray 105
Ethyl vinyl ether pharmacology 16

16

Explostons, fatalities 245
Extracorporeal cooling in hypothermia
172

Extradural block 92
Extremities operations on  regional
anaesthesia 1in 91

F

Faaal palsy sympathetic block i 101
Fatalities 241-250

atropine 246

emergence vormiting 248

[4]



Luedo reticulanis sympathetic block 1n,
100

Toaver
blood flow through anaesthesia affecting
158

hypothermua ¢ffect on 179
tnduced hypotension effect on 235
Local anacsthetics
allergy and 71
chemical structure of 61-62
choline 2 6 xylyl cther bronude 62
dermatitis and 70
cpilepsy and 66
generalized effects of 65
hyaluromidase and 70
ntravenous usc¢ 65
1omization 1n solution 62
lignocaine intravenous 66
lipoid solubility and 61
nerve impulse conduction and 65
new
2 alkoxy analogues of procaine 72
antihistamines 77
‘oenoxinate 73
butoxycaine 73
carbocaine 76
dimethisoquin 77
Dorsacamme 73
Dyclone 77
Dyclonine 77
halogen substitution 73
hostacaine 76
hydroxylignocaine 76
hydroxyprocamne 72
lignocaine 75
Lucaine 74
Nirvamine 75
pindocaine 74
pramoxine 76
problems of 71
propoxycaine 73
pyribenzamine hydrochlornide 77
Quotane hydrochloride 77
Ravocamne 73
Sympocaine 73
topical 76-77
tripclennamine hydrochlonide 77
Tronothane 76
Unacaine 74
xylidine derivatives 75
Xylocaine 75
non aily solutions 67
oily solutions 67
oxygen utilization and 64
penidural anaesthesia and 68
post operative pain 67
procame ntravenous 65

21*

INDEX

Local anaesthetics—continucd
quiternary ammontum compounds, 62
reserrch i Umited States 315
synthetic wetting agents and 70

Local infiltration in obstetrics 200

Logicn] reasoming consciousness and 35

Low back pain local nerve block for, 105

Low caudal block tn obstetrics 200

Lucune 74
spinal anacsthesia in 84

Lucidil 55

Lumbar puncture techmque of 82
Lytic cocktail
obstetrics 1n 198
penipheral blood flow and 158

M

Mammaplasty hypnosis in 255
Meclozine 1n sedation 53

Medium trance hypnosis 254

Megacolon sympathetic block in 102
Megimide 57

Membranous laryngotracheal bronchitis

Mental nerve block 103
Meph mine in hyp 85
Meprobamate

obstetrics 1n 198

sedation 1n 53
Meralgia paracsthetica 104
Metabolism

halothane and 23

nerves of
Metabolite histotoxic anoxia 286
Methadone 49
Mett 1n hyp 85

Methott ate phar 1 24
Methoxamine
hypotension treatment of 85
prolongation of spinal anaesthesia 84
Methy! morphinan 49
Methyl n propyl ether,
obstetrics tn 203
pharmacology 16
Methylpentynol 57
obstetrics 1 198
Methlyprylone 58
Metropyl properties 17
Migraine sympathetic block in 101
Miltown sedation 1n 53
Mitral valvotomy ether analgesia 1n 20
Morphine 49
addiction amuphenazole in 51
effects on circulation 152
hepatic disease and 272

{71



INDEX

Hypotension—contined

induced—continued
ganghon block 232
hepatre effects 235
homeostatic changes 234
hypotension production of 231
ndications 239
Lidrey damage 235
patient condition of 237
post operatne care 238
posturc and 233
pulmonary embohsm 236
reactionary haemorrhage, 235
spmal block 232
spinal anaesthesia of 85
subarachnotd block of 97
influoroethy! vinyl ether and 19
Hjypotherma 167-183
aad alkah cquiibrium and 134 175

Inactin pharmacology, 25

Inert gases 30

Infant turning sntra uterine, 204
infective factor 151

Infective hepatitis 273

Infra orbutal block 103

Inhalation analgesics 1 obstetrics 198
Inspired air distnbution of 120
Intercostal block 104

Intermttent positne pressure 135

Intracrantal ischaemia hypothermua in 181
Intrathoracic surgery anaesthesia and 269

Intrasenous anaesthesia

pacdiatnies i 213

pharmacology of new drugs 24-29
Intubation n obstetrics 204
Iproniazid 55
Isopropy! chloride 20

obstetries 1n, 199

adrenal glands effect on 179
anowz 10 291

blood coagulatton and 178 J
body cavity coolng 172
airculatory system and 174
coal gas poisomng 1 181
endocrine function 179
extracorporeal cooling 172
great vessels operations on 180 N
hazards of 174130

heart surgery 1 180
hyperglycaenua and 179
hypermetabolism 181
hypotension and 263
hypothalamec pyrexia in 181
ntracranial wchaerma 1 181
kidneys effect on 179

Iner effect on 179 L
metabolism and 179

methods of achiesing 169-174
neurosurgery tn 180

James Lange theory of emotions 38
Jaw fractures regional anaesthesia for 90

Kadney
blood flow through anaesthesia and 158
halothane effect on 23
hypothermia effect on 179
wnduced hypotension effect on 235

Largacul 54
Laryngeal obstruction 277

ovygen uptahe and cellular require  Laryngeal reflexes hgnoctine depressing
ments 167 66

pitutary adrenal response and 179 Laryngospasm Dolitrone and 28

purpose of 167 Lateral femoral nerve block 104

rewarming 171 Leptazol structure 57

severe 169 Lethidrone 1n obstetries 197

shnenng control of 169
shin effects on 179
stress reaction and 179
surface cooling 170

Leucocytosis ethyl vinyl ether prompting

Levallorphan 5t
obstetrics 197

Levorphanol 50

1 Lidocatne 75

Ligamentous sprains iocal nerve block i

Idiopathic nephralgia  sympathenc block 105
m 102 Light trance hypnosis 254

Lignocaine 75

Immersion foot syndrome
spinat anaesthesta 1 §4

nene block 1

sy mpathetic

161



INDLX

Noludar 58
Noradrenaline
hypotension treatment of 85
prol son of spinal 1 84
Notensi! 54
sedation i 53
Nutinal 55

(o]

Oblnon sedation 57
Obstetrics 196-205
alphaprodine 197
analgesta 196
caudal block 98
conduction analgesia, 200
diamorphune 197
general anaesthesia in 202
hypnosts 1n 256
1sopropyl chloride 199
methylpentynol 198
morphine 197
mitrous oxtde and air 198
paravertebral block 97
pethidine 197
pudendal block 96
regional anaesthesta in 95
scopolamine 1
spinal epidural block 98
subarachnoid block 97
tranquillizers 198
trichloroethylene 199
vitamuns in 198
Obstruction
bronchual 277
laryngeal 277
pharyngeal 276
Obturator nerve block 104
Occipital neuralgta cervical spinal nerve
block 103
Oenethyl 1n hypotension 85
Ophthalmic surgery Dyclonme in 77
Optic neunitts sympathetic block mn 101
Orchuditis sympathetic block 102
L 'y 1 1

Ort
254 .

Oxygen consumption
cerebral barbiturates and 54
hypothermia and 167

Oxygen utihzation local anaesthetics in

hibiting 64

Oxygenation
bubble oxygenation 185
homologous animal lung 184
rotating disc oxygenator 188
semt permeable membranes 184
vertical screen principle 187

in

r

Pacatal
obstetrics in 198
sedatton 1 53

Pacdiatrics 206-219
anacsthctic apparatus 211
cardso respiratory considerations 207
cndotracheal intubation 208
emdemic bronchopneumonia 216
hyperpyrexia 210
intravenous techniques 213
membranous laryngotracheal bronchitis

6

21
muscle relaxants 208
premedication 210
pulmonary disease 214
rebreathing 212 213
resuscitation of newborn 217
salicylate poisoning 217
tetanus 217
Pain
measurement of 44
post operative local anaesthetics and 67
psychological overlay hypnosis 1n, 254
reaction to 47
Pancreatitis sympathetic block 1n 102
Paravertebral block 103
obstetrics 1n 200
subarachnoid block, 97
Pecazine sedation 53
Pentobarbitone sodium 51
Pentylene tetrazol 57
Peptic ulcer cortisone therapy and 227
Penarthritts
local nerve block for 105
suprascapular nerve block 103
Pericellular histotoxic anoxia 286
Peridural anaesthesia
local anaesthetics and 68
propoxycame in 73
Perineal operations regional anaesthesia

n

Peripheral blood flow  lytic cocktail
and 158

Peripheral blood vessels surgical trauma
and 146

Peripheral chemoreceptors 128
Peripheral chemoreflexes 114
Peripheral nerve blocks 89
Peripheral  vascular  diseases
anaesthesia n 100
Peroneal nerve block, 104
Pethidine 49
addiction amiphenazole 1n 51
hepatic disease and 272
obstetrics 1n 197
phenothiazine derivatives and 28

regtonal



INDEX

Morphine—continued
obstetrics 1n, 197
Morphine scopolamine effects on circula
tion
Movement, voluntary control of 40
Muscle disorders respiratory 282
Muscle relaxants 1-14
acetylcholine receptors 3
cardiac disease n 268
endplate potential changes :n 1
fatalities and 243
h of neur
nussion |
motor r‘;cr\c endings quantal behaviour,

trans

Nerves
metabolism of 64
structure of, 62
transmussion of impulse, 62
local anaesthetics and 65
Nervous reactions of surgical trauma 148
Nesacaine 73
Neuralgia
glossopharyngeal cranial nerve block
for 103

post traumatic sympathetic block i 100
Neurosurgery hypothermia in 180
New drugs pharmacology of, 15-34
Baytinal 25
b'ulhallmnc 25

neur block h

obstetrics 1n 203

pacdiatrics in 208

research in United States 314

Scandinavia 1n 303

small motor nerve fibre system 10
Muscle relaxation

blood pressure fall and, 162

halothane and 22

trifluoroethyl vinyl ether and 19
Muscles depolarization of 7
Musculoskeletal tone anacsthetic effcct on

circulation and 129

Myasthema

anaesthesia and 265

anticholinesterase in 9

cnises respiration in 280

diagnosis of 266

respiration in 281
Myocardial hypoxia anaesthesia and 268
Myocardial ;r(\)gxrctlon, sympathetic block

m

of, 6

N
Nalorphlrll;7 hydrobromude 1n obstetrics

Narcotic poisoning 1n Scandinavia 305

Narcotile properties 17

Narkotal effect on circulation 153

Neck operations regional anaesthesia 1n
90-91

Neostigmine
analgesic potentiation 50
cardiac arrest and 156
fatalittes 245
myasthema mn 281
use following halothane and muscle
relaxants
Neosynephrine  prolongatton  of spinal
anaesthesia 84
Neothyl, properties 17

chlorpr
diethazine 28

dicthyl ether 15
Dolitrone 27

cther analgesia 20

cthyl vinyl ether 16
cvaluation of 299
fluoninated cthers, 16
Fluothane, 21

halothane 21
hydroxydione 26

Inactin 25

nert gases, 30

1sopropyl chloride 20
Methitural 25
methothiourate 25

methyl n propyl ether, 16
Neraval 25

nitrous oxtde 29
phenothiazine derivatines 28
promethazine 28

steroids 26

thialbarbitone 24
thiamylal 24
thiobarbiturates 24
thiogenal 25

thiopentone 24

Transithal 25
trifluorocthyl vinyl cther 18

Viadnl 26
xenon 30
Newborn resuscitation of 217 279
Newborn studies research m Umited
States 316

Nirvanine 75
Nisentl in obstetrics 197
Nitrous oxtde
anaesthesia new approach to 29
obstetrics mn 198
pharmacology 29-30
renal discase 1n, 273
Nodes of Ranvier 63

18]



INDEX

Pulmonary ventlation—continued
penipheral chemoreflexes 114
positine negative pressure nflation 135
pulmonary cyrculation and 124
resistance and comphance 120
respiratory dead space 119
rhythmicity of respiratory centre 112
Pylorospasm sympathetic block in 102
Pyramudal discase, sympathetic block 1n

1

Pyribenzamuinc hydrochlorides local anaes
thesia and 77

Pynidostigmune 1n myasthenia gravis 281

Q

Quescin 154
Quotaine hydrochlonde 77

R

Ranvier nodes of 63
Ravocaine 73
Raynaud s disease and phenomenon sym
pathetic block 1n 100
Reactionary haemorrhage 1nduced hypo-
tension and 35
Reflex anuria sympathetic block in 102
Reflex dystrophies
cervical spinal nerve block for, 103
regional anaesthesia in 100
Regional anaesthesta 81-111
abdomunal surgery 93
autonomic nervous system 90
brachal plexus block 91 103
caudal block obstetrics 98
causalgia n 100
cervical spinal nerve block 103
cramial nerve block 102
diagnosis 1n 99
extradural block 92
femoral block 104
femoral nerve block 92
Gasserian block 103
glossopharyngeal block 103
head and neck operations 90
nfra orbital block 103
intercostal block 104
lateral femoral block 104
local block 105
mental block 103
obstetrics 1n 95
obturator block 104
paravertebral block 89 103
perineal operations 95

Regional anacsthesia—continued
peripheral nerve block 88
penipheral vascular discase 1n, 100
peroncal block 104
prophylactic nerve block 99
pudendal block 96
reflex dystrophies in 100
rescarch 1n United States 315
saphenous block 104
sciatic nerve block 92
somatic nerve block 102 104
spinal eprdural block 86, 104

obstetrics 1 98
spinal operations 94
subarachnoid block 81, 92 104
obstetrics 1 97
supra-orbital block 103
suprascapular block 103
therapy in 99
thoracic operations 93
tibial block 104
visceral diseases 1n 102
Renal colic, sympathetic block tn 102
Renal compensation 1n surgical trauma

Renal disease 273
hypotension contra indicated by 239
Research workers 296
United States in 312
Respiration research problems 300
Respiratory acidosis research tn United
States 313
R o1 d
tension and 239
Respiratory pumps 279
Resprratory system 276-283
apnoea management of patient 282
head (njuries 281
myasthenia gravis, 281
obstruction 276
poliomyelitis 280
pumps 279
resuscitation of newborn 279
supenimposed infections on chromc
disease 278
tetanus 280
Resuscitation of newborn 217 279
Reticular system
research 1n United States 315
sensitivity of 41
Retinal artery e‘mbohsm sympathetic block

hypo

n
Retimitis pigmentosa sympathetic block 1n
101

Rewarming in hypothermia 171
Rub fractures 1ntercostal block 1n 104
Rotating disc oxygenator, 188

[



INDEX

Pethidine scopolamine 111 obstetrics 197

Pharmacology of new drugs 15-34

Pharyngenl obstruction 276

Pharyngeal reflexes lignocaime depressing
66

Phenothiazine dervatives pharmacology
28

Phenylephnine, prolongation of spnal
anaesthesia 84
Physics importance of 300
Phystotherapeutic mamipulations hypnosis
n
Piperidyl phenothazine sedation 53
Pindocaine 74
Pituitary adrenal system 220-230
adrenal gland dysfunction 227
arterial hypertension 227
circulatory corticoids 223
compensatory action 1n surgical trauma
145

congestive heart faillure 227
corticotrophin relcase 222
diabetes mellitus 227
general adaptation syndrome 220
hypothermia and 179
peptic ulcer 227
pregnancy 227
pre operative and post operative cortt
sone
previous cortisone treatment 228
psychotic episodes 228
tuberculosis 226
Placebo reactors 47
Placenta manual removal of 204
Placidy! sedation 57
Pneumo massage 1n cardiac arrest 155
Poliomyelitts
respiration in 280
Scandinavia n 306
sympathetic block in 100
Polycythaemia 271
Polymyositis resptration in 280
Polyneuritis respiration in 280
Polytetrafluorethylene 194
Porphyria 273
Positive negative pressure inflatton 135
Postgraduate training 298
Posture
general anaesthesia recovery and 246
induced hypotension and 232
Pramoxine 76
Pregnancy corticone therapy n 227
Premedication
hypnosis 254
paediatric 210
tranquilhzers 1n, 203

Problems investigation of 295-301
cardiovascular surgery 300
consciousness mechamism of, 299
new drugs evaluatton 299
physics 300
postgraduate training 298
respiration 300
safety 300
trarnng of rescarch workers 296
undergraduate tramning 297

Procaine
analogues of 72
intravenous 65

Proctology
local anaesthetics in 67
pramoxine 1n 76

Promazinc sedation, 53

Promethaznine
pethidine and 28
sedatron 53

Prophylactic nerve block 99

Propoxycaine 73

Propy! trasentin 55

Psychotic episodes cortisone and 228

Pudendal block 1n obstetrics 96

Pulmonary circulation pulmonary ventila

tion and 12
Pulmonary disease paediatric anaesthesia

Pulmonary embolism
induced hypotension and 36
sympathetic block in 102
Pulmonary function tests 136
Pulmonary hypertenston anaesthesia and
269
y tub anaesthesta and
258
Pulmonary ventilation 112-140
alveolar ventilation 125
anaesthetic effect on 127
apparatus anaesthetic and 134
artificsal control 134
body temperatures and 113
bronchomotor tone and 118
capillary blood flow 120
central chemoreceptors 113
central nervous system and 113
chemucal control 113
diffuston 122
function tests 136
functronal residual capacity 119
hypothernua and 134
wsprred air distribution of 120
ntermttent positive pressure 135
mechantcal factors and 117
nervous controlling 112
pamn and 113

[1]



INDFX

Thiopentone
cardiac discase 1n 269
hepatic disease and 272
pharmacology 24
porphyna in 274
Tharacic aperation
hypnosis tn 254
regional anaesthesia in 93
Thorazine 54
regronal anaesthesia in 90
Tibial nenve bloch 104
Tic doulourcux cranial nerve block 103
Tinpitis aunium sympathetic block sn 101
Topical anaesthetics 76
Torticollis Jocal nerve block for 105
Toxaerma of pregnancy sympathettc block
m 102
Tracheobronchial tree 117
anaesthetic effect on circulation and 128

th n 90

y reg
Trance induction 252
Tranquillizers 52-53
obstetrics in 198
premedication 1n 203
Trauma surgical 141-151
abdommal injuries 151
agglutinated red cclls 151
capillary permeability and 145
captllary tone and 146
circulation effects 145-148
depletive responses 141
fimd distribution changes 144
heart effects 146
hormone changes 142
nfective factor 15)
nervous reactions 148
pitustary compensation 145
renal compensation 145
retention responses 142
systolic blood pressure and 148
transfusion 149
vasodilator substances 147
vasopressor substances 147
wound size 149

Traumau;: ogcdemn sympathet:c block

Trichloroethylene
fatalities and 244
obstetrics 1n 199
properties 17
Tnfluorocthyl vinyl ether 18
';nm:;r properties 17
ripelannamine hydrochlon
Triton A20 70 4 de 77
Tronothane 76
Tuberculosis cortisone therapy 1n 226

« Tubocurarine
hepatic discase and 272
renal discase in 273

U

Unacainc 74
Unconsciousness in anoxta 288
Unc patient of 278
Undergraduate traiming 297
Urethane prolonged analgesia and 68
United States research in 308-318

barbiurates 316

cardiovascular surgery 317

electroencephalography 315

federal mnsututions 310

Government funds 309

industrial research funds 310

local anaesthesia 315

muscle relaxants 314

newborn studies in 316

regional anacsthesia 315

rescarch funds in 308

reticular system 315

simphfication of instruments 317

spinal anaesthesia 315

subjective phenomena study 1n 316
Uterine pga_’m paracervical infiltration for

v

Vagal inhibition 245

Valmidate 58

Vasoddatory substance surgical trauma
and 147

Vasomotion 147

Vasopress&r7 substances surgical trauma

Veno venous cooling n hypothermia 172
Viadn! pharmacology 26

Vinamar, properties 17

Vinesthene properties 17

Voice trance induction and 253
Vomiting during anaesthesia 247

w

Wollf Hardy Goodell measurement of
pain
Wound pamn 45

X
Xenon 30
Xylidine dervatives 75
Xylocaine Ser 2

(13}



INDEX

s

Safuy Netors research 300
Salicylites 48
poisoning macsthetic tretment 217
Salpingitis sympathetic block in 102
Sandri!l 54
Saphenous nerve block 104
Seandmavit developments in 302-307
blood circulition 304
muscle relixants 303
narcotic poisonng, 305
poliomychitis 306
spinal anacsthesry 304
suxamethonum 305
Scittic nerve block 92 104
Scopolimine
obstetrics 1n 198
trance induction 253
Scbrazés breath holding test 268
Scdation apalgesiy and 44-60
Shivering in hypothermir 169
Shoutder ind syndrome  sympathetic
bloch 100
Sigma pump 190
Simendoscopy  hypnosis in 254
Silicone  antifoim A 195
Skin hypothermin effect on 179
Shater Stephens valve 212
Sleep clectrical chinges of 52
Sodivm amylobarbitone  1n (rince 1n
duction 253
Sodwm hemisuccinile 26
Somatic nerve block 102-104
Spinine 54
sedation 53
Spinal anesthesin
butoxycune tn 73
complications of 84
continuous 84
<ffLcts on circulntion 153
(rictionit sepmental 8%
pindocame m 74
prolongation &4
rescarch m Umited States 315
Scandmwvin m 304
total spinal block 104
Spinal 1 esthetics 84
Spinat block
nduced hypotension nd 232
obstetrics i 200
Spmal epidural block 86 88 104
obstetrics n 98
Spinal operaions regonal amniesthvsty in

Spinothalamic tractotomy  segment 1l ept
P durt block i 95

Sprewding agents , locl 1ntesthetics
0

Stagnnt anoxia 287
Status eprfepticus  mtravenous lignocamne
mn )
Staws iymphaticus® 245
Sterthizatton of equipment 259
Sternal fractures mntercostal block m 104
Sterouds  pharmacology 26
Stress reaction hypothermia and 179
Suavito} 55
Subarichnowd block 8§ 92 104
obstctrics 97
Subyectne phenoment research in Umited
States 316
Substrate histotoxic 1nonr 286
Sudek s 1teophy, sympathetic block tn 100
Superior laryngeal nerve block, 103
Supra orbutal block 103
Suprascapular nerve block 103
Surface cooling 1n hypothernua 170
Surgical trauma 141-151
Susceptibility to hypnotism 251
Suxamethomum
remil disease in 273
Scandirian i 305
Sympathilgin sympithetic block in 100
Sympocune 73
spintl tnaesthes i 84
Synthetic wettng agents focal anacsthetics
and 70

Systohic blood pressure surgical trima
and |1

T

Tabes crises sympathetic block in 102
Tachycirdin hydroxydione tnd 27
Tichypnoea
hiatothine n 21
teslluorocthyl viny! ether csing 19
Teflon 194
Tendintis
loc 1l nerve block for 105
supraseapulir nerve block 103
sympthetic block in 100
Tensilon in my sthenst grivis 281
Tetanus
annesthietic tre tment 217
respuritron i 280
Therapeutic nerve block 99
Thidbroitone pharmacology 24
Thiumylal phirmicology 24
Thtobirbiturates pharmicolopy 24
tovicity of reduction, 26






