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PRLI'ACL

Tits book 1s based on A <eries of lectures ginven to students 1t
the Dental School of Unineraty Collepe Hogpatal London, and the
Lnnaraty of Oaford Medical Schoal  In presenting 1t we hope that
1t will Asst not only those soechang an aintraduction to anesthetics or
prepanng for thesr find exrminations: but al<o the medieal or dental
practitioncr who deares to refrech Ins hnowledge of the essentinls of
general anesthean

The Iach of 1 teat book suitable s 1 supplement to undergriduate
lectures and the prictieal lescons Jemned i the operiting room has
induced us to attempt 1 statement of the foundation of principles
underlyimg the admmstration of nwsthetics in general  The case
Iistonies aited however in the mun hve been chosen deliberately
from the field of dental surgery <ince the art of dental an-esthesi is
often mucl neglected and in our opimon 1 mastery of the difficultics
encountercd there will help the anwsthetist to understand and
overcome many of the problems he 1s Iikely to meet m anwes-
thesin for opcrations on other parts of the body In order to
clanfy the descniptions given n the text we have made full use of
illustrations

The standard of admimistration of anesthetics by the family doctor
15 a standing joke between dentists 1nd 1s frequently 1 matter of
comment among general surgeons  Although the criticism 1s amply
justified the repronch stself s unfair masmuch 1s 1 generl prictitioner
has httle more opportumty of reaclhing the standard attuned by the
specralist 1n anzsthetics than he has of becormng 1 specialist n any
other branch of medicine or surgery It must be 1dmtted, however,
that the average doctor wlunle fully recogmsing that he has something
to learn 1n other fields 1s apt to be unduly complacent 1bout hts hknow-
ledge of anasthesia and the techmque of its admimistration especinlly
for dental operations

At many general hospitals extractions are performed only n cases
of emergency non urgent work 15 referred to dental hospitals  The
doctor s early experience n anzsthesia for dental work 1s often there-
fore confined to the admimstration of mtrous oxide 1n cases where nn
acute alveolar abscess necessitates extraction of a tooth Such an
ertraction 15 usually easy and a short and not necessanly shilful
anzsthesia frequently suffices The average medical student hns, n



Vi PREFACE

fact httle opportumty of seemg and far less of practising the refine-
ments of anzsthesia required for operations m the mouth  We have
therefore 1ncorporated 1n this book practical hints which should prove
useful to the general practitioner with imited expenience of this subject,
and even to the anmsthetist who devotes but httle of his time to this
branch  Gone are the days when 1t was considered sufficient for the
doctor to present the dentist with an unconscious patient and then to
walk round the room leaving the supervision of the patient and the
extraction of the teeth to the dentist The production and mainten-
ance of surgical anzsthesia should be regarded both as an art and as a
science 1n dental work particularly the former plays an important
role and the anzsthetist must realise that 1t 1s lus duty to co operate
with the dentist i every possible way

The anasthetist must train himself to recogmise at a glance the type
temperament and physical condition of the patient He must know
the sigmficance of breathlessness of cedema of protruding eyes of
plethora and of anemia  and he must recognise the signs of alcoholism
He will soon learn that pallor does not mecessanly indicate anamia
nor a rapid pulse cardiac disorder He must interpret correctly the
cause of any cyanosis which may develop duning anzsthesia and be
techmically expert enough to deal with all the incidents whether grave
or tnfiing which may occur duning narcosis  He must be constantly
alert to observe every indication however small of a change 1n the
patient s reactions to the anzsthetic and he must be alive to the
mmportance of mamtammng a clear awrway He has the entire
responsibility for the patients safety during unconsciousness and
thus for his life and this responsibiity 1s no whit less serious
duning anesthesia for dental extractions than durng anmsthesia
for more severe operations This 1s often madequately appreciated,
since the patient 1s rarely 1ll and the operation generally lasts only
a short time

The anzsthetist has always three people to satisfy—the patient
the surgeon and himself  Although 1t 1s to be hoped that he will never
succeed 1n satisfying himself completely he can succeed n safe-
guarding his patient and if he 1s fortunate 1n satisfying the surgeon
or dentist with whom he co-operates

e are greatly indebted to Miss Marjorie R Gibson for her 1n
valuable care and patience 1n dealing with our manuscripts and to
Miss M C McLarty for her shill and attention to detail 1n the prepara
tion of the majonty of the {lustrations  Qur thanks are also due to
Ms A ] Armnott for the remainder of the drawings to Miss M



FI1EACE it

Heming Shaw for the phetoptapht and1o XM 13 Y Duncom D Phol
for 2y tanee with the ehapter em T temy

Avang thetite frequently teder fo mitton oude carb dioxade
and oaveen by thesr chere ] sambol we have 1 o the £ abbtevsn
tians (N0 €O, nd O) wlete we mipht have doae woan eonveration
ormmabing ¢ tecord

Oxrorn

Aot mber 3440

PRITACL TO FHII'TH LDITION

Tt chianges an this editaon Line been effected Iy the underagned
They inclode 1 cliipter on Cur e and other micle rdavants which
have bon mtroduecd it ainr the 11 dunng the st fow years, and
dditions and modific itons 1 other ehapters sshich the advent of these
drugs has made necesany There ane Al vanous other small adda
tions and changes

Irins B Bassistir
(Mrs R U Wintney)

Brovwry Sror nny
June 3951



vi PREFACE

fact httle opportunity of seemng and far less of practising the refine-
ments of anasthesia required for operations 1n the mouth We have
therefore mcorporated m this book practical hmts which should prove
useful to the general practitioner with himted expenence of this subject
and even to the anzsthetist who devotes but Iittle of his time to this
branch  Gone are the days when 1t was considered sufficient for the
doctor to present the dentist with an unconscious patient and then to
walk round the room leaving the supervision of the patient and the
extraction of the teeth to the dentist The production and mamten-
ance of surgical anzsthesta should be regarded both as an art andas a
science 1n dental work particularly the former plays an important
role and the anasthetist must reahse that 1t 1s ns duty to co operate
with the dentist 1n every possible way

The anasthetist must tram himself to recogmse at a glance the type
temperament and physical condition of the patient He must hnow
the sigmificance of breathlessness, of cedema of protruding eyes of
plethora and of anzerma  and he must recogmise the signs of alcohohsm
He will soon learn that pallor does not necessanly indicate anzma
nor a rapid pulse cardiac disorder He must interpret correctly the
cause of any cyanosis which may develop dunng ansthesia and be
techmcally expert enough to deal with all the incidents whether grave
or trifing which may occur during narcosis  He must be constantly
alert to observe every mndication however small of a change mn the
patient s reactions to the anzsthetic and he must be alive to the
mmportance of maintaning a clear arway  He has the entire
responsxbxhty for the patients safety dunng unconsciousness and
thus for s life and this responsibility 1s mo whit less <enous
dunng anesthesia for dental extractions than duning anzsthesia
for more severe operations This 1s often madequately appreciated
since the patient 1s rarely 1ll and the operation generally lasts only
a short time

The anwsthetist has always three people to satisfy—the patient
the surgeon and himself  Although 1t 1s to be hoped that he will never
succeed 1n satisfying himself completely he can succeed 1n safe
guarding his patient and if he 1s fortunate satisfying the surgeon
or dentist with whom he co operates

We are greatly ndebted to Miss Marjone R Gibson for her 1n-
valuable care and patience n dealing with our manuscnipts and to
Miss M C McLarty for her shill and attention to detail 1n the prepara
tion of the majonity of the illustrations  Our thanks are also due to
Miss A ] Armott for the remainder of the drawings to Mws M
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CHAPILR 1
HISTORY OF ANASTHLSIA

Man s attampts to produce msenubility to pun are of veny long
dandmp The Assvaans were aware of the anodvne and <oponfic
properties of poppy and mandrmhe ' and we hnow from the Homene
reference to nepenthes ® that the Greeks alleviated mental and prob-
abls phy~cal suffenng by narcotic dnnks  Theophristus (370-286
nc) the protobottmst speafically tells us that the root of man-
drake steeped in wine produces sleep *

The Romans also used decoctions of mandrke m aleohiol  Phiny
(AD 23-79) says of the jwice of the mandrmhe  Adminstered 1n
doses proportional to the strength of the patient this juice has
narcotic effect Itisginven for injunes iflicted by serpents
and before inc sions or punctures arc made n the body n order to
cnsure msensibility 1o the pun  and he adds, Indecd, for this Jast
purpose with some persons the odour of 1t 15 quite sufficient to induce
sleep ¢ Dioscondes also who wis 1 Greek surgeon m the army
of Ncro from A D 54 to 68 and compiled the first grent work on matenn
medica presenibed mandmbe for the rehefl of pun, and stated that
according to the preparation 1t mmght either be drunk or inhnled, or
given i an enemnt #

Analgesic potions n fact have been well known for more than two
thousand years but although described 1m medical tuxt books through-
out the medizeval and early Renaissance periods 1nd sporadically even
until the end of the etghteenth century their utihsation seems to htve
been the exception rather than the rule Although on empincal
prounds early physicians recogmsed that certam plints possessed
narcotic properties they had no means of ssessing the potency of the
extracts employed Dufferent samples of the same herb differ con
siderably n the amounts of nt ~rwle contamed  Thus, though
a measured dose of one ¢ 1ght produce the required
depth of unconscio sample similrly

prepared might be

depression, ;
“ ¥ - r

and disaster N

hazardous

1

N\
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HISTORY OI' AN/ASTHESIA

Mas s attanpts to produce mncenability to pun e of very long
danding  The Assvnans were aware of the wodsne and <oponfic
propertics of poppr and mandrihe ' and we know from the Homene
refcrence to nepenthes® that the Grechs allesiated mental and prob-
ably phyweal suffering by narcotic dnnks  Theophrstus (370-286
nc) the protobotamst  speafically tells us that the root of man-
drake steeped 1 wine produces sleep ?

The Romans also used decoctions of mandrike m alcohol  Pliny
(AD 23-79) says of the ymee of the mandrihe,  Admunsstered in
doses proportional to the strength of the patient, this juice has 2
narcotic effect Htisgnen for injunes inflicted by serpents
and before incstons or punctures are made in the body 1n order to
cnsure mnsenstbility to the pun  and he adds  Indeed, for this Iast
purpose with some persons the odour of it 1s quite sufficient to induce
sleep ¢ Iioscondes also who wis 1 Greek surgeon 1n the army
of Nero from A p 54 to 68 and compiled the first great work on matena
medica prescnbed mandrihe for the rehef of pain, and stated that
according to the preparation it might either be drunk, or inhaled, or
given n an enemn 8

Analgesic potions 1n fact have been well known for more than two
thousand years but although descrnibed 1 medical text-books through-
out the medrtval and early Renatssance penods and sporadically even
until the end of the eighteenth century their utilisation seems to have
been the exception rather than the rule Although on empincal
grounds early physicians recogmsed that certan plants possessed
narcotic properties they had no means of 1ssessing the potency of the
extracts employed Different samples of the same herb differ con
siderably 1n the amounts of active principle contuned  Thus though
a measured dose of one extract of poppy might produce the requred
depth of unconsciousness the same dose of another <mmple stmilrly
prepared miht be either entirely inadequate or might produce extreme
depression or even death The prudent surgeon therefore while
acknowledging the successes was deterred by the numerous failures
and disasters from using so uncertamn a means of preventing pamm So

hazardous was the method considered that until the middle of the
1
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nmeteenth century an unfortunate patient about to be operated upon
found himself bound and held down by strong men his only help bemng
fortitude or unconsciousness from famting &

Dunng the seventeenth and eighteenth centunes opum had
become 1ncreasingly important as an anodyne and narcotic as mdeed
the word opeate itself suggests It was sometimes given 1n an enema
as a mild sedative before operations but more frequently after the
operation In extremely pamnful conditions held to be inoperable
where pam could not be relieved otherwise 1ts use was and still 1s,
constdered essential for mitigating the sufferings of the patsent s last
days It was umversally recognised that opium like alcohol 1f pushed
to excess produced complete insensibility but this use of these drugs
was vigorously condemned by physicians and surgeons of good repute
as a dangerous and unjustified practice 7

Admimstration of narcotics n known doses first became possible m
1806 when Serturner® succeeded m 1solating morphine the chief
alkaloid of oprum  Its routine use in medicine 1n place of opium dates
from about 1820 and was due to the French physiologist Magendie®
(1783-1855) who fully appreciated that the superiority of the pure
alkalowds lay 1n the fact that they could be given i known doses

In adopting morphine Magendie prescribed 1t only by mouth
Though the 1solation of this alkalotd made 1t possible for physicians to
admmuster a dose of constant composition the results continued to be
mconsistent  because of the varations m the rate of absorption of
drugs given by mouth (p 103) It was not until five years after the
discovery of ether that the hypodermic syringe was imntroduced by
Pravaz 1n 1851 and mndependently by Alexander Wood 1 1853 By
administening morphine hypodermically the rate of absorption was
brought under control but since inhalation anasthesia had already
been enthusiastically adopted there was now no mcentive to exploit
to the full the possibility of producing narcosis with this drug

The work of Priestley (1733-1804) and Lavowsier (1743-1794) on
oxygen and the nature of respiration turned medical thought in a new
direction and led to a theory that some diseases nught be benefited
by nhaling oxygen or other gases  In 1796 Thomas Beddoes founded
at Bnstol a  Medical Pneumatic Institution  where expenments
and treatment along such hnes could be cammed out® He com-
mussioned James Watt to design the apparatus required and appointed
Humphry Davy (1778-1829) as supermtendent of the Institution

Dunng his v estigations into the properties of nitrous oxide Davy
1n 1799 venfied by ammal experiment that the gas was respirable he
then mhaled 1t himself and stumbled upon its analgesic properties  In
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1800 he published 1n ealimstive monogriph 1 m a compantinely
cmall ecction of whieh Le vecords s mental and phy wological seactions
on shaling the g1s nd statesthat  inspiration was accompanted with
foss of distinet wensation and voluntary power, and that it would
reheve headache  On p 461 he wntes that  the power of the
mmmedinte operition of the gas m removing intense phy<ical pun 1
had 1 very good opportunity of Ascertuming  In cutting one of the
unluchy tecth called denfes saprentia 1 espenienced n extensive
mflummation of the gum 1ccompamed with great pun On the
day when the mflummation was most troublesomie 1 breathed three
Jarge doses of mirous omde  The pan always dimnished After the
first four or five snspimtions As the former state of mund
however returned the state of orgin returned with it and once 1
magned that the pun wis more severe after the expeniment than
before

Davy » somewhat lengthy summary of Ins conchusions includes the
brief statement  As nitrous ovide m its extensine operition appears
capable of destroymg physwcal pun it my probably be used with
advantage dunng surgical operations mn wiich no great effusion of
blood takes place  These few words hfted from the unwnportant
posttion assigned to them by Davy wmong 1 mass of Ins other dedue-
tions not all of them accurate hwe been gien much promnence
the lustory of anwesthessa and st 1s often smphed that Duy was
suggesting that nitrous onide should be used 1s a general anesthetic
It 1s probable however that no such idea oceurred to tum, even though
he knew that prolonged mshalation of the gas would produce stupor
1f indeed he had concenved the 1der of producing surgical nesthesn
by means of nitrous oxide he would deserve blame rather than
praise 1n that he fresh from apprenticeslup to 1 surgeon made no
attempt etther to follow up this important idea limself or to encourage
others to do so It should however be realised that Davy was then
only twenty two years old and that s domunant enthusiism was
chemistry rather than medicine as was shown by the fact that - year
later he resigned lus post at the Pneumatic Institution 1 order to thhe

charge of the chenueal laboratory of the newly founded Royal Institu
tion m London  Thus early promotion resulted m the discontinuance
of Davys expenments with mtrous oxide Had he remamed at
gf;;ml an(:) ltakin s medical degree as onginally intended 1t 1s more
possible that Ins genmns would have led Ium to utthse mitrous

oade as a means of producing surgical anwsthesia

At about the time that Davy s interest 1 mitrous o

xide b
wane Henry Hil Hickman (1800-1830) was horn  Tn 1820 s nee

It 1820 he was
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admitted a member of the Royal College of Surgeons, and set up m
practice in Shropshire  Although Iittle older than Davy had been
when he camed out the researches on mtrous oxide Hickman differed
from Davy in that he had the clearly defined object of showing that
surgical anasthesia could be achieved by inhalation He formulated
this belief 1n a pamphlet published 1n 1824t In a letter addressed
to hus fiend T A Kmight TRS he says  There 1s not an
dividual who does not shudder at the 1dea of an operation and I
have frequently lamented when performing my own duties as a Surgeon
that something has not been thought of whereby the fears may be
tranquilised and suffering relieved Above all from the many
expeniments on suspended Animation I have wondered that some hint
has not been thrown out of its probable utihity and noticed by
Surgeons and consequently Ihave been induced to make expenments
on Ammals endeavouring to ascertamn the practicabiity of such
treatment on the human subject and ultimately I think [1t] will
be found used with perfect safety and success in Surgical opera
tions 13 To this letter 1s appended an account of seven
operations on ammals rendered msensible either through the inhalation
of carbomec acid gas or by the rebreathing of atmospheric air 1n a
closed chamber
Although Hickman expermented with different gases and was
even credited many years later by a member of the Academie de
Médecine 1n Pans 't with using N,O he refers only to carbonic acid
gas In the hight of recent research on the role of CO, 1n ansthesia
this choice was unfortunate At the time Hickman failed to gam
encouragement from the medical profession etther m this country or in
France Ardently as he believed that mhalation anasthesia would be
as successful with men as with ammals he hesitated unsupported by a
single colleague to apply his experimental findingstoman  Neverthe-
less he deserves recognition as the first to advocate unequivocally the
principle of producing surgical ansthesta by inhalation
Duning the first half of the nineteenth century popular lectures
of an mstructive though non techmcal character on chemistry had
an immense vogue in Amenca  On 10th December 1844 at Hartford
Connecticut the dentist Horace Wells (1815-1848) attended a lecture
advertised as A Grand Lxtubttion of the Lffects produced by mnhaling
Nitrous Oxid Exhilarating or Laughing Gas! gwven by Gardner
Quincy Colton (1814-1898) who had studied medicine but had never
faken a medical degrec At the demonstration which followed and
enlivened this dissertation ¥ Wellss cunosity was aroused by the
observation that a young man named Cooley who after mhaling N,0
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had «tumbled and Darked s dluns severely nevertheless seemed quite
oblnious to the acaident  Wells drew him aside and questioned him
closely nd finding that he <tontly muntuned that he had not felt
the <ightest pun became much exated and s<ad to 1 fnend * 1
behey e 1 man by talang that gas could have 4 tooth extracted or 1 imb
amputated and not fecl any pun  Before leanng the il he dise
cuseed the posabnlity with Colton and 1 dentsst named Riges and st
was arranged thit nent dav i the presence of witnesses, Wells should
inhale mitrous oade ndministered to lom by Colton while Riggs pulled
out one of Ins teeth  An-esthesa n thus mstance proved w unqurlified
SUCCLSs
Dunng the neat fon weehs Wells assisted by Riggs extrcted teeth
from 1 number of people and i January 1845 through tnother
dentist lus former partner \Vilham Thomis Green Morton (1819-
1868 obtuned permussion to demonstrate lus discovery 1t the Massa-
chusetts General Hospital in Boston It was ammanged by Dr J C
Warren one of the lerding surgeons of the hospital that Wells should
first address a cliss of students and then demonstrate the extraction
of a tooth from 1 young man under mtrous oxide  Tull det-uls of what
happened at that demonstration wilf never be hnown  Wells seems to
have acted as extractor an assistant admunistening the gas probably
from a comparatiely small bladder shapcd rubber bag with 2 simple
mouth tap It s generally stated that the ssistant withdrew the bag
too soon  As the tooth came out the patient yelled lustily, though
afterwards admitting that he felt little, if any pain Poor Wells was
accused of humbug and hooted out of the theatre by the students and
Warren bothered no further with lum ¥ Nitrous oxide w1s dis
credited and for exghteen years fell into disuse
In_explanation_of the failure of Wellss demenstration, at_may_be
surmised that the patient was of the robust type now described ns
anzsthetic resistant _for under mitrous oxide such a patient becomes
cyanosed before anwsthesia has been attained, indinthose early days
“heﬂ?_‘wﬁ—'\r—’—hpm:sw“asm:m:ﬂemxmm;u-sxgnal 1t 15 probable
that QQMXW{’;’M@ 1 an_appreciable_time
before surgical anasthesia had been attined  To this day 1t 1s some-
times impossible to produce perfectly tranquil narcosis, even for dental
extractions 1f mtrous oxide 1s used to anasthetise a robust male,
particularly 1f he 15 nervous and unpremedicated
Undeterred by Wells s failure lus former partner Morton continued
to 1nvestigate the possibility of pasless extraction  Since lihe Wells
:e :&ez?I;S?d n prosthetic dentsstry the incentive to discover a
elieving pain duning extractions was strong  The 1dea of
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admitted a member of the Royal College of Surgeons, and set up m
practice i Shropshire  Although lhittle older than Davy had been
when he carried out the researches on mtrous oxide Hickman differed
from Davy 1n that he had the clearly defined object of showing that
surgical anasthesia could be achteved by nhalation  He formulated
this belief 12 a pamphlet published in 182432 In a letter addressed
to s fnend T A Kmght TRS he says There 1s not an m-
dividual who does not shudder at the 1dea of an operation and [
have frequently Jamented when performing my own duties as a Surgeon
that something has not been thought of whereby the fears may be
tranquiised and suffering reheved Above all from the many
expenments on suspended Ammation I have wondered that some hint
has not been thrown out of its probable utihity and noticed by
Surgeons and consequently I have been induced to male experiments
on Ammmals endeaiouring to ascertan the practicabiity of such
treatment on the human subject and ultimately I think [1t] wall
be found used with perfect safety and success m Surgical opera
tions 13 To this letter 1s appended an account of seven
operations on ammals rendered insensible exther through the inhalation
of carbomc acid gas or by the rebreathing of atmospheric air 1n a
closed chamber
Although Hichman expenmented with different gases and was
even credited many years later by a member of the Academie de
Médecine 1in Pans!t with using N O he refers only to carbontc acid
gas In the light of recent research on the role of CO, m anzsthesia
this choice was unfortunate At the time Hickman failed to gamn
encouragement from the medical profession either mn this country or in
France Ardently as he believed that inhalation anasthesia would be
as successful with men as with animals he hesitated unsupported by a
single colleague toapply his expenimental findings toman  Neverthe
less he deserves recogmtion as the first to advocate unequivocally the
principle of producing surgical anzmsthesia by whalation
Dunng the first half of the nineteenth century popular lectures
of an mstructive though non techmcal character on chemistry had
an immense vogue in America  On 10th December 1844 at Hartford
Connecticut the dentist Horace Wells (1815-1848) attended a lecture
advertised as A Grand Lxhibition of the Lffects produced by inhaling
Nitrous Oxid Lxhilarating or Laughing Gas! given by Gardner
Quincy Colton (1814-1898) who had studied medicine but had never
taken a medical degree At the demonstration which followed and
enlivened this dissertation 5 Wellss cunosity was aroused by the
observation that a young man named Cooley who after inhaling N,0



HISTORY OF AN TSTHISIA L}

had «tumbled and bard od Ins dins aeverely neverthelecs ceemed quite
oblious 1o the acadent  Wells drew lum aesde snd questioned him
cowedy and finding that he stomtly muntuned that he had not feit
the dihtest pun became much exeited, and wad o 1 fnend, 1
belicve 1 man by tahing that gas could have 1 tooth extracted or 1 limb
amputated and pot feel amy pun’ Before Iewng the Il he dis-
cused the posslyhity with Colton and 1 dentist named Rogrs amd
was arranged that neat day an the presence of witnesses Wells <hould
mhile mtrous oxde admimstered to him by Colton wlule Riggs pulled
out onc of s teeth Anwcthean in this mstance proved an unqualified
suceess

Duning the neat fow weed « Wddls asasted by Riges extracted teeth
from 2 number of people and ain January 1845 through another
dentist Ins former partner Walham Thomas Green Morton (1819-
1863) obtuned purmission to damonstrate hus discovery at the Massa
chusetts Generl Hospital i Boston It was armnged by Dr J €
Warren one of the leading, surgeons of the hospital, that Wells should
first address 1 class of students and then demonstrte the extriction
of a tooth from 1 young man under nitrous onuide T ull detanls of what
happened at that demonstmtion will never be known  Wells seems to
have 1cted as extractor an assistant admunsstering the gas probably
from a comparitivcly small bladder shaped rubber bag with 1 simple
mouth tap  Itis generally stated that the ssistant withdrew the brg
too soon  As the tooth came out the patient yelled Justily though
afterwards admitting that he felt Ittle if any, pun  Poor Wells was
accused of humbug 1nd hootcd out of the theatre by the students, and
Warren bothered no further with lim % Nitrous oude was dis-
credited and for eighteen years fell into disuse

In explanation of the fmlure of Wellss demonstration, at nay_be

surmised_that the patient was of the robust type now described as
anasthetic resistant__for un

cyanosed before anasthesia has been attamed, andin those early days

“C Delore anas
when cyanosi; was doubtless Taken as 1 danger-signa] it _is_probable
that _admimstration would lwwnﬂpprwnblc~tlme
before surgical anasthesia had been attained  To this day 1t 1s some-

times impossible to produce perfectly tranquil narcosis even for dental
extractions 1f mtrous oxide 15 used to anmsthetise 2 robust male
Particularly 1f he 15 nervous and unpremedicated

Undeterred by Wells s failure Ius former partner Morton continued
to nvestigate the possibility of painless extraction  Since Iike Wells.
he specialised 1n prosthetic dentistry the mcentive to discover z;
means of relieving pain during extractions was strong  The 1dea of
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trymg ether probably suggested 1tself as a result of the frolics so
popular 1 Europe and America during the first half of the nineteenth
century at which small quantities of mitrous oxide or ether were
inhaled for the feeling of exhilaration which they produced At these
parties 1t had been conclusively established not only that ether vapour
was respirable but that too large a quantity caused stupor Michael
Faraday had pomted out in 1818 that m these respects the effects of
ether and mitrous oxide were sumilar 1

Asnitrous oxide had been discredited the distinction of discovering
anesthesia would belong to the one who itroduced ether In the
bitter quarrel which ymmediately followed the successful use of ether
Morton claimed that he had mntroduced 1t but Dr Charles Thomas
Jackson (1805-1880) chemist and geologist alleged that the credit
should be lus since he had suggested 1ts use to Morton Wesghing up
the pros and cons of the argument 1t now seems reasonably certain
that Jackson did not ongmnally suggest the use of ether but 1t seems
equally certain that he gave Morton valuable advice Tor Morton
having tned the nhalation of ether upon one or two household pets
without mushap nevertheless admitted to his partner Grenville G
Hayden !7 who appears to be a fairly reliable witness that ‘in some
particulars his discovery did not work exactly nght  whereupon Hay-
den adwvised him to consult a chermst  Towards the end of September
1846 Morton saw Jachson and though he did not disclose that he had
been experimenting with ether managed to glean important informa
tion Dr Morton told me wrote Hayden mn hus tesimony  that
he had just tned ether agam—in accordance with Jackson s hint—on
himself and that he had remained insensible seven or eight mmutes
by the watch A few days later on 30th September 1846, Morton
pourmg ether on a folded cloth successfully anasthetised Lben
Frost for the extraction of a tooth However all was not yet plain
sailing A senes of failures followed and Morton once more consulted
Jackson who this time recommended the use of a glassinhaler  After
making certain modifications n the inhaler Morton demonstrated ether
angsthesia at_the . Massachusetts General Hospital on 16th_Qctober
1846.. At this demonstration he admimstered ether under the
name of letheon (trymg unsuccessfully to keep 1ts precise nature
secret) and Warren dissected out a  congemital but superficial vas
cular tumor from the nech of a man As the patient recovered
consclousness Warren exclaimed  Gentlemen this 1s no humbug

It subsequently transpired that Crawford W Long (1815-1878) a
general practitioner had used ether as early as 1842 1n a few

bu
= 1 operations n Georgia US A but the exigencies of a

minor surgical
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Irge practiee and local apathy and oppostion gave him neither
opportunity nor cncouragement to pursue Jus dircovery further ¥

1t 15 of come mterest to note that it wis Colton who rantroduced
mtrous oxde 15 an anvsthetic  He had contintied to trvel about
Amenca givang populr fectures and after 1844 had ncluded an
account of Wells s discovery and of how the an-sthetic property of
tlus g1s had been made use of for tooth extriction  In 1862 after 1
lecture~lemonstration 1t New Bntun Connccticut, an old Idy ashed
to be allowed to mhale the gas to have some teeth out for she was afrud
both of cther and of chlorofortn  In contrast to the patient chosen
for Wlls s demonstrition, this eldetlv co-opemtive woman 15 now
recognised 15 being 1 suitable subject for displiying impressinely the
advantages of mitrous oude It 1s not surpnsing therefore that
Colton with Ius presious wide exgnence of this gis, admimistered 1t
to the satisfiction both of the patient and her dentist  Colton after-
wards tiught the dentist Dr Dunhiam, how to make the gas

On his neat lecture visit to the town 1 year Iter Colton found
Dunham 1n 1 flounshing prictice busily extracting teeth under mtrous-
oxde anesthesia He immediately deaided that in future the punless
extraction of teeth should be 1 feature of Ins lecture-demonstrations

In a few weehs  wrote J Manon Sims in 1877 * people came by
hundreds to tahe the gis 1nd get tecth extracted  This espeniment
convinced Colton that 1t could be made a great business and he
went to New Yorh and opened the Colton Dental Institute, where, since
1863 he and lus agents have given the gas to 97 000 persons without
accident  *

It 15 noteworthy that mtrous oxide and ether, the first two anes-
thetics discovered have retaned their popularity and that their use
has not been seriously challenged despite the introduction of many
other anmsthetics By reason of its safety ether still remams the
anazsthetic of choice for operations requinng musculir relasation
For minor operations mtrous oxide has the advantage of being elimin
ated much more rapidly and of providing quich recovery

Simpson (1811-1870) was the first to use chloroform 1s n wnwes
thetic  In a paper?® to the Medico Chirurgical Socxmurgh
on 10th November 1847 he wrote ‘ I am enabled to speah most
confidently of 1ts supenor anasthetic propertics having now tried 1t
upon upwards of thirty individuals | His success with chloroform
coupled with his enthusiastic championship of 1t quickly convinced the
medical profession not only 1n Great Britain but also on the Continent
and to a certain extent even 1n America that chloroform was mdce(i
far superior 1n every way to ether This widespread belief produced



8 ESSENTIALS OF GENERAL ANZESTHESIA
4
both evil and good evil because chloroform 1s intnnsically danger
ous good because the recogmtion of those mherent dangers was more
powerful than any other factor m promoting scientific mvestigation
into the nature of anasthesta and of anasthetic agents
The first to appreciate the urgent need for phystological research
and the man whose nfluence gmded the subsequent course of anzs
thesta for many years was the Yorkshireman John Snow (1813-1858)

whose books Ou and_On Anasthetics should be read by every
anesthetist It was Snow who set the seal of(Proprietyon anasthesta
1m_obstetrics when administereg oroform_to _Queen
Vactoria duning the irth of Prnce Teq)

pold and.agamn 1n.1857-at-the

birth o rice  Richardson? m 1858 wrnites  Inquist
tave folk often overburthened Snow after these events witha multitude
of questions One lady of an mquiring mind to whom he was

administening chloroform got very loquactous during the pertod of
excitement and declared she would inhale no more of the vapour unless
she were told what the Queen said word for word when she was taking
1t Her Majesty replied the dry doctor ashed no questions until she
had breathed very much longer than you have and 1if you will only go
on1n loyal imitation Iwill tell you everything  The patient could not
but follow the example held out to her  In a few seconds she forgot all
about Queen Lords and Commons and when the time came for a
renewal of hostihties found that her clever witness had gone home to
tus dinner leaving her with the thist for knowledge still on her
tongue It 15 noteworthy that paralysis of the intercostal muscles
a sign of anzsthesta (p 66) rediscovered by successive generations
of anzsthetists was first described by Snow  If the mhalation 15
contmued the breathing 1s rendered difficult feeble or irregular
and 1s sometimes performed only by the diaphragm whilst the nter-
costal muscles are paralysed 2 Tt wasSnow too who first made use of
an agent to absorb.carhon dioxide 1n a closed circmit during anasthesia
Under these conditions he anxsthetised ammals and further using
chloroform and ether he rendered himself analgesic for long pertods
employmng a solution of caustic potash as the absorbant =

At Snow s death his mantle descended upon the shoulders of
Clover (1825-1882) He enjoyed a busy practice with the leading
surgeons of his day, and spent most of his spare time 1 his workshop
His notes shetches and expenmental models presented m 1935 to the
Department of Anasthetics Unnversity of Oxford by his son and
daughter show that he had i his mind 1deas many years ahead of his
tune  He wrote comparatively little and 1s best remembered by Ius
ether-nhaler ¢ and 1t should not be overlooked that it was he who
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firt sugpted and made practicable 4 mtrons oxde ether cequence ®
By ths not only w1s the wnplocantaess of an ether induction asoded
bt ~fter anethessn had boen extablished ipidh with \O the ether
concentrition m the wmhaled minture could be mereaed uniformly

The techmque for the admmstrition of general ansthetics
advanced remarhably hiutde untid the twentieth century - The 1914
1915 Wt was responsible for the more generil adoption of endotracheal
ansthesn  This method scems first to lse been_ nsed by Leendelen
burgin 1869 g reabised the tnportance of prching off thelanns to
prevent theinsration of blnod and dcbrs dunng catensne.operitions
i the buceal cavsts  Before the operation was commenced tricheo
tomy ws performed and the sdmimstmtionof the xnesthetic continued
through 1 cannulr surrounded by an nflatable cufl mnecrted mto the
trachen through the wound ™

In 1878 Willinm Mackwen surgeon to the Glisgow Royi Infirm
ary deaded toessay the  mtroduction of trichienl tubes by the mouth
mstend of performing tricheotomy or hiryngotomy ¥ He carmed
out 1 number of experiments posf morfem nd found that  mstruments
of the tube fund could after 1 httle prctice be passed with facility
through the mouth mto the trchen by mtroducing the finger
mto the mouth depressing the epiglottis on the tongue nd so guding
the tube over the back of the finger mto the laryny His fint case 1s
desenbed as Removal of epitheliomn from pharyny and base of
tongue  miroduction of tube into the tracher through mouth to
occlude hamorrhage from hiryny and for dmumstration of n-es-
thetic A large-bore flexible briss tube ¥ was passed on the
completely unanasthetised patient and he wrtes  Fhe usual cough
ceased as he recened 1 few whiffs of chloroform the upper
opening of the Iarynx was stuffed with « sponge

waw harsteins  Autoscope
the first direct sision laryngoscope endotrachenl tubes were passed by
the sense of touch with the aud of a hook shaped pilot introducer ror
the laryny sas exposed by 1 tonguéspuult as advocated by the

Trench surgeon Doyen (1859-1916] At thus period sometimes generd
anmsthesia was mduced more often the larynx was cocumsed before
intubation

Bubn s 1902 further populansed hryngeal intubation He
advocated cocammsation rather than general anesthesia  and he used

a large bore flexible metal tube and a hook shaped introducer and
resorted to exposing the larynx wath a spatula only n difficult cases
It 1s mteresting to note tos that he admmistered anasthetics under
positive pressure gave chloroform 1 a CO, absorption apparatus and
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records three cases in which a tube was passed through the nose into
the trachea %

In 1909 Meltzer and Auer physiologists, of the Rockefeller Insti-
tute New York became interested mn the problem of continuous
respiration without respiratory movement — They carried out a
number of experiments on dogs msufflating a continuous current of
oxygen laden with ether vapour through a small endotracheal catheter
allowmg the sufflated air to escape by way of the space left between
the wall of the catheter and the vocal cords In reporting these
expenments Meltzer says  Another important and practical feature
which we have observed 1n this method 15 its relation to ansthesia

It seems to me that the giving of ether by the method of intra-
tracheal insufflation 1s the safest and most effective way of administra-
tion of this anesthetic 3t

Meltzer s 1dea was adapted to climcal anzsthesia by Elsberg?
also of New York who in passing the tubes made use of Chevaler
Jackson s laryngoscope as a routine measure although many of his
followers still preferred to use introducers  Although Elsberg s work
attracted widespread attention endotracheal anzsthesta continued to
be used on rare occasions only and the passing of a tube was regarded
as a major procedure It was not until anesthetists were faced with
the unprecedented problems of war mutilated soldters needing exten-
sive plastic surgery of the head and face that endotracheal anzsthesta
was widely adopted  To Rowbotham and Magill 3¢ must be given the
credst for 2o simphtymng the techmgve that endotrachenlsnzsthesia
has become génerally adopted for a wide vaniety of operations

The psychological advantages which accrue from producing un-
consclousness before an inhalation anzsthetic 1s administered appear
to have been appreciated first by the French naval surgeon Iomné
who m 1874 employed doses of 2-5 g of chloral for this purpose 3
Later intravenous ether® and ntravenous hedonal® were used
but 1t was not until 1913 when Gwathmey mduced anzsthesta by
giving a mixture of ether and ohive o1l rectally # that the method was
considered sumple enough and the results sufficiently constant and
safe for the principle to become established In 1926 Willstitter and
Duisberg, searching for a remedy which could be given rectally to
abolish the spasm of whoopmg-cough * introduced a new drug
tribromethylalcohol now known as Avertin It was at once

recogmsed by Fntz Eichholtz® asan extremely promsing anxsthetic
After bemng widely tested as such 1n Germany and at Lichholtz s
request 1n England,® 1t rapudly attamned wide populanty and still

remarms one of the most useful of basal anzsthetics
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Gnce 1921 varous demy atnes of barbitune 1ad hive been used as
basal anesthietics with varying =uccess but tlus group of drugs did not
attasn uaner<al populinty until 1932, when Y Merse ¥ discorered
the ulMsa short seting bubilunte. named Lypan Weese confimmed by
expenment the s alue of evipan not only s 1 riprdly acting hy protic
but as 1 total anwsthetic and i 197 Wilhelm Bactzner € of Berhin
reported 400 surgical cases m which hie had wsed evipan successfully
ather 15 4 basal or 15 the <ole nesthetic

In the Jat two decades there Bive ben great advances and
rdfinemants m anesthicar  In the 19305 the barbiturtes found an
«tablished phce nd the wtroduction of_cyclopropane and of the
carbondioside_abrorption techmaque wore two outstanding contribu-
tions of Ralph M Watere of Madison U S A In 1937, throuph.the
munificcac o Tord Nilficld the it Charof Anesthictics was founded
m s country  The 19405 hase been notoworthy for the increrany
popularity of curinsy, drugs following Griffith « publication i 1942 8
and 3t 15 antertaning to reflect that the ncsent and my stenous South
Amdrican arrow  poron figures s modermwd  standardied
stabilised form as the Iatest blesang, of twenticth eentury anesthean
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records three cases 1n which a tube was passed through the nose mnto
the trachea %

In 1909 Meltzer and Auer physiologists, of the Rockefeller Insti
tute New York became imterested in the problem of continuous
respration without resprratory movement  They carmed out a
number of experiments on dogs insufflating a continuous current of
oxygen laden with ether vapour through a small endotracheal catheter,
allowing the msufflated air to escape by way of the space left between
the wall of the catheter and the vocal cords In reporting these
experiments Meltzer says  Another important and practical feature
which we have observed in this method 1s 1ts relation to anasthesia

It seems to me that the giving of ether by the method of intra
tracheal insufflation 1s the safest and most effective way of admimstra
tion of this anzsthetic 3

Meltzer s 1dea was adapted to climcal anzsthesta by Elsberg?
also of New York who 1n passing the tubes made use of Chevalier
Jackson s laryngoscope as a routine measure although many of his
followers still preferred to use mtroducers  Although Llsberg s work
attracted widespread attention endotracheal anzsthesia continued to
be used on rare occasions only and the passing of a tube was regarded
as a major procedure It was not until an®sthetists were faced with
the unprecedented problems of war-mutilated soldiers needing exten-
sive plastic surgery of the head and face that endotracheal anzsthesia
was widely adopted To Rowbotham and Magill 3 must be given the
credit for so simphfying the techmque that erdo hesia
has become génerally adopted for a wide vanety of operations

The psychological advantages which accrue from producing un-
consciousness before an inhalation anesthetic 1s admmstered appear
to have been appreciated first by the French naval surgeon Forné
who m 1874 employed doses of 2-5 g of chloral for this purpose
Later intravenous ether® and itravenous hedonal* were used
but 1t was not until 1913 when Gwathmey induced anmsthesma by
giving a mixture of ether and olive oil rectally ¥ that the method was
considered sunple enough and the results sufficiently constant and
safe for the principle to become estabhished In 1926 Willstatter and
Duisberg searching for a remedy which could be given rectally to
abolish the spasm of whooping-cough 3 introduced a new drug
tribromethylalcohol now known as Avertin It was at once
recogmsed by Intz Eichholtz 3 asan extremely promising ansthetic
After bemng widely tested as such in Germany and at Lichholtzs

request m England @ 1t rapudly attained wide populanty and still
remains one of the most useful of basal anzsthetics



CHAPTER I
GENERAL REMARKS

Sunctcat attsthest man be either local, regromal <pint! or generl

1 Local —The drug m hquid form s applied ta areas of mucous
membrane ¢ g of the noscorthroit or st ingected into the immedinte
noighbourhood of the ate of aperttion e g the mucous membrine nd
decp tiseges 1round 1 tooth  Local anwsthiessn or msensitinaty results
from the narcotssation of Afferont nenc endings

2 Regional — 4 «olution of the drug s imjected into thoimmedinte
neighbourhood of a sclected «neory nerye, and by diseet action on the
nerve fibres blochs trinsmisvon of umpulses from the region which this
nerve supplics ¢ g the anan can be rendered meensitive to pun by an
mjection made above the elrvicle which reaches the brchial plexus,
and an mnjection mto the nughbourhood of the wfenor dental nerve 1s
1t 15 about to cnter its forumen produces anesthesty of the mandible
on that side

Local anvstheqa my be combined withregional Tor an abdomnal
operation the skin and subcutancous tissues may be wnesthetised by
jocal mfiltritien  witle flacaidity of the abdomwnnl muscles and
wsensitingty of the pentoncum may be obtuned by mmjecting the
anasthetic around the lower intercostal nerves where they onter the
muscles

3 Spinal —The anasthetsic solution 35 mjected mtrathecally
(te nto the spinal caml)y and there mmves with the cerebrospinal flusd
bathing the_nerves mside the canal  The spinal cord termumates at
the lower border of the first lumbar sertebra nd to 1oid the dnger
of mnjunng st the mjiction 15 made below this leved usually between
the second and third lumbar vurtebre  The object of spmal anwesthesia
15 1o bloch the sensory nerves of several segments of the cord although
he correspondimy, motar nerves are necessanly also mioled  Smce
the nerve roots mn this situation are very close together, many can be
affected simultaneously and a lirge area of the body thus an-esthetised
by 2 single ijection  The distance to winch the anesthetic spreads
n the spinal canal is determined by the amount of anesthetic njected
by the patient s postute and by the specific gravity of the mjected
solution  Intrathecal njcction ss rarely employed for operations
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the following, conmderations That—

Antitheas 1k a ptholegiead state ad s prodiction s v senous
maticr not to be undertaken hightly

Any drug wiich produces the <iite of uncomcouness with
flicadity hnown as anrsthesa 1< 4 powson although i the easc of
the n~thetics in common use the poreon s controiltble and ats 1ction
reversible

Prticnts cannot be vendered unconscious By_any mews withowt
dong them some generat hanm and mvolung them sn a certun 1f only
a mnute degree of nsh

Anzsthetics <hould be ginen only when st 15 behoved tht the
resulting relief will more than compensate for thewr poiconous cffects

The anvsthetics to be employed must cause the mmmum of
damage

Only those drugs which have stood the test of tume should be in
routine use for the production of aesthesit

To ment inclusion 1 the hst of recognised nwsthetic agents 4
drug must hase the following 1dvantages os er other means of producing
UNCONSCIOUSNESS

1 Its Action st be Reverssble —The anesthetic vdmumstered must
be erther excreted or mettbohsed mipidly enough to llow the patient
te recorer withmn 1 reasonable time

2 Its Action must be Controllable —\With suhalalion anasthelres
depth of anwesthestn s controlled by regulating the strength of
the muxture delivered to the patient  Certawn changes in respiratory
shythm foretell the approach of dangerously deep 1n-tsthesin and give
the watchiul admimstrator ample time to discontinue the 1nesthetic
by removing the face piece  Lven if these warmngs are ignored and
the supply of anasthetic s mamtamed the dimnutsonof therespiratory
excursions reduces the intahe of the drug and respiritory arrest ensues
mmmedutely the amount of anasthetic i the blood stream reaches the
level which causes tius condition A ise above thus level 1s impossible
since intake of the drug ceases with respiratory arrest  H removal of
the mask has been delayed until this emergency has supenvened
artificial respiration if mstituted promptly wili elinunate sufficient
anesthetic via the lungs to reduce the concentration mn the blaod
stream below that which has paralysed the respiratory centre  That
elimmnation has been effective 15 shown by the almost wmmediate
resumption of normal respiration  Mawntenance of any desired level
of anmsthesia 15 effected most safely and easily with mhalation
anmsthetics since these are more controllable than these given by other
routes  This 15 of much importance where profound anmsthesm 1s
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necessitating anzsthesia above the level of the area supplied by nerves
emerging from the fourth dorsal segment of the spwnal cord If
anasthesta of higher regions 1s attempted by this means the mnjected
flud 15 hiable to spread to the level of the fifth cervical segment and
paralyse the phrenic nerve which supphes the draphragm  This would
bring respiration to a standstill because by the time the anzsthetic
reaches this level the diaphragm would be the only respiratory muscle
still functiomng the intercostal nerves having been already affected
dunng the upward spread of the anzsthetic

4 General —The patient 1s rendered unconscious and for practical
purposes unresponsive to stimuli applied to any part of the body—
hence the term  general” This 1s the only type of anmsthesia
considered m this book The drug s distnbuted by the blood-
stream through the whole body and anzsthesia results from s
action on the bramn  The anasthetic may be admmistered either
by (a) wmnhalation (8} mtravenous mjection (c) mouth (d) rectum
less commonly by (e) subcutaneous injection or (f) mtramuscular
1injection

Expenence has shown that only certamn drugs are suitable for the
production of general anwsthesta common examples bemg mtrous
oxide ether and thiopentone the chemical compositions of which differ
widely

Natural sleep 1s a phystological state of unconsciousness_and differs
from anzsthesia 1n that a pafient reacts to shmub and 1s easily roused
to consciousness By the use of less than a full dose of any. anzsthetic
a patient can be rendered unconscions but, according to the-amount
meaﬁ excessively or sluggishly to a pawnful stunulus  The
response to such a stimulus 1s excessive 1if ‘sufficient_anzsthetic 1s
given to_remove only_the patients higher_conscious_control and
becomes progressively less as larger doses_are admunistered Such
@Mwwa
refles. Action, 1s unsuitable for operations because the patient-sreactions
may wnterfere with the surgeon s work

A state indistinguishable from general anasthesia occurs also as a
result of poisoning e g by coal gas or bactenal toxns (such as from
typhoxd fever or diphthena)} the toxms of urmmia or diabetes
large doses of alcohol morphia aspinn etc  Extremes of heat and
cold or severe trauma or partial drowmng may also result mn a similar
condition  Unconsciousness from any of these factors or indeed the
monbund state preceding death 15 often mndistingmishable from one
or other of the stages of an®sthesia produced by recogmsed general
anmsthetics  Realisation of this fact emphasises the mmportance of
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the following considemtions  That—

An-esthesin 161 Jmhologl.gﬂ_, state wnd its produchan 15 1 sernous
matter not to be undertahen lightly

Amv drug which produces the stite of unconsciousness with
flaccrdity, hnown as anesthestt 1s a poison, although i the case of
the anesthetics sn common use the poison 1s controllable 1nd sts action
resersible

Patients-cannot_be rendered unconscious by any means without
domng them some general harm and im ohang them 1n a certain,af only
a minute, degree of nsh

Anasthetics should be given only when it 15 beheved that the
resulting relief will more than compensate for therr poisonous effects

The anaxsthetics to be employed must cause the mimmum of
damage

Qualy those drugs which have stoad the test of time should be
routine use for the production of anesthessa

To ment mnclusion m the hst of recogmsed an:sthetic agents, a
drug must have the following advantages over other means of producmg
UnCOnsCIousness

1 Iis Action must be Reversible —The anasthetic admmstered must
be erther excreted or metabolised rapidly enough to allow the patient
to recover within a reasonable tume

2 Its_Actron snust be Controllable —~\With inhalation anesthetics
depth of anmsthesia 15 controlled by regulating the stremgth of
the mxture delvered to the patient  Certam changes n respiratory
thythm foretell the approach of dangerously deep anasthesia and give
the watchful adminstrator ample tume to discontsnue the anzsthetic
by removing the face-priece  Lven of these warnmngs are ignored and
the supply of anasthetic 1s mantaned, the diminutionof therespiritory
excursions reduces the mtake of the drug and respiratory arrest ensues
wnmedsately the amount of anasthetic in the blood stream reaches the
tevel which causes this condition A nse above ths level 1s impossible
since mntake of the drug ceases with respiratory arsest  If removal of
the mask has been delayed until this emergency has supervened
artificial respiration if mstituted promptly will elimmate sufficient
ansthetic via the lungs to reduce the concentration i the blood-
stream below that which has paralysed the respisatory centre  That
ehmination has been effective 15 shown by the almost mnmediate
resumption of normal respiration  Mantenance of any desired Jevel
of anmsthesia 1s effected most safely and easily with mhalation
ansthetics since these are more controllable than those gwven by other
toutes  This 3 of much wnportance where profound anzsthesia s
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necessitating anzsthesia above the level of the area supplied by nerves
emerging from the fourth dorsal segment of the spmnal cord If
anasthesia of higher regions 1s attempted by this means the mnjected
fld 1s hable to spread to the level of the fifth cervical segment and
paralyse the phrenic nerve which supphes the diaphragm  This would
bring respiration to a standstill because by the time the ansthetic
reaches this level the draphragm would be the only respiratory muscle
still functioning the intercostal nerves having been already affected
dunng the upward spread of the anesthetic

4 General —The patient 1s rendered unconscious and for practical
purposes unresponsive to stimul applied to any part of the body—
hence the term _ general  This 1s the only type of anwmsthesia
considered m ths book The drug is distmbuted by the blood
stream through the whole body and an®sthes:a results from its
action on the bramn  The anzsthetic may be admmistered either
by (a) wnhalation (b) mtravenous mjection (¢} mouth (d) rectum
less commonly by (e) subcutaneous mjection, or (f) intramuscular
njection

Experience has shown that only certam drugs are suitable for the
production of general anzsthesia common examples being mitrous
oude ether and thiopentone the chemical compositions of which differ
widel;

Ng_mml_slw_a_p 10logrcal state of unconsciousness and differs
from anasthesia 1n that a patient reacts to stimuli and 1s easily roused
to consciousness By the use of less than a full dase of any anzsthetic
a patient can be rendered unconscious but, according to_the-amount

ven may react excessively or sluggishly to a panful stimulus _The
Eespﬁe&'t? such a stimulus 1siexce5§\1§e if_sufficient_anzsthetic 1s
given to remove only the patients higher_conscious_control and
bwsswdy less as larger doses_are admimstered Such

nconsciousness “accompanied by amnesia for pain but not by loss of
seflex action, 15 unsuitable for operations because the patient-s reactions

may nterfere with the surgeon s work

A state indistinguishable from general anzsthesia occurs also as a
result of powsonung, e g by coal gas or bactenal toxns (such as from
typhoid fever or diphthena) the toxns of urmmia or diabetes
large doses of alcohol morphia aspinn etc  Extremes of heat and
cold or severe trauma or partial drowning may also result 1n a sumilar
condition  Unconsciousness from any of these factors or indeed the
moribund state preceding death 1s often indistingmshable from one
or other of the stages of anwsthesia produced by recogmsed general
anmsthetics  Realisation of this fact emphasises the importance of
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of an acadent or error of judgment  lor exumple m the use of
paraldehyde which 1s frequently given rectally 151 basal anesthetic
1n doses of 3} per stone of body weight confusion between the symbols
for the drachm {3} 1nd the ounte {3))5 hnown to have led to the
admumstration of cight times the mtended dose with fatal results

1f 1t should be found that an overdose has been given any drug
remaming umbsorbed i the stomach may be recovered by gstre
lavage Ssmulasly, an attempt should be made by washing out the
rectum to recover substinces admimstered by that route, but n
practice 1t 15 found to be more dhfficult to recover A drug from the
rectum than from the stomach

3 Its Action must be Predictable —Within reasonable hmuts an
anmesthelist can foretell the effects of a given quantity of thiopentone
on a gien patient Rate of recovery vanes with dafferent anwsthetics
but depends 1n great part on the dosage  Lxpenence and a hnowledge
of the amount admumstered enable one to predict approxuimately the
time of recovery

4 The Therapeutic Quotient sust be High 1e the ratio between
the mmimum lethal dose and the mimemum dose which must be miven
to produce unconsctousness must be high  The therapeutic quotient
of hevobarbifone for mstance 1s 4 this means that 1 03 g 15
necessary to render a gven patient unconscious it is unbihely that
hexobarbitone will be lethal to that patient unless a dose of four
times that quantity {1 2 g) 1s admmstered at one time

5 Its Sde-sctions should be Mammal —Beyond the production of
anesthessa  the physiological functions of the patient should be
disturbed as little as possible  To achieve this the anzesthetist must
select the drug most appropriate to the patient and for the operation
and must have had experience 1n 1ts use  Imhalation of mtrous oxide
for a few munutes will not produce appreciable after-effects but the
longer the admunstration the more probable witl be the occurrence
of nausea vomuting and even collapse Lther a more powerful
poison than mtrous oxide produces deeper anmsthesia and when its
admumstration 15 discontinued 15 followed by o longer penod of
unconsciousness and by greater toxic effects on the body  These are
frequently mamifested by nausea and vonuting and occasionally by
more senions disturbances such as post-anmsthetic albuminuria

As already mentioned unconscioustess deep enough to perrmt
the performarice of a surgical operation may be produced by a wide
vaniety of causes It 1s possible to concenve of & classification of such
causes arranged n order of ment on the basis of ther degree of
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required since at this level any excess of anzsthetic soon produces
respiratory depression
The effects of drugs given intravenously (e g thiopentone) cannot be
controlled so_readily It 1s true that anasthesia can be deepened
to any degree by the sumple process of mjection but the ease and
rapidity with_which_an_anasthetic drug can be mtroduced into-the
blood stream 1s_associated with_the danger that an overdose may-be
given before the usual warming respiratory_signs.are mamfest With
rapiud mjection although the onset of respiratory depression and arrest
1s sudden 1t 1s dangerously easy to introduce sufficient anasthetic
to raise the blood concentration considerably beyond that which causes
resprratory arrest  Most intravenous anzsthetics are detoxicated by
the hiver and excreted through the kidneys and elnmnation 15 slow
Moreover 1f the blood concentration has been raised above that which
produces tespiratory arrest artifictal respiration will have to be
contmnued until the concentration 1s reduced to the level compatible
with normal respiration  If the excess 1s slight artificial respiration
will probably be needed for only a few minutes whereas if the excess
15 great enough artificial respiration will be unavaiing no matter how
long 1t 1s continued In between these two extremes will be found
cases where lives are saved by prolonged artificial respiration
The precision with which 1t 15 possible to control the action of

drugs given by mouth or recttmt 1s even less than 1s the case with drugs
which are given mtravenously Continuous admmstration by these
routes 1s impracticable so that the whole of the estimated dosage 1s
mtroduced while the patient 1s still conscious  Absorption from the
rectum 1s more umform than that of drugs given by mouth which
depends on the general condition of activity of the alimentary tract
which n turn may be considerably delayed by emotional states such
as fear and excitement  More important however than the uncer-
tainty_as_to_the rate of absorption is the overnding consideration
(applicable also to drugs injected intravenously) that 1f an overdose
should be administered by erther route absorption once 1t has begun
will continue even after respiratory failure has occurred For this
reason 1t 15 not practicable to induce full surgical anzsthesia with
substances given by mouth or rectum They may be used only to
bring about the state of basal anzesthesia which requires to be deepened
further by the admumstration of a more controllable drug (eg a
volatile an®sthetic) 1n order to carry out a surgical operation  The
lack of ccntrollabiity of drugs given by these routes enforces 1 de
Iiberate avoudance of the use of doses large enough to be dangerously
unmanageable which means that ov erdosage occurs only as the result
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of an acadent or error of judgment  Tor example m the use of
paraldehyde wlnch 15 frequently ghen rectally 1s 4 basal anesthetic
1 doses of 3j per stone of body weight, confusion between the symbols
for the drachm (3) and the ounce () 1s known to have led to the
admmistration of eight tumes the mtended dose with {atd results

If 1t should be found that 1n overdose his been given 1y drug
remaimng unabsorbed 1 the stomach may be recovered by gastne
lavage  Sumilatly, a0 attempt should be mude by washing out the
rectumn to recover substances admimstered by that route, but n
practice 1t 15 found to be more difficult to recover 1 drug from the
rectum than from the stomach

3 Iis Action must be Predictable —\Vithin reasomable hmats an
anmsthetist can foretell the effects of a given quantity of thopentone
on a gnen patient  Rate of recovery vanes with different anesthetics
but depends mn great part on the dosage  Expenence and a hnowledge
of the amount admustered enable one to predict approximately the
time of reco ery

4 The Therapeutic Quotient must be High 1¢ the ratio between
the mnimum lethal dose and the mimimum dose sluch must be gnen
to.produce unconscrousness must be iigh  The therapeutic quotient
of hexobarbitone for mnstance 15 4  this means that if 03 g
necessary to render a given patient unconscious 1t is unhhely that
hexobartutone will be lethal to that patient unless a dose of four
tumes that quantity {12 g }ss admumstered at one time

5 Its Side-gctions shosld be Minimal —Beyond the production of
anasthewia  the physiological functions of the patient should be
disturbed as httle as possible  To achicve this the anmsthetist must
select the drug most appropriate to the patient and for the operation
and must have had expenence 1 its use  Inhalation of mtrous oxide
for a few mnutes will not produce appreciable after-effects but the
Yonger the admmistration the more probable wil} be the occurrence
of nausea vomiting and esen collapse Lther a more powerful
Po1son than nitrous oxde produces deeper anmsthesiz and when its
admimistration 15 discontinued 15 followed by a longer penod of
;lrzoonscxou ness and by greater toxc effects on the body  These are
moqufmﬂ} mamfested by nausea and vomiting, and occastonally by

1€ senous disturbances such as post anesthetic albuminuna

. eAS r?lrfnd) mentioned  unconsciousness deep enough to permut
vmg Oz‘mance of a surgical operation may be produced by a wide
Ca\lses) Oleauses It 1s posable to concene of a classification of such

) amanged an order of ment on the basis of their degree of
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reversibility controllability, and predictability, therapeutic quotient
and mtensity of side reactions These causes would then torm a
continuousseries of gradually decreasing safety, utility, and convenence
In practice doubtless there would be considerable disagreement over
the exact order , few would care to assess the relative ments of aleohol
and paraldehyde as means of producing surgical anzsthesia  Never-
theless the nght of the anasthetics i routine use to stand at the head
of the hst can hardly be disputed, and the last place would perhaps
be generally assigned to that pre mortal coma which heralds the end
n various towc and traumatic conditions This hypothetical bst
mgcludes a group of pre-anasthetic drugs so called because they are
admimstered before induction of anzsthesia to assist the action of
anasthetics They may be regarded as intermediate 1n their action
between the recogmsed anzsthetics and the grosser causes of production
of unconsciousness  These connecting links include morphia alcohol

and paraldehyde which 1if exploited to their full extent can serve
without assistanceas adequate anasthetics  These drugs are dealt with
1 the chapter entitled Pre anasthetic Medication (p 88) but are
mentioned here m order, on the one hand to emphasise the existence
of a large number of compounds capable of producing anasthesia

which because of their gradually decreasing safety are of only acaderme
interest to the practical anmsthetist and on the other to reiterate
that there do not exist providentially provided substances whose sole
action on the body 1s the production of anzsthesia



CHAPTER 1
THEORY OF AN/ASTHESIA

How do anesthetics work ?  This 1s one of the first questions the
student ashs when he 15 mntroduced to the practice and problems of
anesthesta  That the correct wswer s stall a subject for speculition
15 shown by the atlocation of more than thirty pages of Gwathmeys
text boolk to the discussion of mineteen theones  Many additional
theones are to be found elsewhere some mntelhgible only to ther
propounders

Vanous drugs modify the actions of the different celis throughout
the body  Those used as anmsthetics are chosen because they depress
reversibly the actinaty of the central nervous system without crusing
generalised phy siological disturbance of practicnlimportance A case
can be made for the hypothesss that all phenomena deswrable and
otherwise of anmsthesia are attnbutable to anoxia Al the cells of
the body require adequate oxygen for the continuance of their normal
functions  Mental impatrment and unconsciousness result from pro-
gressive oxygen Jack  Production of unconsciousness by duninution of
oxygen tension 13 exemphfied when the airman loses consciousness on
reaching great altitudes and regans st when hs aeroplane falls to a
level where the oaygen tension 1s sufficient to support mentaf activity
Different mdividuals lose conscrousness at different Ievels of oxygen
tension some at a level hittle reduced from the normal  Loss of con-
sciousness at Jow oxygen tension can be demonstrated 1o a class by a
volunteer whaling an mert gas such as mitrogen or hehum  In the
average indinidual when the alveolar oxygen tenston 1s reduced below
approximately 30 mm Hg unconsciousness supervenes Another
method 15 to place the subject 1n a large steel decompression chamber
{fig 1) and to lower the atmosphenc pressure withm When the
pressure of air wside the cyhnder 15 reduced to about 300 mm Hg
{equvalent to an alveolar oxygen tension of 28 mm Hg) the patient
will lose consciousness A sumilar result may be achieved by admms-
tening a mixture of mtrogen 92 per cent and oxygen 8 per cent at
normal atmospheric pressure

The warnng on p 339 agawnst expenmenting with anwesthetics
unless another person 15 present apphes with equal force to exper~
ments on the effects of low O tension  In both cases the onset of
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unconsciousness 1s msidrous and fatalities have been recorded where
ths precaution has not been taken

The way 1n which body
cells utilise oxygen 1s ex
tremely complex and 1s not
yet fully understood It 1s
known however that during
the oxidative  processes
many different compounds
are formed At each lnk
mn the complex cham of
compounds oxygen transfer
1s mediated by an enzyme
If any one of these many
enzymes 1s powsoned the
oxygen transfer cannot tahe
place with the result that
the cell 1s deprived of the
oxygen 1t needs mn order to
function normally It has
been shown that wuncon-
scrousness will result 1f the
tension of oxygen to which
the tissues are exposed 1s
reduced below a certamn level It 1s possible therefore that the
action of anzsthetics 1s to produce a dimimshed intracellular oxygen
tension despite a normal blood oxygen tension How this 1s
brought about 1s not known but 1t 1s not unreasonable to postu
late that the various anasthetics act by combming with the cell
Lipords thus poisonmg one or more of the many enzymes taking
place 1n the complicated process of cell oxidation The result
will be that all cells which have absorbed an anesthetic will
lose their capacity to utilise the oxygen circulating m the blood-
stream 1n proportion to the amount and potency of the drug they
have absorbed This hypothes:s 1s supported by the fact that the
amount of oxygen which the tissues consume becomes less and less as
anzsthesta deepens although whether this 1s post hoc or propter hoc
1s not proven

It must not be thought that the owidative processes are entirely
abolished by ansthetics If this were to happen for any length of
time cell death would take place  This 1s seen 1n death from asphyxia
following carbon monoxide powoning where the oxygen-carrying

RAFOf 1§ Cou pyrght o d
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capaaity of the blood 1s reduced to less than wital hmits It also
occurs when an over dose of an anesthetic completely 2bolishes mtra
cellular ondation  In surgical an-esthesn the oxidhiive processes re
only dinumshed, 1nd since the action of an-esthetics 15 reversible
complete recovery of cell function tahes phee after the drug 1s
ehmipated

The oxygen deprivation theory of anesthesia 15 bound up with the
fact that anwesthetics are readily absorbed by fats I an anvesthetic
1s added to a misture of equal parts of olive o1l and water 1t will be
found, after the whole has been well shaken and allowed to stand
that when the olive ol and water separate they will have taken up the
anzsthetic mn defimte proportions  Sumlarly the amount of 1n-es
thetic taken up by cell kipords bears a constant ratwo to that remauung
1 the blood-stream  In general the greater the affimity of the anes-
thetic for fats the greater 1s its potency

The functions of different cells of the body as a whole and mdeed
of any particular organ dimmsh at progressive stages of oxygen lach
The various nerve cells themselves differ in their reaction to Qy-lack
The more recent the phylogenetic development of a structure the
more sensitive it 1s to O -lack, and the more hable it 1s to irreparable
changes if this Jach 1s complete or prolonged  Of the parts of the bramn
the more recently and highly developed cerebrum reacts to Oplack
at anp early stage so that rational thinhing and consciousness are lost
early  This 1s quickly followed by cerebellar disturbance  These two
changes are farmhar occurrences i drunkenness which can be regarded
as bemng the first stage of anzesthesia by alcohol  In deep anwesthesia
the processes of metabolism and elrmnation 1e the functions of the
liver and kidneys may be almost entirely suspended while primitive
functions of respration and cardiac action continue relatively un-
tmpatred  Turther deepeming of anasthesia 1s followed m turn by
respiratory depression cessation of respiration and finally cardiac
arrest

There are two ways of reducing the oxygen available to the tissues
in order to produce unconsciousness and anasthesia  Oue 1s by the
simple expedient of inhaling an nert gas such as mtrogen with the
addition of just sufficient oxygen to support essentral metabolic
activity  the other 15 to supply the patient with the usual (or even
€xcess) amount of oxygen but at the same time to poson the cells
S0 that they cannot atilise 1t 1n the normal way As Macklin! puts
it, there are two ways of starving a patient (1) sumply by depriving
him of food (the analogy 1s duminution of the oxygen content of the

blood as m mitrous-oxide anesthesia) and (u) by giving him abundant
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unconsciousness 1s msidious and fatalities have been recorded where
this precaution has not been taken

The way mn which body
cells utilise oxygen 1s ex-
tremely complex and 1s not
yet fully understood It 1s
known however that during
the oxidative  processes
many different compounds
are formed At each link
m the complex chamn of
compounds oxygen transfer
15 mediated by an enzyme
If any one of these many
enzymes 15 poisoned the
oxygen transfer cannot take
place with the result that
the cell 1s deprived of the
oxygen 1t needs m order to
function nommally It has
been shown that uncon
sciousness will result 1f the
tension of oxygen to which
the tissues are exposed 1s
reduced below a certain level It 1s possible therefore that the
action of anzsthetics 1s to produce a diminished intracellular oxygen
tension despite a normal blood oxygen tension  How this 1s
brought about 1s not known but 1t 1s not unreasonable to postu
late that the vanous anasthetics act by combining with the cell
Lipords thus powisoming one or more of the many enzymes taking
place n the comphcated process of cell oxadation The result
will be that all cells which have absorbed an anasthetic will
lose therr capacity to utihce the oxygen circulating m the blood-
stream 1 proportion to the amount and potency of the drug they
have absorbed This hypothesis 1s supported by the fact that the
amount of oxygen which the tissues consume becomes less and less as
anmsthesia deepens although whether thisis post hoc or propter hoc
1s not proven

1t must not be thought that the oxidative processes are entirely
abohished by anmsthetics  If this were to happen for any length of
time cell death would take place  This 1s seen 1n death from asphyvia
following carbon monoxide poisonmg  Wwhere the oxygen carrying
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capacity of the blood 1s reduced to less than utal hmits It also
occurs when an over-dose of an wnesthetic completely abolishes mte-
cellular oudation  In surgical anesthesia the oxidative processes 1re
only dimimished and since the action of anwesthetics 15 rev ersible
complete recovery of cell function takes plce after the drug 1s
elimimated
The oxygen deprivation theory of anesthesi is bound up with the
fact that anesthetics are readily absorbed by fats  If an anesthetic
15 added to a miture of equal parts of olive oif and water 1t will be
found after the whole has been well shihen and allowed to stand,
that when the olive o1l and water separate they will have taken up the
anzsthetic n defimte proportions  Simalarly, the amount of anwes-
thetic taken up by cell Iipoids bears a constant ratio to that remaining
n the blood stream  In general the greater the affimity of the anwms-
thetic for fats the greater 1s its potency
The functions of different cells of the body as a whole and indeed
of any particular organ dimimsh at progressive stages of oxygen-lack
The vanous nerve cells themselves differ mn their reaction to Oylach
The more recent the phylogenetic development of a structure the
more sensitive 1t 1s to O-lack, and the more hable 1t 1s to ureparable
changes if this lack 1s complete or prolonged  Of the parts of the bramn
the more recently and highly developed cerebrum reacts to Oyplack
at an early stage so that rational thinhing and consciousness are lost
early  This 1s quickly followed by cerebellar disturbance  These two
changes are famthar occurrences i drunhenness, which can be regarded
as bewng the first stage of anzsthesia by alcohol  In deep anmsthesia
the processes of metabolism and elimmnation 1e the functions of the
hiver and kidneys may be almost entirely suspended while primutive
functions of respiration and cardiac action continue relatively un~
mmpaired  Further deepening of anwsthesia 1s followed m turn by
l‘esplrtatory depresston, cessation of respiration and finally cardiac
arres|
There are two ways of reducing the oxygen available fo the tissues
i order to produce unconscionsness and anmsthesia  One 1s by the
zlt;r(\i}:tle ﬁxpﬁ;dlent of inhaling an ert gas such as mitrogen with the
actw::; Oth é]uz:tth :uﬂiC:ent oxygen to support essential metabolic
exces) amount of ro}l(s 0 sug;ply the patient with the usual (or even
o that thoy cammot lfglt:n ut at the same time to poson the cells
se 1t m the normal way As Macklin! puts
\k; “t‘h:;"ef arg two ways of starving a patient (1) sumply by depriving
bl ood {the analogy 1s duminution of the oxygen content of the
ood as m mtrous oxide anasthesia) and (1) by giving lum abundant
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food but simultaneously administering purgatives (the analogy 1s ether
angsthesia where the oxygen content of the blood 1s high, but the
cells are prevented from using 1t because they are poisoned by the
anasthetic)

It may well be asked why unconsciousness due to simple oxygen
lack which can be so easily produced 1s not used i surgery The
fact 1s that 1n the non resistant type of patient, minor operations can
be done durning unconsctousness produced by this means

To 1llustrate the possibility of anasthetising by oxygen
deprivation alone we have repeated the old experniment of
producing anzsthesia sufficient for dental extraction by mnasal
admmistration of mtrogen mn 50 cases  Although 1 all cases un-
consclousness was reached 1n the robust or anzsthetic resistant
type the true anzsthetic state was not achieved as indicated by
some response to the stimulus of extrachon However on the
whole anasthesia was satisfactory and the fact that ¢ ordinary
gas (1e mtrous oxide) was not being used was unhnown to
dentist and patient

lhis method of producing unconsciousness 1s inflexible since 1t
subjects all the tissues of the body to the same degree of oxygen lack
When the surgical stimulus 1s strong (¢ g 1n an abdominal operation)
the reflex response m the form of muscular ngidity will impede the
surgeon unless anasthesia 1s profound If deep anesthesia 1s to be
produced by oxygen lack alone the blood oxygen has to be reduced
to levels which cause grave cardiac embarrassment  Anzsthesia from
simple oxygen deprivation 1s therefore impracticable for other than
trivial operations

By the use of anasthetics a differential reduction of oxygen to the
cells of the body 1s produced  The bran can be subjected to a degree
of oxygen lach sufficent to cause unconsciousness at a time when the
activity of the other tissues 1s not seriously impaired

Whates er the means of entry mto the body a drug can be conveyed
to the tissues only by the blood stream Dunng induction the
concentration of the anzsthetic i the blood 1s high and the factors
which determine 1ts distribution to the bran and the other structures
are

1 The blood supply of the tissues

2 Their lipotd content
Because the blood supply to the bramn through the carotid artenes
exceeds that of any other part of the body 3t follows that the amount of
anasthetic to which 1t 1s exposed 15 proportionately high
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DIAGRAM TO WLLUSTRATE BLOOD
BRAIN AND TISSUE SATURATION
DURING INDUCTION

Fig 2 (d4fter Nosaarthy )—The distnibution of blood 1s the chief factor determining
differential distnibution of an anwesthetic  Because of the large blood supply of the
brain equhbnum between artenal blood and bramn 1s rapidly established dunng
wnduction

In the following four diagrams the brain cell (A) 1s shown as having,
a larger minute-volume blood supply and greater hipoid content than
a cell of any other tissue (B) The difference 1n lipoid content of the
two cells 15 indicated by the widths of the cell borders The depth of
shading 1n the cell border represents the absorption of the anasthetic
by lipoids, and the colour of the cell the amount of oxygen available
to1t  Changes of colour from red to blue indicate progressive diminu-
tion of oxygenation and with 1t of tissue activity

Normal Cell Oxygenation

kic 3

fhis figure represents arterial blood and cell oxygenation 1n a
normal unanzsthetised subject
of metabolic requirements,
utilise oxygen 15 untmpaired

I'he blood carries oxygen 1n excess
and the capacity of the body cells to
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In the followmng three dagrams the same depth of anasthesia 55
seached by three dufferent methods The anowia of the bram cell (A)
necessary to achieve this degree of depression 1s represented by blue

Effect of any Inert Gas {say Nitrogen) on Tissue Oxidation

Fio 4

To attawn this degree of anoxia of the bram cell by O, depnivation
alone (as by the wnhalation of an mert gas such as mtrogen) necessttates
subjecting all other tissue cells of the body to an equivalent degree
of oxygen deprivation  Such a reduction of oxygen to the heart muscle
would senously wmpair its efficiency  The hpoid content of the cells
1s here immatenal because an anzsthetic 1s not used

Eftect of Ether on Tissue Ovidation

Tic >

14 hen cther 15 used the blood 1s fully oxygenated and anowia of
the bramn cell 1s achieved by the absorption of the drug by the cell
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hpord  Tor reasons already given (less blood supply and Jess hipoid
content of ccll) the amount of ether Abeorbed by the cells of other
tissues (B) 15 less than that absorbed by (&) and the nctivity of the
former 1s therefore relatinely ummpured  This differentinl reduction
of oy genation ensures that an-esthes cin be achies ed without serious
depression of tissues other than the brun

Iffect of Mtrous Oxide on Tissue Oxidation

Fic 6

With NO anmsthesia 15 attamned by a combimation of the two
methods Just descmibed and illustrated n figs 4 and 5 N,O has
definite though weak anmsthetic propersties and when absorbed by
ccll hipoids causes shght reduction mn cell oxidation  The additional
effect of a reduction of O, 1n the inhaled mixture (and therefore 1o
artenal blood) a factor which 2ffects all cells equally 1s necessary i
order to deepen anmsthesia to the deswred level The reduction of
artenal oxygen results in less oxygen being avaiable to other
fissues  than when ether 13 bemng nsed  This explamns why ether 1s
2 more suitable anasthetic than mtrous oxide for cases of myocardial
degeneration 1 which a liberal supply of oxygen to cardiac muscle 1s
essential

The ratio of the amount of any anzwsthetic absorbed by the lipoid-
contaimng cell to the amount which leaves the cell in the venous
blood 15 constant 1e the fat/water coefficient 15 constant for any one
gmg As admimistration progresses the absorption of the anzsthetic

y other tissues increases until their percentage saturation approaches
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In the following three diagrims the same depth of anzsthesa 1s
reached by three different methods The 1noxia of the bram cull (A)
necessary to achieve this degree of depression 1s represented by blue

Effect of any Inert Gas (say Nitrogen) on Tissue Oxidation

Fio 4

To attamn tlus degree of anowa of the bram cell by O_ deprvation
alone {as by the inhalation of an inert gas such as mtrogen) necesitates
subjecting all other tissue cells of the body to an equivalent degree
of oxygen deprivation  Such a reduction of oxy gen to the heart muscle
would seriously impair its effictency  The lipoid content of the cells
15 here immatenal becanse an anasthetic 13 not used

Lffect of Tther on Tissue Oxidation

e »

\When ether 1s used the blood 1 {ully oxvgenated and anoxia of
the bram cell 15 achieved by the absorption of the drug by the cell
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Ipard  Tor reacons already gnen (less blood supply 1nd less hipotd
content of cell) the amount of cther absorbed by the cells of other
tiscues (B) 15 less than that absorbed by (A) and the actity of the
former 15 thercfore relatively ummpured  This differentinl reduction
of ovy gemation ensures that anesthesin ean be achies ed wathout scrious
depression of tiscues other than the brun

Effect of Nitrous Oxide on Tissue Oxidation

Tic 6

With N,0, anwsthesia 15 attamned by a combmation of the two
methods just desembed and illustrated n figs 4 and 5 N,O has
defimte though weak anmsthetic properties, and when absorbed by
cell hipoids causes slight reduction 1n cell oxidation  The additional
effect of a reduction of O, 1n the whaled mixture (and thereforc n
artenal blood) a factor which affects all cells equally 1s necessary in
order to deepen anwsthesia to the deswred level The reduction of
arterial oxygen results 1 less oxygen being avaiable to  other
tissues  than when ether 15 beng used  This explains why ether 1s
a more suitable anesthetic than mtrous oxide for cases of myocardial

degeneration 1 which a Iiberal supply of oxygen to cardiac muscle 1s
essential

The ratio of the amount of any anmsthetic absorbed by the hiperd-
i)ontammg, cell to the amount which leaves the cell i the venous
d]::)d ts constant, 1e the fat/water coefficient 1s constant for any one
o g A administration progresses, the absorption of the ansthetic

Y other tissues increases until their percentage saturation approaches



26 ESSENTIALS OF GENERAL AN/ESTHESIA

that m the brain  This explains the clinical observation that a small
dose 1ntravenously of a barbiturate (say 03 g thiopentone) given
quickly produces sudden unconsciousness and 1s followed by quick
recovery A large proportion of 1t 1s carned immediately to the
bram by the vast carotid circulation the remainder being distributed
to the rest of the body The rapid onset of deep unconsciousness
1s accounted for by the sudden concentration of the barbiturate 1o
the vascular Iipord rich brain tissue  The fat/water {or lipoid/plasma)
ratio throughout the body must always be adjusting 1tself to approach
the constant Some 40 to 50 seconds after injection (circulation time
= approxumately 30 seconds) the artermal blood supplying

the bram will contamn only a small amount of barbiturate and the
hipord/plasma ratio {concentration of anwsthetic in bramn lipordfcon
centration of anasthetic i venous blood leaving bram) 1s hept
constant by reabsorption into the blood of some of the drug from the
brain  Rapid recovery of consciousness 1s due to the barbiturate being
distributed by this means from the bram to other tissues with a less
abundant blood supply If the same amount of barbiturate 1s given
slowly at no trme will there be such a high concentration 1n the bram
because the drug 1s from the first distributed more umformly through-
out the tissues In fact the amount in the brain may not be enough
to produce unconsciousness In an ammal killed soon after a rapidly
mduced anasthesta a large proportion of the anasthetic 1s found 1
the brain  This disproportion contrasts with the more umiform dis-
tribution of the anzsthetic drug throughout the body tissues after
prolonged narcosis

With any intravenous anzsthetic the duration of anxsthesia does
not vary directly with the amount of drug injected If thiopentone
03 g 15 given and 2 minutes anzsthesia obtained a dose of 09 g
injected at the same rate to the same patient might well furmsh
anzsthesia of 20 mmutes duration  The explanation 15 that 1n the
case of the larger dose even after equalisation of the concentration of
anzsthetic 1n the other tissues and the brain the brain concentration
1s sufficiently high for the patient still to be unconscious  Lightentng
of anmsthesia can now take place only by excretion of the drug from
the body and not as after wmjection of a small amount by 1ts redis-
tribution from a greater to a lesser potential

\Vhen adnumistration of a volatile anmsthetic ceases the blood
concentration 1s lowered by excretion of the anamsthetic in the
expired air As the tension of anasthetic in the blood thus falls
below that in the bramn and other tissues anmsthetic 1s excreted
wto the blood that 1s an-esthetic always travels from a high to
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alow tenston  In this way redistnbution and ehmmation of any
agent 15 effected

Nitrous onide 1s 1 weak anesthetic  As far as potency 16 concerned,
1t should be regarded 1s occupying 1 position between the mert gases
such as mitrogen and an anesthetic of full potency such 1s ether
Provided that adequate ovygen 1s given to support basal metabolic
requirements and that the pitient s fit and unpremedicated, 1t 1s not
possible with mtrous oxide to produce deep unconsciousness Although
mitrous oxtde 15 absorbed by the cell ipoids 1t 15 only a weah inhibitor
of oudation  To enhance 1ts feeble action the oxygen content of the
artenal blood supplying the cell must be reduced, particularly m the
resistant patient  If 2 robust patient remamed anasthetised with a
mnture of N,O and 10 per cent O, the rusing of the O, percentage
to 13 might Lighten anwsthesia to such an extent as to make the
patient unmanageable  The hightening of an-esthesia 1s due not to Ins
beng given 3 per cent less N.O but to his bemng given 3 per cent
more O,

Some authonities hold that mtrous oxide has no anzsthetic effect,
but acts only as an osygen replacer  If this were so any mnert gas
would furmish as satisfactory an anzsthesia as does mitrous oxide  If
mutrogen 15 admmstered to a robust patient for dental extraction 1t
becomes apparent that its anzsthetic properties are not as effective
as are those of mtrous oxide It 1s possible to induce anzsthesia mn
an anemic patient with mtrous oxidc and 20 per cent oxygen This
would be impossible 1f mtrous oxide were simply an oxygen replacer
since the same patient 1s fully awake when breathing a mixture of
mtrogen and 20 per cent oxygen—that 1s atmosphenc air  Nitrous
oxide should be regarded as a mld nhibitor of one of the enzymes
the process of cell oxidation

Although the many different anzsthetics all produce unconsciouss
ness the chinical pictures resulting from their use show mmeor varnations
Fats differ 1n structure and 1t 15 probable that ipoids n duifferent parts
of the bramn have selective affinities for particular anwsthetics  This
would explain why some anzsthetics (e g thiopentone) in producing a
gwen depth of anmsthesia depress the respiratory centre more than
others  Generally speaking the safety of an anzsthetic drug decreases
in proportion to the wnvolvement of the respiratory centre m the
general depression of the nervous system

Of the vanious theones each having something to commend 1t, the

most reasonable and that which best explams the action of every
hnown type of anasthetic 1s the oxygen depnivation theory Incon-
trovertible evidence may some day be produced to account for the
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phenomenon of anasthesta and 1t 15 possible that 1t will confirm this
theory This working hypothesis at least has the ment of allowmg a
student to learn how to achieve with safety the type of anzsthesia
required 1n any particular case

REFERENCE
(1) Macklin A H 1931 Lancet 2,897



CHAPTLR IV
RESPIRATION

W breathe for two resons—to obtun oxygen for the tissues and to
evhale carbon diovide an end product of tisut metabolhism  These
two functions are equally necessary for the muntenance of ife  The
essent1nl smportance of ovygen 1s apprecrated by every lIhyman
Normally , carbon dionuide 1s 1 respiratory stimulant, but 1n excessne
quantities_1t_becomes 1 _tissue poron nd respiratory depressant
Except by nususe of the rebreathing bag of an anwesthetic apparatus
or by deliberate expenment the condition of CO, excess in the
body does not anse unless oxygen-lack 1s also present For
nstance respiratory obstruction prevents not only the excretion
of CO, but also the entrance of oxygen mto the body The
patient dies of asphyxin,_nd though the_effect of oxygen-lack
mav be augmented by CO, excess, the former_is_probably the
mam cause of death

THE MECHANISM OF RESPIRATION

Breathing 15 a muscular act just as much as 15 walling In
breathimng the Jungs themselves do no work 1n drawmng m arr m
exprration too they are passive except for the recoil of their elastic
tissue stretched dunng mspiration  Muscular action causes alternate
expansion and contraction of the thoracic cavity by which means
air 1s drawn mto and expelled from the lungs (When the volume of
the thoracic cavity 1s increased the pressure mside the thorax is
reduced and the difference between pressures mside and outside the
chest causes a movement of air mto the lungs

The Muscles of Respiration
1 The diaphragm —The most_wmportant respratory muscle 1s
the diaphragm  This large umbrella shaped, fibromuscular septum
separates the thorax from the abdomen  Its convex surface forms the
floor of the thorax 1ts concavity the roof of the abdomunal cavity
The penpheral part of the diaphragm 1s muscular the centre tendmous
Dunng mspiration the muscle of the diaphragm contracts 1ts dome
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phenomenon of anesthesia and 1t 1s possible that 1t wall confirm this
theory  This working hypothesis at least has the ment of allowing a
student to Jearn how to achieve with safety the type of anzsthesia
required m any particular case

REFERENCE
(I) Macklin A H 1931 Lancet 2,897
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thoracic cavity 1s thus marhedly mcreased , 1f, however, there 1s any
obstruction to respiration, the volume of the thorcic cavity 1s
not greatly altered but the negative intrathoracic pressure increases
considerably

Torced expiration 1s assisted by powerful contraction of the abdomi-
nal muscles

Sigmficance of Activity of the Accessory Muscles of
Respiration

Eacept 1n violent exercise when increased respiratory evchange 1s
essential 1t 15 tmprobable that the reader will often see the accessory
mspiratory muscles functioning as respiratory aids  If the patient
15 at rest the accessory muscles of respiration come into play only if
there 15 respiratory obstruction, and then only if he 1s conscious  The
aid of these muscles 15 essential to the attempt to overcome the effect
of respiratory obstruction and 1if the anmsthetist by producing un-
consciousness removes the action of these voluntary muscles, he may
be responsible for a preventable death  The management of anes-
thesia mn a patient suffering from respratory obstruction from cedema
of the larynx 1s dealt with on page 303

THE VOLUME OF THE RESPIRED AIR

The maximum capacity of the lIungs 15 about 5 htres  The greatest
volume of air which can be exhaled following the deepest possible
inhalation 1s known as the vital capacity, and 1s about 4 litres
The volume of the residual arr 1e the air which still remams 1n
the lungs 1s thus approximately 1 itre During quiet breathing the
lungs contain about 2 5 itres and the amount of air entering and leaving
the lungs dunng respiration ss about 400 c ¢ Thus latter 1s known as
the tidal air, of which the amount remaimng 1n the nasopharynx
trachea and broncht approximately 150 ¢ c 1s known as the dead-
space air  because 1t takes no part in the gaseous exchange The
volume of the tidal air 1s vanable whereas that of the dead space arr
for all practical purposes remains constant

Effective respiration 1s the difference between the tidal air and the
dead-space arr In an average quiet respiration 1t 1s therefore 400
e =150 cc =250 cc  Calculation of effective respiration shows
that one deep breath of 600 cc (600 — 150 = 450) mtroduces as
much oxygen as nune shallow breaths of 200 cc (200 — 150 = 50
50 x 9 =450) To appreciate this 1s to realise the meffectiveness o}
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becomes flattened pushing down the abdominal viscera  In expiration
1t relaxes and the volume of the thoractc cavity 1s dimimshed as the
diaphragm 15 pushed upwards by the abdominal viscera  This action
1s normally assisted by the contraction of the abdomnal muscles

)

7

Fie 7
(L) Expiratson —The relaxed diaphragm is forced upwards by contraction of the
ominal muscles on the abdominal viscera
(R.) Insp —Thed fth phragm s flattened by Thed t
of the thorax 1s 1ncreased

2 Muscles raising and depressing the ribs 1n quiet respira-
tion —In quiet wnspiration the external intercostal muscles rase the
r1bs and so ncrease the volume of the thorax

In expiration the contraction of the internal mtercostals depresses
the ribs  The external and internal intercostals are assisted 1n their
respective functions by muscles of less importance

3 Accessory muscles of respiration —In emergency con-
ditrons necessitating forced insprration the full action of the imspiratory
muscles already described 15 augmented by others which include the
sterno mastotd pectorales and trapezius  These muscles of the neck
2nd shoulder are attached-below to the upper pars_of the thorax and
when they contract they raise the sternum ¢ and upper nbs upwards
and outwards Normally in forced mspiration the volume of the



RI SPIRATION "

Fic 8 (After Miller 18931) —Alveol of the lung are shown covered with blood
capillares,  An alveolnsis seen cut actoss  Great y magmified

It 15 estimated that owing to these divisions, the surface or
breathing _area of the Jungs 1> 200 square metres * or 110 times that
of the skin covening the body  On the assumption that the 2500 c ¢
of aur 1n the moderately distended lungs 1s spread equally over this area
the thickness of the resultant layer of aic1s of the order of 0 01 mm
The exchange of gases betwecn the air inside the alveolar sacs and the
blood 1n the capillanes surrounding them 1s facihitated because the
walls of both these structures consist of only one layer of flattened
endothelial cells The ultimate air contaiming saccules of the lungs

arecalled alveoll and the air they contain 1s referred to as
air

alveolar

Any anasthetic to be mnhaled must be 1n the form of a gas  The
transference from the lungs to the tissues of a gas (e g mitrous oxide
or cther vapour) to mamtain anmsthesia and of oxygen to maintain
life and the transference 1n the reverse direction of carbon dioxide

mvoelve processes easy to understand Gases separated by a membrane
3
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shallow breathing and that one breath of oxygen has less influence
in diluting the average gaseous contents of the lungs (2 500 ¢ ¢ ) than
1s commonly imagined

PHYSICAL CONSIDERATIONS

The transfer of gases from the lungs to the blood and in the
reverse direction 1s governed by the gas laws Dalton s Law (1807)
states that if two gases which do not react together chemcally are
mixed the pressure exerted by the mixture 15 equal to the sum of the
pressures of the component gases In a muxture the gases should be
thought of individually and the share which each one has m the total
pressure 1s called 1ts partial pressure This pressure 1s proportional
to the concentration of that gas in the mixture In a closed vessel
contaimng a muxture of 4 parts of mitrogen and 1 part of oxygen
the pressure exerted by the oxygen 15 the same as 1f the one part of
oxygen were enclosed 1 the vessel alone The same applies to the
nrtrogen -

The quantity of a given gas which a liquid dissolves depends on
(1) the solubslity of the gas (u) the pressure of the gas to which the
hqumd 15 exposed and (m) the temperature of the iqmd When
equilibrium 15 attained the tension of the gas m the liquid 1s the same
as the tension of the gas i the atmosphere adjoining the hqud

GASEOUS EXCHANGE IN THE LUNGS

The lungs are composed of fibrous muscular and elastic tissues
1 contact on one side with the alveolar air and covered on the other
side with minute blood capillaries  If the intenior of the lung were
a single hollow chamber Like a balloon only a very small proportion
of the air within would come into contact with the surface The
lungs are divided and subdivided many times so that the surface
of the terminal mnute alveolar sacs 1s very extenstve providing a
very great area for contact of air with the lung epithehum and its
surrounding capillanies  The exchange of gases 1s thus greatly
facihtated
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The composition of alveolr ur differs from that of the outstde
atmosphere 1n that 1t Iis given up some evygen to, and tahen up
carbon diovide from the blood prssing through the lungs  Expired
Whtmwmhe dead spce

v
(Ia, ;i{;‘:;g:.:; Ahcolar Awr | Lxpired Awr
0, 20 96 per cent | 14 per cent ‘ 16 per cent
o, t 004 per cent | 55 per cent ’ 4 4 per cent
N,* } 79 per cent i 80 5 per cent {796 per cent
Water vapour | Unsaturated in |  Saturated Practically
saturated

vanang degree
|

Certain apparent discrepanctes will be noticed n the table  If all
the oxygen absorbed were used by the body to oxidise carbon only a
volume of CO, equal to the volume of O, used would be expired and the
sum of the volumes of O, and CO, in wmspired arr, alveolar arr, and
exprred arr would be the same Actually a little of the oxygen 1s
nsed to oxidise hydrogen from foed to Hy,0 and since water vapour 1s
not taken into account n the table the volume of dry gases expired
1s somewhat less than the volume mspired  As.the volume of mtrogen
remamns unchanged its percentage m the expired air will be greater
than m the inspired

The pressure of gases within the lungs 1s approximately the same
as that of the outside atmosphere (760 mm Hg)  Since the alveolar
aip s saturated with water vapour which exerts a partial pressure.of
45 mm_Hg, the sum of the partial pressures of the remaining gases
15 (760 — 45 = 715) mm _Hg The tension of oxygen m the alveolar
a1 1s therefore 14/100 x 715 = 100 and that of carbon diovide 1s
55100 x 715 = 40

The oxygen requirement. of 1 normal person at rest 15 such that
about one third of the axygen content of the artenal blood 1s remaved
duningats cyenlagon_through the tissues  An average sample of

" lacludiog otber wert gases which total appromately I per cent
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freely permeable to them tend to come into equilibrium so that the
pressure exerted by (or tension of) a gas becomes 1dentical on both
sides of the membrane An everyday illustration of this 15 provided
by the bottle of soda water which contamns CO, bottled under
tension  When the stopper 1s removed, the CO, bubbles off until
its tension in the water 1s equal to that mn the surrounding air
If on removal of the stopper the soda water were separated
from the air by a permeable membrane the process would still
take place

The Exchange of Oxygen and Carbon Dioxade

0.

(o>

Alveolar air

Pulmonar

Epitheliwm

Fic 9

Alveolar air and artertal blood are n equilibnium so far as the
tenstons of oxygen (100 mm Hg) and of carbon dioxide (40 mm Hg)
are concerned  Venous blood changes to artenal blood 1n the lungs
by gving up carbon dioxade to and taking 1n oxygen from the
alveolar air through the pulmonary epithehum
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forcmg the gas from the alveols to the blood 18 vesy fagh, nad mduction
15 therefore vapsd  After remosal of the mask, the pressure gradient
will be i the reserse direction  The_factors winch determine the
speed of ehmnation.of o gascaus anesthetie e _the riewath which
the tissues giveat up (rapud 1 the case of mtrous oade) wnd the differ-
ence m pressure {this tume w the opposite direchion) between the
fitrous onde m the blood and that in the pulmonary alveoh  As this
1s also great Tecovery from mitrous ovide will be yapid  Wath ether,
wnduction 15 mevitably slower  One reason 1s that beeause of ats
wrntatmg_properties, & Yugh concentration of the yapour casnot be
breathed at_the commencement with the result that wm the early
stages the partial pressure of ether n the al cok remaws small
si¥afion 1s stopped, the tissues give up ether slowlyfo the blood and
therelore_the pressure gracent from the blood_to_the lungs must
necessanly be small T

TRANSPORT OF GASILS BY THE BLOOD

Oxygen

QOxygen 15 transported in the blood by the hremoglobm an the red
blood corpuscles The hemoglobn of attenal blood s normally 85
per cent_saturated wath-oxygen  The amount of oxygen with whick
hemoglobin combines depends oan the dxygen tension o nhich it s
expwed  Under normal_condions {wn_alveolay ovygen. tenswon of
approximately 100 mm Hg) the amognt 1s mavamal and1s 134 cc
of oXygen per 1 gm of hamoplobin  Although exposuze to 2 higher
tension of oxygen (e g by whalstion of pure oxygen) mereases the
amount dissolved 1n _the hlood plasna, 3t cannot increase, to_any
ap] extent, the amount takin up by the hemoglobm smee
this 15 already almost saturated wath oaygen

though an increase of oxygen tension above the normal 100 mm
Hg it alveolar asr cannot mcrease the amount of oxygen taken up by
the hamoglobin a decrease n tenswon 15 followed by a decrease
I percentage saturation of bamoglobn with oxygen The per-
ceplage saturation of hameglobin with oxygen 15 not m digeet
proportion_fo the. oxygen fension 1o winch 1t is_exposed.. The

actual relation as-expressed by the welt-hao
of hemoglobin 4 s Aseaatan— e
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enous-bload_returning to the heart shows 100 ¢ ¢. to-contamn about
135 cc of oxygen at a pressure of 35 mm Hg
¢ oxygen tension of alveolar air (100 mm_Hg) 15 greater than
the oxygen tension of venous blood (35 mm Hg)  Theress an effective
pressure of (100 ~ 35) mm Hg driving oxygen from the alveolar air
mnid the blood. This. difference_of 65 mm._Hg 1s known-as the
pressure gradient  The process of rawsing the partsal pressure of
oxygen 1 the venous blood from 35 to 100 mm Hg 1s part of the
transformation of venous blood into arteral blood This_pressure
gradient 1s_sufficrent to_cause_the h-emoglobin, which_in_the average
venous blood 1s only two thirds saturated with oxygen, to become
%compl‘f Ty sat turated | urated by takimg up an additional 7 ¢ ¢ of oxygen
per 100c ¢ of blood, so that 100.c ¢ of artenal blood contain 215¢cc
of oxygen at a pressure of 100 mm, Hg  The arterzal blood gives up
oxygen to the tissues according to therr metabolic requirements
The blood leaving the tissucs with 1ts oxygen tension considerably
dimimshed returns to the lungs as venous blood and so the cycle
goes on
The partral pressure m mm Hg of carbon diontde in the tissues
varies befween 50 and 70 n venous blood it is_45 _and.n_alveolar
air 40 These figures show that there 15 always a_pressure gradient
of carbon dioxide from_the tissues, via, the venous hlood to the alveolar
aw THe préssure_gradient dnving carbon_dioxide_n_the Teverse
direction to oxygwﬁhlpylxlnaw 7 epithelum 1e from venous
blood 1nfo the alveolar air 1s only 5 mm Hg (45— 40=5) This
15 a2 much smaller pressure gradient th_}hmygmmut smce
carbon dnoxule 1s highly diffusible through the alveolarmembrane the
gradient 1s sufficient, even n during the short time taken by the blood to
traverse the pulmonary capillanés to allow equilibnium to be_estab
llsheg]\bet“ecn the venous blood and the alveolar air Carbonic
anhydrase an enzyme 1n the red corpuscles -accelerates the liberation
carbon droxide from the blood In passing through the lung
capillanes every 100 ¢ ¢ of blood trnsfers approximately 6c e of CO,
to_the alveolar air —

The Exchanges of Anwsthetic Gases and Vapours

Dunng wnduction of inhalation anmsthesia the tension of the
anzsthetic gas 1s higher in the alvcolt than m the blood One
fwm@ﬂguhmpwtmn 15 the magnitude of

ssure _gra (gas_tension in_alveolt minus_gas tension-in
blood) When undiluted mtrous oxade 1s rnhaled the pressure gradient
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anerua  Thus mn a patent with 50 per cent humoglobin the blood
can carry only hall 1s much oxygen as can the blood of 2 normal
person with 100 per cent hremoglobin

() The serous effect of even 2 smll reduction of lvealar oxygen
tension on patients suffermg from anemi 1s conswdered on pp 57
and 74

Nitrous Oxide

In common with other anesthetics mtrous oxide 1s carried_partly
within_the red cells and_partly in_solution in_the blood_plisma
During mitrous-ostde anwesthesta the oxygen content of the inspired
muture 15 low  The alveclir oxygen tension 1s dummshed, with
corresponding dimimution of the percentage saturation by oxygen of
the arculating hemoglobin  Should cyanosis exist 1t 1s due to the
presence of reduced hamoglobin (1.e_hzmoglobin not_combmned with
axygen) and m no way 1s 1t specifically assoctated with the presence
of mitrous oxide 1n the blood

Carbon Dioxide

Blood can ta about twenty times the amount of c¢irbon
dioxrde that water can at the same temperature and under the same
carbon dioxide pressure Thus about 5§ per cent of the CQ, carried
m the bloodis In solution, the remamming 95 per cent betng in chemtcal
combnation, mainly m the form of bicarbonate tons In order to
explain the transport of CO, reference will first be made to certan

general physico chermical principles, afterwards their appheation to
blood will be discussed

PHYSICO CHEMICAL PRINCIPLES *

Any aqueous solution contains electrically charged particles known
as ions  Pure water 1s_composed very largely of undissociated
molecules of H,0 but some molecules are dissociated to form hydrogen
tons (H* acid) and hydroxyl sons (OH- alkaline) The H ons are
charged with positive and the OH 1ons with negative electnicity
Ev \ery aqueous solution contains both H and OHions.and the-product
of their concentrations, measured mn_gram equivalents per litre 1s
found to be constant 10~% The reaction (acidity or alkalingt )
depends on the ratio of H* to OH~ Y

.
We areindebted to 5 L Coman D Sc for assistance with this section
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Oxygen associatron (or Qxygen-d tion) Curve of Heamoglobin ~
The curves_that of hzmoglobn i blood_at_37°C containing CO;

at .a_pressure of 40 mm_Hg. Withm Iimuts,_increase_of carbon
dmmmmgmwmggLMLto the
tissues so that association curves will vary with the (O, tension
1 the blood This factor 15 not of practical importance to the
anzsthetist and the CQ, tensionn the blood should never be mcreased
deliberately with the object of assisting tissue oxidation

The effect on blood oxygenation and on the colour of a normal
patient of inhaling mixtures contaming vartous percentages of oxygen
1s shownn fig 12 p 55

The total amount-of.oxygen which artenal blood carnes depends
on two factors  These are (1) the hemoglobin content of the patient s

blood and (1) the oxygen tension to whichtis exposed
(1) Lach 100 c.cof blood of an average person contans 15 g-of

hemoglobm Since each 1 g combines with 134 cc of oxygen, it
follows that 100 c ¢ of blood can carry, by means of jts hzmoglobin
15.X 134 ce, = 20 ccof oxygen Besides this, a small-amount
about03cc sscarried n solution in the plasma The oxygen camrying

capaaity of the blood 15 proportionately reduced by any degree of
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anerma Thus in 2 pitient with 50 per cent hemoglobmn the blood
can carry only hnlf 25 much ovygen 15 can the blood of 2 normal
person with 100 per cent hemoglobn

{u1) The senous effect of even 1 small reduction of alvcalr axygen
tension on paticnts suffening from anemit 1s considered on pp 57
and 74

Nitrous Onide

In common with other anwsthetics, nitrous onide 15 carmned_partly
within_the red cells and partly in solution 1 the blood plisma
During nitrous ovide anwesthesta, the ovygen content of the mspired
muature 15 low  The alveolir ovygen tension 1s dimmmshed with
corresponding diminution of the percentage saturation by oxygen of
the arrculating hemoglobin ~ Should cyanosts exist 1t 1s due to the
presence of reduced hxmoglobin (1,e_hemoglobin not combined with
axygen) and in no way 1s 1t specifically 1ssociated with the presence
of mtrous oxide 1n the blood

Carbon Dioxade

Blood can _tihe up about twenty times the amount of carbon
he_same_temperature and under the same

carbon diovide pressure  Thus about 5 per cent of the CQ, carred
1 the blood 3 in solution, the remaming 95 per cent bemng 1n chemical
combination_mamnly m the form of bicarbonate jons In order to
explan the transport of CO, reference will first be made to certamn

general physico chemical principles  afterwards their application to
blood will be discussed

PHYSICO-CHEMICAL PRINCIPLES *

Any aqueous solution contains electrically chargeq particles hnown
as tons Pyre_water 1s composed very largely of undissociated
molecules of H O but some molecules are dissociated to form hydrogen
tons {H* acid) and hydroxyl sons (OH~ alkaline) The H 1ons are
charged with positive and the OH 1ons with negative electnaty
Every aqueous solution contams both H and OH 10ns and theproduct
of their concentrations, measured n gram_equivalents per ltre 1s
found to be constant 10-% The reaction (acsdity or alkalimty)
depends on the ratio of H* to OH~

* \We areindebted to § L Cowarn D Sc for assistance with this section
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The reaction of a solution 1s said to be neutral when the H and OH
10ns are present m equal concentrations (10~7) This 1s the case with
pure water in which the formation of an H 1on must of necessity be
accompanied by that of an OHion H,0 % H* + OH~ When the

Hyd oxyl 1on Hyd ogen wn
concentrat conce Labon pH
° 1wt "
o - o0 5 N, NaOH
ELI—— at "
. - wo Mot
creas ng )
alkal by i ©
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= s
Newtral ° __.{M ' 7 Pore water
ot ot 6
P of 5 Ny acet c anid
Incr as ng PL A ot 4
acdby H 5
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° _E- o 2
PR o ) N, HCL
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r16 11 —This scale includes the whole range of possible degrees of acidity and
atkalimty of any aqueous solution  Tp express the reaction of a solution in terms of

H or of H ion concentration would be cumbersome 1o obviate this a pH scaleJs
sed 1t will be

u5e seen that the pH value 1s the Joganthm of the reciprocal of the H 1on
concentration, or, mare simpl. & index number of the H ion concentration with

the negatrve sign changed to positive

H 10n concentration 1s the greater the solution 1s acid and when OH
sjons are In excess the reaction 1s alkaline No matter whether H or
QH ions prep@gdﬁate the reaction of the solution 1s always expressed
<olution this ranges from 10~°t0 10~* and in an alkaling selution from

7 -1t pram equivalents per litre  An H 1on concentration of
1g equivalent per Iitre corresponds to 1 g of hydrogen tons per
htre In a solution with an H 1on concentration of 1072 the weight
of H 1ons 15 107 {te 0001) g per htre  The reaction of an aqueous
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solution can be expressed w terms of ¢H (H wn concentration), but
as 1t 1s difficult to form a conception of such small weights 1t 1s more
convement to refer to the concentration mn terms of 2 loganthimic,
scale where the units arc simple numbers  Qoly the numerical value
of the pow erol{hic Hion concentration 1s used, omutting the negative
sign The figure 1s then referred to 1s the pH  Thus, for an ad
solution with an H 10n concentration of 1073, the pH 1s 3, and tlus
denotes that the solution contuns 0001 g (I mg ) of H 10n per htre
Analkaline solution with an H 1on concentration of 10-*{or 0 000000001)
g per htre 1s referred to as having 1 pH of 9 It will be seen that
the lower the inde figure the greater 1s the concentration of H 1ons
and the more acid the solution 10~ (1/1000) being a greater concen-
tration than 10-* (1/100000000) As already stated, the H 1on con-
centration of a neutral solution one which yields an equal number
of H and OH 10ns as does pure water 1s found to be 10~7 The
pH of such a solution 1s 7 The pH of an acid solution lies between 0
and 7 and that of an alkaline solution between 7 and 14 A strong
acid e g hydrochlonc acid, 1s one which 1n solution behaves as 1f it
were dissociated almost completely 1nto 1ts constituent 1ons yielding
a high concentration of H tons and having therefore a Jow pH A
weak acid such as lactic acid dissociates less, the number of free H
10ns 15 less and the pH 1s therefore ugher

Any solution contaiming the salt of 2 weak actd has the property
of preventing a change m pH when a stronger acid 1s added to 1t,
until a entical pomnt 1s reached  The salt of a weak acid 1s said to
act as 1 buffer 1.e 1t damps down changes n pH which would othenwise
occur when a stronger acid 1s added The quantity of strong acid
which can be added to the solution before any appreciable change of
PH occurs 1s a measure of the buffering power of that solution  Salts
of weal bases, arng acids or protems may also act asbuffers

The salt of a weak acid and a strong base, e g sodium acetate,
when dissolved mn water 1s dissoctated partly mto its constituent
positive and negative jons

Na Ac%5 Nat + Ac™

In any aqueous solution the existence of a high concentration of
acetate 10ns 1s 1mpossible since a high proportion of these immedsately
umte with H ions from the water to form undissociated acetic acid
This leaves Na 1ons together with the OH 1ons from the water
dilute solution and since these do not assoctate to form un 1omised

NaOH the preponderance of OH over H ions results m the solution
being alkaline
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The reactton of a solution 1s said to be neutral when the H and OH
10ns are present mn equal concentrations (10~7)  This 1s the case with
pure water 1n which the formation of an H 1on must of necessity be
accompanied by that of an OHion H,05 H* + OH~ When the
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F16 11 —Ths scale includes the whole range of possible degrees of acidity and
alkalimty of any aqueous solution ng}&g#‘iﬂ#m" terms of
OH or of H 1on concentration would be cumbersonie Obviate this a pH scale s
used It will be séen that the pH value 13 the Joganthm of the reciprocal 55 the H jon
concentration, of, mare sim, he 1ndex number of the H. ion conce: 1 with
the negative sign changed to positive

H 10n concentration 1s the greater the solution 1s acid and when OH
1ons are 1n excess the reaction 1s alkaline  No matter whether H or
OH 10ns preponderate the reaction of the solution 15 always expressed
10_terms of the concentration of hydrogen jons present In an_aed
Slution T Fanges om 1076 10°" and 1 an lkalme.soution o
10='_to 10" gram equvalents per litre An H 1on concentration of
1 g equnalent per Iitre corresponds to 1 g of hydrogen 1ons per
Itre In a solution with an H ion concentration of 1072 the weight
of Hions 1s 1072 (1e 0001) g per litre  The reaction of an aqueous
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form hy drogen 10ns and bicarbonte 1ons (HCO,) Of the bicarbonate
10ns, m their turn 2 still smaller frction 1s sonised to hydrogen 1ons
and carbonate 1ons (COs)  The hydrogen tons ndded 1n this way are
the equisalent of the hydrogen 1ons of the strong cd (HCI) 1 the
sodium acetate example  The added hydrogen 10ns ¢in be regarded
as combiming with the carbonate 1ons formed by the dissocratiorf of
the <odmm carbonate to form 1ons of the stronger acud, first-stage
dissociated carbome acid  This mopping up of the added H 1ons
continues until all the sodium carbonate has dissociated and 1ts car-
bonate 10ns have become bicarbonate 10ns

The main chemical changes resulting from the addition of CO, to
plasma can be summansed 1n the following equation

Na,C0, + HOH + CO, ~ 2NaHCO,
Through the transformation of sodium carbonate, the salt of a weak
acid into sodium bicarbonate the salt of a stronger acid the solution

has been enabled to absorb a considerable amount of CO, with extremely
hittle change of pH

THE REACTION OF THE BLOOD AND THE
TRANSPORT OF CARBON DIOXIDE *

By reaction of the blood 15 meant the degree of acidity or
alkalinity of t; a  Ths 1s expressed m terms of pH The

reaction of the blood remains almost constant the limits of vanation
bemg pH 73 and pH 76 Reactions s
cause cell death and are therefore lethal to the orgamism  When one
considers that acid products resulting from metabolic activity are
constantly being added to the blood-stream 1t 1s a stnihang fact that
the reaction of the blood vares so little  The capacity of the blood
to prevent changes 1n 1ts reaction which would be mcompatible with
Iife 15 well 1llustrated by comparnmng the effect of addition of acid to
water with the effect of addition of acid to blood The addition of
01 cc of N/10 hydrochloric acid to 10c ¢ of blood (with, say a pH of
7 6) does not reduce the pH below 73 whereas a smlar quantity of
acid added to 10 cc of distiled water has a profound effect on the

PH—causing 1. to fall from about 7 to 3
Besides 1ts-huffen: r blood has two other mechamsms of

defene%to maintain the constancy of its reaction  The first of these
1s th 10n_of carbon diowid the second 15 the
(3 excretion of any excess of acid or alkali by the hidneys Turther

* See footnote p 39
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The addition of a stronger acid (1e one more dissociated than
acetic acid) may be regarded as the addition of H jons If HCl1s
added to a solution of sodium acetate the H 1ons immediately combime
with acetate 1ons  Since the product of the concentration of the H*
and Ac~ 1ons 1n the solution always equals a constant fraction of the
undissociated acetic acid more sodium acetate dissociates and this
process goes on until practically all the added H 10ons have umted with
acelate to form undissociated acetic actd  The ability of the solution
to act as a buffer by mopping up H 10ns persists until the supply of
undissociated sodium acetate has been used up  After this point has
been reached the addition of even small amounts of strong acid will
cause the pH to fall rapidly

For simphicity i the above explanation the salt of a monobaste
acid was chosen  However 1 hlood plasma the main bufferis sodmm
carbanate—the salt of a dibasic acid

In solution carbonic acid dissociates 1n two stages thus

H.CO,~»H* + HCO,~

H* + CO;~ -
The first stage 15 the dissociation of a moderately strong acid and
the second stage the dissociation of a weaker acid In plasma the
sodium carbonate a salt of the weaker acid (and the analogue of
sodium acetate m the example given) may be regarded as partly
1omsed 1nto sodrum 10ns and carbonate 1ons

Na,CO,; 2> 2Na* + CO;~

Since carbonic acid dissociated to the second stage 15 a weak acid
a high concentration of carbonate 1ons n solution 1s impossible
Most of these jons mmmediately jom with hydrogen 1ons from the
water to form 1ons of the stronger acid first stage dissociated carbonic
~cd

CO;~- + H* — HCO;~

As a consequence of these cl the solution contains mainly the
following 1ons

2Na* + HCO,~ + OH-

and 1t has an alkaline reactron because hydroxyl ions predominate
When the plasma 15 exposed to a certan tension of carbon dioxide
part of the carbon dioxaide dissolves  Of the amount dissolved a small
and constant fraction 1s present in the form of undissoctated carbonic
aad {H,CO5) and of this carbomic acid a small fraction 15 1onised to
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form hy drogen 10ns and bicarbonate tons (HCO,)  Of the bicarbon ite
10ns, 1 therr turn, 2 still smaller friction 1s tomsed to hydrogen 10ns
and carbonate rons (COy)  The ydrogen 10ns 1dded 1n this way are
the equivalent of the hydrogen 10ns of the strong 1cid (HCI) in the
sodium acetate example  The 2dded hydrogen tons can be regarded
as combming with the carbonate 1ons, formed by the dissoctiori of
the <odium carbonite to form 1ons of the stronger acid first-stage
dissocated carbomc 1ad  Tlns mopping up of the added H 1ons
continues until all the sodum carbonate has dissociated and sts car-
bonate 10ns have become bicarbonate 1ons

The maimn chemical changes resulting from the addition of CO, to
plasma can be summansed n the following equation

Na,C0, + HOH 4 CO_ - 2N1HCO,
Through the transformation of sodium carbonate the salt of a weak
acid 1nto sodium bicarbonate, the salt of 1 stronger acid, the solution

has been enabled to absorb a considerable vmount of CO, with extremely
httle change of pH

THE REACTION OF THL BLOOD AND THL
TRANSPORT OF CARBON DIOXIDL *

By reaction of the blood s meant the degree of acidity or
alkabmty of the plasma This 1s expressed m terms of pH The
reaction of the blood remains almost constant, the imts of vanation
bemng pH 73 and pH 76 Reactions ontside these narrow hmuts
cause cell death and are therefore lethal to the orgamism  When one
considers that acid products resulting from metabolic activity are
constantly bemng added to the blood-stream it 1s a striking fact that
the reaction of the blood varies so ittle  The capacity of the blood
to prevent changes n its reaction which would be incompatible with
life 15 well illustrated by comparing the effect of addition of acid to
water with the effect of addition of acid to blood The addition of
01lcec of N/10 hydrochloric acid to 10¢ ¢ of blood (with say a pH of
76) does not reduce the pH below 73 whereas a similar quantity of
acid added to 10 cc of distilled water has a profound effect on the

PH—causing 1t-to fall from about 7 ta 3
Besides 1ts“huffer: r bleod has two other mechamsms of

deften to mamtain the constancy of its reaction  The first of these
%\:xcht 1on arbon_diox the second 1s the
(3 gxcretion of any excess of acid or alkal by the kidneys Turther

* See footnote p 39
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reference will be made to these mechanisms after the buffering power
of blood and carbon dioxide transport have been considered

If plasma on the one hand and blood on the other are exposed to
the same tenston of CO, the volume of this gas taken up by the plasma
15 of the order of one half of that taken up by the blood nevertheless
the pH of the plasma falls more In other words plasma which 1s 1n
contact with erythrocytes 1s much better buffered than 1s separated
plasma lehm@t@%ugmenmmﬂenng
posier 1s the so called

Prelimmary to describing the s}nit itself 1t 15 mecessary to mention
the composition of the erythrocyte and certamn properties of haemo-
globin  The mam substance within the erythrocyte 15 the potassium
salt of hemoglobin  Both oxy hemoglobm and reduced hzmoglobmn
are amuino acids 1€ 1n the presence of a strong base they behave as

weak acds Sﬂﬂh”ﬂﬂ(ﬁwwm@mm
withm _the red cell 15 large 1t Tollows that the contents are heawly
huffered,

The shift which mvolves also a property of the red cell membrane
operates m the following way ~ Some of the CO, which enters the blood
corpuscles  In both media the CO, combines with water to-form
carbomc acid which dissociates mto H and HCO; jons  Smce the
corpuscle has much greater buffeing power than the plasma the dis-
soctation proceeds more e extenstvely withu 4hemlgthmumde 1t
The membrane of the red cell1s permeable to am
Cl~ but impermeable (or only shightly permeable)io_catwn&«sudras
Nat o ecanse of the greater concentration of HCO; 10ns
wathin the corpuscle a few will diffuse out, and since they cannot be
accompanied by 1ons of the opposite charge, the corpuscle will be left
with a net positive ch chgge_w d to attract negative 1ons from
the plasma Of these chlonde 1ons, from the NaCl of the plasma
are_most readily available and are the chief species of 10n to pass in
wards. Bicarbonate 1ons #@_MWMh inged
for chlonde yons Trow The plasma, and the increase m plasma bicarbonate

event the nse of acidity of the plasma which wounld otherwise
occur when CO, 15 added to 1t

}Mgdj;xmngmhms_uw than 15 oxy hemoglobin, and

therefore mops up H 1ons more readily than does ox: lobin
Reduced blood therefore takes up CO in the tissues more readily
than does oxygenated blood Conversely when oxy hemoglobin 15
formed agan tn the lungs_the CO, 15 hiberated more-readily-from the

blood” ~
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When 1 the lungs reduced hrmoglobmn 1s trinsformed to oxy-
hzmoglobin, and CO, 1s excreted mto the alveolar ur, the chlornde
shift 15 reversed

It 1s known that the combmation of carbon dioxide with water to
form carbonic acid s 1 slow reaction, as also 1s the reverse reaction
Withun the erythrocyte 1s the enzyme carbionic anhydrase, the function
of nluch 15 to accelerate the reaction 1n both directions  Without the
accelerating action of this enzyme the time which the red cell spends 1n
the tissue capillanes would be too short to enable 1t to take up the
carbon diouide offered there, and similarly, the time which the red
cell spends 1n the lungs would be too short to enable 1t to unload the
carbon doxade

Besides the main buffering systems described above, the protens
of the plasma and the phosphates mahe a_small contribution fo the
buffering power of blood  Moreover, the —NH, groups of the hamo-
globin have the power of combining vury rapidly with about 10 per
cent of the carbon dioxide of the blood

Although blood 1s a very efficient buffer solution, and 1s able to
absorb considerable quantitics of actd or alkali with only a trifling
change of pH 1ts capacity mn this respect 1s not unlimited  The buffer
mechamsm of the blood 1s the wmmediate reaction_of-the body fo any
1 nce_tending_to If the body did not possess
further safety valves-for the—elmmation of excess acid_or alkalt
etther might eventually accumulate to a degree sufficient to displace
the pH of the blood outside the imuts consistent with ife  The safety-
valves are the processes-of respiration.and urinary excretion The
part played by respiration s illustrated by the immediate increase of
respiratory exchange which follows moderately vigorous exercise
The CO, resulting_from_the ncreased metabohsm stmulates the
respiratory centre, and respiratory exchange remawms above normal
until the excess CO,1s_eliminated

More wigorous-—exercise-may-—cause-lactic_acid _a stronger acid
than_carbomc acid, to pass mto the blood-stream This results m
the production of carbonic acid from the bicarbonate of the plasma

“~ HL 4 NaHCO; — NaL + H* -+ HCO,~
H,CO,

[he carbonic acid 1n its turn becomes dissolved carbon dioxide,
respirationis shimulated and the excess carbon droxide excreted through
the lungs This leaves the subject 1n a state m which the blood
bicarbonate s reduced A slower readjustment of the pH of the blood
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reference will be made to these mechanisms after the buffering power
of blood and carbon dioxide transport have been considered

If plasma on the one hand and blood on the other are exposed to
the same tension of CO, the volume of this gas taken up by the plasma
15 of the order of one half of that taken up by the blood nevertheless
the pH of the plasma falls more Inother words plasma which 15 n
contact with erythrocytes 1s much better buffered than 1s separated
plasma Tluxgg@mm%tmmnr'ﬁo g the-buffering
powner 1s the so-called

Preliminary to describing the shlft 1tself, 1t 15 necessary to mention
the composition of the erythrocyte and certamn propert:es of hzemo-
globin  The mam substance withm
salt of haamoglobin mh&ﬁimm__ﬂw@lmhmmcghbm

are amno-acids 1e 1n the presence of a strong base they behave as
weak acids Since the concentration of potassium hemoglobinate
within_the red cell 1s large if follows that the contents-are heavily
buffered,

The shift which involves also a property of the red cell membrane
operates m the following way  Some of the CO, which enters the blood
from_the tissues remains n_the plasma, and the rest passes into_the
carpuscles I@gwwumh_wamom
carbonic_acid which dissocrates into H and HCO; 1ons  Since the
corpuscle has much greater buffering_power than_the plasma the dis-
socration proceeds more extensively within the carpuscle than outside 1t
The membrane of the red cell1s permeable to amons such as HCO,= or
Cl- but unpermeable or only slightly permeable). to-cations-suchras

Na* o f _the greater concentration COjy- 10ns
within the cogpusc]e a few will diffuse ouwd;mceihey_mnnot be

accompanied by 10ns of the opposite charge, the corpuscle wiil be left
with a net posn ve, harge and will tend to attract negative jons from
the plasma _Of these chlonde ions, from the NaCl of the plasma
wggy/ayaﬂahlc_and are the chief species of 1on to pass in-
wards. Bicarbonate 1ons from the corpuscle are therefore exchanged
for chlonde jons Trom tiie plasma, and the increase 1n plasma bicarbonate
helps to prevent the nse of acidity of the plasma which would otherwise
occur when CO_1s added to 1t

Reducedjmzmog]nhm.xs_amwthan 15 0xy hamoglobin, and
thereforc mops up H 1ons more readily than does oxi ﬁéﬁglobm
Reduced blood therefore takes up CO, 1n the tissues more readidy
than does oxygenated blood Conversely \\hen\o%hxﬂqgl’bln 15
formed again 1n the lungs the CO, 15 hberated-more-readily-from the
blood
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The effects of oxygen lack on the respiratory centre can be sum-
mansed by stating that a reduction of blood oxygen can affect respira-
tion 1n two opposite ways A small reduction causes incrensed 1ctivity
of the resprratory centre (via the carotid sinus) with a_corresponding
increace 1n_ventilation When the-dimnution-in-oaygen—intake 1s
considerable, this_early mdirect_stimulating-effect-1s-lost and the
direct depressant effect-operates-unoppased decreasing the sensitivity
of the centre to such 1 degree that the response to an unaltered tension
of CO, n the blood ss lessened and the volume of pulmonary.sentilation
1s. progressu ely decreased  Oxygen-lack must for practical purposes
then be regarded as a respiratory depressant  The respiratory centre
cannot function properly 1f 1t 1s not supplied with an adequate amount
of oxygen and 1t will quickly cease to function altogether if oxygen
depm ation 1s extreme

Depression of the Respiratory Centre

The resprratory centre 15 rendered Jess sensitive to carbon dioxide
not only by Yarked oxygen lach but ball drugs used to ad or produce
anasthesta  This 15 an undesirable but mewitable, part of the toxic
action of all ansthetics Some are more toxic than others 1 thewr
action on the centre and thewr use 15 therefore more kely to result 1n
respiratory depression Of these morphia 1s an extreme example
Its action on the réspiratory centre 1s so marhed that if given expen-
mentally 1n doses large enough to produce unconsciousness the respira-
tory frequency may fall to 10 per minute before this 1s attained
Respiration remains depressed, and_the reduced pulmonary ventila-
tion results m a nse of blood CO, well above that which normally
stimulates respiration n fact, only when 1t reaches thus high level
will the centre send out an mspiratory stimulus If administra-
tion of morphia were continued until deep anmsthesia resulted
the respiratory rate might fall to the dangerously low level of 5 per
minute

A degree of oxygen lack which may not be serious to a hghtly
anasthetised patient may be fatal to ane whose respiratory centre 15
already depressed by large doses of anasthetic drugs  If during light
anzsthesia respuration 15 obstructed for a short time (eg by the
tongue falling back) 1t will probably recommence spontaneously as
s00n as the obstruction 1s relieved A stmular obstruction m a patient
deeply anesthetised 1s more serious  Here the effect of oxygen-lack
superimposed on a respiratory centre already depressed by anzsthetic
drugs may be fatal unless oxygen 15 supplied to the patient by artificial
respration  The practical pont ansing from this 15 that the deeper,
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then occurs  Any la a1d which 15 not utilised 1n ody 15
excreted through the lidnevsin combination with weah bases, render-

ing the urme acid

REGULATION OF RESPIRATION

It 15 evident that a great number of muscle groups are involved
m resprration  In forced respiration the nares dilate and contract
the vocal cords are actively abducted and mn fact, most of the muscles
of the abdomen thorax and neck are brought into action The
co ordination of their working 1s ensured by centralisation of the con-
trol of respiration 1n one part of the brain  This respiratory_centre
situated in the medulla has an inherent rhythmic_activity of its own
but 1t 15 greatly influenced by outside stimuli and in addition 1its
sensitivity to these stimuli 1s enhanced or depressed by modifying
factors It 1s convemient and probably correct to regard carbon
dioade as the stimulant to respiration  The respiratory response to
a given tenston of CO, depends on the state of the respiratory centre
at that particular time

Various conditions render the respiratory centre less or more
sensitive to the action of CO,  Of these oxygen lack 15 the most
complicated and will be considered first

The Effect of Oxygen-lack
The_direct_effect of a_dimmshed blood oxygen tension on the

respiratory centre 1s to_reduce its Eé@ﬁty This would depress
respration were it not for a compensatory mechamism  The respira-
tory centre 1s Jinked by nervous pathways to the carotid sinus and

aortic arch A _moderate diminution of oxygen tension in the blood

stream 1nitiates 1mpulses in_the carotid sinus and aortic arch which
are transmitted by nerves to the respiratory centre _rendenng1£ore
sensitive  If the oxygen lack 1s not too severe, this indirect strmula-
tion prevals over the direct depresston with a resultant_increase
the_respiratory rate such as 1s seen for example 1n the hurned
respirations of deep mtrous oxide anwsthesia  This effect 15 not seen
1f_the respiratory centre is marhedly depressed (e g by morphia)

n any case 1t 1s evanescent and should not be regarded as of practical
importance m anzsthesia It 1s wrong ever to reduce the oxygen intahe
1n the hope of stimulating respiration  If.the oxygen tension 1s de
creased beyond a moderate degree tne compensatory action of the

carotid sius, reflex 1s Jost and the respiratory centre becomes greatly

degmssed through the direct effect of oxygen lack
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and covermg the mouth until anwesthesin his been deepened
sufficiently  If the rare condition of complete n1sal obstriiction
1s excepted Al patients nose breathe 1f an-estheticed sufficiently
deeply  Vouth breatlung s always asinof ight an-esthes

CRolc of Carbon Dioxide

As has been stated, CO, ts the stimulus to respiration The blood
n the lung capillines and the atmosphere m the lung alveolt are m
gaseous eqmlibrnium  Any change 1n the tension of the gases m the
pulmonary capillanes 1s therefore immedately reflected 1n 1 change
m compo-tion of the alveolrr air and vice vers1  During exercise CO,
1s Iiberated from the tissues into the venous blood causing increased
tension of CO, m the alscolar wr and thercfore i the artenal blood
resulting 1n stimulation of the respiritory centre  The ncreased
pulmonary ventilation leads to ncreased loss of CO, by way of the
exprred air until 1ts tension in the alveolar 1ur 15 agamn normal

It 15 found expenimentally that CO, depletion followmng prolonged
voluntary deep breathing allows the breath to be held longer than
would otherwise be possible  The apneea persists until as the result
of metabohe actnaty the CO_ tension i the alveolar air and artenal
blood nises sufficiently to stimulate the respiratory centre to such an
extent that the <ubject 1s forced to breathe agamn

Duning mduction of mitrous-oxide anzsthesta n a nervous
unpremedicated patient 1t 15 often found that after the rapd
puffing respiration of excitement a pertod of apncea follows
the duration of which depends on the degree of hyperpncea preceding
1t Tius 1s due to reduction of the CO, content of the alveolar
air and blood by the excessive breathing  Such a phase of apneea
may exceed 30 seconds  Since reduced oxygen intake 1s a neces-
sary accompaniment to mduction with NoO the penod of 1pneer
can result 1n shght cyanosis  This may disturb the anasthetist
i he 1s not familiar with the condition 1nd the cause  There 15
16 need for alarm because this state of affairs occurs only during
light anzsthesia and the nsing CO, content of the blood and
alveolar air will soon stimulate the respiratory centre to ts
normal activity  The fact that breathing 1s nasal when respira

t1on 15 Tesumed after a period of such apneea 1s accounted for by
the deepened anzsthesia

. Resptration 15 regulated by the action of CO, on the respiratory

centre n such 3 way that the tension of CO, 1 the alveolar arr 1s
mamntained at an almost constant level
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the anzsthesia the more mmperative a
clear airway and an adequate oxygen supply

The sepsitivity of the respiratory centre to CO, ‘may be depressed
by_any I foreign body or strong etlier vapour) to the
laryngeal entrance  We infer this from the reactions to an attempt to
pass an endotracheal tube when anazsthesia 1s not deep enough par-
ticularly if the patient has been premedicated with morphia  Respira
tions up to now have been normal but as the tube touches the laryngeal
entrance the cords may become closely adducted Depression of the
respiratory centre from the laryngeal irritation 1s expressed in any one
of the following three ways (a) Respirations contmnue but their volume
15 greatly dimmished  The cords separate only very shghtly msuffi
ciently mfact toallow the passage of a tube  The gaseous exchange
however 1s enough to mamtamn hife (b} Respiration ceases until the
effect on the respiratory centre of the nsing CO, tension in the blood
forces the patient to separate his cords and mnsprre  Inspiration here
15 often preceded by an explosive cough 1e an exprratory effort
(¢} The cords remain approximated and respiration suspended unt:l
the heart s action becomes uregular from oxygen-want The tube
has to be removed to allow normal respiration to be resumed

Increase in the Sensitivity of the Respiratory Centre

The resprratory centre 1s rendered more sensitive to the action of

carbon dioxide by pain excitement fear rage and by shght oxygen
defictency  Increase of bréathing during emotion or excitement 1s

a phenomenon famibar to all It &tﬂsf)_du’mg_owutwf‘the
sympathetic nervous system andns probably a pnmitive reflex _the
ew&*&ﬂﬂnﬂelm—ﬂ%’i{mﬂﬁwﬂme sudden
muscular activity mnvolved m fight "or m flight from danger It
mamfests itsell not only by an increase in the rate and depth of
resprration but also 1n a change from nasal to oral breathing

Durning nasal admimstration of nitrous oxide 1ncrease in
sensitivity of the respiratory centre 1s evidenced (1) duning induc
tion where from excitement the patient abandons nasal respiration
and breathes rapidly through the mouth and (1) duning anesthesia
too lLight for the operation being performed Tor example 1if
dental forceps are forcefully applied alightly anzsthetised patient
breathing tranquilly through the nose may be stimulated to
mspire wigorously through the mouth with the result that
anzsthesia lightens rapidly  Nose breathing can be restored only
by suspending the operation {so removing the afferent stimul)
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Causes of Anoxia and their Trentment

(A) Respiration of atmosplieres deficient in oxygen —The
treatment 1s obvious

(B) Any interference with respiratory exchnnge

1 Resprrators obstruction s by occlusion of the hryne by the
tongue or 1 foreign body or by Iaryngeal spism

2 Depression of the resprralory centre 1s by sedatinve drugs or by
lach of oxvgen  This decrexses pulmonary ventilation by dimimishing
both rate and imphtude of respiritions

3 Emphysema phtiusis and prewmona causing dimimished area of
airfblood contact

These three dimunish the respiratory muinute-yolume

4 Mucus 11 the bronchial tree And rarely,

S Pulmonary fibrosts

4 and 5 cause decreased permeability by purely mechamcal means

Any respiratory obstruction must be removed and conditions 3, 4
and 5 necessitate an increase 1n the oxygen supply above normal m
order to 1ncrease the alveolar oxygen tension

() Anermia —A gren alvealar oxygen tenston results n the oxy-
genation of a defimite proportion of the hzmoglobn of the blood  Thus
at a fixed tension the oxygen-carrymng capacity of the blood depends
onts total hemoglobin content ~ Reference to the oxygen association
cune of hemoglobin (p 38) shows for example, that when the
alveolar oxygen tenston 1s 33 mm Hg the hemoglobin wrrespective
of the total amount present 15 60 per cent saturated with oxygen
While the degree of oxygen lack resulting from this alveolar oxygen
tension 1s scarcely enough to render an average patient unconscious,
1t could be fatal to a patient suffening from advanced anzmia

In anzmia, the amount of hemoglobin available for the transport
of oxygen 1s diminsshed  Even with a normal alveolar oxygen tension
the supply of oxygen to the tissues 15 diminished because of deficient
transport  If the alveolar oxygen tension 1s lowered the hamoglobin
will be only partly saturated with oxygen so that the supply to the
tssues already reduced because of the anzmia will be further
dimimshed  The treatment should be prophylactic to ensure an
adequate alveolar oxygen tension and if despite this anowia still
exsts the only effective treatment 1s to provide an increase mn the
©OXygen carrymg capacity of the blood by blood transfuston
. (D) Dimimshed rate of circulation —Here although the oxygen

ension and the amount of hzmoglobin may be normal the slowly

asculating blood does not carry oxygen to the tissues quichly enough
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By regulating the excretion of CO, respiration 15 one of the
mmportant mechamsms by which the reaction of the blood 1s hept
constant Any alteration in the CO, content of the alveolar air or
arterral blood causes an almost instantaneous change 1n the respiration,
which helps to maintain the CO, of the alveolar air and the hydrogen 10n
concentration of the blood at constant levels

If the tension of CO, 1n the alveolar air 1s raised beyond certain
limts this gas loses 1ts stmulating effect and bécomes a powerful
respiratory depressant  This depression can be produced by prolonged
mnhalation of an atmosphere containing approximately 10-15 per cent
CO, It follows the mhalation of higher concentrations of CO, more
rapidly

Nervous Stimult

The respiratory centre 1s also affected by mmpulses from the lungs
via the vagt When the lungs are distended to a certain tension
unpulses travel up the vagi to the respiratory centre cutting short
the inspiratory phase whereupon expiration begins  This phenomenon
1s known as the Hermg-Breuer reflex Sumlarly emptymng of the
lungs 1s followed by vagal impulses which 1 turn mtiate msprration
These reflexes have the effect of making respiration less deep and more
rapid than 1t would otherwise be

Probably this action of the vagus 1s important n artificial
respiration  If the Hering Breuer reflex 1s not lost forceful
artificial deflation of the lungs 1s followed by impulses causing
mspiration  Repeated artificsal filling and emptying of the lungs
may 1n this way eventually play a part mn the re establishment
of natural breathing

The same effect may be seen when N,O 1s admimstered under
pressure  The distension of the lungs so produced may institute
aweah expiratory effort  If these two effects are evenly balanced
apnecea will result until either the pressure of gas admmistered
1s lowered or the alveolar CO, rises sufficiently to force a breath

ANOXIA

This 15 the condition of deficient oxygen supply to the tissues?
Since death from anasthesia must be regarded as death from anoxia
1t 15 well to see at what ponts the transfer of oxygen from the atmo
sphenc air to the tissues may break down
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for their needs This condition of greulatory_imsufficency with fall
of blood-pressure may occur 1n cardiac_disease or as a result of shock
or gyerdose of anasthetic drug If the condition occurs during
anzsthesta admimstration must be stopped immediately and the head
should be lowered to mcrease the circulation to the medulla

(E} In the_ tissues _themselves —At least one respiratory
enzyme or ferment 1s present m all body cells The abilitv of the
cells to uttlise oxygen depends on the activity of the fizyme the
powsoming of which (the classical example 1s bv cyanide) causes gbrupt
and fatal termmation of the oxtdative processes throughout the body
A gradual increase 1n the concentration of anesthetic within a cell has
a corresponding poisomng effect on the enzyme with correspondmg
diminution of cell oxidation and actiity  If the enzymes of the cells
of the respiratory centre art, powsoned 1 this way the centre will suffer
from anoaa though abundant oxygen may be circulating 1n the
blood The respiratory centre 1 thus depressed and the mnute
volume exchange falls off appreciably In the cxtreme case the
Tespiratory centre 15 so depressed that it does not respond to any
stimulus and respiration ceases  The treatment 1s to stop admmistra
tion of the ansthetic immediately Provided circulation continues
and the respiratory centre 15 not irreparably poisoned artificial respira
tion will supply oxygen for the activity of the heart and the continued
circulation will result 1n excretion of some of the anesthetic drug
Progressive diminution of the tension of anzsthetic i the blood will be
followed by a shift of an®sthetic {from all the other tissues (including
the respiratory centre) until a concentration 1s reached at which the
centre will be able to utihse the oxygen recover its activity and agamn
respond automatically to the stimulus of CO  If interference with the
metabolism of the respiratory centre has been severe and prolonged
1t may never recover its activity and even 1if it does the damage
may be so severe that respiration contmues for onlv a few hours It
should be noted that n this fifth type of anoxia the patient has a good
(_:_ohlou’r even 1 exirerus  Because of tissue posoming he 15 dying of
oxygen want i the midst of plenty

The gravity of a patient s conditien mncreases if any two or more
of the causes of anovia co exist
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some degree of cynosis 1s usually noticeable Cyanosts 15 here
unavoidable and not of serious umport It exists wmn the presence of
a frec awrway and since the light wn-esthesia of N,O does not depress
the respiratory centre the O, lack can be relieved at will by the addition
of oxygen to the muvture or by allowing the patient a few breaths of
atmosphenc air
The great majonity of patients can become cyanosed while there
1s still enough oy gen carred 1n the blood-strcam to support the vital
funchions of the body but the anemic patient may die of anoxema
without showing cyanosis The presence or absence of cyanosis
depends on the guantity of reduced hemoglobinin the blood  Reduced
hemoglobin 15 purple (in contrast with fully oxygenated hzmoglobin
hich 15 boght red) and when present 1 the capillaries 1n_sufficient
concentration imparts a blue colour to the shin, 1gespective of the
amount of osyhemoglobin present  As has been described {p 38)
the quantsty_of reduced haemoglobin 1n the blood 1s determined by._the
total h-emoglobin_content and_the tension of oxygen in the alveolar
air to_ which 1t 15 exposed  This latter n turn, 1s dependent upon
(a) the oxygen percentage wn the muxture of gases wspwed (8) the
adequacy of the pulmonary ventiation, and (¢} the barometric pres-
sure  The last because its fluctuations 1n practice, are neghgible, 15
ummportant

% 0z2n |Alveolar |H lobn| cc Oz | Reduced | Colour
whaled [Oztensen| % per 100cc Haemoglobn] 4
mixture linmm Hg |satoration | blood moi’(:(eo'od patient,
21 100 95 20 o 4
{
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Fic 12 —Relationshup betneen the ox:
ygen percentage i the mixture
l:\ﬁgred ::d the colour of the normal patient For etanfple with 89, oxyugchf\sg\a\she:
u‘th:;eso e alveolar oxygen tension becomes as low as 28 mm Hg the hamoglobin
Toy et x/eds:;“‘;a;f sa‘that 100 c ¢ of blood carnes 10 c ¢ of oxygen and coptains
sponding colons ch“;:mg abain The extreme fight hand columa shows the corre
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CHAPTER V
CYANOSIS

Cyavosis 1s evidence_of mcomplete oxygenation but its_absence
whether the patient be conscious or unconscious 1s not an assurance
that the circulating hemoglobin 1s fully oxygenated In the healthy
subject breathing ar cyanosis may be seen 1n localised areas n which
there 1s a decrease 1n the rate of flow of blood through the capillaries
as the result of exposure to cold or from increased viscosity of the blood
from other causes the slowly circulating blood 1s then depnived by
the tissues of a greater percentage of oxygen than usual Cyanosts
occurs too m a generahsed form during inhalation of atmospheres
grossly deficient 1n oxygen It 15 seen also in certamn pathological
conditions even if the patient 15 breathing air The commonest of
these are (1) changes in the lungs which retard the transference of
oxygen from the alveol to the capulanes and (u) cardiac falure
resulting in stagnation 1n the systemic capillartes  Cyanosis may also
result from the use of drugs of the sulphonamide group  Apart from
this last cause 1ts presence denotes the existence 1n the blood stream
of a considerable proportion of hamoglobin 1n the reduced form—
1e_not oxygenated
"In thys chapter the occurrence of cyanosis duning anzesthesia 1 an

otherwise healthy patient 1s considered and the absence of this colour
change 1n the anzmic subject under stmilar conditions 1s also explained

The anasthetist must appreciate the ztiology and sigmficance of
cyanosts if he 15 to admimster an anazsthetic safely Anwmsthetics
with the conspicuous exception of mtrous oxide can produce profound
angsthesa even 1n the presence of unlimited oxygen and indeed should
always be administered m an atmosphere contaming at least 20 per
cent of oxygen Under these conditions cyanos:s 1s a danger signal
indicating a breakdown 1n the transfer of this oxygen to the lungs the
commonest causes bewng respiratory obstruction or respiratory arrest
If exther of these 1s present 1t must be relieved at once

In mtrous oxide anesthesia conditions are different Tlus ans
thetic of lmited potency has often particularly mn dentistry to be
admunistered without the help of premedication  To be effective 1n
an average patient 1ts weah anzsthetic quahities have to be remnforced
deliberately by a reduction of the oxygen intake to such a level that
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some degree of cyanosis 1s usually noticeable  Cyanosis 1s here
unasordable and not of senous mmport It exists 1 the presence of
a free awrway and since the light an-esthesia of N,O does not depress
the respiratory centre the O, lach can be relieved at will by the addition
of oxygen to the minture or by allowing the patient a few breaths of
atmosphernic air

The great majonty of patients can become cyanosed while there
15 still enough o1y gen carried 1n the blood-stream to support the wital
functions of the body but the an-emic patient may die of anoxzma
without showmg cyanosis The presence or absence of cyanosis
depends on the quantity of reduced hremoglobin i the blood  Reduced
hemoglobin 1s purple (n contrast with fully oxygenated hzmoglobm
which 1s brght red), and when present in the capillanes 1n sufficiént
concentration xmparts a blue colour to the shin wgespective of the
amount of oxyhzmoglobin present  As has been described (p 38)
the quantity_of reduced hmoglobin 1n the blood 15 determined by the
total_hemoglobmn_content and_the tension of oxygen in the alveolar
arr to which 1t 15 exposed  This latter, n turn, 1s dependent upon
(a) the oxygen percentage n the muxture of gases mspired, (8) the
adequacy of the pulmonary ventilation and (c) the barometric pres-
sure The last because 1ts fluctuations in practice, are neghgible 1s
ummportant
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Cyanosis will not appear until the alveolar oxygen tension 1s so far
d\lmlmsh'ed that 5 g (or more) of hemoglobin per 100 cc of blood
remain reduced The existence of this absolute amount of reduced
hzmoglobin 1n the blood determines the development of cyanosis
This point may be ilustrated by companng the effects of nhalation
of a mixture of mtrous oxide with 12 per cent oxygen (which will
result 1n an alveolar oxygen tension of approximately 35 mm Hg) on
three types of patients a2 man with an average hzmoglobin content
{te 15 g per 100 cc of blood) a plethonc man (with, say 18 g
per 100 ¢ ¢ of blood) and an anemic patient (with say 9 g per 100c ¢
of blood) Irrespective of whether a person 1s plethonc, normal or
anzmic an oxygen tension of 35 mm Hg 15 sufficient to oxygenate
only two thirds of the circulating heemoglobin  The arteral blood of
the average man therefore will contain 5 g per cent of reduced
hzmoglobin (the capillary blood wall contain a higher percentage) and
he will be cyanosed the plethoric man with 6 g per cent of reduced
hzmoglobin 1n his blood will be appreciably cyanosed, while the
anzmic pattent whose blood will contain only 3 g per cent of hzemo-
globin 1n the reduced form will not be cyanosed at all since 5 g pet
100 c ¢ of blood 15 the minimum concentration necessary to produce
this colour  Calculation of the amount of oxygen carried by the Hb
{p 38) shows however that the blood of the plethoric subject despite
the fact that he 1s cyanosed still has a greater oxygen content
(18 x 3 x 134=16) cc per 100 cc of blood than the normal
(15 x % x 131 =134) cc and cammes double the amount of oxygen
(9 X % X 134=28) cc carried by the blood of the anemic patient
who shows no colour change  Since mtrous oxide 1s carried 1n sumple
solution 1n the blood plasma the blood nitrous oxide concentration of
these three types of patients will be the same If the patients are
tested for depth of anesthesia it will be found that the anemic 1s
the most profoundly anmsthetised (because he 15 suffering from the
greatest oxygen lack) Even when conscious the dimimshed hamo-
globin content of his blood subjects him to some degree of Oplach so
that lus general fitness and with 1t hus resistance to anxsthesia 15
reduced The plethonc and the average man are mvanably more
robust and anzsthetic resistant and so there 15 greater difficulty n
rendering them unconscious and in mamtaming an=sthesia
Since a concentration of 5 g of reduced hamoglobin per 100 cc
of blood 1s necessary to produce cyanosis 1t follows that a patient with
an advanced anema {of say 33 per cent Hb 1e 5 g of Hb per
100 cc of blood) can never show this colour change It would be
necessary for all us hzmoglobmn to be in the reduced form for cyanosis
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to occur  Since no oxyhemoglobin would then be circulating, such a
“patient must die of oxygen lack before cyanosis could mamfest itself
= TRecogmition of the above facts 1s essential if nmitrous oxide 15 to be
guen with safety and confidence  In an unpremedicated plethonc
man the oxygen content of a mtrous oxide oxygen mixture has to be
lowered to such an extent that cyanosis 1s nevitable if an-esthesia
15 to be achieved  On the other hand the admimstration of a similar
musture to an an-emic patient will not cause any change of colour, but,
if continued, will produce a truly desperate state of tissue anoxia
If the an®sthetist interprets this latter patient’s muscular tranquullity
and unchanged colour as proof that anwsthesia 1s not deep the peace
of his fool s paradise will soon be rudely disturbed by the urgent
necessity for resorting to artaficial respiration
Fig 13 represents the degree of oxygenation of the blood, and the
complextons of the three types of patients described when breathing
air, when breathing a mixture of mtrous oxide and 12 percent oxygen
(1e sufficient to produce two thirds saturation of the hemoglobin),
and the depths of anwsthesia thereby attamed These latter are
mdicated by a X 1n the last column which depicts the four planes of
the third or surgical stage of anwsthesia (fig 15 p 63) The red
and blue circles indicate the number of grams of oxyhzmoglobin and
of reduced hamoglobin respectively present i 100 cc of blood m
these three types of patients
Fig 14 shows the oxygen reduction m a mtrous oxide-oxygen
mxture necessary to produce upper first-plane anwmsthesia mn these
patients In the plethonic patient the oxygen percentage has to be
reduced to about 7, and profound cyanosis 1s nevitable in the normal,
to about 12 which results in mild cyanosis  and in the anzmic only
to about 18 and the patient s colour remains unchanged
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With very few exceptions excess of any Antsthetic can bring about
death however perfect the urway or abundant the supply of oxygen
To faciitate determination of the depth of an-esthesia 1t 1s proposed
to employ the very uscful phn deviced by Guedel * of Cahifornn, of
diyading the pertod between the commencement of mgduction nd the
pont of death nte the four stages (I) amalgesn (II) dehrium,
(IT1) surgical anesthesta nd {IV) respimtory paralysis shown in the
chart {fig 18), and to marh on the chart the changes 1 the mntensity
of certan selected nervous 1ctivities and reflexes during these stages
Further Guedel subdivided stage IIT that of surgical an-esthesia, into
four planes *
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Fic 15 (After Guedell)

Column 1 —Abdomina) respiration Column 4 —F yelash reflex
;.! —Eho{’ac:c respiration 5 —Evyehd reflex
—LEyeball activity 6 —Swall
Column 7 —\ omiting reflex nellowing reflex

Guedel based Iis chart on observations made when admimstermn
ether on an open mask to numerous patients Morphia or othe%
sedatives were not given beforehand sufficient oxy-éen was always
available and needless to say a clear airway was maintamned throy, i
out The conclusions drawn from admlnxstérlng ether roughly h%l(i



CHAPTER VI
SIGNS OF ANZESTHESIA*

IN considering the effects of administering increasing amounts of an
anzsthetic we are concerned primanly with those exerted on the func-
tion of the central nervous system as judged by changes in the muscular
responses evoked by external simuli and by changes mn respiration
It 1s only these that are directly observable There 15 progressive
depresston 1n the function firstly of the cerebral cortex later of the
midbrain which 1s involved in the completion of reflex arcs_by which
the individual reacts unconsciously to noxious stunulr still_later of
the spinal cord and lastly of the respiratory_centre_in the medulla
oblongata

The term unconscrous will be used here as implymng that the
patient cannot give a correct account of what was happening to him
or 1n s immediate environment dunng that pertod A man may
be unconscious 1n this sense even though sttmuli are found to provoke
reflex actions so complexly co ordinated that they simulate skilled
reactions dependent on paths from and to the cerebral cortex We

also that consclousness proper 1s associated solely with the

functioning of the cerebral cortex and that the activities of the rest of
the nervous system are purely automatic or reflex

It 15 generally easy to tell whether a patient 1s unconscious or not
but in anmsthesia determination of the depth of unconsciousness
reached 1s important and this can be assessed only by the interpretation
of landmarks or signs which are frequently present at different stages
Is the patient adequately anasthetised for the operation contemplated ?
Is anasthesia too hight and response to stimuli therefore possible
unnecessanly deep for the operation being performed or even dan
gerously deep? We have heard a doctor enquire from time to time
during the mduction period  Are jou asleep yet? apparently
assuming anzsthesia to be attained when the patient ceased to answer
Other unorthodox procedures not calculated to mstil confidence wmnto
a patient approaching unconsciousness are to prod his eye vigorously
to discov er the reaction or to stick a pin into him or pull his hair to see
whether there 1s any response to these strmuli!

» This chapter deals with anzesthetics other than mitrous oxide For signs
of mtrous ouide anzsthesia see Chapter Vil
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does not respond to gentle treatment he must be restruned firmly
enough to prevent Jum damaging nmself or others

Strugghing dunng the second stage 1s hable to oceur (1) m the
patient who 15 not really calm but has remuned so during the first
stage by the exercise of great self-control  Dunng 1 slow mduction
the amount of strugghng 1s likely to be proportionate to the nervous
tension and the release of mental control dommant during conscious-
ness ‘may result m unespected violence Strugghng occurs most
frequently and most violently in the thut, active type of patient,
(u) 3f the patient 1s unpremedicated, (i) mn alcoholics or other drug
addicts (17} when 1nduction 1s too slow, the patient bemng hept too
long 1 tins stage of potential dehrium  (v) when the anwesthetic 1s
given badly ¢ g as when the concentration of ether vapour 1s increased
too rapidly

The madence of dehnum vanes with different anesthetics, being
g_\'eatgst with mbalation agents particularly 1f induction 1s slow  For
example induction with ether alone1s slow because strong ether vapour
15 unpleasant, and the patient therefore cannot mnhale 1t 1 concentra-
tions suffictent to induce anzsthesia rapidly In contrast to this,
when a patient 1s given an mntravenous anasthetic such as thiopentone
the stage of potential delirtum 1s passed through in a matter of seconds
Mtrous oxide also affords a rapid and pleasant mnduction  Neverthe-
Iess strugghing occurs not infrequently with this anmsthetic because
unless the oxygen intake 15 markedly dumimished 1t may be impossible
to produce surgical anasthesia in an unpremedicated patient

Delinum may occur also m the second stage afler an operation when
the patient 15 emerging from the effects of the anwsthetic, though 1t
mansfests itself then more often as restlessness thanas violent strugglng
since the patient 1s back again in bed where noise and external stimuh
are less  Further post operative depression decreases any tendency
to violent movement On the other hand there may be sufficient
post operative pamn to cause restlessness which will persist unless
morphia 1s given

Tiurd stage —I'rom level C where stage II passes mto stage IIT
muscular depresston 1s sufficient to prevent the patient from moving
lus imbs 1n response to stunult  This Jevel marhs the onset of surgical
anzsthesia and 1s recogmisable by (1) the gnset of automatic respiration,
particularly noticeable 1 cases where the breathing has previously
been irregular and (n) the loss of the eyelid reflex—i e closing of the
eyes evohed by retraction of the eyeld Only in the thid stage
(C-D) that of surgical anmsthesta should surgical operations be
performed  As shown n fig 15 this stage 1s extensive and 15 sub-
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good for all anzsthetics capable of producing death even when oxygen
1sabundantly supplied  The chart of course 15 not invanably accurate
for every patient or for every anasthetic For this to be possible
there would have to be no individual varance 1n the reactions of
patients and all anasthetics would have to produce 1dentical results
In the chapters on individual anzsthetics we draw attention to signs
of anzsthesia charactensstic of the particular anzsthetic when these
do not conform closely to Guedel s chart

During the first stage, that of * analgesia there 15 progressive
decrease 1 reaction to pamnful stimuli and progressive loss_of con-
sciousness the latter becoming complete at the end of the stage
(lme B)  If the eyelashes of a conscious patient are touched this mild
stimulus will as Human has pomnted out evohe movements of the eye-
hd but this response gradually dimimshes until 1t 1s lost at the level
indicated by lme B The first stage 1s generally easily recogmised
The patient 1s conscious and generally co operative  Occastonally
there 1s hystera which may turn into struggling or debinum n the
second stage In any case 1t 15 difficult to draw a sharp line between
the end of the first stage and the beginming of the next

The second stage 15 hnown as that of delinum although the
delinum may be merely potential or may be mamfested by mcoherent
talk or actual struggling  During this stage the patient 1s unconscious
and will subsequently remember nothing of what has happened He
may become turbulent or remaimn peaceful according to the anzsthetic
used, the type of patient he 15 the presence or absence of stimuli,
and the shill of the anzsthetist  Conscious control 1s removed and he
may struggle either from a fear the existence of which had been con-
cealed dunng the first stage or because he 1s being subjected to some
stimulus e g pamn from premature nciston or extraction or even the
nowise made by dropping instruments or as a response to injudicious
conversation

It 1s noticed that any inadvertent notse duning this stage 1s
apt to evohe I those who have been subjected to air raids
responses of terror such as would follow explosion of a bomb

Yorcible restramt 1s hable to mitiate or aggravate a patient s struggles
This too 1s the result of stimult evoling n the aggressive the response
which mght be expected Until the patient has entered the third
stage of anzsthesia a soothing word or a pat on the arm 1s often more
effective than vigorous handling  1f however a struggling patient
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conaderably, ¢ g for tooth extraction musculr relvation 1s not essen-
tial (the mouth being hept open by 1 prop), and 1t ¢in be performed
at the_very_top of plane I—n fact, as 15 well known, 1t occastonnlly
takes place madvertently 1t the bottom of stage I1 without deleterious
effect on the patient Laamples of other operations which can be
performed 1n plane 1 are  amputations, operations on the chest and
on the braimn, and any other procedures not requining marhed muscular
relaxation  Operations 1n the abdominal cavity however, necessitate
profound anwsthesia to abohsh the protective reflex spasm of the
a@f)mnlai_r_nusclcs ‘The reflexes from the upper abdomen are more
vigorous than from the lower, and 1t can be stated as a generalisation,
that plane 2 1s necessary for lower nbdomnal surgery (e g appendicec~
tomy) and pline 3 for most operations in_the upper_abdomen (e g

exasion of the gall-bladder)

It 1s ¢vident that the asscssment of the depth of anasthesia, yudged
by the signs just described 15 made by reference to the hind and degree
of muscular response present at different stages In other words the
signs of general anwesthesia are musculir signs  Correct assessment
of the depth of general ancesthesia 1s impossible if a muscular relaxant
eg dtubocurarine chlonde 1s used in conjunction with the general
anzsthetic It 15 important for the anasthetist using relaxant drugs
to appreciate this and he must ensure that general an@sthesia
15 established before such drugs are given and must continue to
admumster sufficient general anesthetic to muntan unconsclousness
(p 193) When such drugs are used general anzsthesia no deeper
than first plane need be mamtamed even for abdominal operatloﬁs,
since the relaxation required 1s produced by other means
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divided nto four planes Plane 1 13 characternised by progressive
decrease both m the range of excursion of movements of the ey eballs
and m the rapidify of these movements until at the bottom of the
plane the eye comes to rest 1 the central position where 1t remamns
throughout the deeper planes The range of eyeball movement 1s
represented on the chart by crosses  Plane 2 15 dealt with at the end
of tlus paragraph At the upper boundary.of plane 3 there begms a
progressive decrease m thoracic respiration  Paralysis of the inter-
costal muscles increases until, at the bottom of_the plane recpfatlon
15 carnied on solely by the diaphragm  Plane 4 1s marked by complete
paralysts of the thoracic muscles and a progressive drminution 1n the
activity of the draphragm and at the bottom of this plane respiratory
effort 1s absent because of paralysis of the respiratory centre from over-
dose of the anmsthetic drug  Plane 2 by the process of exclusion 1s
charactensed by central immobile eyeballs and complete functioning
both of the intercostal muscles and of the diaphragm

In the fourth stage (D-E) that of respiratory paralysis the
heart still beats and the patient will remain alive 1f Lept adequately
oxygenated by artificial resprration By contiiuing artificial respira
tion enough anesthetic may be excreted to allow the respiratory centre
to recover and mtiate respiratory mowvements on its own account
E marks the Jevel of cardiac arrest A few cases are on record where
through massage or needling of the cardiac muscle the heart beat has
been restored and the patient revived even after this level has been
reached

Guedel has estimated that the mimmmum times ;1 minutes taken
by different inhalation anmsthetics to reduce a patient to respiratory
arrest are roughly as follows ether 10-30 chloroform 4-12, ethyl
chlonde 14 cyclopropane $-3 No matter what the drug or its
method of admmstration the time depends on the rate at which 1t 1s
given and on the rate of its absorption  Ammal expenment shows
that a drug such as thiopentone 1if rapidly injected can produce respira
tory arrest n the circulation time  of the blood

On general pnnciples the patient should be reduced to the mmmmal
state of depression necessary for the operation n hand to be performed
to the surgeon s satisfaction  The shorter and the less profound the
anmsthessa the smaller 15 the risk to which the patient 15 exposed
duning operation and the less the lihelihood of post-operative com-
plications  In other words the lighter and shorter the anesthesia

the better
The depth of anzsthesia neces<ary for different operations tanies
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venfied 1n a patient who s to have 1 tooth extracted, by ndmimstering
mtrous oxide with say 12 per cent oxygen, and then allowing the
dentist to begin  The great majonty of normal patients n these
circumstances will show considerable response to the stunulus  Some
will scarcely lose consciousness and will give 2 vivid nd unflattering
account of the expenence

Guedel! ponts out that mtrous oxide given with sufficient
oaygen to satisfy basal metabolic needs can depress 1 patient 1n
average health only a certain amount—{rom the line A to about the
level (a), a man of 30 in normal health starts anwesthes:a from the
metabolic rate level (p 89} corresponding to lis age, and he will bz
depressed to (), the same man stimulated by pan and fear will have
hus starting point raised above the normal metabolic rate hine and can
be depressed by a similar minture of mitrous oxide and oxygen only
to the level () which s just below the level at which consciousness
1sdost  1f 1t 15 desired to an-esthetise the patient 1n this condition with
mtrous oxide as the sole anwesthetic anmsthesia can be achieved only
by reducing the oxygen imn the mixture In a robust patient this
deprivation of oxygen 1s often the main factor in the resulting uncon-
sciousness  The signs of anzsthesia are then complicated, and possibly
overshadowed by the signs of acute asphyxia  The more the oxygen
1s reduced the more are the signs of anwesthesia masked by those of
asphyxia  Because of the mtroduction of this asphyxial element,
which has no place in other anzsthetics the utility of Guedel s chart
for depth of anzsthesta 15 nvalidated and the anmsthetist must rely
on new landmarks

It 15 essentral to understand during the admimstration of mtrous
oude which signs mndicate that the patient 1s (1) adequately anzs-
thetised and {u) dangerously asphyviated

The begimner often finds 1t difficult to know both when a patient 15
unconscious and when he 15 ready for operation To judge the
moment precisely needs much expenience It 15 easy to subdue the
patient until he 1s obviously deeply anesthetised but by dong so
refinements of angsthesia are missed It 15 mmpossible to gwve any
fixed rules for determining the percentages of mtrous oxide and oxygen
which will produce the correct depth of anzsthesia for any particular
patient or for any particular operation

The chief signs of mitrous oxide anesthesia 1n order of mmportance
are respiratory signs musculir signs eye signs and colour changes
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CHAPTER VII
SIGNS OF NITROUS-OXIDE ANASTHESIA

ALMOST every anazsthetic can reduce a patient to the pomt of death
even though he 1s abundantly supplhed with oxygen  The one notable
exception 1s nitrous oxide the lack of potency of which 1s not suffici
ently apprectated If this gas mixed with enough oxygen to meet
basal metabolic requirements 1s admiustered to an average fit
patient who 1s unpremedicated not only 1s it impossible to reach
the point of death but it 15 often difficult to subdue hum sufficiently
to allow even a minor operation to be performed  This can easily be

Stage 1
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Stage IC

Fic 18
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venfied in 1 patient who 1s to have 4 tooth extracted by administering
mtrous ovide with say, 12 per cent oxygen and then ~llowing the
dentist to begin  The great majority of normnl patients m these
carrcumstances will show considerable response to the stumulus ~ Some
will scarcely lose consciousness and will give 2 vivid and unflattering
account of the expenience

Guedel! pomts out that mtrous ouide given with sufficient
oxygen to satisfy basal metabolic nceds can depress 1 patient mn
average health only a certain amount—from the line A to about the
level (a) a man of 30 sn normal health starts anxsthesia from the
metabolic rate level {p 89) corresponding to his age and he will be
depressed to () the same man stimulated by pamn and fear will have
his starting point raised above the normal metabolic rte line and can
be depressed by a stmilar munture of mtrous oxide and ovygen only
to the level (c), which 1s Just below the level at which consciousness
1slost if 1t 15 desired to anasthetise the patient in this condition with
mtrous oxide as the sole an-esthetic, an@sthesia can be achieved only
by reducing the oxygen in the mixture In a robust patient this
depnivation of oxygen 1s often the mam factor 1n the resulting uncon-
sciousness  The signs of anesthesia are then complicated, and possibly
overshadowed by the signs of acute asphyxia  The more the oxygen
1s reduced the more are the signs of anmsthesia mashed by those of
asphyxia  Because of the mtroduction of this asphyvial element,
which has no place in other anasthetics the utihity of Guedel s chart
for depth of anasthesia 1s nvahdated and the anzsthetist must rely
on new landmarhs

It 15 essential to understand dunng the admimnistration of mitrous
oxide which signs indicate that the patient 1s {i) adequately anzs-
thetised and (u) dangerously asphyxiated

The begtnner often finds 1t difficult to know both when a patient 1s
unconscious and when he 1s ready for operation To Judge the
moment precisely needs much expenence It 1s easy to subdue the
Patient until he 1s obviously deeply anwmsthetised but by domng so
tefinements of anmsthesia are mssed It 1s mmpossible to give any
fixed rules for determining the percentages of nitrous oxide and oxygen
which will produce the correct depth of anzsthesia for any particular
Patient or for any particular operation
ﬁl‘e‘{::pncr}:g r;xg:ls :f nitrous oxide anasthesia 1n order of importance

gns muscular signs, eye signs and colour changes
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Respiratory Signs

The onset ot automatic respiration 15 with nitrous oxide as with
other anzsthetics the sign that surgical ansthesia has been reached
In an average induction the breathing becomes automatic after about
twelve full breaths of mtrous oxide have been taken that 1s after
about 40seconds  There1s however ths difference between the onset
of surgical anasthesia with mtrous oxide and with less pleasant inhala
tion anesthetics such as ether and ethyl chlortde—with the former
induction 1s not oppressive so that the patient who 1s not nervous
breathes regularly from the start and since the early stages of
ansthesia are passed through rapidly only the highly nervous show
any wrregularity of the resprratory rhythm during inductton  Indeed
if durmg this period the patient controls himself well there will be
Little if any appreciable change 1n the character of respiration as uncon
sciousness supervenes  This 1s m marked contrast to the obvious tran
sition from rregular to automatic respiration which occurs at the onset
of surgical anasthesia when a less pleasant induction 1s produced as by
etheror ethylchloride In dental anesthesia the presence or absence of
nasal breathing 1s an all important indicatton of the depth of ansthesia
When nitrous oxide 1s g1ven nasally a one way valve on the nose piece
through which expirations are audible allows any change i the character
of the respiration to be detected at once  The first thing to be learnt
15 that unless respiration 1s regular and 1s entirely nasal the patient 1s
not sufficiently anzsthetised to tolerate any operative interference
These must be regarded as negative signs since na co operative pattent
respiration may show these features from the beginning of mduction
‘When such a patient 15 1n the analgesic stage the respirations may lead
the anesthetist to thik that anasthesia has been reached and he may
allow the dentist to begin work  If the patient 1s very placid he may
continue to breathe through his nose even though he 1s aware of the
extraction It 15 obviously undestrable for extractions to be performed
at this stage but this 15 not a grave mistake if the patient 1s sufficiently
placid because as a rule when he recovers he merely remarhs as a
matter of interest that he knew of the removal of the tooth The
presence of nasal breathing does not prove that the patient 1s ade
quately anzesthetised but sts absence shows that he ts not

Surgical an-esthesia sufficient for minor operations such as incision
of an abscess or dental extractions 1s charactensed by automatic
respirations resembling those of natural sleep though somewhat deeper
and quicher At a shghtly deeper level of anasthesia there may be a
gentle snore or shght catch 1n inspiration and the presence of either
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of these more positine signs 15 1 confirmation that an-esthesi 1s deep
enough for mnor surgery

In a normal or plethoric patient deepemng w-tsthesta 1s marked
by an increase in the frequency of respiration followed by a chinge in
its charcter  The free, naturl respirtions guve place to snatchy,
irregular, guttural, or <obbing breaths  These 1bnorml respirtions
are due to oxygen lnch wlich cruses irregulr, Jerky, unco ordmnated
action of the laryngeal muscles, and are scen only 1n the robust who
by this time, show other confirmatory signs of unconsciousness At
a deeper stage still there 1s 1 tendency for mspirations to be short
and <obbing whilst expirtions become marhedly prolonged

Muscular Signs

Since muscular relasation results from deep anwesthesia 1t 1s seldom

a feature of nitrous-oxide anasthesin  T'ortunately relaxation 1s not
essential for a minor operation such as the opening of an abscess nor
for dental extractions because here the mouth 1s propped open before-
hand  Dunng mduction the patient may make movements which
are purposeful For esample he may cross his legs or fold his arms
to make limself more comfortable he may attempt to push away the
operator to show that he 1s not yet anasthetised or he may put up his
hand to adyust the mash or nose piece because 1t 1s uncomfortable
During light anwsthesia a painful stimulus may lead to movement or a
moan which shows that anesthesia 1s nadequate The movement such
as an attempt to grasp the operators hand 1s usually purposeful
and the moan 15 one of pamn  This movement and moan are generally
easily distinguishable from those of deep anoxia 1 which condition the
movements are purposeless and unrelated to stimult and the moan 1s
a phonation which does not give the impression of bemng caused by
pam  If the oxygen mtake 15 markedly reduced the tone normally
Present 1n muscle 15 readily superseded by spasmodic contraction
This spasm occurs first 1n the small muscles of the tongue, but 1s here
rarely noticed and 1ts early mamifestation can be more conveniently
observed m the eye where spasm of the mtrinsic muscles pulls the
cye out of centre If the eyeball be exammed at this stage, 1t will
usually be found moving from side toside At a later stage 1t becomes
fixed 1 an eccentric position generally downwards Twitching and
igﬁzrxodxiact::t::ctlons of ;:e largfrtmuscles of the arms and legs
cansed by ey € Oefrtehmagrd topls o1 on(;s hamd nspiratory crowing
b oxybez: 115) e e adductor muscles of the larynx  If deprivation
nued still further this spasm gives way to complete

muscular relaxation quickly followed by death
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Eye Signs

Eye signs are helpful to a beginner but the experienced anzsthetist
comes to use them less and less until finally he rarely, 1f ever mnspects
the eye

Larly m mduction 1f the eyeld 15 drawn back 1t will be found
resistant (fig 17)  The ansthetist should never mspect the patient s
eye at this stage  If uncon
sciousness has not been
reached the hftingoftheeye
Id may be construed as a
prelude to premature opera
tion and so alarm thepatient
A patient so disturbed may
begin to breathe through his
mouth or may move his arms
to indicate that he 1s not
unconscious If the anzs
thetist wishes to inspect the
eyeball he should make
reasonably sure before he
hits the hid that the patient 1s sufficiently anzsthetised to be quite
unconscious

If the eye appears to be able to focus (fig 18) unconsciousness has
not been reached  The eye soon loses this look of intelligence and 1t 15
often possible to tell solely
by watching the eye the
time at which consciousness
s lost  Later the eyeball
develops a quick hon
zontal movement the
rapidity and excursion of
which dimimsh with deepen
ing anesthesia

The charactenstic eye
movements of nitrous oxide
anmesthesia are all mam
festations of muscular spasm
due to oxygen lack

In a healthy patient anzsthesia deep enough for minor operations
15 attained before the eyes become fixed out of centre butiftheadminis

trator wishestomahe doubly sure that the patient 1s adequatelyanzstbe

Fic 17

tic 18
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tised, he should continue until this eccentnc fivttion ts reached (fig 19)
The degree of anoxert 1t this stage 1s not enough to cuse marhed
<pasm of the larger muscles of the body, and 1f 1n-esthesi 1s mamntamed
at this level any small operaticn not requinng snuscular relaxation
{eg dental extraction) m1y now be performed  If the muscles of the
eye are Alb n spasm, the action of the strongest will predosunate
That the eye 15 generally pulled downwards has been attributed
perhaps unconvincingly, to
the fact that the nferor
rectus muscle 15 more
strongly developed than the
others because 1t 1s the
muscle m most frequent
use, pulling the eye down-
wards as 1n reading

In deep mitrous-onide
anzsthesia not only are the
€yes fixed eccentncally but
n addition the pupils are
widely dilated The size of
the pupil 1s useless as a
gude because 1t 15 often dilated throughout in the early stages from
fear and excitement, 1n the later from anoxia Extreme dilatation
of the pupil does indeed denote sertous anoxia but by the time 1t
appears other warning signs are present

Colour Changes

Cyanosis as a sign of anasthesia 1s unrehable (Chapter V)  Its
presence 1s no indication of danger nor 1s 1ts absence an assurance of
safety In the average patient however when unpremedicated or
only mldly premedicated as 1s usual i the outpatient operating
theatre or the dental surgery the onset of cyanosis roughly comncides
with the attamment of the correct depth of anwmsthesia for operation
This has led perhaps mnstinctively to the use of colour change 1s
a rough gude even by the experienced The anzsthetist, while
relylng pnmanly on the automatic character of the respirations
nevertheless accepts the colour change as a confirmatory sign of
unconscloustiess It 15 however the last sign on which rehance
should be placed and a remunder may be gven here that 1n severe
anzmia 1t cannot even occur
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Eye Signs

Ejye signs are helpful to a beginner, but the expertenced anzsthetist
comes to use them less and less until finally he rarely if ever nspects
the eye

Early i induction if the eyelid 15 drawn back 1t will be found
resistant (fig 17)  The anzsthetist should never inspect the patient s
eye at this stage  If uncon
scrousness has not been
reached, the hifting of theeye
hd may be construed as a
prelude to premature opera-
tion and so alarm the patient
A patient so disturbed may
begin to breathe through his
mouth or may move his arms
to indicate that he 1s not
unconscious  If the anzs
thetist wishes to mspect the
eyeball he should make
reasonably sure before he
ifts the hd that the patient 1s sufficiently anmsthetised to be quite
unconscious

If the eye appears to be able to focus (fig 18) unconsciousness has
not been reached  The eye soon loses this look of intelligence and st 1s
often possible to tell solely
by watching the eye the
time at “thh consciousness
ts lost Later the eyeball
develops a quick hon
zontal movement the
rapdity and excursion of
which dumnish with deepen
ing anesthesia

The charactenstic eye
movements of mtrous oxide
anzsthesta are all mam
festations of muscular spasm
due to oxygen lack

In 2 healthy patient anmsthesia deep enough for minor operations
1s attained before the ey es become fixed out of centre butif thecadminis-
trator wishes tomahe doubly sure that the patient 1s adequately anesthe-
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tised, he should continue until this cccentric fination 1s reached (fig 19)
The degree of anov-tmin 1t this stage 1s not enough to cause marked
«pasm of the larger muscles of the body, wnd tf anesthesinis mantamed
at this level any smAll operiticn not requinng musculr rcdasation
(eg dental extriction) may now be performed  If the muscles of the
eye are all n spasm, the action of the strongest will predominate
That the cye 15 generally pulled downwards has been attributed
perhaps unconvincingly, to
the fact that the mfenor
rectus muscle 15 more
strongly developed than the
others because 1t 15 the
muscle 1 most {requent
use pulling the eye down
wards as in reading

In decp mtrous-onude
anzsthesia not only are the
eyes fixed eccentrically but
mn addition the pupils are
widely dilated The size of T
the pupil 1s useless as a Fie 19
guide because 1t 15 often dilated throughout in the early stages from
fear and excitement 1n the later from anowia Extreme dilatation
of the pupil does indeed denote serious apnoxia but by the time 1t
appears other warning signs are present

Colour Changes

Cyanosis, as a sign of anesthesia 1s unreliable (Chapter V)  Its
presence 1s no indicatron of danger nor 1s its absence an assurance of
cafety In the average patient however when unpremedicated or
only mildly premedicated as 1s usual in the outpatient operatmng
theatre or the dental surgery, the onset of cyanosts roughly comerdes
with the attanment of the correct depth of anwsthesia for operation
This has led perhaps mstinctively to the use of colour change as
a rough guide even by the experienced The anwmsthetist while
relyng primanly on the automatic character of the respirations
nevertheless accepts the colour change as a confirmatory sign of
unconstiousness It 1s however the last sign on which relance
should be placed, and a reminder may be given here that 1n severe
anzmia 1t cannot even occur
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THE ANZMIC PATIENT

Analysis of the signs of deep mitrous-oxide anasthesia in the normal
patient eg the snatchy Jerky respirations, the twitching muscles
the eccentnic eye reveals that they are almost entirely due to muscular
spasm resulting from osygenlack It cannot be emphasised too
strongly that signs which depend on anoxial spasm of muscles may be
entirely absent in anzmuc subjects as also in patients heavily pre-
medicated those convalescent from severe debilitating illnesses such
as influenza and in those with exophthalmic goitre  The respirations
of the anzmic patient are equally atypial As anesthesta deepens
they become shallower and shallower Respiratory effort diminishes
progressively and the patient stmply ‘ fades away without becommg
cyanosed or jactitating Depression of respiratory actiiity and
absence of muscular spasm are strihing features of mitrous-oxide
anzesthesia m this type of patient If the anmsthetist waits for the
onset of uregular jerky respiration, for the eyeballs to be pulled
eccentrically for jactitation or for cyanosts as signs of ansthesta he
will soon be confronted with a patient s exiremss At this pownt, the
puptls of the centrally fixed eyeball are widely dilated and an ashen
grey colour further contributes to the pattent s alarming appearance
Unless artificial respiration 1s promptly applied death quickly ensues

Soon after the commencement of wmnduction with mtrous oxide
respiration becomes automatic  Provided suffictent oxygen 1s now
given satisfactory anmsthesia can be masmntamed without depression
of respiration or asphyxial dilatation of the pupil

Pulse

The pulse 15 of hittle value as a gmde to N,O anesthesta  Early
1t may be quickened from excitement or fear while m asphywa it
becomes slow full and bounding The sigmficance of both may be
erroneously 1nterpreted, the former as heart disease the latter as a
reassuring sign By the time the asphyxial pulse 1s noticeable other
conspicuous signs wdicate that oxygen lack 15 excessive  The onset
of any cardiac 1rregulanty at this stage 1s an urgent indication for the
administration of oxygen

REFERENCE
(1) Guedel A E 1937 Inhalation Anesthesta New York 68



CHAPTER VIII

INDICATIONS FOR LOCAL OR GENLERAL
ANZESTHESIA IN DENTISTRY

IN deciding upon the type of anwsthesia to employ for a dental
operation 1t 1s well to remember that general anwesthesia 1s now so safe
that 1t can reasonably be assumed that 1 patient who 1s fit for a local
anasthetic 1s also fit for 1 general The solitary exception to this
generalisation 1s the patient suffening from cedema of the glottis
(pp_301-304)

The respon<ibility for deciding between local and general an-esthesia
1s often borne by the dentist  Conditions in private practice are such
that this chorce 1s not the clear-cut problem which 1t 1s at hospital
where the question of the anesthetist s shill 1s not a deciding factor
In cases where the choice lies between local anesthesia and a general
anasthetic given by a famly doctor who 1s far from shilled in this
specialty local anesthesta may well be selected when 1deally general
anzsthesia would be preferable Thus, subject to there being no
preponderant contra indication to erther local or general anzsthesia
the dentist will find that the technical shill of the anzesthetist available
mevitably plays a large part 1 determuning hus choice

Assuming that the choice lies between local anwsthesia and skilled
general anzsthesia the following considerations will help the dentist
1 making his decision

Considerable weight should be attached to any decided preference
for erther local or general anzsthesta which the patient may express
since any physical disabihty to which he 1s subject 15 often of far less
smportance than his mental attitude towards anmsthesia  Far too
frequently a patient 1s persuaded agamnst bis will to submut to a type
of anasthesia which he dreads One Ppatient may be apprehensive of
general anasthesta because he dreads the 1dea of losing consciousness
while another may wish for general an®sthesta so that he will  know
nothing about 1t Usually men prefer local women general
anzsthesia

No more defimite reason than personal inchnation often determines
a dentist to choose one particular form of anesthetic A dentist may
Prefer to extract on a patient sitting upnight and on this account
recommend local anzsthesia for a major dental operation so that he
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THE ANAMIC PATIENT

Analysis of the signs of deep mitrous oxide anzsthesia in the normal
patient eg the snatchy jerky resprrations, the twitching muscles
the eccentric eye reveals that they are almost entirely due to muscular
spasm resulting from oxygen-lack It cannot be emphasised too
strongly that signs which depend on anoxial spasm of muscles may be
entirely absent in anzmic subjects as also 1n patients heavily pre
medicated those convalescent from severe debilitating illnesses, such
asinfluenza and 1n those with exophthalmic goitre  The respirations
of the anemic patient are equally atypical ~As anzsthesia deepens
they become shallower and shallower Respiratory effort dimmishes
progressively and the patient simply  fades away, -without becoming
cyanosed, or jJactitatng Depression of respiratory activity and
absence of muscular spasm are stihing features of mitrous-ovide
anasthesta i this type of patient  If the anasthetist waits for the
onset of wrregular, jerky respiration for the eyeballs to be pulled
eccentrically for jactitation or for cyanosis as signs of anesthesta he
will soon be confronted with a patient i extremus At this pomt the
pupils of the centrally fixed eyeball are widely dilated and an ashen
grey colour further contributes to the patient s alarming appearance
Unless artificial respiration 1s promptly apphed death quickly ensues

Soon after the commencement of mduction with mtrous owde
respiration becomes automatic  Provided suffictent oxygen 15 now
given satisfactory anwsthesia can be mantamned without depression
of respiration or asphyxinl dilatation of the pupil

Pulse

The pulse 15 of httle value as a gwde to N,O 1nasthesia  Early,
it may be quickened from excitement or fear while 1n asphyxia 1t
becomes slow full and bounding The significance of both may be
erroneously interpreted the former as heart disease the latter as a
reassuring sign By the time the asphysxial pulse 1s noticeable other
conspicuous signs mdicate that oxygen lack 1s excessive  The onset
of any cardiac wrregulanty at this stage 1s an urgent indication for the
administration of oxygen

REFERENCE
(1) Guedel A E 1937  Inhalation Anesthessa  New York 68
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heal more quickly after local anestheana than after mefficient genent
anzsthesia because duning the former there 1s more time for extrictions
to be performed deliberatels and wath Jess Trcerition of the mucous
membrane and less damage to the alveolus

9 Removal of infected teeth for svstemic disease —There
15 a chimeal mmpression that local anesthesia 1s followed by 1 grver
exacerbation of the patient < svmptoms than f the teeth are extmicted
under general anesthesta

10 If the dentist considers that the patient's temperament
mahes general anmwsthesia advisable —It 15 unwise to recommend
local anasthesia for the <uper-cntical patient who 15 only too heen
to find grounds for complamnt  If under local an-esthesia the tooth
should break the patient cannot fail to appreciate that 1t has to be
removed in fragments  If the extraction tahes 1 long time to complete,
the patient may consider this to be cvidence of the dentist s mefficiency
For such a patient general anzsthesia 1s preferable

11 If the dentist partscularly wishes to work with a general
an®sthetic

INDICATIONS FOR LOCAL ANASTHESIA

1 If there 1s any doubt about the antwmsthetist’s shill —It
has been pointed out that the dentist who cannot rely on shilled
general anzsthes:a may 1 self defence choose local The patient
seldom attnbutes an mcomplete extraction to madequate an-esthesta
If the dentist cannot rely on good general anmsthesia he 15 justified
1n advising local particularly where extractions have to be made with
deliberation—e g when the teeth are exostosed or where the apex
of a tooth has to be preserved uncontarmmated for bactenological
culture

2 If the patient particularly requests local antesthesia

3 Extractions during certain acute illnesses—e g bronchitis

4 Where extractions have to be made on a patient who
has recently had a meal

5 Occasionally ;n patients with phthisis —This disease 1s not
2 contra indication to admmstration of NO for simple extractions,
but the nsk of mitiating a violent bout of coughing by the passage of
an endotracheal tube often makes 1t preferable to use a local anwesthetic
for such major dental operations as would normally be done under
general anmsthessia  When a phthusical patient has particularly
requested general anwsthesia for dental operations we have produced
unconsciousness first with avertin and then after abohishing the cough
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can work 1n the position 11 which he feels most at ease This prefer
ence should not be allowed to weigh too heavily since a dentist can
soon accustom himself to operating on recumbent patients In any
case 1t 15 easy and safe to admumster a general anzsthetic even for a
prolonged operation on a patient who 1s sitting up ~ For this purpose
an armchair may be used or a dental chair can be taken to a private
house or nursing home  Smmilarly for a prolonged difficult extraction
some dentists prefer local anasthesia because they like to have the
active co operation of the patient but 1n these days such co operation
can well be dispensed with by using a modern head rest and tongue
and other tissue retractors

INDICATIONS FOR GENERAL ANASTHESIA IN
DENTISTRY

1 The presence 1n the mouth of a general infection or of a
local nfective process —A local anzsthetic must not be used here
because of the danger of 1ts carrymng infection from the diseased region
mto healthy gum or bome Apart from this imperative contra
mdication 1t must be remembered that any local 1nsthetic mter-
feres to a greater or lesser extent with the circulation m the region
affected and by thus lowermg tissue resistance favours bactenal
1mnvaston

2 Multiple extractions from the various quadrants of the mouth

3 Operations on young children, who on the whole are
unco operative

4 Fractures of the jaw

5 If the patient particularly requests general ansesthesta

6 Where considerable force must be applied —Under local
anzsthesia 4 nervous patient often finds 1t difficult to discnminate
between force and pam If 1t 1s anticipated that a considerable
amount of force will have to be exerted a nervous patient should be
advised to have his tooth extracted under general ansthesia

7 For long operations —General anzsthesia 1s usually pre
ferred for such operations as the remoyal of an impacted wisdom tooth
aheolectom) and excision of a cyst for if a local anzsthetic 15 used
not only 1s the patient lihely to become fatigued but the effect of the
anasthetic 1s rable to wear off before the operation has been completed

8 Cases where post-operative pain 1s specially to be
avoided and quich healing 1s particularly destrable It 1s generally
considered that ischemia following local anzsthesia predisposes to
after-pamn and to slow healing of the sockets  In fact wounds often



CHAPTER I\
CHOICL OF GENERAL ANASTHLTIC

AFTER the decision has been made to employ generil anesthesin the
means by which this 1s to be attuned must be selected  The extent
and nature of the operition the an-westhetic agent and techmique
avalable and the_patient s temperimental and physical mahe up must
all be considered

Safety 15 of greatest importance and 1s 1lways n the mind of the
patient the an-esthetist and the surgeon Too much attention 1s
often paid to the supposed safety or danger of 2 particular narcotic
drug as indicated by the availble stitistics  An anesthelic 1s made
safe or dangerous by the one who admumsters 1t 1f the anvesthetsst
ts ready to deal v 1th any untoward occurrences 1s not venturesome
beyond his expertence and does not trust to luck the nsks to which
lus patient 1s exposed will be neghigible  Avoidance of an-esthetic
accidents undoubtedly depends far more on the expenience care and
shill of the anzsthetist than on the choice of any particular anzesthetic
agent

Statisties can be entirely misleading as a gumde to the relative safety
of the vanous anxsthetics Tigures may be produced to show that
one death has occurred m say 50000 adrumstrations of mtrous
oxide 20000 of ether and 10 000 of ethyl chlonde Such figures are
valueless because they do not take into consideration such important
factors as the shill and expenence of the anesthetist the state of health
ot the patient the nature of the operation 1ts duration and severity
and they do not show how many times an operation had to be aban-
doned on account of difficulties in connection with the mamtenance of
an®sthesta  Thus last factor 1s significant particularly in dental work
where every dentist 1s famihar with the case i which 1t has been
impossible to complete extractions because the length of anzsthesin
or the facihties afforded by mtrous oxide were mnadequate Such a
case would be classified for statistical purposes as a successful anges-
thetic (1e not fatal) although it falled completely to enable the opera-
tion for which 1t was given to be performed

Taking surgery as a whole 1t 1s found that the mortality rate of an
operation 1s closely connected with 1ts severity  To argue from statis-
tics that mtrous oxide 1s a safer anasthetic than ether 1s unjustified
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reflex by cocammsmng the larynx and trachea we have passed an
endotracheal tube and continued the anzsthesia with N,O

6 As an excuse, when the dentist 1s requested to perform
a difficult operation under general anzesthesia in the patient’s
home, where conditions for surgery are far from perfect Every
expenienced practitioner 1s famliar with the patient who has 2 rooted
prejudice agamst mstitutional treatment and argues that the expense
1s unnecessary and that the short period of convalescence could be
spent at home—a plea frequently advanced by the woman who con
siders herself indispensable to the household  These excuses are made
the more strongly because of a mustaken idea that any operative
procedure on the teeth no matter how extensive 1s simple  The
patient refuses to enter a nursing home and asks for the operation
to be done at home The suggested operating table 1s often the
katchen table or even a sagging bed Operating on the patient in an
armchair or 1n a dental chair taken to the house solves some of the
problems but handicaps still remain  The hghting 1s nearly always
poor but the most sertous disadvantage of all 1s that 1t 1s almost
impossible to ensure asepsis  After treatment mn the patient s home
1s moreover frequently much handicapped In such cases the dentist
15 justified in urging local anwsthesia in his own surgery where asepsi>
will be perfect the operator s own instruments are at hand and the
lighting 1s good Even after formudable dental operations under
local an-esthesia the patients are often fit to visit the dentist s surgery
for after treatment This mdication for local ansthesia does not
ewsst where an enlightened patient agrees to enter a hospital or a good
nursing home for his operation

7 1f the dentist himself has a special preference for working
with local anwmsthesia —Some dentists prefer local anasthesia
because the adrenaline added to the mjected solution assists in checking
hazmorrhage Local anzsthesia need not be chosen on this score
alone smce for prolonged operations a local ansthetic solution con
taming adrenalime can be njected immediately after general anzs
thesta has been induced

8 Fiancial considerations —With an indigent patient on
whom a prolonged operation 1s contemplated 1t 1s deswrable to take
into consideration also the fact that local anasthesta 1s more economical
since 1t saves the anwesthetist s fee
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anmsthetic for the penod of the operation stsclf, many consider that
its slightly wntant effects on the lungs are enough to aggravate the
eusting chest condition  They argue that the possibly greater rish
of cyclopropane anwsthesia at the tune of operttion 1s justified by the
dimsmished chances of post operative complicitions and m fact, we
ourselv es use cyclopropanc under these conditions It 1s, however, our
opmion that the dangers of ether in such cases have been much
exaggerated and we believe that provided the patient has been properly
premedicated, and that an uminterruptedly free airway 1s mamntained,
then ether 15 no more hkely to titiate 2 pulmonary complication
or to aggravate 1n ewsting chest condition than 15 any other
anmsthetic

It 15 still surpnsingly common for the surgeon to ash a physician
for his opinion on what would be a switable choice of anasthetic for
a poornsh patient Itisextriordmary thatasurgeon who realises
how much the safety of his patients depends on the experience and shill
of the anzsthetist should feel that the opinion of a physician who may
never enter an operating theatre will be helpful 1n selecting an anaes-
thetic  This 15 not to say that consultation on any of these matters 1s
not adwvisable providing the anzsthetist 1s present with the physician
and surgeon when the question of choice of anzsthetic 1s to be con
sidered but all too frequently the surgeon calls in the physician only
The physician by consulting with anwesthetists on doubtful cases will
gradually learn something of the problems of anasthesia and, when he
does this his opinion as to a suitable anesthetic will be of value Itis
at present extremely rare for a physician s opimion 1n such matters to
be at all helpful Anasthetists recogmise the truth of this statement
but for economic reasons this view 1s rarely publicly expressed  If the
surgeon 1s not satisfied to leave the whole question of the anasthetic
to the anasthetist and if he feels that he wants a second opmion he
should call 1n a second anesthetist so that he may have the benefit of
the advice of someone who appreciates the problems involved The
best way to acquire an understanding of patients reactions physical
and mental to anesthesia 1s to administer anesthetics as often as
possible and 1t 1> sigmficant that when an anesthetist 1s faced with a
difficult problem 1 anasthesa he rarely if ever even considers con-
sulting a physician but obtams the advice of anesthetists of experience
who have dealt with similar cases 1 practice

It 15 also not at all unusual for patients who are anxious about
themselves or those who are physically unfit and who have been
under the care of a consulting physician or of the famuly doctor for
some time to enquire of their advisers whether general anssthesia
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Such figures are obtained only because mtrous oxide s rarely cho<en
for severe operations It 1s n fact used almost exclusively for short
and tnivial operations and then often on robust patients mn whom a
fatal 1scue 15 extremely improbable Ether on the other hand 15
more frequently cho<en for major operations the outcome of which
may cause the anzsthetist grave anxiety The difference between
the safety of a weak anzsthetsc such as mitrous oxide, and of a more
potent one such as cyclopropane or ether must therefore be considered
in relatson to the conditions 1t 15 asked to provide It 15 wrong to state
categorically that mtrous oxide will be a safer anasthetic than ether
without knowing what operation 1s to be performed

For mmor operations such as tooth extraction mtrous oxide
although much more convement 15 1 fact no safer than ether although
the incidence of post-operative complications particularly vomiting
15 greater after the latter Tor major operations ether 1s safer than
mtrous oxide Very many major operations cannot be performed
under such a weak anzsthetic as mtrous oxide because satisfactory
operating condittons cannot be produced unless this anasthetic 15

pushed and the patient deprived of oxygen to such an extent
that 10 the hands of the average anasthetist the number of fatabties
would be greater than if a more potent anzsthetic such as ether
were used.

In abdomimal surgery for example the provision of muscular
relaxation 1s necessary for without it the surgeon 1s greatly handi
capped at his work  An anzasthetic can be considered safe only if st
produces muscular relaxation before the cardiac output and minute
volume respiration are appreciably depressed  Since ether possesses
this attnibute 1t 15 justifiably popular in abdominal surgery Cyclo-
propane 1s not so rehable  Only a shight increase 1n concentration of
this drug above that necessary to produce muscular relaxation may
be followed by resprratory arrest or cardiac rrregulanties  Simdarly
thiopentone can be used for abdominal surgery but a small mncrease
n the amount of drug neccssary to produce relaxation may cause
profound yespiratory depresaon  These conaderations apply to
general anzsthesia used alone  The comncident use of relaxant drugs
enables muscular relaxation to be provided with only light levels of
gencral anzsthesia (p 193} Spmal anasthes:a provides extreme
muscular relaxation but may not be desirable esther because of the
{all 1n blood-pressure which 1t causcs or because 1t 15 unsuited to the

s temperament
patiglx: patient s general health must be taken mnto consideration If
he suffers from phthics or bronchitis although ether may be the safest
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Case 4 —Tor this hospital patient suffering from rheumatic
carditis the physictan whose advice wns ashed 1s to what
anzsthetic should be given wrote ‘Tit for gns’ on the case-sheet
There was no re1son why the patient should not have 1 more
potent anwesthetic and 1n fict mtrous oide would have been
unsuitable since anovia mn such 2 case should be avoided so that
the anesthetist used his own discretion and gave ether

A pont which must not be forgotten 1s that the mental attitude
towards anmsthesia of a patient who carries a certificate forbidding
general anzsthesia 1s not mmproved by the constant awareness of all
that the certificate mmphes Circumstances may anse in which
anasthesia 15 imperattve and the psychological problems mvolved in
anasthesia are difficult enough without the addition of such unneces-
sary mental burdens

The physian acts, as he thinks for s patient s good but the
unwitting arrogance of lns dogmatism betrays his ignorance of impor-
tant fundamentals of anasthesia  The result 1s that an anasthetist
has frequently been virtually forced to agree to the patient being
deprived of the advantages of basal an®sthesia solely to comply with
the unwarranted advice of a consulting physician

Often the physician s choice of anzsthetic 15 one with which the
anasthetist does not agree and then the latter must either deny his
patient the advantages of what his experience leads him to know 1s
the correct anzsthetic or he must be prepared to face the economic
repercussions which may result 1f he incurs displeasure through not
following the advice of the physician whose opmion as an alleged
expert has been sought In practice the anzsthetist often does not
spend time 1n disputing the choice advised but just as often deviates
from 1t i what he actually admmsters For imnstance advice as
unsubstantial as the ‘fit for gas mentioned mn Case 4 15 all too often
wnitten dogmatically upon the case sheet of an 1ll patient The
physictan giving such an opinton has usually only 2 scanty knowledge
of and expenence 1n anzsthesia and has no appreciation of the limtta~
tions of nitrous oxide  He believes from what he has heard that nitrous
oxide 15 the safest anmsthetic but we have already shown on what
slender evidence this opimion 1s based  Indeed nitrous oxide may be

advised when 1n fact 1t 1s actually contra-indicated sometimes because
of the type of patient sometimes because of the nature of the operation
to be performed It 15 not surprising that the anasthetist should not
then follow the physician s advice but that he shonld quietly supple-
ment the gas with cyclopropane or ether so that anwmsthesia 1s
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at some future date would be likely to be detrimental A physician
should be extremely guarded in his remarks on this subject If he
should give the impression that general anzsthesia 1s likely to be fatal
or 1if he should suggest that certain anesthetics would be dangerous
his patient may consider that this 1s a proud distinction for 1t 15
undoubtedly true that some patients derive a certain macabre pleasure
from a feelng that they are thus distingmshed from therr fellows
More usually however the patient 1s ternfied of ever having to
submit himself to general anmsthesta The following four cases m
our own experience are mstances of the unhelpfulness of the advice
of the physician on anasthesta , the first three cases occurred in private
the fourth in hospital practice

Case 1 —This woman aged 60 produced a certificate signed
by a cardiologist stating that she must in no crrcumstances be
given a general anesthetic  This was the only information the
certificate gave It had been signed twelve years previously and
had been a source of considerable anxiety to her through all these
years  She suffered from an ovarian cyst which had so increased
in size that operation had become mmperative  Despite the fact
that the greatly distended abdomen hindered her respiration when
she was lying down she took a general anzsthetic well and made
an umnterrupted recovery

Case 2—A young woman presented a certificate from a
physician to say that on account of heart disease’ she was not
to be given m any circumstances a general anzsthetic  On
auscultation apresystolicmurmur wasaudible butsinceshe carried
out a usual day s routine quite normally the anasthetist had no
compunction m giving her gas and oxygen for extraction of a
tooth mnvolved 1 an alseolar abscess for which it was considered
undesirable to give a local anzsthetic She also caused no
anxiety whatever

Case 3 —Soon after the introduction of evipan we Wwere

requested by a distinguished physician not to give this drugtoa
patient whom we were to anasthetise on the following day
When pressed for any reason why evipan should not be given his
only answer was that he had heard that  there had been a death
1 Pechkham  the week before from this drug! Our previous
experience with earher barbiturates (pernocton and nembutal)
added to our expenience with evipan 1n about a hundred cases
persuaded us that 1t was particularly swtable for this nervous
resistant young man as a means of induction before contimnng
with endotracheal anzsthesia for removal of an impacted wisdom
tooth  Ewvipan was used for induction and the subsequent
an@sthesia was uneventful
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One of the ciuses of post-operative depression 1s moving 1 patient
from the dental surgery soon after consciousness 1s reguned A long
operation of the type mndicated, if carnied out in hospital or 2 nursing
home 15 attended with much happier after effects and recollections
In these circumstances 1deal induction by basid anwesthesin en be
obtained, and after the operition 1s over, the pitient need not be
roued The patient’s gratitude to the anesthetsst may be earned
more eastly under such conditions thin in the dental surgery though
the amount of shall exercised may be far less

Each of the vanous agents used in producing general wn-esthesin
m the dental surgery has its own ments ind hmitations, and these will
now be considered briefly  In a nursing home or hospital, appropnate
basal anwesthesta can be used to modify the patients reaction to
anasthesia  In the dental surgery patients can be premedicated only
very lightly and the an-esthetist s m1un problem 1s that he 1s expected
to provide a pleasant induction, trainquil anwesthesir and a quich
recovery with freedom from after-effects for all Ins patients, despite
therr individual reactions to anzsthesia

Nitrous oxide —This1s the only an<esthetic winch has 1 rewsonable
chanceofsatisfymgalltheaboverequirements Itisemphasised through-
out this book that the anwesthetic properties of N,O are feeble, but 1t
owes many of 1ts desirable qualities to this very fact and 1t 1s justifiably
the most popular anzsthetic at present available for extractions from
the average patient In fact the number of admmstrations of this
gasis far greater than of those of all other an-esthetics used 1n dentistry
put together Unconsciousness can be easily and pleasantly produced
withN,0 recovery 1s prompt and the after effects are usually minimal
—factors gratifying to both the patient and the busy dentist—but 1t
1s1n the production and mamntenance of adequate anazsthesia that the
hmutations of N,0 are apprectated It 1s not on 1ts own able to
supply tranqul anwsthesia mn the highly resistant patient An
anzsthetic emergency which was due solely to the mcorrect choce of
N0 for an anwsthetic-resistant patient for dental extractions 1s
described on p 311

Nitrous oxide 1s the only non explosive inhalation ansthetic in
common use A dental surgery so often contains a naked flame that
the use of several other anzsthetic gases, which but for their explosiye-
ness would be of great value 1s precluded For example though the
potency of ethylene 1s not extreme 1t 1s enough to produge tranquil
anesthesia adequate for minor surgery and dental work even when
mixed with 15-20 per cent of oxygen Ethylene 1s however hughly

explosive and many deaths from explosions have been recorded
[
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attained mainly by the more potent agent A happy outcome 1s
regarded by everyone—except the anasthetist—as justification of the
physician s choice !

If a physician objects to a particular anesthetic he should be
prepared to take full responsibility for anything untoward which may
result from the course taken in deference to his objection If he 1s
not willmg to take this responstbility he should leave the choice to
the anasthetist

Choice of General Anwmsthetic in the Dental Surgery

Before considenng the above question 1t 1s well to emphasise that
the dental surgery 1s not the place of choice for admumstration of
general anasthetics for long operations  Quick recoyery and.lach of
after effects rarely fail to satisfy the patient and these benefits follow
anesthesta of short duration A long operation 1n the dental surgery
even if the operative result 1s lighly successful mewitably causes
some degree of collapse and often a disappomnted and dissatisfied
patient  This 1s particularly so 1if the patient has previously had a
quich recovery to normal following an easy extraction He naturally
assumes that the dentist and anazsthetist on the second occasion are
unshilful and 1n the interests of all work which 1s expected to tahe
a long time should not be embarked upon i the dental surgery

A good general rule 15 not to anmsthetise 1 the dental surgery
any case which the dentist estimates will take longer than ten minutes
operating time Sometimes however an extraction which was
expected to take only a few minutes lasts much longer ~ The situation
here 1s quite different and 1 such cases 1t may be hindness or good
policy 1f the anasthetist 1s suffictently skilful to continue the nasal
admimstration of mitrous oxide until the extraction 1s completed
There are alternatives neither completely satisfactory The first
1s to abandon the operation 1n which case the patient must agam
submit to the procedure the second 15 to continue the operation know-
1ng that the patient will probably suffer unpleasant after effects which
he would not anticipate  Which course should be adopted 15 dictated
to somre extent by the type of patient If he 1s hikely to blame the
dentist for an mcomplete extraction under the impression that 1t
indicates mefficiency 1t might be entirely justifiable to proceed with
the operation mn the expectation of its successful completion  In such
a case however the anmsthetist must not expect from the patient the
appreciation to which lis shilled assistance has entitled hum  the
patient will be acutely aware of his post-operative depression and will
probably blame the anzsthetist for this part of his expenence
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Tthyl chloride —This drug may be used alone or to supplement
mitrous oxide when the Iatter proves inadequate s the sole anesthetic
Although seldom necessary in the werage patient over 8 or 9 years
of age, 1t 15 of great value in such apparently divergent types as
the very young child and the anwsthetic resistant adult  Tor the
former ethyl chlonde nlone 15 commonly given (p 15%), whlst for
the alcoholic patient 1t 1s more commonly used to supplement nitrous
oxide (pp 117 162) The chief disadvantage of ethyl chlonide 1s the
frequency of nausea and vomiting duning the recovery period

Vinesthene (di-vinyl ether) —The indications for the use of this
drugare very similar to those for ethyl chlonde It has the advantage
over the latter that in the penod of recovery nausea, vomitmg and
collapse are rare =

Since these various drugs of known and proved value are available
1t 15 usually easy to choose approprate anzsthesia for a particular case
The matter 15 not however umformly simple and all the difficulties
are not solved once the anesthetic agent has been selected

The experience of the admimistrator must be taken mto considera-
tion and while the general practitioner cannot be expected to master
the many anzsthetic techniques used 1n general surgery, the choice 1n
dentistry 1s more restricted and he can with practice become reasonably
proficient 1n them all The range of utiity of any anmsthetic 1s
extended by expenience mits use  For example although with mirous
oxide the student will at first be successful only straightforward
cases famihanty will soon enable lum to employ this anzsthetic
successfully for cases presenting greater difficulies Lven a skilful
anasthetist 15 prepared to use supplementary anwsthesia for particu-
larly difficult cases and the mnexpenenced will be wise to resort to this

expedient rather than to try to force the maximum of usefulness out
of mitrous oxide alone
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Although induction with nitrous oxide should be pleasant certain
patients particularly those who have had a previous disagreeable
anzsthetic experience diskke the induction of unconsciousness by
any 1nhalation anzsthetic 1 or these, the advantages offered by the
ultra short-acting barbiturates must be considered

Ether —This 15 conceded to be a safe anasthetic which affords
excellent operating condittons  There are however, many objections
to 1ts use in the dental surgery  Induction of anzsthesia with it 1s a
much longer and generally more unpleasant expenence than 1s tnduc
tion by mtrous oxide ~Recovery 1s slower and 1s often followed by
nausea and vormting  The use of ether i small doses to supplement
mitrous oxide for short operations 1n difficult patients and its use 1n
general surgery are considered on pp 117 and 173

The ultra-short-acting barbiturates (e g thiopentone, hexo
barbitone) for intravenous admimstration —The man advantage
of these drugs 1s that induction with them 1s pleasant and raptd ~ Their
use 15 mdicated 1n patients who fear anasthesia or who are known
previously to have been troublesome during mnduction and for ans
thetic resistant patients as a basal supplement to mtrous oxide
anmsthesia  There are no contra indications to their use mn small
doses (e g 02-05g of thiopentone) 1n the above types of case  There
are however disadvantages in employing barbiturate anzsthesia alone
for long dental operations  These are that m giving the larger doses
which are then necessary technical difficulties arise m connection with
the continuous intravenous admmnustration of the drugs and although
recovery from a small dose may be almost complete 1n a few mnutes
a fairly large dose may ncapacitate the patient for_hours
" For an operation lasting a few minutes both a pleasant mduction
to anxsthesia and a quick recovery can be obtamed by producing
unconsciousness with a mummal amount of thiopentone and then con
tinuing with mtrous oxude adminstered nasally

"7 Although thiopentone 1s often 1deal for the difficult (1 e anzsthetic

resistant) patient from whom extractions are expected to be easy
this drug does not help at all in solving the problem of anasthesta for
a difficult extraction 1n an easy or normal patient  In fact thiopentone
here should usually be avorded for if 1t 1s used as the sole anesthetic
for an extraction which lasts several minutes complete recovery from
its effects may not take place for some hours Some dentists errone-
ously regard thiopentone as a panacea for difficulties encountered m
troublesome extractions and ask for 1t for this type of work in the
normal patient whereas in fact 1ts use 1s wndicated for the resistant
patient to be anzsthetised for easy extrictions
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thetics than others  Different patients and even the same patient at
different times show different degrees of alertness as also do normal
healthy people In other words, there are different levels of con
sciousness  Guedel pomnts out that anything which increases the basal
metabolic rate of the patient {expressed by his oxygen consumption)

ncreases his reflex 1mtability and makes him more resistant to the
effects of an®sthetics

Fic 20 —The curve of the normal b ral
calonies per hour per square metre of body surface
ponds to hine A 1n fig 16 p 68

te at ages exp d 1n
Line A of this diagram corres

The metabolic rate vanes with age  Thus 1n a patient aged 20
mduction begins at a pomt more remote from surgical anzsthesia
than 1n one aged 40 and consequently the amount of anzsthetic
required to bring about surgical 1nzsthesta 1s greater 1n the younger
patient Apart from vamations mn the starting pomnt of anzsthesia
due to age anything which prevents the onset of normal sleep makes
for ncreased resistance to the onset of anwsthesta  Thus pan, fear
apprehension, and excitement increase reflex wntability so that a

given amount of anasthetic fails to produce as much effect as 1t would
1n the absence of these factors

a8

e 21

N A patient of say 35 who 1s fnghtened of anwsthesia and who has
cent 1 pam for some time will start at X a height much above
level A and will be correspondingly difficult to subdue

* Compiled b

lished 1954 ]ouy Wil Stumer from the tables of Du Bots and Benedsct

1 Amer Med Assn 83 1736 pub
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CHAPTER X
PRE-ANASTHETIC MEDICATION

BERNARD SHaw s gibe that anzsthesia spares us nothing but the hmfe*
15 fortunately mot as true now as when 1t was wntten  Many
modern mmprovements 1n surgical results are due to advances in the
practice of anzsthesia  Nor 15 1t only the relative immunity from
grave 1ssues which commands attention  The development of anas-
thetic techmque has not only dimmished the hazard of operation but
1t has reduced to a mmmum the terror and discomfort of the patient
Not many years ago the patient s preparation for an operation con
sisted mainly i the admumstration of a vigorous purge After a
disturbed mght he walked 1 a more or less apprehensive state of
mind to the operating theatre which even in happier circumstances,
15 a ternfying sight to most laymen  After he had chimbed on to the
operatmg table he had the unpleasant expenence of having a mash
applied to hns face and then inhaling a strange and often distasteful
sapour It 1s not surpnsmng that such physical and mental chastening
was often folloned n major surgery by post-operative shoch which
might well turn the scale agamnst the patient and even after 2 mmor
operation often left a deep mental impression the gravity of which 1t
was difficult to evaluate In contrast to all this the patient 15 nowa
days assured of a good night s sleep before operation and he can be
given a basal anzsthetic while still in bed before he 15 taken to the scene
of the operation  From the drowsmess which supertenes he wakes up
in his own bed to find with surpnise and pleasure that the operation
15 a thing of the past and this early peacefulness of mind contrnibutes
matenally to speedy and uminterrupted convalescence Such modern
wmprot ements notwithstanding anzsthesta 1s still dreaded because 1t
1s_commonly evperienced 1n assoctation with pam acute ilness
sleeplessmxs financial wornes and enforced abzence from work
"It 1s helpful to consider anzsthesia as the summation of the effects
of the premedication and of the anmsthetic proper The student
who desires to master the techmque of ansthesia should not
overlook the important part played by premedication n achieving
good results
Guedel 2 has rendered a great service to anesthetists by explaming
the well hnown fact that some patients are more resistant to ans-
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the student who has been rendered unconscious for a few mnutes
expenimentally  The latter naturally chooses 1 time when he s fechng
particularly well, the period of ansthesa ts short, he chooses his own
anzsthetic and carefully selects an anwesthetist 1in whom he has com-
pleteconfidence  He has none of the anviety produced by the anticapa-
tion of an operation and, since no operation 1s performed, post-anwes-
thetic depression 1s reduced to & mummum

It 1s rare to find anyone apprehensive of a first anwesthetic, the
need for sedation 1s often increased by a previous acquatntance,
generally made 1n childhood, with some unpleasant expenence of
anesthesta  Since anmsthesia has improved so raprdly during the
past few years, the fear of 1t will probably gradually be met with less
and less frequency but 1t must not be forgotten that even under the
best conditions an nhalation ansthetic can rarely be described as
pleasant We may add that addiction to anasthetics 1s practically
unknown {

A patient s fears are largely created by an active imagination and
prolonged psychological treatment might be necessary to enable him
to overcome them but since an operation has to be faced only once
or twice 1n his hfetime 1t 15 justifiable to take the course, less satisfac-
tory 1n theory, of exploiting the sedative and euphoric effects of drugs

The Use of Sedative Drugs

The dose of premedicating drug a patient will require can often be
roughly gauged by his resistance to alcohol  For example, the plethoric
middle aged man who 15 accustomed to drink half a bottle of whisky
a day will need a much larger dose of premedicating drug than will the
frail woman as also will robust individuals, heavy cigarette smokers
and for an unknown reason, malanal subjects

Pre anzsthetic medication ranges from the admmstration of
S gr of aspinn to the production of basal anesthesia  The sedative
drugs used for pre ansthetic medication exert a benefictal effect by
counteracting the factors which increase reflex irntability  Many of
these drugs 1f exploited to the full would provide anasthesta deep
enough for minor surgery but for one reason or another 1t 1s madvisable
to use the large doses which would be necessary  This 1s well illus-
trated by morphia the speaific effect of which therapeutic doses
¢g }gr toan adult 1s to relieve pain Although 1 gr of this adminis-
tered to an average adult may produce anasthesia deep enough for
a minor operation 1t 1s unsmtable for use as a sole anasthetic, because
doses sufficient to establish surgical anasthesia produce dangerous
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Premedication 1n a case such as this 1s of great value since 1t
mimmses the effects caused by the adverse mental and phystcal
conditions of the patient  The effect of reassurance alone does much to
allay fear and this effect can be increased by sedative drugs such as the
barbiturates or aspirm  Pain can be relieved by morphia or aspinn
The starting point of ansthesia can by these means be reduced even
below the level A say to X?

The use of premedication spares the patient much mental anxiety
shortens the mduction period and makes 1t tranquil and dimimshes
theamount of anzstheticrequired Moreover post operative depresston
1s less because less subsequent ansthetic 1s needed and because the
exhaustion which frequently follows the state of stimulation mn the
hyper-alert patient 1s ehminated

It must not be overlooked that any condition which causes
pain pyrexia or fear 1f continued to a degree which exhausts the
sympathetic nervous system will result 1 shock a lowered metabolic
rate and a commensurate depresston of the starting-point of anazsthesia
This 15 well seen n the patient exhausted from exposure severe
wounds or by imfective disease of some months duration Pre-
medication with morphia or the barbiturates 1s here not necessary and
1> even contra indicated 1f the supertmposition of further depression
15 considered dangerous

Psychological Premedication

Reduction of alertness which may be regarded as the begining of
anzsthesia can be accomplished 1n varying degree not only by drugs
but by psychological treatment Such treatment can often greatly
reduce the increase 1n resistance to ansthetics brought about by fear
or pain  The method employed depends upon the anzsthetist and
may range from an ummagmative slap on the bach with a hearty

You U beallright  to the other extreme of hypnotisation  The time
available often makes 1t mmpossible to prepare the patient psycho
Togically as fully as s desirable but every opportumty to do so should
be utihised

A patient before an operation 15 i an abnormal frame of mind
It must be remembered that the operation 1s a crisis 1n his life vastly
more important to lum than it 1s to the anzsthetist or dentist for whom
such an occasion 15 2 matter of routine  Expectation that the opera-
tion will be painless does not 1ly remove a patient s dread
some fear the anzsthetic more than the operation The patients
attitude towards anasthesia must not be judged by the expenence of
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anasthetic 1tself have worn off, the slowly excreted premedicant drug
Leeps the patient unconscious lthough pamful stimult may cuse
extreme restlessness smce pam 1s not obtunded  If there 1s no pan
he will sleep peaccfully ~ These two results are scen i the alternation
between peaceful sleep and extreme restlessness when nembutal 1s
used to produce amnest1 of the puns of labour  The restlessness which
oceurs durng recovery from 1 punful operation must be controlled by
admimistration of morphiz or a similar wnalgesic drug  Itas noteworthy
that a patient exposed to pam 15 more restless when under the tnfluence
of a cortical depressint drug than when conscious  Probably this 1s
fo be eaplamed by loss of control of the higher centres enhancing
the responses to pain and other stimuli—a condition cwisting m the
decerebrate animal

The basal anesthetics (e g avertin paraldehyde), the ultra short-
acting barbiturates {e g thiopentone hexobarbitone) and the mmhala-
tion anvesthetics, all produce unconsciousness comparately early and
recovery from anzsthesta 1s not unduly prolonged, although it 1s
generally slow from the effects of drugs of the first two groups  Drugs
of the last two groups abolish response to panful stimul 1n doses which
do not cause marhed respiratory depression  but at the light level of
unconscrousness which 15 all that should be aimed at with drugs of
the first group while respiration 1s not unduly depressed, response to
pamnful stimul: 15 not abolished

For the purposes of premedication, operations can be divided into

those on ambulatory patients and those on hospitahsed patients  The
former are of necessity trivial

PRE-ANZESTHETIC MEDICATION FOR THE
AMBULATORY PATIENT

Most of the operations performed on ambulatory patients are
dental extractions under mtrous oxtde In few branches of anzs-
thesta can premedication be more useful, and 1n no branch 1s 1t more
neglected The anwsthetist 15 asked to provide tranquil anasthesia
in a patient whom he may have met only a few minutes before  Since
the patient 15 probably nervous and usually healthy he will be to some
degree anesthetic resistant but he will 1n any case expect a recovery
rapud enough for lum to go home soon after and even to continue with
s usual dav s routme

There may not be an opportumity of arranging for premedication
with sedative drugs n every case and the anesthetist should always
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respiratory depression A therapeutic dose of } gr has hardly any
obvious effect upon respiration but it 1s a quarter of the amount
which might produce full anzsthesta and any anesthetic will be
efiective 1n much lower dosage 1f morphia has been given beforehand
This potential ansthetic effect of morphia 1s often overlooked because
the pre anzsthetic dose does not produce sleep

Thus facilitation of anasthesia can best be demonstrated when the
premedicating drug1s followed by an anasthetic mnjected mtravenously,
the quantity of which can be measured accurately If for example
thiopentone 0 6 g 1s necessary to anwsthetise for a minor operation a
nervous man 1 pamn 05 g would probably suffice 1f his nervousness
1s reduced by psychological treatment , and 1f such treatment 1s rem
forced by } gr morphia then thiopentone 03 g might well prove to
be sufficient The practical mportance of morphia 1n reducing the
amount of anzsthetic subsequently necessary 1s best appreciated when
a therapeutic dose of this drug 1s gtven before the admimstration of
N,0 Although the patient may not be made sleepy mot only
1s anasthesia achieved and mamntammed with a lesser element of
anoxemia than 1s otherwise necessary but the combination will pro
duce peaceful anasthesta 1n cases where N,O alone would be quite
madequate

Different sedatives have charactenistic and widely different actions
Some eg the short acting barbiturates act primarily by relieving
fear and producing sleep others eg drugs of the opium group
relieve pam when given m doses which do not produce sleep  These
differences can be attnibuted to selective action on different parts of
the brain  For example the cerebral cortex 1s specially sensitive to
the short acting barbiturates eg nembutal and the mudbran to
alkaloids of the oprum group of which morphia 1s the most frequently
used

The short acting barbiturates dimimish apprehension and fear and
mn large doses produce drowsiness and unconsciousness long before
they produce any notable change n the reflex response to pamn ~ They
are quite unsuitable for the production of general anzsthesia since
among other drawbacks ehmination even after therapeutic doses 15
slow and after the large doses which would be necessary to produce
general anzsthesia recovery of conscrousness might be delayed for as
long as forty eght hours If premedication 1s achieved solely by
means of these cortical depressant drugs the patient benefits in that he
will be asleep before the mhalation anxsthetic 1s given but the amount
of the latter necessary to ensure lack of response to painful stimuli ts
but Little reduced  Durning recovery after the effects of the mnhahtion
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to the average patient, should allow the dentist to accomphish any
ordinary extractions Tor conyvemence the methods by which N,0
an-esthesia can be facihitated are summansed

1 The patient’s reflex irritability and resistance should
be dimintshed by—

(a) Gamng lus confidence  Common fears and thair treatment e
denlt with on p 180

(8) Cnsuring that he has a good sleep on the night before opert~
tion

{c} Reducing apprehenston by premedicating drugs such as aspinn,
brorides or for alcoholics even by alcohol

2 The anmsthetic effect of the gas can be reinforced by—

(a) Dumimshing the oxygen mtke

{b) The prehuminary use of 1 smnll dose of thiopentone given intr-
venously

{c) Adding a more powerful agent such as ethyl chlonde

Whenever possible the dentist and anmsthetist should see that the
measures enumerated under heading 1 are carried out 1n everv case
while those under 2 are resorted to only when necessary

PRE-ANASTHETIC MEDICATION FOR THE
HOSPITALISED PATIENT

The desirability of giving some sort of pre-anasthetic sedative drug
belore any operation cannot be disputed  but the choice of drug and
the dose i which 1t shall be admimstered 15 governed by such con-
siderations as the destrability of long or short post-operative uncon-
sciousness the nursing facilittes available, the length of time a patient
15 to be hospitalised and the accompanying financial imphcations

Morphia —In the premedication of hospitalised patients morphia
1> more extensively used than any other sedative drug Certamn
aspects of 1ts action were dealt with earlier m this chapter The
standard dose for premedication 1s 1y gr per stone of body weight,
with a maximum of } gr  For this purpose larger doses should rarely
be given because they are accompanied by a depressant action on the
respiratory centre  Although its anodyne effect 1s noticeable 10-15
minutes after hypodermic 1njection, maxumum depression of TLSpIra-
tion and of metabolism 15 not seen for a further hour  If morphia
t> glven mtravenously respiratory depression 1s maximal after about
10-15 mnutes  When used for premedication morphia should be
gnen sufficiently early for this maximum respiratory depression to
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make an effort to gain the patient s confidence both immediately before
and during mnduction Even such bnef psychological preparation
makes 1t possible to achieve peaceful anzsthesia with a smaller imount
of anzsthetic than would otherwise be necessary

Ideally preparation for a dental extraction should begin with the
administration of a sedative the might before the operation 1n order to
prevent the irntability which follows loss of sleep  Even if a sedative
should be unnecessary 1t will do no harm and it may do a great deal
of good Aspmn usually to hand i every household 1s suitable for
this purpose  Tor an average adult the dose 1s 5-15 gr  Alternatives
are phenobarbitone 1 gr or potassium brormde 20 gr

If the patient has to resume his normal occupation soon after
recovery the choiceof premedication to be given on the day of operation
1srestnicted  Itais neither necessary nor destrable to mahe him drowsy
but the dose of premedicant drug should be sufficient to obviate anxiety
at the thought of the anasthetic  Two half doses of the premedicating
drug used the mght before should be given on the day of the operation
It 1s a good plan to give half the full dose at breakfast and the remam-
ng half one hour before operation  These proportions one full dose
at might and two half doses one at breakfast and the other one
hour before the operation, should alnays be observed Thus if an
extraction s tuned for midday aspinn 15 gr should be taken on
retinng the previous mght 7} gr 1s taken at breakfast time and
agamat 1lam

When nitrous oxide without adequate premedication 1s used for a
nervous patient imtable and worn out by toothache 1t may be
necessary to dimmish the oxygen percentage 1 the mnhaled mixture
to such a degree that asphyxial movements of the body make operating
difficult  post operative collapse 15 then probable One of the
secrets of good mtrous oxide ansthesia 1s correct premedication, for
by this means undue asphyxia with its complications and sequelz
can be avoided It should be noted that for anzsthesta by mitrous
oxide premedication 15 not only a comfort to the patient but of con
siderable practical assistance to the anesthetist  In fact 1t may deter-
mine the difference between a turbulent and a peaceful anesthesia
In contrast when anasthetics more powerful than nitrous oxide are
used sedative premedication 1s given chiefly as a comfort to the patient
In this case although the amount of anzsthetic subsequently needed
1s indeed reduced the adequacy of the ultimate ansthesia 1s not
affected since the potency of the anesthetic drug 1s such that any desired
depth of ansthesia can be produced

Nitrous oxtde given nasally by a maderately expenienced anasthetist
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the elderly because it may produce delirium nd restlessness, frequently
shown by piching at the bedclothes  Between these age groups
hvoscine will be found advantageous  In doses of yAg gr 1t 1s sedative
but not soponfic It 15 not sutable, however, for the ambulatory
patient for 1 many ways the patient under hyoscine behaves hke
one shightly concussed and not fully responsible His actions are
automatic and there 1s loss of memory for events following the njection
It 1s for this reason that 1t 1s so useful n ctuldbirth  Dunng the
twilight sleep of hyoscine the patient complamns and appears to
feel the pains of labour but remembers hittle or nothing afterwards
Sumilarly when 1t 1s given as a premedicant drug before an opera-
tien although the patient may talk rationally and object to the
whalation anasthetic, 1f one 1s given he seldom remembers the
mduction
For hospitalised patients morphsa may be conveniently combined
with hyoscine in the proportion of 25 1 {eg morphia 3 gr hyoscine
1l gr) given 1} hours before operation By the tume the patient
teaches the operating theatre the sedative effect will be maximal
The summation of the actions of these two drugs causes a marhed
general depression of nervous activity without corresponding depres-
si1on of the respiratory centre  Respiration, m fact, 1s httle more de-
pressed than when morpha alone s given Besides the amnesic
action of hyoscine ats action on the parasympathetic nervous system
15 generally sufficient to make the use of atropine unnecessary
Alcohol —Much confusion exists as to the position of alcohol
in refation to anmsthesia  The narcotic effect of alcohol 15 seen daily
yet oddly enough this action 15 seldom taken into account when
an®sthesnn 1s considered Numerous cases are on record where the
ngestion of a large quantity of alcohol has led to death with signs
apart from the smell of the breath mdistingmshable from those pro-
duced by an overdose of ether Although its use as a basal or as
a sole anasthetic has now been abandoned 1t 1s well to remember
that this drug did enjoy a bnef populanity as an anzsthetic for a few
years after Marns thesis 1n 19292 We have produced anzsthesia
for abdominal and other operations solely by giving alcohol mntra-
venously  Anmsthesia and recovery were entirely uneventful There
fnozzxi‘;e;a;:mmethod of admumstering 1lcohol which 15 sumple
3 1ts routine use
the\}\; :f;i) ::tt;nt:n::;tztésa(‘lepanents who had resorted freely to
pams of toothache and have found
to be :sy subjects for mtrous oxide A drunken patient who has
2sthetised for say reduction of a fractured tibia will be

them e
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be manifest before the anesthetic 1s begun  If this precaution 1s not
taken, absorption of morphia will continue after anzsthesia has been
achieved and dangerous depression of the respiratory centre may
result

If by mistake morphia 15 given 1n the standard premedicant dose
before drugs such as avertin or cyclopropane which also have a marked
respiratory depressant effect the course of the anmsthesia may be
fraught with difficulty and danger  If respiratory depression becomes
pronounced the patient will need undivided attention until 1t has worn
off

Although subsequent anzsthesia 1s eventually achieved with less
anzsthetic than 1f morphta were not given full doses of this drug in the
rare cases where ether1s used for induction as well as for maimntenance
of an®sthesta have the paradoxical effect of making the attammment of
deep anwsthesia difficult Before the beginming of induction the
respiratory depressant effect of the morphia may not be obvious but
1t becomes so immediately ether 1s used The sensitivity of the
respiratory tract 1s scarcely dimimished by morphia so that the
wnitant effect of ether on the larynx raises the threshold of the respira
tory centre to CO, (p 48) above the level to which 1t has already
been raised by the morphia  Shallow and slow breathing results and
1f the anesthetist attempts to shorten the induction period by mcreas-
g the concentration of ether vapour frank laryngeal spasm raises
the threshold of the centre stull further During this pertod the bleod
ether will be absorbed by the body tissues and an@sthesia may even
become highter rather than deeper

Thespectal use of morphia asa premedicating drug for N;Oanzsthesta
15 well recognised and 1t 1s also of value before local anesthesia because
1t reduces appreciation of any discomfort attendant on the operation
but 1t 15 seldom used for the ambulatory patient in the dental surgery
It could and possibly should be used much more for these cases than
1t 15 at present  One marked disadvantage 1s that a patient under the
influence of morpha should not be allowed to travel unaccompanied
any more than he would be 1f mildly mntoxicated by any other drug
Further lability to nausea renders a morphimsed patient unfit to
undertake his normal work for a few hours after mnjection

Morphia1s of great value in the recovery period to abolish restlessness
from pain (p 290)

Hyoscine (scopolamine) —This drug 1s frequently used 1n
hospitalised patients because of the combmnation of 1ts depressant
action on the central nervous system and 1ts effects in reducing mucus
secretton Ve have not used 1t for children and avoid giving 1t to
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On many occisions we have an-esthetised patients aleoholic
and othernise who had indulged freely 1n alcohol to relieve tooth-
ache The dentist has expected Inch of co operation, but almost
mmvanably we have found these patients eisier to nesthetise
than if they had not been under the influence of alcohol

With the great number of good pre anesthetic drugs now at the
anwsthetist s disposal we do not suggest that alcohol should be used
to produce sedation, but we feel strongly that any patient particularly
the alcoholic should not be deprived of lus customary alcohol for the
few days preceding an operation  Such deprivation greatly increases
reflex wntabihity and resistance to the onset of unconsciousness

There 1s no objection to a patient drinking a brandy and soda,
or a whishy and soda one hour or even immediately before the
anzsthetic proper provided 1t helps im to face the ordeal n fact he
will be all the better forit  On the other hand the patient who finds
this necessary must be regarded with considerable suspicion, as he 1s
Iikely to be accustomed to indulgence 1n alcohol and therefore to give
trouble but such last-minute fortification will make him less rather
than more troublesome

BASAL ANAZASTHESIA

As therr name suggests basal anzsthetics are used to produce
a basic level of unconsciousness which can be deepened_to surgical
anasthesia by an mhalation anzsthetic  In larger doses they could
be used as the sole means of producing surgical anwesthesta but such
use 15 rarely warrantable

Broadly speaking an anmsthetic may be considered safe only if
1t affords a satisfactory margin between the quantity necessary to
provide good operating conditions and that which would cause res-
prratory failure and if it can be admimstered by a method which enables
the anmsthetist to deepen or lighten anwsthesia at will Although
most of the sedative drugs i common use provide a wide safety margin
it 15 only with inhalation anzsthetics that the depth of anazsthesia can
be vaned from moment to moment asmay be demanded by flucturtion
1 the state of the patient and the exigencies of the operation If an
‘:’“Empt 1s made to obtain full anzsthesia by a non mnhalation anes
. Kl]e:c anerror of yudgment may easily cause a lethal dose to be given
" Shr:,}l'ﬂ:lase the rate of recovery from any such drug 1s so slow that
N rarely be used as the sole anzsthetic for o long operation

evertheless non inhalation anwsth
etics have a wide sph
ness as basal anasthetics phere of useful
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found to need much less anmsthetig thafi if he had been sober
The effect of alcohal here 19 the saThe @s that of small doses of
ether and 1t 15 evident that if the patient 15 under the influence
of small doses of ether he will need less §ubsgquent anasthetic than
1f he were not 3

On the other hand alcthohism 1s an addiction and tolerance of
and resistance to alcohol and other narcotidd are soon acquired A
patient who dnnks alcohol daily acquires a resistance to the effects
of anasthetics i the same way as 1f he mhaled daily small quantities
of ether For this reason the chronic alcoholic unless heavily pre
medicated or unless he 1s under the influence of alcohol, 1s very difficult
to anasthetise with a weak an@stheticsuchas N,O  Because resistance
to anasthesta 15 well known to follow the continuous taking of alcohol
a regular drinker 1s frequently warned not to take alcohol for the few
days before he 1s to be an®sthetised  Such advice 1s greatly mistaken
It rests on a farlure to appreciate that resistance 1s produced by the
adaptation of the body to alcohol and 1s not due to the efiect of alcohol
recently taken It 1s the alcohol taken dunng the last ten years
which causes the resistance but the alcohol taken dunng the last
forty eight hours acts as a sedative and dunmishes resistance  The
intoxicated man 1s easy to anmsthetise whereas the chromc alcohohe
depnived of alcohol 1s very difficult The following examples i our
own expentence illustrate the typical effects of alcohol on anzsthesia

A drunken man was brought to hospital with a broken legand
a dislocated shoulder He was given N,O He did not struggle
and a mixture with 2 high percentage of ovygen provided good
muscular relaxation which allowed the shoulder to be reduced with
ease He was warded 1n hospital for two days and then an®s
thetised for reduction of a fractured tibta In the meantime he
had been deprived of alcohol according to the hosprtal routine
Standard premedication proved isuffictent Dunng induction
by a competent and experienced resident he struggled violently
and was not subdued until a Jarge amount of anzsthetic had been
given  Such strugghing could have been largely averted by
correct premedication or even by two or three strong  whishies
and sodas 1n the few hours preceding induction

In another case the patient was 2 woman whom the dentist
stated had been an alcoholic but he expected that she would not
cause any trouble since she bad taken a cure and had been tee-
total for six months There was no reason to doubt the latter
part of the story yet she proved difficult to manage showing
reactions to anesthesia typical of the chronic alcoholic
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will fall asicep agrn m 2 few munutes and the whaltion 1nsthetic
may then be commenced

Of the many basal an-esthetics avulble we discuss here only those
of which we have had considerable practical experience  The dose of
each drug mentioned 15 that for an adult patient 1 Avernge health
This standard  dose should be reduced for the asthentc and
ncreased for the robust or resistant patient

‘The Rectal Route

Gwathmey 1 1913 gave ether mived with olve ail by rectum
to a patient m bed before taking tum to the operating theatre
and as Rowbotham indicates this was the first big step towards
preventing  the mental distress which often has such a deletenous
effect upon his condition before dunng, and after operation 4

To obtam successful results from admunstration of anesthetics by
the rectum the following routine 15 recommended  An enemn should
be given the might before operation  Whether this has been done or
not 1t 15 unnecessarv and eyen undesirable to give an enema on the
mormng of operation, simnce this mcreases the sensitivity of the rectum
fora fewhours and the anwsthetic given may beexpelled The patient
lies on his left side and two pillows are placed under his buttocks

e 22

absorptie ~—This posiion by allowing the flmd 10 run ireely 1nto the bawel hastens

n and prevents discomfort from distension of the rectum

Nothing 15 to be gamed by runmng, the fid 1n slowly but it should
noyt be run 1n fast enough to cause discomfort from rectal distension
With chidren patticularly 1f they are unco operative expulsion of

the fluid can be prevented by pressing the buttocks together both
duning and after the rectal mjection
7
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There are many bas<al drugs at the anzsthetist s disposal  They
can be given by rectum by mouth orintravenously Inall cases the
onset of sleep 1s peaceful and pleasant TI'or some reason for which
no adequate explanation can be offered drugs given by mouth rectum
or subcutaneous or mtravenous injection produce a more pleasant
transition from consciousness to unconsciousness than do drugs which
must be inhaled With basal anesthetics the onset of narcosis 1s
almost 1mperceptible and so much resembles normal sleep that resist
ance to anzsthesia 1s not mobilised as often as by inhalation anzs
thetics The rate at which the patient becomes unconscious depends
on the rate of absorption and 1s therefore greatest when the drug s
gwen intravenously The length of the recovery pertod depends on
the drug chosen and the amount given

Some writers have stated that the prelmmary use of 2 basal
anasthetic ncreases the nsh of post operative morbidity which
Accompantes the admimstration of an mnhalation anesthetic This
view 15 erroneous although 1t 1s true that return to consciousness 1s
usually delayed by a basal anmsthetic, so that the patient needs
longer post operative care

The one tenable argument agamstf_most basal anzsthetics 15 that
the prolonged period of unconsciousness which they produce increases
the period pre- and post operative during which the patient must
not be left without skilled supervision  Tor thus reason a shortage of
nursing staff prevents the fuller use of basal premedication

There are no age limits to the use of basal anesthesia In the
very young metabolism 1s high so that a proportionately igher dose
1s necessary The basal metabolic rate of the elderly 1s low ther
dread of surgery 1> less than in the young adult and if a basal
angsthetic 15 to be given these factors make 1t necessary to reduce the
dose accordingly  If this adjustment 15 not made deep and prolonged
unconsciousness may result  This 1s particularly undesirable because
protracted immobility 1 elderly patients 1s hiable to be followed by
hypostatic congestion and cedemna of the lungs and by venous throm
bosis which may result in pulmonary embohsm

The duration of sleep produced by the basal anzesthetics about to
be described varies from a few mnutes to several hours Since the
sleep produced will not be deep all simuli should be eltmnated as

far as possible  The room should be quiet and the patient protected
from strong hight He must not be jolted dunng transport to the
theatre nor bumped clumsily on to the operating table Under avertn
narcosis 2 patient may be roused durtng transit to the theatre and
may be apparently awake on arrival I he 15 left undisturbed he
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contra indications to is uee are (1) the prolonged unconsciousness
(2) 1ts excretion m the breath makes the atmosphere of the nursing
room objectionable, and (3) in our experience 1t has occasionally
proved sufficiently wmtating to the yectum to mahe 1its retention
uncertaun

Thiopentone and hesobarbitone —\We sometimes admnsster
these barbiturates by the rectal route m doses of 01 g per yeor of
age, with a maxumum of 2 ¢ The powder 1 dissolved 1n 20-30 c¢
of water and the solution run nto the rectum  The patient 1s usually
lightly asleep 1n 15 minutes and ranains so for 1 further half-hour

The Oral Route

The advantage of this route 1s that 1t involves the mimmum of
fusy for everyone concerned The disadvantage 1s that gastnic and
mtestinal motility and absorption are notoriously unreliable 1n the
nervous ndividual the very one for whom basal ansthesia 1s par~
ticularly desirable  The oral route 15 successful 1n about 95 per cent
of cases but 1 the remainder the an®sthetist 1s faced with the problem
of dealing with a patient who has ingested but not absorbed a strongly
depressant drug If the operation 1s postponed, all concerned are
meonvemenced I 1t 35 detaded to proceed and an nhalation anz=s-
thetic 1s given, the patient will have lost the advantages of basal
anasthesia and the anesthetist will have to allow for absorption of the
ingested drug at an unpredictable time during unconsciousness

Some disappomntments are mevitable when basal anmsthetics are
given orally It cannot be prommised as with a basal an-esthetic given
rectally or intravenonsly that sleep will certamnly follow

One of us was called 1n to anesthetise a cluld i the early
afternoon  She had been put to bed at this unusual time 1n
a bedroom transformed into an operating theatre  She was
apprehensive of course 1n such surroundings even though she had
not been told she was to have several teeth extracted  The faumly
doctor mnsisted upon nembutal by mouth as the basal anasthetic
and this was given one hour before 1t was intended to start the
operition  Since the drug had not produced any effect by the
appomnted time the operation was postponed  An hour later the
chuld fell into a sleep which lasted several hours  If she had been
premedicated with bromude for two or three days beforehand
she mght have been spared her apprehensions and gastné
absorption might not have been delayed ~ Alternatry ely she should
not have been allowed to know anyihing of the preparations for
operation and should have been given nembutal in place of lunch,
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Avertin fluid (Bromethol B P ) [Tubromethylalcahol (CBr,CH OH)
n amylene hydrate] —The dose 1s 01 c ¢ per Lilo of body weight of
the patient The avertin fluid 1s shaken vigorously with forty times
its volume of distilled water at approximately body temperature
tested with Congo Red (to make sure that the solution 1s not acid
enough to turn this blue) and then run imnto the rectum through a
catheter The patient rapidly becomes drowsy unconsciousness 15
reached 1n 10-30 minutes and lasts about an hour and a half  Since
avertin has an appreciably depressant action on respiration the
standard dose must be greatly reduced if another drug with this
action e g morphia has been given within the previous 3 hours  One
advantage of avertin very useful for jaw surgery 1s that the masseter
muscle 15 relaxed even durmg light anasthesia

Fi¢ 23 —Chart of sleep from rectal of (a) tiuop ()
avertin and (c) paraldehyde o the doses d1n the hs dealing with these
drugs  There 1s no sigmficant difierence 11 the time taken to produce unconsciousness
with afl three but they differ in the depths of depression produced  Since the rates
of excretion differ there 1s a corresponding difference 10 the duration of their effects

Paraldehyde (CH;CHO); —The dose 15 1 drachm per stone of
body weight with a maximum dosage of 1 oz (8 drachms) Before
being gien by rectum 1t should be thoroughly shaken with twelve
times its volume of water or salme or 1t can be given well mixed with
an equal volume of obive ail.  Unconsciousness comes on rather more
slowly than after avertn and lasts longer—usually four to five hours
It does not produce any marhed respiratory depression  The man
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contra indications to 1its use are {1} the prolonged unconscirousness
(2) sts excretion 1 the breath makes the atmosphere of the nursing
room objectionable, and (3) n our esperience it has occasionally
proted sufficiently untating to the rectum to make 1ts retention
uncertain

Thiopentone and hexobarbitone —We cometimes admnister
the~e barbiturates by the rectal route in do~es_of 01 g per year of
age wath a maximum of 2 g The powder 1~ dis~olved 1n 20-30 c ¢
of water and the solution run 1nto the rectum  The patient 1s usually
lightly asleep n 15 minutes and remains so for a further half hour

The Oral Route

The advantage of this route 15 that it msvolves the mmmum of
fuss for everyone concerned The disadvantage 15 that gastnic and
miestinal motthty and ab-orption are notomously unreliable i the
nervous individual the very one for whom basal anasthesia 15 par-
ticularly desirable  The oral route 1s successful 1n about 95 per cent
of cases but i the remainder the anzsthetist 15 faced with the problem
of dealing with a patient who has ingested but not absorbed a strongly
depressant drug If the operation 1s postponed all concemed are
mconvenienced  If it 15 decided to proceed and an inhalation anzs-
thetic 1s grven the patient will have lost the advantages of basal
anzsthesia and the an-esthetist will have to allow for absorption of the
ngested drug at an unpredictable time during unconsciousness

Some disappointments are inevitable when basal anesthetics are
given orally It cannot be promused as with a basal an-esthetic given
rectally or intravenously that sleep will certamnly follow

One of us was called 1n to anasthetise a child n the early
afternoon  She had been put to bed at this unusual time in
a bedroom transformed into an operating theatre  She was
apprehensive of course 1 such surroundings even though she had
not been told she was to have several teeth extracted  The family
doctor insisted upon nembutal by mouth as the basal anzsthetié
and this was given one hour before 1t was intended to start the
operation  Since the drug had not produced any effect by the
appointed time the operation was postponed  An hour later the
child fell into a sleep which lasted several hours  If she had been
premedicated with bronude for two or three days beforehand
she might have been spared her apprehensions and gastnic
abeorption might not have beendelayed = Alternatry ely she should
not have been allowed to know anything of the preparations for
operation and should have been given nembutal in place of lunch
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and encouraged to hie down on the sofa while somebody read to
her Under these conditions the nembutal would have been
absorbed and once asleep the child could have been undressed
and put to bed

The percentage of failures will be decreased by any preliminary
procedure which reduces apprehension and ensures normal functioning
of the stomach The might before operation an adult should receive
phenobarbitone 1 gr to ensure a good mght s sleep and 2 hours before
operation morphia $-} gr subcutaneously

Nembutal —This barbiturate 1s a bitter powder which 1s supphed
mn gelatin capsules  The dose for an adult 15 3-6 gr Unconsciousness
comes on i about 20 minutes and lasts for about 1} hours  The
dose for children 1n grains (not grams) 1s 0 6 per stone of body weight
with a maxamum of 3 gr Since 1t 1s often difficult to persuade a
child to swallow a capsule the powder can be shaken mto a medicine
glass and 1ts bitterness largely disgmsed by the addition of honey
and orange juice

The Intravenous Route

The barbiturates which are given ntravenously can be classified
roughly as ultra short- and short acting according to the rates of their
excretion

Thiopentone and hexobarbitone —These belong to the ultra-
short acting group and are discussed more fully on p 138ff  As basal

Stag I
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Fio 24 —Chart of sedation y {(a) nt (5) intra
venous nembutal and {¢) subcutaneous morpma
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an-esthetics they can be used for the ambulatory patient 1f only a very
small dose (eg 025 g) 1s given rapudly, to a pitient i bed, double
thus dose of ex en more may be necessary to allow lim to be transported
1n the unconscious state to the operating theatre

Nembutal —Of the short 1cting barbiturates, we have had most
experience with this drug which 1s 1 powder rendily soluble n water
It must be njected slowly and the admimstration stopped when un-
consciousness 1s reached  On an average this 1s attamed by 3-6 gr of
nembutal Itisexcreted slowly  Average doses produce unconscious-
ness lasting for 13 to 2 hours and drowstuess persists for many hours
afterwards  The mtravenous use of nembutal 1s now extremely rare
as 1t has been superseded by thiopentone and hexobarbitone

ATROPINE

Although atropme 1s the only pre anzesthetic drug which does not
have a sedatnve effect on the central nervous system 1t 1s used almost
as a routne before general surgical operations By depressing the
activity of the parasympathetic nervous system which supplies
secretory nerves to the salvary glands and to mucous glands of the
bronchial tree atropine prevents the excessive secretion of mucus
which otherwise occurs when the anasthetic vapour 1s rrmtant
Hyoscine structurally related to atropmne similarly depresses the
parasympathetic nervous system  Only those who have given ether
to unpremedicated patients realise fully the value of this protection
both against obstruction of the arway by mucus and agaimnst post-
operative chest complications

Atropine 15 still recommended by some as a protection against
sudden death 1n chloroform anzsthesia  Despite the work of Goodman
Levy 5 1t 15 still frequently taught that high concentrations of chloro-
form stimulate the vagus, and that the resulting nhibition of cardiac
action 1s one of the causes of the sudden deaths which are hnown to
occur duning chloroform anzsthesta  It.s probable that these deaths
are due to ventricular fibnllation agamnst which atropine offers no
protection

The dose of atropme for an adult 15 135 grﬁand since 1t cannot
be relied upon to be effective m Smaller Joses than w5 gr T hus latter
dose should be given even to annfant  Itsaction on the submaxilary
gland becomes mamifest after about 10 minutes The cessation of
salivary secretion will be found particularly helpful to surgeons
operating in the mouth  To the patient however the dry mouth may

be 3 cause of acute discomfort, particularly on a hot day Atropine
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and encouraged to hie down on the sofa while somebody read to
her Under these conditions the nembutal would have been
absorbed, and once asleep the child could have been undressed
and put to bed

The percentage of fallures will be decreased by any prehmmary
procedure which reduces apprehension and ensures normal functioning
of the stomach The mght before operation an adult should receive
phenobarbitone 1 gr to ensure a good night s sleep and 2 hours before
operation morpha -} gr subcutaneously

Nembutal —This barbiturate 1s a bitter powder which 1s supphed
i gelatin capsules  The dose for an adult 1s 3-6 gr  Unconsciousness
comes on m about 20 minutes and lasts for about 1} hours The
dose for children 1n grains (not grams) 1s 0 6 per stone of body weight
with a maximum of 3 gr  Since 1t 15 often difficult to persuade a
child to swallow a capsule the powder can be shahen into a medicine
glass and 1ts bitterness largely disguised by the addition of honey
and orange juice

The Intravenous Route

The barbiturates which are given intravenously can be classified
roughly as ultra short- and short-acting according to the rates of therr
excretion

Thiopentone and hexobarbitone —These belong to the ultra
short acting group and are discussed more fully on p 138ff  As basal
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CHAPTER Al
THE MORE DIFFICULT PATIENT

MeNTAL and temperamental differences between ndividuals are as
common as the more obvious physical differences, and they play an
equally important part mn affecting a patient s reactions to anzsthetics
The behaviour of an mdividual may differ so httle from the average
that, although the stress of fear and excitement temporanly reveals
a previously unsuspected abnormality which makes him a difficult
subject for an=sthesia yet he could hardly be described as abnormal
The anzsthetist should learn how to assess quickly the type of patient
with which he has to deal so that he can foresee when anzsthesia 1s
likely to be easy and when difficult  This 1s particularly inportant
for the ambulatory patient whom the anmsthetist often sees for only
a few minutes beforehand and who has usually had little or no
premedicatton  The everyday social expenence of a sympathetic
observer will help him to detect such psychological tratts as may
be expected to influence the course of anmsthesta The informa-
tion he derves from the patients behaviour durng their short
acquaintance before anasthesia 1s begun together with his expenence
of the ways in which patients react during the early stages of
anasthesta enable him to foresee the probable behaviour of the
patient during anzsthesia The ability to ' size up his fellow-
men during a few minutes conversation 1s a valuable asset to an
anzsthetist

This chapter deals with the vanous categomes of patients who
present difficulties to the anmsthetist The problems encountered
and the principles employed in overcoming them are illustrated as
far as possible by examples from anazsthesta n dental surgery

THE NERVOUS PATIENT

The way in which a patient reacts to the thought of an operation
or of beng rendered unconscious 1s of great practical 1mportance to
the anaesthetist The fear reaction which 1s an essential factor n
bological survival consists of a complicated seres of changes which
prepare an individual erther to resst the mecident which evokes fear,
f necessary by means of physical violence or to run away This 15
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should therefore not be injected an unnecessanly long time before the
operation

There 1s no contra indicatton to the use of atropine i an ambulatory
patient  There 1s no need for 1t, however before simple extractions
If 1t 15 desired to ensure a dry mouth for a major jaw operation under
local anzsthesta m the dental chair the drug can be given as a tablet
by mouth half an hour before the operation
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The anzsthetist should treat with understanding reassurance, and
encouragement any particular fear which he may detect  The fear
most commonly confessed 15 that of losing consclousness  This vague
fear occurs mdependently of and 15 much more frequent than fear
of death The patient mty be afraid of losing self control or of
behaving badly or of talking indiscreetly  If previously he has had
a feeling of suffocation oravivid  mightmare ’ orany other unpleasant
espenence assoctated with anasthesia he fears with a certain amount
of justification that this experience 15 lihely to be repeated

Fear that too small a dose of anzsthetic will be admstered, and
that the pamn of the operation will be felt, 15 far commoner than fear
of over dosage  The patient who 1s afraid that the operator will begin
work before he 1s unconsctous often tnes to heep his eyes open or
holds up s hand or moves lis arm up and down or attempts
to speah or to repeat a monotonous sound to signify that he 1s
still avake

It 1s unusual for the patient to start to make any such movement
or noise until he has taken about three or four breaths of gas The
admimstrator should take his cue immediately from any of these signs
and put the patient s mind at rest by patting him reassurningly on
the shoulder and by saying mm a decided tone No you needn't
worry I know you are not nearly asleep yet I promise you that

Mr Jones wont begin until you are completely asleep Now I
want you to breathe a trifle more deeply for a few breaths—one
two excellent

One can often reassure the patient who indicates that he 1s not
yet asleep by saying I am purposely putting you to sleep very slowly
and giving you a lot of oxygen as a sumulant  That means that you

will go off to sleep slowly but you will feel all the better afterwards
Although O,1s not in fact added until anasthesia 1s established such
2 statement calms the patient and so conduces to 2 good recovery
A regular movement of the hand arm or foot such as has been
descnbed when once imtiated during conscrousness may persist after
unconsciousness has been reached but will disappear during deep
anasthesla  Sometimes merely putting the patient s arm down by
his side will arrest these automatic arm mosements
Most people heep their eyes closed duning the induction of anzs-
thesta  Nermous patients however tend fo keep them open  For
the sake of thes¢ the wise dentist will stand where he can be seen
in front of the patient and endeasour to give the impression that he
1}1:; ?t;fmmedmte intention of beginning to operate  He should show
elf occupied for example 1n the contemplation of an X-ray film
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aptly described as the fight or flight mechamsm, a prnimitive
defensive mechamism of the body put into action as a result of stimula
tion of the sympathetic nervous system A sumlar response 1s shown
after the mjection of small doses of adrenaline There 15 mcreased
activity in the relevant bodily functions Dilatation of the puptl
mmproves vision  the respiratory centre 1s rendered more sensitive
facilitating 1intake of oxygen and excretion of CO, and respiratory
exchange 1s further improved by the substitution of oral for nasal
breathing  liver glycogen 15 mobilised and the blood sugar thereby
increased to supply muscles with energy  cardiac output 15 increased
and blood pressure raised for the same reason  Reflex action time 1s
shortened and mental alertness 1s increased and the ability to sleep
correspondmgly dimmshed to cope with the emergency  This
means that the starting pomt of anzsthesia 1s raised considerably
above the level at which consciousness 1s lost that mduction will
therefore take longer, and that there will be more time and oppor-
tunity for the patient to behave violently before surgical an-esthesia
15 attamed

The ighly nervous individual 1s one who readily shows this
reaction to fear He over-responds to ordinary stimuli and the mere
thought of visiting the dentist 1s enough to upset him  Unless he
has been calmed by appropnate premedication his mability to co-
operate 15 liable to lead to difficulty in the induction penod It must
not be thought that this over reactive type 15 always easy recog-
msable Lducation and tramning can so modify a patient s reactions
that his tendency to over respond may be lidden successfully until 1t
15 revealed by removal of higher consctous control as dunng induction
of anzsthesia  Other modifymng factors have a temporary effect and
act n the ways one would expect  For instance 1f a patient who does
not normally over react has been overworhed or if he 1s upset by
busmess or family worries he will be converted temporanly 1nto the
over reactive type and will behave accordingly A famihar rllustration
15 seen 1n hospttal practice during a morming session of extractions when
one sometimes has to deal with a patient who has just been on mght
duty Such a patient 1s almost nvanably difficult to anasthetise
Similarly over reaction 1s seen 1n patients who have been kept anake
all night by toothache

Some degree of fear associated with the prospect of losing conscious
ness and of an operation 1s so natural as to be quite normal  Such
nervousness 1s one of the commonest causes of difficulty during
mnduction and 1 extreme cases 1s so marked that the patient 1s
mcapable of co operating with the anasthetst
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Thus a man my, by years of prictice rve developed so perfect a
voluntary restramnt that his friends do not realise thit he 15 1 Tghly
* nervous " ndrvidunl, that 15 Jus own secret  He 1s often one of
the community s best types, nteligent and acutely lert to every
danger, but with all hus fears controlled 1nd hidden

The duration and mtensity of the trmming process determune the
extent to which a neryvous patient 15 able to suppress the signs of fearful-
ness The stiff upper ip tranmg begins very early to modify the
fear response A good example 15 that of the young midshipman,
who although acutely ternficd by his visit to the dentist conceals hus
fear completely However during mduction of anzsthesia, voluntary
control 15 the first function to be lost and then his real nervousness
becomes mamfest The stage at which this occurs depends upon the
strength of his 1mtial self control  The young midshipman who has
only rdatively recently acquired the ability to control lus emotions
continues to obey nstructions imphcitly until the onset of uncon-
sciousness He thus retains hus control for a longer time than does
the patient who shows panic early in induction but patients with more
ngorous self control retam 1t until vanous later stages of unconscious-
ness In some patients 1t 15 so strong that 1t persists until late n
anzsthesia by which time museular and obvious mental action are n
abeyance so that its loss 1s unnoticed and the anzsthesia remains
smooth throughout

The anasthetist may be surprised by the patient whose emotional
control 1s only superficial 1f he has not learned to be suspicious of the
person who embarhs on anzsthesia in an abnormally hght hearted
fashion for such light heartedness may represent an attempt to conceal
a nervousness which 1s extreme The patient at first co operates
perfectly but just as consciousness is lost he suddenly struggles
violently and may get out of hand unless the anasthetist has been
anticipating this emergency and 15 ready to cope with 1t

With many nervous patients difficulties are expenienced only durmg
the induction pertod and for the first few mnutes of the supervening
anzsthesia  The energy for resistance then seems to be dissipated and
subsequent anasthesia 15 easy  Loss of control 1s evidenced by lack
of co operation the onset of vigorous oral breathing by movements of

the arms and legs and sometimes by screaming  The patient may
ret;;h and spit out the prop and at last be subdued only with diffi-
culty

When these reactions occur they wndicate that fear mfluences
the mind to such an extent that the subject 1s not susceptible to any
reassurance It 15 useless then for the an-esthetist to show 1m
patience since this only increases the fear These patients, once
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or merely 1n gazing out of the window  If the patient should open his
eyes before consciousness 15 lost he will then hav e less reason to suppose
that the operation will commence prematurely than if he finds the
dentist forceps in hand standing eagerly over lim

Tear that anmsthesia will be too great a stramn for the heart may
be indicated by the patient putting lus hand to hus heart during mduc
tion  The anwsthetist should pat lim on the shoulder and mform him
that the forceful beating 1s a usual indeed a reassuring phenomenon !

I know you can feel your heart beating strongly—that s nothmng to

worry about 1n fact 1t 15 a good sign I want you to continue taking
nice deep breaths exactly as you are doing now

The nature of the proposed operation may itself determine the
appearance of the fear reaction A woman 1n particular 1s nervous
and depressed or hysterical if she 1s to lose her front teeth She may
be afraid of wearmng dentures or afraid that the need for this operation
mdicates the onset of old age and on such an occaston one may antict
pate that she will not be as co operative during induction nor as placid
on recovery as if a molar tooth were to be extracted

Tear 15 a complex phenomenon and patients often reveal specific
individual fears  The person who 1s generally recogmsed by his friends
as a nervous individual does not always present difficulties but
sometimes the ordinanly well balanced individual shows a surpnising
mstability when confronted with the prospect of being anaesthetised

A stnhing instance of this contrast was seen one mernimng in
two consecutive patients The first a VC of the Great War
entered the dental surgery for simple extractions n such a state
of terror at the prospect of losing consciousness that 1t was thought
adwisable to postpone the operation and to arrange for its
performance 1n 2 nursing home where he could be given a
basal anasthetic before mtrous oxide  The next patient a frail
oldlady nervous of crossing the road had no fear of unconscious-
ness or of an operation and anzsthesia with nasal mtrous oxide
was quite smooth

The ansthetist 1s forewarned by an apprehensiveness which
declares 1tself before the anzsthetic begins but an important degree
of nervousness may exist without obvious signs leading to difficulties
in the nduction period which may take him unawares It should
be remembered that the reaction to fear varies in different mdividuals
Although 1t 15 governed by the laws of mhenitance 1t may be brought
under control by tramning or by the habits of a hifetime and as ponted
out above 1t 1s not always possible to recognise when this has occurred
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metabolic rate depressed so that anesthesi s started from the same
level as on the first occasion , the orginal concentration of anvesthetic
will then haveuts previouseffect  Itis howeser, of greater importance
particularly for a nervous patient, to plan the dental work to be done
so that as few separate anasthetics as possible are needed  Although
he feels less well after a long than after a short anxsthetic the average
patient prefers one or two long anmsthetics during which the work
can be completed than to have his visits to the dentist multiplied
If two visits are necessary 1t s generally preferable to do the less
difficult extractions first so that after anesthesia as short as possible
and recovery as pleasant as possible the patient will not approach the
second occasion with dread However 1f the dentist 1s concerned
about the operative difficulties he may begin with the more difficult
extractions 1f he finds them even more formuidable than he anticipated
1t 15 best for hum to stop operating as soon as possible 1n order that
post-operative depression may be mimmal and to arrange for the
patient to enter a nursing home for the rest of the work to be done at
a single session

THE ANASTHETIC-RESISTANT PATIENT

There are two chief varables which determine an infimte varety
of reactions to an®sthetics  These are the potency of the anwsthetic
agent used and the resistance of the patient to the onset of unconscious-
ness Tor instance if an average dose of a potent anzsthetic 1s
admimstered to a patent depressed by shock, dangerously deep
anzsthesia may be produced  On the other hand often 1n the dental
surgery the anzsthetist 15 tempted to try to subdue a resistant patsent
with N O the weakest of anzsthetic agents with the expectation that
the resulting anzsthesia wall be tranquil enough to allow difficult
extractions to be accomphshed  Only too often when the anasthetist
ts nexpentenced have hopes of this land together with some of the
surgical equipment been dashed to the ground !

The nature of the resistance shown by the ansthetic resistant
patient 15 different from that of the patient who 1s merely  nervous
The latter 15 unco operative durnng induction but 15 subsequently easy
tomanage The former possesses a fundamental resistance to the effects
of anmsthetics a resistance which 1s particularly evident when a
weak anzsthetic such as N,O 15 used It 15 with the healthy robust
Patient that anesthetic difficulties are encountered when N,O 15 used
~fiot as1s generally supposed with the frail, elderly patient  Whilst
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anzsthetised become peaceful and easy’  others the wiry
aggressive or resistant, will respond vigorously if stimulated at any
stage during hght anesthesia

Once the fear reaction has occurred 1t 15 hable to recur 1if anzsthesia
1s allowed to Iighten unduly  Moreover 1n an extremely nervous and
sesistant patient even deep N,O anzsthesia sometimes so deep that
asphyxial Jactitation 1s imminent may be msuffictent to prevent the
operative stimulus evoking reflex muscular responses  Continuance of
the stumulus may rouse the patient to mouth breathing and extreme
restlessniess and the operation must then be nterrupted until anzs
thesia 1s deepened again  As stated above the fear response 1s probably
an adrenaline release mechamism producing a degree of alertness which
1s antagonstic to relaxation and sleep and therefore to the onset and
maintenance of anzsthesia  Clinical experience shows that the antago
nistic effect of the adrenalime mobilised by the fear reaction 1s so strong
that 1 order to render the pahient quiescent after the reaction has
occurred and to restore nose breathing and a state of unresponsiveness
to stimult the O, content of a N O O, mixture may have to be reduced
temporanlytoa level considerably lower than that required tomaintain
satisfactory anesthesia in a non nervous patient Indeed the largest
concentration of O, in the mixture which will pernut of successful
anesthesia can be regarded as an nverse measure of the amount of
adrenaline 1 the circulation  Premedication (Chapter X) 1s the
method par excellence by which the condition of a nervous patient
can be so modified that he can be anasthetised by mtrous oxide
without resorting to extreme depnivation of oxygen

Cumulative Dislike of Anzsthetics

The resistance of an ndividual to the onset of anasthesia may vary
fromday today It 1sa curious psychological phenomenon that during
the courseof fiveor stxadmimstrations the patient becomes increasingly
unwilling to resign himself to unconsciousness brought about by snkal
ation anzsthetics however pleasant his previous experences may have
been At the first or second admimstration of N,O his tranquul stete of
mmnd may make 1t possible to give a relatively high percentage of oxy
gen If the patient 1s more nervous on the next occasion this percentage
has to be reduced 1n order to achieve the same depth of anasthesia a
phenomenon described by Hewitt as  progressive intolerance to mtrous
oxide For this reason a patient who 1s at first normal may after
repeated ansthetics become a nervous patient By reassurance and

premedication the nervous element can be reduced and the patient s



o~

THE MORE DITTICULT PATIFNT 115

enced m wnducing anwesthesi1 with ether 1n such 2 patient because its
wnitating effects on the mucous membranes make 1t impossible to hasten
the patient through the delirum stage  Strugghng s then mevitable
but once an-esthesia has been produced mamtenance presents no difficul-
ties becanse of the potency of ether Although unconsciousness 1s
rapidly produced with N,O this agent alone 1s not strong enough to
produce peaceful anesthesia in a resistant subject unless a noticeable
element of asphya 1s introduced By the use of the more modern,
poverful and pleasant an-esthetics (thiopentone cyclopropane, etc)
the anwmsthetic state can be reached quickly and mamtamed casily
without strugghng Resistance which would be obvious with N,01s not
seen with thiopentone where the stage of potential delinum 15 passed
through 1n a few seconds and where the degree of resistance encountered
1s conveyed not 1n terms of a struggle but n terms of the dose of anzs-
thetic needed to produce peaceful anzsthesta  Thus an anzsthetic-
resistant patient might need as much as 07 g of thiopentone for an
operation which m the average patient could be accomphished with
04g Withadrugof rapid action such as thiopentone the alcoholic
or other resistant patient 1s scarcely more difficult to anzsthetise than
the average since all the difficulties can be overcome by admimistering
a large dose

T 22

If 1t 15 recogmsed before
anzsthesia 15 begun that
a patient 15 Likely to be
Tesistant a  strap should
be nsed so that the pelvis
1s fixed well back 1n the chair
(p 207) Without attracting
the patient s attentjon the
foot rest should be taken
away If thefoot restcannot
be removed the feet should
be placed on esther side of
the chair
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with the frall anasthesia 1 easy throughout with the robust
both induction and maintenance are difficult  There 1s only
a narrow range of safe anzsthesta between marhed response to
an operatrve stimulus and asphyxial jactitation  Nervousness of
course 1ncreases the difficulties encountered with this group of
patients

The anzsthetic resistant patient should be recognised as a definite
type and dealt with appropniately He possesses the quahty of

sthentcity  (Gr ofievog = strength) a term used by Amercan

wnters to signify excessive vital energy  Typical examples are the
hunting major the mnternational footballer, the navvy and the man
who does not know when he 1s beaten ~ With a little experience
resistance to the effects of anmsthetics can be estimated with fair
accuracy A direct companson can be made with the resistance to the
onset of unconsciousness from any other cause A man who cantahea
severe blow and continue fighting will be anzsthetic resistant  so will
the man who can dnink half a dozen strong cochtails without showing
any effects  If a patient 1s resistant to one ansthetic he will be resist
ant to all This state of resistance to unconsctousness may be innate
oracquired The determined wiry physically aggressive pugnacious
dividual 15 1nnately resistant while the patient who faints easily 1s
not Those who have acquired resistance mclude the phystcally fit
robust subject 1n traming  and the alcoholic who by daily consump-
tion of this drug has become resistant to the effects not only of alcohol
but of all narcotics

When an ansthetic resistant patient presents himself for dental
extractions he often gives a history of previous troublesomeness during
anzsthesia  He 15 usually somewhat proud of this and does not spare
any opportunity of telling of his previous difficult behaviour ~ Atten
tion should be paid to the patient s warmng that he  takes gas badly
Wayward behaviour under N,O 1s accounted for more often by the
patient s 1diosyncrasies than by unshilled anwsthesia Every anes
thetist remembers with regret some case m which he did not regard
the patient s warnming laying the fault in his own mind at the door
of the previous admimstrator  Even if the patient 1s bemng anasthet-
1sed for the first time or if he does not mention the difficulties of former
occasions the anzsthetist with any experience can generally recognise
that he 1s likely to prove resistant While resistance to anmsthesia
15 most apparent when N,O 15 used 1t will be seen also if ether 1s used
as the sole an®sthetic for a major operation With ether and N O
1n the resistant patient struggling 1s common with the former durmg
induction wath the latter during maintenance  Difficulties are exper:
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the use of supplementary ethyl chloride  Smooth an-esthesin ¢an then
be maintamed without reducing the oxygen content of the an-esthetic
mnture to a dangerous degree  If 1t 15 decided to use a barhiturate
intras enously the amount to be given depends on the degree of resist-
ance anticipated from the patient and on the mntery al 2t which he
has afterwards to leave the surgery i 1 normal condition

¥ an anwesthetic resistant patient 1s not recogmsed as such before
anzsthesia 1s begun and 15 given mtrous oxide he wall cause difficulty
Even when cyanotic and obviously unconscious he 1s far from peaceful
even though no operative stimulus 1s applied  He may purse his lips,
roll hus tongue spit out the sponge hold his head mn an awhward
position be restless 1n the chair and hold his arms ngidly extended
Resprration 3s wuregular the breath bemg held in nspiration, and
expiration 15 preceded by a grunt In this type of case any of the
following three procedures will be found useful

1 The nose-piece 1s kept mn position and a corner of the towel
over the chest 1s turned up over the mouth and ethyl chloride 1s
sprayed on to this (fig 42 p 162)

2 As soon as the patient 1s unconscious an ordmnary marine
sponge soaked in ether 1s put into the mouth and the mouth-piece
Is apphed This method 1s much more effective and pleasant than
the description suggests  The effect considering the amount of ether
ts quite extraordinary Very quickly the patient quetens and
anzsthesta remains tranquil  Recovery 1s unexpectedly rapid In
our experience this manceuvre has not been followed by nausea or

vomiting and the patient would appear to be unaware that ether has
been given

3 Inasimilar way a 3cc phial of vinesthene may be poured on

to the upturned bib or on to a manne sponge which 1s mnserted nto the
mouth

Tor the mexperienced ansthetist the addition of ether will be
found more fool proof and safer than the addition of ethyl chlonde
because the latter drug 1if given in excess rapidly produces dangerously
deep anazsthesia  The after effects of the addition of ether ethyl
chloride or vinesthene are practically non existent 1f their use 1s
confined to the type of case for which they are necessary  If however
these agents particularly ethyl chlonde are used for the normal, or
the frail patient collapse may occur and return to consciousness be
assoclated with nausea and vomting

Deepening of anzsthesia may be obtamed by compressing the

carotid arteries agamst the transverse processes of the cervical
8
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Oxygen lack and surgieal stimulus almost mvanably cause some
muscular response m these patients which may be violent enough to
make them assume a position of opisthotonos unless these pre

Tic 26

cautions have been tahen If the foot rest 1s left i position when
the strap 1s in use a powerful patient may press on 1t with sufficient
force to break 1t

Any movable furmture within reach of the patient s arms or legs
should be moved out of range Violence of an extent to justify this
precaution 1s extremely uncommon but when 1t does occur 1t usually
develops suddenly  Besides the genuine danger that the patient may
damage himself because the attendants cannot control hum and
meidentally  the danger of his damaging the attendants the effect
of his struggles may be disastrous to furmiture within his reach

In addition to these prehiminary precautions 1t 1s necessary when
nitrous oxide 1s the anwsthetic to enhance 1ts action by suitable means
As pointed out elsewhere the range of anesthesia watl N O1s extremely
narrow  During light an®sthesia a surgical stimulus will cause reflex
responses—restlessness strugghng mouth breathing and return to
consciousness  If an attempt 1s made to provide deep anmsthesia
byfurther dimmishing the O, intake asphyxial movements soon follow
and later respiratory arrest  If N,O 1s to be used for the unpremedi
cated anzsthetic resistant patient satisfactory results can be obtaned
by ncreasing the range of ansthewia by a small dose of thiopentone or
hexobarbitone grienantrayenously immediately before the N,O  or by
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where the operation 15 to_be performed on the pelvic_organs on the
thyroid glind or breast, 1t should unless urgent, be postponed during
menstruation  Bleeding which 1s freer than normal occurs at tius
time 1n these arens from generahised pelvic congestion 1n the first group
of operations,and 1n the second 1nd thirdgroups 1t 1s thought that there
15, increased vasculanty of the orgins concerned during the menstrual
period as a result of some endocrine mter relationship  In other cases,
fear that there may be mcreased bleeding e g from the tooth sochets
after dental extraction 1s without foundation since the rate of clotting
of the blood 15 not slowed

Not infrequently a patient volunteers that menstruation has begun
and asks 1f the operation should be postponed on that account
Except n the mstances mentioned she can be assured that this will not
mfluence the operation i any way and with this knowledge the average ~
patient decides to undergo the operation as arranged

If, however the patient 1s physically upset by menstruation or 1f
there 1s any marked temperamental disturbance, 1t may be desirable
1o postpone the operation

PREGNANCY

Experience in anesthetising patients from antenatal clinics leads
us to believe that there 15 no evidence that admmmstration of an
anzsthetic to a pregnant woman renders her more hable to abortion
or 15 harmful to the feetus  Since however there appears to be a greater
tendency to spontancous abortion at the times when the first three
monthly periods would otherwise be due these times should be avoided
for operations which are not urgent

The choice of anmsthetic 15 determmed by the patient s general
condition and not by the fact that she 15 pregnant  If N,0 15 used
the feetus wall not suffer from oxygen lack as much as 1s generally
supposed because feetal hzmoglobin 1s saturated at a much Jower
oxygen tension than 1s that of the mother

PULMONARY DISEASE
If an extraction 15 necessary for a patient suffering from acute
bronchitss the ments of local anesthesia must be considered  If a
weneral anesthetic 1s decided upon mtrous oxide may be adrmnistered
without any fear that 1ts use will lead to an extension of the catarrh
Sedation with a full dose of morphia (say } gr to a 10 stone adult)
ane hour before the anmsthetic makes 1t possible to produce adequate

anasthesia with less O, deprivation than would otherwise be necessary
8
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vertebre  This method of producing temporary unconsciousness 1s
well recognised by the Japanese and we have on occastons found 1t
very helpful i increasing the effect of N,O 1 short operations when
this gas alone was not 1dequate

ALCOHOLISM

The relation of alcohol and of the alcoholic patient to anwesthesia
15 dealt with on p 97

MORPHIA AND COCAINE ADDICTION

‘We have anesthetised both morphia and cocame addscts and found
them no more difficult than normal patients provided they had not
been deprived of their customary allowance of these drugs

On one occasion we were ashed to give mtrous oxide to a
cocane addict for dental extraction  The patient s doctor under
the impression that it would facilitate the anwesthetist s work
diminished for 24 hours the patients customary allowance of
cocamme  On arrival at the dental surgery the patient was
restless and unco operative It would have been impossible to
gtve um gas without resorting to forcible restramt ~ He was taken
home and brought back the next day having been given shightly
more than hus usual xmount of cocame  He was then contented
relaxed and co operative and as such was an easy subject to
anesthetise

An operation takes place only 4 few tumes mn a patient s hfetime
and everything possible must be done on these occasions to make him
feel at ease  If he happens to be a drug addict of any sort—cocaine,
morphia alcohol or tobacco—he should not be deprived of the one
essential he needs to face the everyday difficulties of hfe ~ An increased
allowance of s drug on this special occasion will soothe hun and
make the situation easy both for him and for the anasthetist
Premedication should take the form of 2 shghtly lnrger dose of the
drug on which the patient leans for support

MENSTRUATION

There 1s no Justification for the common impression that a patient
who 15 menstruating should not be subjected to anzsthesia or to most
n the grounds that 1t would be more detrimental to her

operitions o
Surgeons appear to agree however that

than at any other time
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where the operation 1s to be performed on the pelvic_organs on the
thyrod pland or breast, 1t shonld unless urgent, be postponed during
menstruation  Bleeding which s freer than normnal occurs at this
tllnjb wn theee arens, from generahised pelvic congestion in the first group
of operations and m the second nd thirdgroups 1t 15 thought that there
15 mereased vasculanty of the organs concerned during the menstrual
period as 1 result of some endocrine wter-relationship  In other cases
fear that there may be increased bleeding e g from the tooth sochets
after dental extraction 1s without foundation since the rate of clotting
of the blood 15 not slowed

Not mfrequently a patient s olunteers that menstruation has begun
and ashs 1f the operation should be postponed on that account
Except tn the mstances mentioned she can be assured that this will not
wfluence the operation 1n any way,and with this knowledge the average
patient decides to undergo the operation as arranged

If however the patient 1s physically upset by menstruation or if
there 1s any marhed temperamental disturbance it may be desirable
to postpone the operation

PREGNANCY

Expenence m anesthetising patients from antenatal chimcs leads
us to believe that there 15 no evidence that admimstration of an
anasthetic to 2 pregnant woman renders her more hable to abortion
or1s harmful to the feetus  Since however there appears tobea greater
tendency to spontaneous abortion at the tumes when the first three
monthly peniods would otherwise be due these times should be avoided
for operations which are not urgent

The chowce of anesthetic 15 determined by the patient s general
condition and not by the fact that she 1s pregnant If N,0 15 used
the feetus will not suffer from oxygen-lack as much as 15 generally
supposed because feetal hzmoglobin 1s saturated at.a much lower
oxygen tension than 1s that of the mother

PULMONARY DISEASE

If an extraction 15 necessary for a patient suffering from acute
bronchitis the ments of local anasthesia must be considered If 2
general anesthetic 1s decided upon mitrous oxide may be adminstered
without any fear that 1ts use will lead to an extension of the catarrh
Sedation with a full dose of morphia (say § gr to a 10 stone adult)
one hour before the anzsthetic makes it possible to produce adequate

anzsthesta with less O, deprivation than would otherwise be necessary
ge
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vertebre  This method of producmng temporary unconscrousness 1s
well recogmused by the Japanese and we have on occasions found it
very helpful 1n increasing the effect of N O 1n short operations when
this gas alone was not adequate

ALCOHOLISM

The relation of alcohol and of the alcoholic patient to anzsthesia
1s dealt with on p 97

MORPHIA AND COCAINE ADDICTION

‘We hav e anzsthetised both morphia and cocamne addicts and found
them no more difficult than normal patients provided they had not
been deprived of their customary allowance of these drugs

On one occasion we were ashed to give mtrous oxide to a
cocame addict for dental extraction  The patient s doctor under
the impression that 1t would facihitate the anasthetists work
dimimished for 24 hours the patients customary allowance of
cocaine  On armval at the dental surgery the patient was
restless and unco operative It would have been impossible to
give him gas without resorting to forcible restrant  He was taken
home 1nd brought back the next day having been gtven shghtly
more than hus usual amount of cocaine  He was then contented,
relaxed and co operative and as such was an easy subject to
anxsthetise

An operation takes place only a few tumes 1 a patient s hfetime
and everything possible must be done on these occasions to make him
feel at ease  If he happens to be a drug addict of any sort—cocane
morphia alcohol or tobacco—he should not be deprived of the one
essential he needs to face the everyday difficulties of ife  An increased
allowance of his drug on ths spectal occasion will soothe him and
make the situation easy both for him and for the anasthetist
Premedication should take the form of a shghtly larger dose of the
drug on which the patient leans for support

MENSTRUATION

There 1s no jushification for the common impression that a patient
who 15 menstruating should not be subjected to an=sthesia or to most
operations on the grounds that 1t would be more detrimental to her
than at any other time Surgeons appear to agree however that
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of the cyanotic ptient with 1 strongly beatmg heart Unless O, 15
given the colour changes to grey wnd rapidly becomes ashen Respi-
ratory effort also fuls so that if O, s to be effective 1t must be given
rapidly  Besides the<e colour changes any change in rhythm and
volume of the pulse can be appreciated 1f the an-esthetist 1ccustoms
lumself to heeping one finger on the pulse at the facril temporal or
carotid arteres

Hyperpresia

Most anasthetics cause some fall of blood pressure  Ths s partl-
cularly noticeable with ntravenous barbiturates and avertin  With
mitrous ouide a shight nise occurs 1 the early stages 1f an asphyitl
clement 1s introduced  Profound asphyin results mn 4 fall of blood-
pressure which 1s quichly corrected by the admimstration of oxygen
The early nse of blood pressure n nitrous oude anmsthesta has
led to an impression that this gas 1s contra-indicated for patients
with high blood pressure  We are satisfied from practical expertence
n many thousands of cases managed by ourselves and hospital
colleagues, that no harm has followed the use of mitrous oxide anwes
thesia although many of the patients are known to have had high
blood pressures  Nevertheless mn dealing with a hyperpietic patient

any factor which may ruse the blood-pressure further should be
avoided as far as possible

ANZEMIA
{See also pp 56 and 74)

Patients suffering from anzma shock or Jong-continued sepsis
may be considered together ~Although discussed 1n this chapter m
reality they should be grouped under the heading the more easy
patient  Compared with the doses one 1s accustomed to admmnistering
to normal patients appreciably smaller doses of any anasthetic will
Produce satisfactory and often deep anzsthesia i these patients who
are susceptible to any anasthetic and as such are sustable subjects for
mtrous oxide  Any difficulties which may anse during mtrous oxide
anzsthesia are created by the anamsthetist expecting from them the
responses usually shown by normal patients

PATIENTS CONFINED TO BED
) I\’Vhen for dental extractions 1t 15 necessary to anzsthetise a patient
aﬂ ed certain additional difficulties have to be overcome To be
ceessible to the dentist the patient should be moved to the edge of
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Since N,O has no irnitant action on the mucous membranes 1t can
be used m phthisis or chrome bronchitis  If 1t 1s desired to avod
deprivation of O, the action of N,0 may be reinforced by an ntra
venous barbiturate morphia or avertin  Alternatively anzsthesia
can be produced by cyclopropane or by an mtravenous barbiturate
gven alone A warming 1s usually given agamst using ether n these
conditions  This may be correct but 1t 15 doubtful if ether properly
given through a perfectly clear airway to a patient premedicated with
atropine 1s as undesirable as 1s usually suggested

Any asthmatical subject whether 1n an attach or not should be
liberally premedicated with morphia  Even 1n a normal patient the
use of the barbiturates may be followed by a narrowing of the bronchial
and bronchiolar lumma  We have seen a case of acute cedema of the
lungs following a few hours after the admumstration of a barbiturate
as the sole anasthetic for an appendicectomy in a youth whom we
had not Lnown to be an asthmatic subject ~ Postural dramage and
penodical suction through an endotracheal tube were mstituted early
and recovery followed

CARDIAC FAILURE

The patient with an nadequate circulation due to cardrac farlure
must not be subjected to anoxsa  The mere presence of abnormal sounds
of valvular ongn 1s of Iittleimportance 'What matters 1s the efficiency
of the heart muscle A heart may hypertrophy and compensate for a
valvular lesion whilst 2 patient recuperating from a debilitating
ilness such as influenza may have a grossly impaired cardiac mus-
culature of which no evidence can be found with the stethoscope  The
cardiac musculature of a normal individual 1s well able to withstand
a surprising degree of anoxta but the mtolerance of the failing or the
flabby heart even to a very small reduction of the oaygen mtake 15
equally striking  If mtrous oxide 1s used for patients with inadequate
circulation the oxygen content of the mixture must sof be reduced
below that 1n atmospheric air The anasthetic effect of this weak
N_O O, mixture can be remforced by premedication with morphia or
with thiopentone or by simultaneous admmistration of ethy! chloride
m small doses Ether 1s not contra indicated m fact if a long or
deep anasthesia 1s required 1t 1s the anzsthetic of choice since 1t
can be adminstered with a high percentage of oxygen

Occastonally N,O may be given to a patient in whom degeneration
of the myocardum has not been suspected or recognised  When the
0, content of the mspired mixture 1s reduced the blueness of the
cheeks takes on a waxy appearance The colour lacks the hividity
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thiopentone or avertin, <o that the fice mask or nose piece 1s applied
only after the patient hs become unconscious

PATIENTS WITH CLEFT PALATL

Patients with cleft palate present no special anasthetic difficulties
for general surgery or even for ear, nose, and throat surgery for
which an oral endotracheal tube 15 inserted Tor nitrous oxide given
n the dental chair however a difficulty 1s encountered 1n that the
patient cannot breathe through the nose when the mouth 1s propped
open  Anzsthesia here should be induced with either thiopentone or
ethyl chlornide and then a nose-piece applied and mtrous oxide given
Although anmsthesia cannot be maintained indefimitely 1t can at least
be prolonged 1f nitrous oxide 1s supplied under moderate pressure

STATUS LYMPHATICUS
Ths sub)ect 18 discussed 1n Chapter XIII
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the bed and the bed pulled away from the wall so that the anzsthetist
can stand behind and support the head  When the patient 1s recum
bent there may be difficulty in mamntaymng a clear airway owng to
the greater hability of the tongue to fall or be pushed backwards
There 1s an mcreased danger of the mtrusion of a foreign body mto the
air passages If anasthesia 15 Iight blood or mucus gravitating
backwards will imtate the postenor pharyngeal wall and make the
patient restless

EPILEPSY

Epilepsy 1s not a contra indication to any form of general anas-
thesia  We have seen only one attack 1 any way connected with
anasthesta and that was on recovery from mitrous oxide used for
dental extractions If a pattent 1s hnown to be an epileptic 1t would
be advisable to premedicate him with phenobarbitene or morphia

INSANITY

Induction of anzsthesia in an nsane patient may sometunes be
dafficult 1f he 1s nervous or uncontrolled but once anzsthesia has been
attamned he 15 no more difficult than the normal subject If a good
vewn 15 avallable we recommend that the patient s arm be steaded 1f
necessary by force whilst anzsthesia 1s induced by thiopentone Ifa
patient 1s turbulent and 1t 1s necessary to use an inhalation anzsthetic
for mnduction ethy! chlonde owing to the rapidity of its action will
be found the most humane

Occasionally the admimstration of an anzsthetic 1s said to be respon
sible for the exacerbation of a psychosis or even for its onset ~ There
1s no evidence that an anzsthetic per se 15 ever the responsible factor
put the mental stress associated with fear of an@sthesia and an opera
tion 1n an unstable individual may precipitate a breakdown  Per-
manent cerebral degeneration has followed prolonged anesthesia with
nitrous oxade 1 which oxygenation has been inadequate® These
tragedies do not mcriminate the anzsthetic itself but 1ts injudicious
use Similar changes can be produced by simple oxygen deprivation
1f continued for a sufficient length of time

CLAUSTROPHOBIA

The anasthetist occasionally has to deal with a claustrophobic
patient who 1s ternfied whkn a mask 1s placed over his face This
difficulty can be successfully overcome by inducing anasthesa with
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It 15 a mistahe to restrict the use of basal anesthesn tn cluldren
solely to mujor surgery  Unfortunately there are general prac-
titoners who nidicule the 1den of taking the trouble of giving a basal
anasthetic for 2 trvial operatton They do not appreante sufficiently
thata child, particularly 1f he hs had 4 previous unpleasant experience,
1s less concerned with the nature of the operation than wath the ternfy -
ng prospect of bemg rendered unconscious  This applies equally to
many adults

Tor 1 particularly difficult chald the 2dvantages of basal anesthesia,
even for mmnor dental surgery, should be discussed with the parents
The mother should be made to reahse that although an mhalation
anzsthetic can <afely be forced on an unwilling and resstant child,
he may suffer psychological trauma, and that the responsibility for
this would be hers  Psychologeal disturbance can be entirely avoided
by the use of a basal anmsthetic and this should be adwised if the
parents are willing and able to bear the extra expense

The spoilt child 1s often one whose teeth have been neglected
The dentist may not have had an opportunity of examming the mouth,
orhe may have been able to conduct only such a superficial examination
that he could not decide which teeth could be saved and which were
beyond saving  Any necessary dental treatment including exammna-
tion conservatsve work and extractions, can be fimshed 1n a single
session under basal anwsthesia continued by endotracheal inhalation
anzsthesta  Further the operation can be performed satisfactonly at
the child s home

The successful administration of a basal anwsthetic depends as much
on the tact of the nurse as on the type of cld It 1s common for
the mother to give her opmuon that the child will object to a rectal
Injection more than to an whalation anesthetic, only to find later
that 1t has been accomplished without protest

For basal anasthesta m children avertin and paraldehyde each has
ts supporters We prefer the former possibly merely because we
have had more expenence with it The technique of admunstration
and dosage are discussed 1n the chapter on  Premedication (p 102
Nembutal by mouth (p 104) 1s an alternative to avertin and paralde-
hyde by rectum but the certainty of success 1s not so great  However
if alI1 concerned co operate well there1s every prospect of a satisfactory
result

Ideally the basal anasthetic should be given at the child s usual
bedtime so that his day may be interfered with as little as possible
If the house 15 1n a turmoil about the operation and if the child s
usual routine 1s disturbed for example 1f he 15 put to bed early his
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CHAPTER XII
CHILDREN

ALTHOUGH the drugs used to produce anasthesia and the methods of
therr admmmistration are the same for children as for adults there
are different mdrcations for their use The problems of anasthesia
i dentistry are simplified in that extractions are usually easy and
because children have not yet developed the habits and indulgences
of later hfe which lead to resistance to anmsthesia Nevertheless
children present difficulties all their own

Intelligent co operation which plays a large part in successful
anzsthesia particularly in the dental chair cannot be expected from
the very young nor from the spoilt child A harassed mother may
communtcate her fears to the cld and make him a correspondmgly
more difficult patient Since children under seven or eight years of
age over react to a dimmnution of oxygen mntake the admmstration of
nitrous oxtde to them 1s often exceedingly difficult It 1s a well known
chinical fact that if anesthesia 1 the young unpremedicated child 1>
established by mtrous oxide 1t 15 seldom possible to give sufficient
oxygen tonhibit the jerhy muscularmovements resembling the jactita
tions of the deeply cyanosed adult without lightening anasthesia so
that the patient responds to surgical stimuli  These movements may
involve the arms legs shoulders and back to such an extent that
operating becomes almost impossible Numerous explanations none
of them entirely satisfactory have been given to account for the early
onset of these asphyxial movements in childhood Since the spinal
reflexes are known to be augmented dunng asphyxia the mstability of
the nervous system 1n the very young 1s as good an explanation a<
any other

If the child 1s being anzsthetised for the first time the c¢redit or
blame for the mental impression created must belong 1n great part to
the anzsthetist  Basal anasthesia provides such a pleasant transition
to unconsciousness that 1t 1s spectally indicated for children although
at present not used as much as 1t should be  For a nervous child who
has not been anzsthetised before 1t 1s 1deal because 1t leaves only a
pleasant memory of the onset of unconsciousness while the confidence
of a child who has had a previous unfortunate expenence of anzsthesia
often can be regained by employing basal anzsthesia
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may drturh digestion and the child mny come to the surgery with 1
full stomach because food taken hours earlier has not been digested
It 1s equally mistaken not to tell 1 clnld any thing of what s to happen
untd he armes 1 the dental <urgery, snce he mny then ful m the
future to have confidence 1n the dentist and nesthetist  He should
leadas normal 1 Iife 1< possible until in hour or <o before the anesthetic,
and on his way to the surgery should be told that he 1s gong to hve
come tecth out, but hie will not feel 1y thing of 1t beeause he will be
enjoymg a pleasant sleep

On arnival the patient should 1lw1ys be given 1 chance to cmpty his
bladder, since 1y oluntary mictuntion 1s commoner 1 children than i
adults

It 15 generally advicable to persuade the mother or guardian to
leave the surgery before the anwesthetics started, since the child mnstine-
tively seehs maternal protection, and may cry and sob as long as the
motheris present  Very often when she leaves the room, the previously
unmanageable patient submits o treatment without any more ado
Alter the operation 1t 1s often helpful to allow the mother to come back
and comfort the child wlule he 15 recoveng from the an-esthetic

The choice of an anwmsthetic for dental surgery for a child 15 deter-
mined by the degree of co operation which can be obtained by the
difficulties of the extractions and by the parent s insistence on remam-
g 1 the room  If the parent remams i the room, not only 1s the
cluld less Likely to settle down but he may be penalised by the necessity
for considering the mother s feelings for movement or moaning of the
child dunng a Light but adequate anasthesia may make 1t difficult to
convince her that he 15 not fechng pain, so that she may faint or mter~
fere with the dentist dunng the extractions, or may afterwards tell
the child she 1s sorry he was hurt The deeper and more trinqul
anasthesta obtainable by the addition of ethyl chlonde will avoid
such complications This can be done convemently by giving N.O
nasally and at the same time covering the mouth with the upturned
bib (g 42 p 162) on which the ethyl chloride 1s sprayed  Even a
small amount of ethyl chlonide prevents or abolishes these movements
or nowses  The clld may pay however for the parents peace of
mind by not feeling so well afterwards as 1f N_O alone had been given

¢ presence of the parent may even lead to a decision to use ethyl
chlonde or vinesthene as the sole anzsthetic partly because the anzs-
thesia 1s tranquil and partly because cyanosis and jactitation will be
avoided  The mother will be reassured by the unchanged colour of
the child and by the resemblance of respirations to those in sleep

Fortunately extractions m children are generally simple so that
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gastric functions may be upset  The last meal of the day should be
a hght one taken two or three hours before the basal anzsthetic  The
timing of the operation to correspond with the child s bedtime may
give mnconvenience to dentist and anasthetist but 1t plays a consider-
able part 1n mmmsmg the child s suspicions and so contnbutes to
the success of the operation

If the basal anzsthetic 1s to be admimstered rectally this 1s done
about half an hour before the operation 1s due and the room 1s kept
quiet and darkened until the child 15 unconsctous If nembutal by
mouth 1s decided on 1t 1s mixed with honey and orange juice and should
be given by the mother or nurse half to three quarters of an hour before
the child s usual bedtime  He 15 then allowed to play about as usual
under supervision  When he shows signs of drowsimess he can without
difficulty be persuaded to lie down when someone may read to him
As soon as he1s asleep he1s undressed and put tobed  The inhalation
anasthetic should be commenced any time within the next half hour

The dentist and anzsthetist with their apparatus remamn out of
sight 1 an adjoinng room until the child 1s unconscious After
anzsthesia has been deepened by an inhalation anasthetic an endo
tracheal tube 1s passed and anasthesia mantamed by mtrous oxide
with the addition of ether if necessary After the larynx has been
pached off the dentist can make a thorough exammation before pro
ceeding with the necessary worh  Lven if conservative dentistry only
1s to be performed the larynx must be pached off to prevent tooth
fragments or amalgam from being mhaled A considerable time must
be allowed for this type of operation for if the mouth 1s 1n bad con
ditron the dentist may require two to three hours He may dnll 2
tooth for many minutes only to find that 1t 1s beyond reparr and must
be extracted Teeth which have been drniled should be filled and the
whole mouth put 1n order at the one sitting

When the operation 15 over the nurse should remamn with the
child at least until he has recovered consciousness and 1t 1s best for
her to remam throughout the might  Provided the child 1s not 1n pain
the an®sthesta will merge smoothly mto natural sleep and when he
wakes on the followmng morning he will be unaware that anything
unusual has happened and may be allowed to pursue his normal day s

outine

" Unless basal anasthesia 1s to be used the child should always be
told beforehand that he 1s going to have an anesthetic  The ambula
tory child patient for dental surgery should be informed of this before
he actually arnves m the surgery but not too long beforehand or he
may worry about 1t even though he does not talk about 1t~ Such fear
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may disturb digestion nd the cluld may come to the surgery with 1
full stomach because food taken hours earlier h1s not been digested
It 15 equally mustaken not to tell 1 culd anything of what 1s to happen
until he amnves n the dentnl surgery smce he may then fail n the
future to have confidence i the dentist 1nd anwesthetist  He should
lead as normal a hfe as possible until an hour or so before the anesthetre,
and on lus way to the surgery should be told that he 1s going to have
some teeth out but he will not feel anything of 1t because he will be
enjoying a pleasant sleep

On arrival the patient should always be given a chance to empty his
bladder since mvoluntary mictunition 1s commoner 1n children than in
adults

It 15 generally advisable to persuade the mother or guardian to
leave the surgery before the ansthetic1s started since the chald instine-
tively seeks maternal protection and may cry and sob as long as the
mother1s present  Very often when she leaves the room, the previously
unmanageable patient submits to treatment without any more ado
After the operation 1t 1s often helpful to allow the mother to come back
and comfort the child while he 1s recovenng from the anzsthetic

The choice of an anmsthetic for dental surgery for a child 1s deter-
mined by the degree of co operation which can be obtained, by the
difficulties of the extractions and by the parent s insistence on remaimn-
g m the room  If the parent remams 1n the room not only 1s the
child less Iikely to settle down but he may be penalised by the necessity
for considening the mother s feelings  for movement or moaning of the
child during a hght but adequate anasthesia may make 1t difficult to
convince her that he 1s not feeling pain so that she may faint or inter-
fere with the dentist duning the extractions or may afterwards teil
the child she 15 sorry he was hurt The deeper and more tranquil
anzsthesia obtamable by the addition of ethyl chlonde will avoid
such complications  This can be done convemently by giving N,0
nasally and at the same time covering the mouth with the upturned
b (fig 42 p 162) on which the ethyl chlonde 1s sprayed Even a
small amount of ethyl chlonde prevents or abolishes these movements
or noises The child may pay however for the parents peace of
mund by not fecling so well afterwards as 1f N O alone had been given
The presence of the parent may even lead to a decision to use ethyl
chlonde or vinesthene as the sole anzsthetic partly because the anzs-
thesia 15 tranquil and partly because cyanosss and jactitation will be
avoided  The mother will be reassured by the unchanged colour of
the child and by the resemblance of respirations to those 1n sleep

Fortunately extractions in children are generally simple so that
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N,0 1> often adequate If however perfectly tranquil anesthesia
for a few munutes 1s demanded mtrous oxide should not be chosen
for a very young or obstructive patient It 1s imposstble to persuade
such children to breathe through the nose, and the use of a mouth
ptece to give the gas through the mouth 1» unsatisfactory because its
necessanly tight apphication s fnghtening and often difficnlt when
the ctuld 1s throwing hts head from side to stde  In such cases ethy!
chlonide or vinesthene should be used They have the advantiges
that erther can be admiustered with ease even when the patsent 1
obstreperous that anzsthesia 1s quickly established and that the
operating conditions afforded are entirely satisfactory We have
sometimes used mtravenous anzsthesta mn children as young as 5
but 1ts use in the young 1s hmited because there 1s often not a large
enough vein 1nto which the solution can be injected and because the
child often refuses to heep his arm still

When there 1s only one tooth to be extracted and the case 1s simple,
a few seconds unconscionsness suffices  In such cases 3t 1s immatensal
whether mtrous oxide ethyl chlonide or vinesthene 1s chosen smce
with the very small amount necessary the patient wakes immedately
without unpleasant after effects

It 1s important to remember that the prospect of repeated anzs
thesia commends 1tself even less to a child than to an adult and that
it 1s generally adwisable to fimsh all necessary extractions at one sitting
tf posaable  Although a child may be coaxed into facsng one or pos-
sibly two sittings he cannot reasonably be expected to co operate i
three or four

A child should not be hurned and if he 1s co operative everythng
should be explamed to hum and nothing forced on him unexpectedly
Even a few munutes unhurried chat with an averagely mtelligent
chitd wiil usually secure his co operation and make 1t possible to
admmster nitrous oxide nasally

For a very small cinld the head rest should be taken off and the
nape of his neck rested on a cushion on the back of the charr  The
child can be raised the required amount by seating lum on telephone
directories or cushions placed on the chair {fig 40 p 160)

Every anasthetist has his own tricks for inducing an effective anas
thesia pleasantly  For example 1f mtrous oxide 15 to be given to a
boy he can be shown the rebreathing bag and told to blow 1t up like
a football m as few breaths as possible but entirely through his nose
and that we would ke him to beat the previous record of ten breaths
A pnize may be offered as an mcentive! As he eapires through his
nose he 15 encovraged by the admmstrator counfing his expirations
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aloud If the patient espires through the mouth, the anesthetist at
once says  We can't count that, you know

Children who have been dreading the 1nesthesin and yet have been
plucky enough to conceal therr fears are often difficult, particulrly
under N,0, just 1s consciousness 1s being lost  Then there may be
restlessness until anesthesi as fully estabhshed and an apprehensive
child may even vomit food caten <everl hours before  Warnings that
vomiting may occur are shight wrregulinty of breatlung pallor, and
swallowing or retching  If vomiting occurs before extrictions are
commenced 1t should be nllowed to fimsh and the tnwesthetic and
operation can then be continued as descnibed on p 233

1f the chuld 1s unwilling or unable to co-operite and if it 1s desired
to proceed at once with the operation, the easiest method of anwesthetis-
ing him 1s to spray ethyl chlonde over an open mask or over the up-
turned bib adjusted over his nose and mouth (fig 43 p 163)

If1t 3s thought undesirble to place the patient in the dentalchair for
themductionofan-esthesia thedentist (or nurse) can siton 1 setteeorthe
dentalchatrandtake thechild
onhislap His sole function
15 to hold the patients
wnsts so that the hands
cannot pull the mask away
fromhisface The child may
kich and damage the shins of
the person on whose lap he 1s
stttng but this can be easily
avoided 1f the holder en-
aurcles the patent s legs with
hsown  The patient held n
this way can move only his
head which can be followed
casily by the anesthetist and
the patient soon rendered
unconscious  When this
stage1s reached he 1s carmed
and placed m the wusual
Position 1n the dental chair

Fic 27
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CHAPTER XIII
STATUS LYMPHATICUS

STaTUs lymphaticus was first descnibed 1n modern medicine 1n 1889 by
Paltauf! as a syndrome charactensed by an enlarged thymus gland
generalised lymphoid hyperplasia vascular hypoplasia and a suscep-
tibility to sudden death from trivial causes In fatahties which have
been attributed to this syndrome almost invarnably the patient has
been a cluld  which at first sight one might be tempted to call 2
fine child but quabfies the praise adding rather pasty perhaps °*
During an operation however slight this may be eg for removal of
tonsils and adenoids or even late 1n induction he 15 noticed to be
pale he soon stops breathing and unless resuscitative measures are
mstituted immediately he dies At the subsequent 1nvestigation the
anzsthetist states that he has given the anasthetic m s usual
manner The autopsy reveals no abnormalty beyond hyperplasia
of the thymus gland and lymphoid tissue generally ~These findings
are considered by some pathologists and coroners to provide a sufficient
explanation for death under anzsthesia and as exoneratmng the
anzsthetist from any responsibility for the death

In 1926 a commuttee was set up by the Medical Research Council
and the Pathological Society of Great Britain and Ireland to enquire
whether any such condition as status lymphaticus really exists
Examination of the available statistics taking into account the normal
Lmts of the weight of the thymus at different ages showed that
the twenty three cases analysed of death dunng anazsthesia or as the
result of shock the thymus could be considered abnormally large in
only four and even 1n these four there was no satisfactory proof that
the large thymus played a part in accounting for the deaths No
correlation was found between the weight of the thymus and the
amount of lymphatic tissue elsewhere in the body The Commuttee
concluded? that there was no evidence that status lymphaticus
exists as a pathological entity

The views expressed in the previous two paragraphs are wrrecon-
cilable We should not be justified in expressing an opmmon on
pathological findings but we thunk it proper to make certamn observa
tions on the climcal reactions of children to anasthesia based on our
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expenence of many thousand ansthetics given to children for dental
and for tonstl andl adenoid operations
It 15 unprofitable to Attempt to prove 1 negative but i by the term
status lymphaticus 15 mmplied 1 condition in winch the ndmumstra
tion of an anwsthetic setsfabls causes death—an impression so
frequently conveyed by the coroners verdict—then i our opmion
10 such state enssts  Nevertheless some children die s 1 result of
shght traumatic or psychological insults which would have hittle or
no effect on others  Tiis category would mnclude the rare instances
1 which death 1s nlleged to be due to operitive shock under light
anasthesta  We oursels es hv e no first-haind knowledge of such cases
but as anesthetists we recognise 1 status persenlosus 1 which the
child shows a susceptibility to the depressant effects of an-esthetics
“hich amounts to an 1diosyncrasy ~ With this child 1 little anwesthetic
goesalongway  what would be a safe amount for a nermal chuld for
hum may prove rapidly fatal  We have seen about twelve cases of col-
lapse early in anasthesia in such children where the prompt mstitution
of treatment brought about recovery and permutted the completion
of the operation e feel however that if death had occurred 1n
any of these cases status lymphaticus mught well have been
diagnosed and that the anmsthetist would have been exonerated from
any blame  Although these twelve cases had certain charactenstics
Incommon we are not able to describe them as 2 climical type in which
abnormal reaction to anasthesia can reasonably be anticipated because
2 very large number of children with apparently sumilar charactenstics
do not show this wosyncrasy  Our outstanding mmpression of the
twelve chldren 15 that they exhibited an unmoderate docihty  These
children who show no fight must be anmesthetised with extreme
tare The reactions which commonly occur during the induction
Period are not seen  Instead of flushing pallor 1s remarked respira-
t1on 15 shallow and regular from the beginning  resistance 1s strikingly
absent  and there 15 an almost imperceptible merging into unconscrous-
hess which superyenes after an unusually small amount of an-esthetic
2s been given  This sudden and unpredictable response to a small
dose of anwsthetic may easily be overlooked and 2 small additional
mount of anasthetic results 1n extreme loss of muscular tone accom-
Panied by wide dilatation of the puplls  We believe such a patient
can be anmsthetised with safety provided the amount of anesthetic
administered s carefully lunited to the quantity required for the
satisfactory performance of the operation and we consider that when

death occurs 1t 15 due to the effect of an overdose of an-esthetic upon
2 susceptible patient
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Smce this undue sensitivity to anasthetic agents produces a hability
to overdosage 1t 15 mmperative that the anmsthetist understand what
measures are to be taken should respiratson fal  These are the same
as i any other case of respiratory arrest under anzsthessa namely
provisien of an absolutely clear airway, the mstitution of artificial
respiration and admmstratton of oxygen This treatment applied
promptly wil save hfe in those cases 1 which a large overdose of
anasthetic has not been given

It 15 our opimon that m deaths under anasthesia the anzsthetist
1s more responsible than either the drug used or the pathological
condition of the patient (iways excepting the unusual emergency
where the patient 15 pulseless and practically mortbund before anas
thesta 1s begun) The following facts support the validity of ths
pownt of view even when applied to cases where an diosyncrasy to
anasthetics admttedly exists (1) Verdicts of * status Iymphaticus *
have been brought in as an apparently satisfactory explanation of
death under anzsthesia in children who have previously withstood
successfully the effects of an operation under general anzsthesia
{n) Often when a child has collapsed under anzsthesia the operation
has been abandoned solely through fcar that he was 2n statn Jymphatico
and therefore that death probably would occur if the an®esthetic were
continued  In some of these cases operation became imperative and
a second anasthetic given a few days later has been entirely successful
(11) We have not heard of an anesthetist in whose practice has occurred
more than one death attnibuted to this cause Such unfortunate
comeidences 1o doubt have been recorded but the general fatlure of
ndwidual practitioners to encounter repetitions of this catastrophe
appears to indicate that the experience ganed in dealing with one case
confers urpon the anzsthetist the ability to avoid recurrences  But the
admusion that death from status lymphaticus 1s avoidable destroys
the very argument upon which beltef 1n the existence of such a con
dition rests {1v) Routine autopsy upon the victims of accidents
where the extent of the njuries (e, ruptured Iiver) would have made
death mewitable 1n the most robust mndividual has occastonally dis
closed a degree of lymphoid hyperplasia greater than that upon which
a verdict of status lymphaticus  has been founded i cases of death
under an®sthesia  Nevertheless on unquiry many of these individuals
1n whom lymphoid hyperplasia 1s revealed by chance are found at some
time or other to have negotiated successfully the hazards of anasthesia
and operation without exiibiting an undue tendency to succumb to
elthIe: a large percentage of all cases of death under anwmsthetscs
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autopsy fails to reveal any cause for death  In death from oscrdose
of an anesthetie for example there 1< no dignostic autopsy finding
The coroner finds Ins tach amplified 1f the pathologist can state that
the antopsy revealed 1 defimate condition which could account for the
death, and hy perplasin of the lymphatic system 15 4t present 1ccepted
by many s one such condition Partdy becauee of hus desire to report
ome positine finding partly hecause of his sympathy for the an-es-
thetist and partly because of pubhic policy, 1 pathologist may dingnose
statuslymphaticus  whennoconyincing explination fordeathasfound
Ths diagnosis which m <ome quarters has now come to crry with it
the =uggestion that death w1s mevitable and that no one was to blame
may senve a useful purpose for the revsons mdicated but 1t must not
be overloghed that 1n these cases 1 detmled ansthetic history of the
sequence of events prior to death 15 far more illuminating than the
most searching autopsy
According to Greenwood * the deaths now ascribed to status
Iymphatieus would 1 more plous but not more superstttious days
have been atinbuted to the visitation of God * 2 verdict which he
suggests would be * at Jeast as scientsfic as and more modest than
status lymphaticus *  To thus opimion we add our suggestion that
deaths under anvesthesa attributed to status lymphaticus may well

betdue to nothing more nor less than overdosage mn a susceptible
patient
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Since this undue sensitrvity to an-esthetic agents produces a habthity
to overdosage 1t 1s imperative that the anaesthetist understand what
measures are to be taken should resprration fail  These are the same
as 1n any other case of respiratory arrest under anesthesia namely,
provision of an absolutely clear airway the mstitution of artificial
respiration, and admmstration of oxygen This treatment applied
promptly, will save hfe in those cases m which a large overdose of
anesthetic has not been given

It 1s our opiion that 1n deaths under anasthesia the anwmsthetist
15 more responsible than either the drug used or the pathological
condition of the patient (always excepting the unusual emergency
where the patient 1s pulseless and practically monbund before anxs
thesia 1s begun) The following facts support the validity of this
pomnt of view even when applied to cases where an 1diosyncrasy to
anasthetics admittedly exists (1) Verdicts of  status Iymphaticus
have been brought in as an apparently satisfactors explanation of
death under ansthesia n children who have previously withstood
successfully the effects of an operation under general anamsthesia
(n) Often when a child has collapsed under anwesthesia the operation
has been abandoned solely through fear that he was 1 statu lymphalico
and therefore that death probably would occur 1f the anzesthetic were
continued  In some of these cases operation became imperative and
a second anzsthetic given 2 few days later has been entirely successful
(1) We have not heard of an anzsthetist in whose practice has occurred
more than one death attnibuted to this cause Such unfortunate
comcidences no doubt have been recorded but the general failure of
mdividual practitioners to encounter repetitions of this catastrophe
appears to indicate that the expertence gained mn dealing with one case
confers upon the anzsthetist the ability to avoid recurrences  But the
admission that death from status lymphaticus 1s avoidable destroys
the very argument upon which belief in the existence of such a con
dition rests  (1v) Routine autopsy upon the victims of accidents
where the extent of the injunies (e g ruptured hiver) would have made
death mewitable m the most robust sndividual has occastonally dis
closed a degree of lymphoid hyperplasia greater than that upon which
a verdict of status lymphaticus  has been founded 1n cases of death
under anzxsthesia  Nevertheless on enquiry many of these mdividuals
1n whom lymphord hyperplasia 1s revealed by chance are found at some
time or other to have negotiated successfully the hazards of anasthesia
and operation without exhibiting an undue tendency to succumb to

either
In a large percentage of all cases of death under anwsthetics
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Many dentists and anwesthetists consider that the t1king of certamn
articles of dict predisposcs to post operitive vomuting  Even mulk,
beef tea or some equally mnocuous food may be prohibited becruse
post-operitive vomiting has occurred on some previous occiston
although adequate enquiry in 1l probability would have revealed
that the pitient had been abnormally apprehensive Instead of
banning any such item, 1t 1> more rational to arrange for pre-operitive
treatment calculated to allay the nervousness which 1s responsible for
a derangement of normal digestive function and a tendency to post-
operative vomiting

Such preparation 1s especinlly necessary for a patient with a history
of having vomuted previously after mtrous ouide anwesthesir  If on
a second oceasion specinl eare 1s taken to allay apprehension 1t 15 rare
for vomiting to occur

One of us was called 1n to anzsthetise a nervous woman who
gave a lustory of vomiting after gns  The patient was first seen
m the dental surgery and there was thercfore no opportumty to
premedicate her ~ An-esthesia with nasal mtrous oxide was short
and two teeth were extracted After recovering consciousness
the patient vomited a small meal tahen six hours previously To
prepare her for a further tooth eatraction the following week she
was given a prescription for a mixture contamung chloral hydrate
5 gr and potassium bromide 10 gr to the ounce of peppermnt
water  She was instructed that on the two days preceding the
next anasthetic she should take one ounce of the mixture three
times a day after meals With this premedication the next
sesston passed off uneventfully

THE HOSPITALISED PATIENT

It 15 often difficult particularly for a dental operation to persuade
the patient to enter the hospital or nursing home even for one night
beforehand and frequently he 1s admutted about lunch time for
operation i the late afternoon  Lxpenence shows that the longer the
patient spends m the nstitution prior to operation the smoother 15
the period of anasthesia and the more rapid the convalescence Apart
from the considerable advantage conferred by the rest the patient
benefits from being given correct diet and appropriate sedative drugs

Before mimor surgery or major dental surgery, if the patient
15 not constipated neither a purgative nor an enema 1s necessary but
if constipated he should be given an enema m the early morming on
the day of operition  No specsal diet 1s necessary beyond the regime



134

CHAPTER XIV
PREPARATION FOR OPERATION

BrFORE 2 muinor operation 1t 1s desirable and before a major operation
essential for a patient to receive treatment which will reduce his
apprehension and appreciation of the preliminares of anasthesia and
make him a switable subject both for anasthesia and for operation
The degree of preparation depends on the nature and extent of the
operation to which the patient 1s to be subjected and on the anzsthetic
chosen  Premedication an important feature of the preparation of a
patient 15 dealt with elsewhere  Although for the ambulatory patient
little or no preparation may be actually necessary 1t will make anzs
thesia more tranqul and at the same time make recovery less un
pleasant  Tor the hospitalised patient pre operative preparation 15 &
matter of routine

THE AMBULATORY PATIENT

For nitrous oxide anzsthesia and a tooth extraction of average
difficulty the average patient requires no physical preparation at all
The more abnormally resistant the patient and the longer the penod
for which anzsthesta 15 expected to be necessary the more important
does 1t become to prepare hum for the occasion The sedative drugs
surtable for the ambulatory patient are dicussed onp 93  Purgation
15 nerther necessary nor advisable Unfortunately the old fashioned
prejudice mn favour of starvation before ansthesia still persists and
the patient may 1n consequence come to the dental chair weak from
lack of food  In the ambulatory patient starvation 1s m fact a much
more frequent cause of post operative complications such as nausea
retching famntness orcollapse {han 15 the presence of food 1n the stomach
at the tune of operation The patient therefore should take an
average meal three or four hours before operation and if apprehension
has been prevented by appropnate premedication digestive activity
will continue undisturbed and the stomach will be empty by the time
the operation 1s due  If this pentod of abstinence from food must be
exceeded some sugar contaimng food should be given two hours
pefore operation for example a cup of tea contamng three or four
fumps of sugar Alternatively an ounce of barley sugar or half a glass
of orange Juice may be taken
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CHAPTER AV
BARBITURATES

BARBITURIC acd compounds first synthessed n 1802 have continued
to mcrease 1n populanty as hypnotics Barbitone better Lknown as
Veronal was the first with which success was achieved  Its chemical
formula 15

C.H;

Csz>B

the essential malonyl urea radicle of barbituric acid being represented
as B By the substitution of other groups for one or both of the
C,H; (ethyl) groups of veronal new barbiturate hypnotics have been
produced  For example phenyl ethyl barbiturate or phenobarbitone
has the formula

CeH,
(] >B
C.H,

The barbiturates are sedatives but since the potency sites of
action, and rates of absorption and excretion of different members of
this group of compounds vary considerably there are correspondingly
marked differences 1in therr pharmacological actions For example,
veronal because 1t 15 only shghtly soluble m water 1s therefore slowly
absorbed and has a correspondingly delayed action On the other
hand medinal a salt of veronal and much more soluble m water than
the latter 1s more rapidly absorbed and because of 1ts quicker action
has become more popular than veronal Both these drugs are typical
of the longacting barbiturates so called because of thewr slow
excretion The number of barbiturate compounds now mn use 1s
great and discussion of them 1s comphcated by the confusion
which has ansen because different propnietary names have been
given to drugs the actions of which are cimically mndistmgmshable
In fact n some cases the same barbiturate manufactured by
different commercial houses 15 Lnown by different names for
gl;;'(\lzrc‘eal phencbarbitone can be purchased erther as Luminal or as

(;rente\‘ structural alteration than had previously been made 1o
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to which a poor sailor would subject himself before facing a rough
sea crossng  The patient may have a hght supper the night before
operation and if this 1s timed to take place in the morning about three
hours previously he can tahe for breakfast a cup of tea well sugared
and a piece of bread and butter  If the operation 1s timed for the
early afternoon he can have an ordnary hight breakfast and a cup of
tea or soup 1n the mddle of the mormng A sedative (eg pheno
barbitone 1 gr ) should be given on the evening before operation  Pre
operative medication on the day of operation s discussed on p 95 et seq

Tor a major abdomunal operation the patient should be mn the
nursing home for the two previous mghts Extensive pre-operative
purgation and starvation are now things of the past The modern
custom 1s to give a mild apenent preferably one to which the patient
15 accustomed on the evening of the day but one before operation
and a soap and water enema early on the morming of the day of
operation

A sedative should be given on exch of the two evemngs before
the operation on the first evening aspinin 10 gr or phenobarbitone 1gr
and on the next a more powerful one (medinal 10 gr or nembutal
3gr)

On the day before operation the patient should have chicken or
fish for the main meal 1n the mddle of the day and a Light evening
meal If the operation 1s to be in the morning a cup of tea can be
grven at 7am and if in the afterncon the patient may have another
dnink 1n the mudde of the morning
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discolves immediately  The strength of solution most commonly
recommended 15 5 per cent , but we have used solutions of strengths
between 21 and 20 per cent and have observed no differences 1n the
character of the resulting anwesthesia nor n the incidence of post-
operatine comphications  When the dose of thiopentone 1s to be given
quickly 1t 1» ymmatenal what strength of <olution 15 used but i
anazsthesta 15 to be contmued for some time by intrasenous injection
the use of dilute <olutions makes 1t easier to control the dosage and <o
to mamntain a umform level of an-esthesia

The extreme ease with which the ultra short-acting barbiturates
can be admmistered constitutes one of the dangers attendant upon
their use and should never tempt the operator to act as his own
anmsthetist  the safeguardmng of an unconscious patient 15 a whole-
time responsibiity  When these barbiturates were first introduced
the opimion was generally held that the simplicity of the technique
of their administration would reduce the scope of the specialist
anzsthetist  Expenence has shown however that the use of these
drugs should be confined to those who have a sound Lnowledge of
anasthetic drugs and anasthetic routine generally

Thiopentone may be given to a patient of any age but thisisrarely
practicable 1n cluldren under six both because their co operation 1s
difficult to obtamn and also because their vems are seldom large enough
to enable an ntravenous injection to be grven with certanty  Although
the production of the state of an@sthesta with thiopentone1siny arably
easy 1f 1t 1s possible to locate a vemn winto which an njection can be
ginen the patient should not be promised this drug before 1t has been
ascertained that his vems are smitable

Thiopentone grven intravenously may be used

1 As a basal anmsthetic before a major operation —The
dose to be given depends on whether anasthesia 1s to be continued
1t once with an inhalation agent such as ether or whether the penod
of basal anasthesia has to be prolonged to allow the transport of
the unconccious patient from Ius bed to the operating theatre In
the first case 03-04 g will wwually be found sufficient and
(t)lf_c <econd case the dose must be increased but should rarely exceed

/g

2 As the sole anmsthetic for a prolonged operation —This
method of anmsthesia has been prevented from becoming popular
:)r)n\te}:xeo “tilfﬁcult} of simultaneously supenntending a continuous 1n-

injection and mamtainng a clear airway and because the

r;\te of recovery of consciousness after large doses of thiopentone 1s
slow
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the substitution groups resulted 1n the production n 1928 of Sodium
Amytal and mn 1930 of Nembutal in Amenca and of Pernocton mn
Germany These are very soluble i water, and their administration
ntravenously leads within a few minutes to unconsciousness Each
of these short acting barbiturates soon became popular as a basal
anesthetic but low therapeutic quotients (p 17) render them un
suitable as sole anmsthetics for the production of general anzsthesia
Further they are slowly excreted so that even after their use as basal
anzsthetics return to consctousness s delayed for two to three hours
longer than if they had not been given  Even for production of basal
anzsthesia these drugs have now been largely superseded by the
ultra-short acting barbiturates

Evipan (Hexobarbitone B P) the first of the ultra short acting
barbiturates mtroduced m Germany 1n 1932 was followed by Pentothal
(Thiopentone B P) a thio barbiturate (sulphur contaming barbiturate)
from America i 1935 These drugs are extremely soluble both m
water and 1n lipoids and the therapeutic quotient of each 1> high
They can be given by mouth but because there are marked varations
1 the rate of absorption from the alimentary tract i different indt
viduals and m different circumstances the intravenous route 1s safer
more accurate and more rehable Drowsiness sleep or anesthesia
of varying degree results according to the dose mjected

Thropentone 15 a more satisfactory drug than hexobarbitone 1
that 1ts use 15 not accompamed by the shght muscular twitchmgs
occasionally seen during hexobarbitone anzsthesia Moreover thio
pentone produces greater muscular relaxation and more peaceful
anzsthesia  However 1t causes a greater depression of the resprratory
centre than does hexobarbitone and if a solution of thropentone 1s
m error deposited extravenously the local tissue reaction 1s more
severe than after the same accident with hexobarbitone  Except for
these differences the actions of these drugs are so similar (although
thiopentone 1s rather more potent than hexobarbitone) that we shall
refer only to thiopentone but observations on 1t can be taken as
applymng equally to both

SOLUBLE THIOPENTONE

Soluble thiopentone B P 1s now made by several firms  The
original manufacturers gave the name Pentothal to therr prepara
tion This drug 1s supplied as a stenile powder n ampoules containing
050r 1 g Ampoules contaning 10 cc or 20 c ¢ of stenle distilled
water are supplied separately  When water 1s added to1t the powder
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to N,O for a short operation such as a dental extraction —In
describing the techmique for the admimstrition of thiopentone weshall
deal with this latter use of 1t which has a special apphication to the
ambulatory patient wn the dentalsurgery  There1s here the additional
problem of enabling the patient to return home within a short time
after the operation 1s completed

When a quich recovery 1s desired 1t 15 our practice to inject rapidly
the whole of the dose which we estimate will be needed just to produce
unconsciousness and immediately the latter 15 attaned to apply the
nose prece and to continue anesthesia with mtrous oxide  The dose
vanes from 01 g 1n the frul to 05 g 1n the robust alcohohic patient
It 15 umportant to recogmse that the anmsthetic effect produced by
this dosage may be shght and in any case 1t will be only transient
The amount given should be such that once 1t 1s mjected anasthesia
can be mamtamed only by continuing at once with N,O given in the
usual way as though it had not been preceded by thiopentone

The opimon that thiopentone has no place in the dental surgery
because of the slow recovery and because of the lowenng of blood-
pressure which large doses may induce (particularly mn patients 1n the
upnght position) 1s not now tenable  Lach of these disadvantages 1s
avoided by the vse of thiopentone 1 small dosage gnven rapidly prior
to N,O anasthesta A pleasant induction to anasthesia 15 assured,
recovery 1s rapid and when the patient awakes he 15 unaware of any
feature of ansthesia beyond the beginning of the mnjection

The use of a prehminary dose of thiopentone 1s particularly valuable
for the anzsthetic-resistant patient  In this case sufficient should be
given actually to assist the mitrous-oxide anzsthesia  On an average
03 to 05 g of either thiopentone or hexobarbitone 1s required and
should be given moderately rapidly The nose piece 1s then put on
and mtrous oxide admimstered  After a dose of 03 g given quichly
to a powerful man mitrous oxide anmsthesia can be continued m
the usual way and the effect of this small amount of barbiturate can
be disregarded but when a larger dose 1s given oxygen deprivation
should not be alfowed  On recovery the patient should rest until the
effect of the anmsthetic has worn off usually about twenty minutes
to half an hour

Although recovery from thiopentone 1s almost mnvariably peaceful
the anmsthetic resistant subject may duning recovery go through a

brief perod of drunken aggressiveness dunng which he has to be
forcibly restramed

The occurrence of vomitin

rare e g after average doses of thiopentone 1

have however encountered a few patients in whom the
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The total dosage of thiopentone given for an operation for
appendicectomy which lasted thirty five minutes was24g  Two
anxsthetists were present one to give the intravenous injection
over a period of half an hour the other to supenintend the arway
In order to obtamn muscular relaxation the dosage given was
sufficient to produce noticeable respiratory depression at certamn
stages of the operation  The slow rate of recovery made 1t neces
sary for a nurse to be in constant attendance on the patient for
five hours after completion of the operation

3 Asthesoleanmstheticforashortoperation —Theanasthetic
technique here 15 usually easy generally the dose estimated to be
necessary 1s given by the anzsthetist in a single mnjection and 1mme
dately thereafter he devotes his attention to the mamtenance of
the airway

Anzsthesia produced mn this way 1s a contrast to that produced
by inhalation agents in that the depth of anwsthesia does not remam
at a steady level It 1s at 1ts maxumum almost immediately after the
wjection and then becomes progressively lighter as the drug 15
ehminated

Another disadvantage of this method 1s the necessity for calculating
beforehand how much anasthetic will be required for a given operation
Tor this the probable duration of the operation must be estimated
and the reaction of the patient to the drug must be anticipated If
an imncorrect estimate 1s made 1t may lead to the admmstration of
too small a dose 1 which case the patient will begin to recover
consctousness before the operation 1s completed or of an unnecessarily
large dose providing adequate anzsthesia for the operation but
mconveniently delaying recovery  For instance difficulties which will
be encountered in a particular extraction maybe greatly over estimated

A colleague 1sked to be anmsthetised with hevobarbitone
alone for extraction of a tooth and was given 8 cc of a 10 per
cent solution (0 8 g ) 1t being estimated that the extraction would
take seven or eight minutes The tooth however was out in
a minute but 1t was two hours before the patient had recovered
sufficiently to leave the surgery If an accurate estimate had
been made of the length of anesthesia needed only half the dose
admmstered would have been given and the patient would have
recovered completely 1n 20-30 minutes

4 As a very transient basal anwmsthetic preparatory to a
potent anmsthetic such as ether for a prolonged operation or
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above A colleague in poor health had to undergo the extraction
of 2 number of teeth 1t four sessions at weekly mtervals  He
refused premedication and insisted that an-esthesia should be with
mtrous pude alone  Although anwmsthesin was uncventful on the
first occasion, he dishhed the prospect of 1ts repetition  On the
second occaston, 1n order to abolish Ins heightened reflexes agreater
degree of anonemm had to be induced than was prev 1ously
necessary and there was some post anesthetic collapse  The
patient s dread the mecessity for veducing the oxygen intake
during anvesthesia and post operative prostration were still more
marked on the thurd and fourth occasions

1t should be emphasised that in dental anwesthesta for theambulatory
patient thiopentone 1s indicated where an@sthetic difficulties are 1ntic1-
pated and not for cases i which the difficnltv 1s that of extraction

Thiopentone in War Surgery

Thiopentone has been of the greatest value 1n war surgery , never-
theless the very ease with which 1t can be given has led to unnecessary
deaths 1n the hands of those unfamiliar with the pitfalls of anzsthesia
The outstanding virtues of this drug are pleasantness of induction and
the relative absence of post-anasthetic vomiting  These hayve indeed
proved a boon to patients in whom a sertes of operations as for example
for plastic surgery has had to be performed Other attractive
qualities of the drug are 1ts speed of action portability and freedom
from fire and explosion hazards There are few patients who are
not the better for being induced with thiopentone but the decision to
mamtain anzsthesia with the same drug should not be taken lightly
particularly 1f deep or prolonged anzsthesia 1s required  With deep
anasthesia from this drug alone some degree of respiratory depression
15 mevitable  With an experienced anesthetist this is of htile conse-
quence but 1f the situation 15 handled unshilfully death can result
Prolonged anzsthesia from thiopentone alone 15 followed by a long
mterval of unconsciousness  This period 1s one of potential danger
to the patient particularly m the absence of shilled nursing

Contra-indications to the Use of Thiopentone

The short acting and ultra short-acting barbiturates are evcreted
or detoxified mamly by the liver and large doses should therefore
be avoided 1n cases of lver defictency Although 1t 1s highly smprobable
that the first two conditions described below as contra mdications wall
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njection of a barbiturate intravenously has been followed by giddiness
and bouts of vomiting lasting for as long as twenty-four hours

Indications for the Use of Thiopentone in the Dental Surgery

In the great majority of patients for dental extractions anzsthetic
difficulties are not encountered but it 15 not sufficiently appreciated
outside the dental profession that there 1s a small percentage of cases
where the problem of ansthesin 1s by no means simple  Difficulties
which can be overcome by the use of thiopentone as a transient basal
anzsthetic arise mn two totally different groups of patients  The first
1s the anzsthetic resistant group (p 113) 1n members of wluch even the
expenenced anaesthetist does not find 1t easy to provide five mmutes
tranquil anasthesia with N Oalone ' With this gas conditions adequate
for operation can often be achieved only by pushing  the anzsthetic
until a degree of anoxzma 1s produced which would be dangerous if
1t were maintamed for any length of fime or if 1t were increased A
sriall dose of thiopentone given intravenously before N O anzsthesta
1s begun produces unconsciousness so rapidly that the stageof potential
delirum 15 passed through quickly enough to ehmmate strugghng
during mduction  In addition the thiopentone enables tranquil
anasthesia thereafter to be maintamed with mtrous oxide

Patients of the second group have a horror of tnhalation anesthesia
Anzsthesia here presents no techmcal difficulties and can n fact be
acheved and mantamed with N O with ease but the patients suffer
mental distress both before and after admmmstration This group
mncludes also patients who have to face a series of ansthetics and
who 1nstead of denving reassurance from experience dread each
approachmg inhalation anzsthetic more than the last even when the
admumistration has been 1n shilful hands This reaction described
by older writers as  cumulative resistance to anwsthetics 1S
psychological and can be almost entirely abolished by the use of
wmtravenous barbiturates

It was necessary for a woman to have all her rem umng teeth
extracted and the work was planned to occupy five sittings over
< pertod of a month  She was verv apprehensive before the first
occaston but since thiopentone was given prior to mtrous oxide
anesthesia the experience completely reassured her and she
approached with equammuty the subsequent sesstons at wiuch
the same technique was repeated

The followng case in which thiopentone was indicated but was
refused by the patient provides a contrast to the case described
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might well produce respiritory arrest tn the sume indnadunl suffering
from or recovening from shock

1f the above contra mndications 1re observed there is no need before
mducmg anwesthew with thiopentone to conduct 1ny special physical
exammation of the patient, or to perform any particulr tests beyond
those to which he might be subjected before any other general
an-westhetic

Technique of Admimstration of Thiopentone

If the operation 15 for dentl extractions 4 prop should always be
placed 11 the mouth immediately before anzesthesia 15 begun

e

Tic 29

An assistant supports the patient s extended
own right hand and with his left hand compresses%})z:e ?:fx‘:n?;ﬂ:l };:f
:;mdabo\e the elbow tightly enough 1o prevent the return of vengus
thOO (fig 28) but not so tightly that the fiow of artenal blood mta
€ arm 1s ympeded  The patient should clench Ius fist to assist
making the vemns as prominent 1s possible "
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be encountered in dental practice 1t 1s essentral to include them at
the head of the list since the use of barbiturate anzsthesta m these
cases may turn the scale agamst the patient

1 Acute intestinal obstruction —The Lwer function 1s dis
orgamsed by the action of toxins absorbed from the obstructed bowel

2 Jaundice —This condition 15> usually associated with gross
disturbance of the liver function and should be regarded as a definite
contra mdication to the use of thiopentone  We have however used
the drug 1n very small doses without untoward effects but 1ts excretion
15 extremely slow A dose of 015-020 g 1n an adult may produce
unconsciousness lasting for several minutes

3 As the sole anwmsthetic for operations on the throat,
and for operations 1n which the protective laryngeal reflexes may be
elicited as for example if a laryngoscope 1s to be used In our
expenence the motor response to such stimult 1s hyper-active dunng
hght barbiturate anasthesia and may lead to persistent and alarming
laryngeal spasm

4 Asthma —There 1s expenimental evidence that a general con-
striction of the bronchial musculature may result from the use of any
barbiturate 2 * Tor this reason many regard these drugs as contra
ndicated 1n asthma (p 120)

5 Anmmia, and marhed debility —These are only relative
contra mdications  Anzsthesia m such patients 1s produced with only
a small amount of any anasthetic Doses of the barbiturates which
would be correct for the average adult may be dangerously excessive
for them and in any case will lead to post-operative depresston and
delayed recovery The dose given should therefore be reduced to
correspond to the patient s lowered resistance to ansthetics

Thiopentone must be given very cautiously to patients who havea
sluggish peripheral circulation  Here the drug takes much longer to
reach the heart pass through the pulmonary circulation and return to
the heart agamn whence 1t 1s distributed to the bramn  ['his mcreased
latent period must not be ncorrectly interpreted as tolerance on the
part of the patient to the effects of thedrug  Infact thereverses the
case A patient with a failing circulation 1s susceptible to the effect
of thiopentone which however takes longer in mamfesting 1tself for
purely mechanical reasons Owing to hiver dysfunction consequent upon
the failmg heart thiopentone 1s excreted slowly and 1its action 1s
therefore prolonged

In shock too even where resuscitation has been adequate
and recovery has apparently tahen place thiopentone must be used
with discretion A dose which 1s appropriate for a robust subject
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When the vemn 1s entered in this way the shin puncture does not
lie_directly over the vein puncture, and the occurrence of bleeding
after the needle 1s withdrawn 1s thus prevented

Fic 33

After a little practice, 1t 1s easy to recogmse by sense of touch when
the vemn has been penetrated but 1n any case this should always be
confirmed by withdriwing the plunger gently when 1f the needle 1s
in the vemn blood will be aspirated into the syringe

Fic 34

The syringe should not be filled completely with thiopentone
solution, because then 1t will be 1mpossible to withdraw the plunger
to verffy that the vein has been entered  The position of the plunger
here should be contrasted with that shown in fig 33

O -

Fiec 3»

I the bevel of the needle does not hie completely withm the lumen
of the vem blood can be aspirated nto the syringe but when the
solution 15 1njected some will be deposited extravenously If this
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Alternatively the extended arm 1s supported by a pillow which
rests on the arm of the dental chair  To distend the vens a prece of
soft rubber tubing 1s tied round the upper arm (fig 29) 1n such a fashion
that 1t can be released simply by 2 pull on one end of 1t (A) The skin
1s cleansed with spint

Tigs 30 anp 31 1

Arrmust be expelled
from the syringe before I
the neecdle 1s inserted :
mto the vem .

Iic 32
The syringe has an
ecgentne nozzle to.allow
the barrel to rest closely
on the fore arm so that
1f the patient moves his
arm the relation of the
3 needle to the veun will
not be disturbed The
needle 1s almost prallel

Tic 30 to the vein and before Fic 31
the shin puncture 15 made the vemn 1s steadied i posiion by
stretchmg the skin which lies over it The needle 1s mserted through
the skm a little to one side of the vein and 1t 1s then advanced
alongside the vemn for about § mch before being introduced into 1t
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slowly there may be yawning, sneezing, or coughing just as conscious-
iness 15 lost, but frequently the onset of unconsciousness 1s characterised
simply by the appearance of generalised musculr relaxation, quict
shallow respiration and abolition of response to stimult

It may be extremely difficult to differentiate between deep anzs-
thesia and light undisturbed an-esthesia  In both cases the respiration
1s shallow  there 1s general muscular relaxation and the eyeball 1s
central  The depth of an-esthesia may not be revealed until a stimulus
1s apphied 1n deep anamsthesta respiration remains shallow whlst 1f
anzsthesia 1s hght the rate and excursion of respiration ncrease at
once

Overdosage with Thiopentone

The mmmediate treatment of a gross overdose of any barbituric
acd drug 15 the same as the treatment of overdose from any other
anesthetic  Artificial respiration (p 327) must be continued until
sufficient of the drug 1s excreted for the respiratory centre to recover
its normal automatic activity

The only analeptic drug of proven worth 1n the treatment of porson-
ing from barbituric acid dervatives 1s picrotoxan  This potent drug
should be given intravenously at the rate of 1 mg per minute until
the patient rouses or until the appearance of muscular twitchings,
usually seen first 1n the face

Where 1t 1s desired merely to accelerate the rate of recovery from
thiopentone anzsthesia Coramine 1n doses of 5 ¢ ¢ ntravenously or
mtramuscularly will be found effective

REFLERENCES

(1} British Pharmacopaia (7th Addendum) 1932 65

(2) Burste:n C L 1937 Proc Soc exp Biol 87, 267

(3) Burstem C L and Rovenstine E A~ 1939  Personal communication
(1) Gray s Anatomy 1938 London 753



150 ESSENTIALS OF CENERAL ANZESTHESIA

The advice usually grven 1s that for a normal adult about 03 g
(te 3cc of a 10 per cent solution) should be mjected over 10-15
seconds, and then a pause made of 30 seconids the average time for
the cireulation of the blood sp that the effect of this amount can be
noted before a decision 1s taken as to what additional amount 1f any
should be given

The rate of injection has a very important influence on the effect
which a given quantity of thiopentone will produce {p 26) Slow
njection results 1n a widespread distnbution of the drug throughout
the body whereas rapid injection produces an unmediate  Lnocl. out
effect on the bramn after which the more widespread distribution takes
place Thus although 06 g njected umformly over a period of
say two minutes may not produce unconsciousness but only drowsiness
or drunkenness lasting for some considerable time 03 g to the same
patient mjected as rapidly as possible will produce transient deep
anasthesta followed within a few minutes by almost complete recovery

The rate of excretton of thiopentone also influences the rate of
attanment and the duration of anmsthesia  Ixcretion appears to be
more rapid 1n the robust individual

The effect of a given quantity of thiopentone therefore depends on
the rate of injection the amount injected the rate of excretion of the
drug and on the resistance of the patient to the effects of narcotics
generally

Cases are reported where 1t 1s alleged that after thiopentone given
intravenously the development of anzsthesia was delayed  According
to such reports although the mjection had no immedate effect 1t was
followed some hours later by drowsiness  There can be no doubt that
a large part f not the whole of the mjected solution had been deposited
extravenously This explanation has often been confirmed by the
development within twenty-four hours of pamn and sometimes of
mflammation at the site of jection If the drug 1s given wholly
mnto a vem and the patient does not become unconscious within a
mnute this 1s proof that 1t has been given either too slowly or m
nsufficient dosage

Signs of Anwesthesia with Thiopentone

When the 1njection 1s made rapidly the first and second stages of
anmsthesia are passed through almost mstantaneously The patient,
from talking quite rationally stops suddenly perhaps m the mddle
of a sentence and the next second a gentle snore or the automaticity
of respiration shows that he 1> anasthetised  If the injection 1s made
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direction 1n which the nozzle 1s aimed  Lthyl chlonde burns with a
bnght blue flame but 1t can be used safely m a room with an open
flame
The hgwd can be purchased mined with 05 per cent eau de
Cologne Although ethyl chloride vapour has not an objectionable
smell the addition of the eau de Cologne makes induction more
pleasant
Ethyl chlonde 15 a potent anesthetic agent  Its advantages are
1t 15 not unplensant to wmhale
It 1s easy to admimster
It 15 econorucal
1t 1s easily partable
Induction of anwesthesia 1s rapid
The signs of anesthesia are simple and well defined
Recovery after short anesthesia 15 rapid
The disadvantages of ethyl chlonde are
1 Nausea, voriting headache and prostration frequentlvy occur
after deep or prolonged narcosisd Were it not for this dis-
advantage, ethyl chlonde would be used more extensively than it
15 at present
_ 2 The stages of anasthesia are passed through so rapidly that 1t
15 easy to admmmster an overdose T'or the same reason 1t 1s an un-
suitable drug for the maintenance of anzesthesia
3 Involuntary micturition and even defecation are more hable to
occur than under anesthesia with other agents

QU}UI&W‘O-"

Indications for the Use of Ethyl Chloride

Although potentially aghly dangerous, ethyl chlonde used intel-
hgently 15 a saie anesthetic  That its admmstration needs the strictest
supervision does not detract from its value A patient fit enough to
be anasthetised by any other anwsthetic can be given ethy! chloride
The special indications for 1its use are

1 As a sole anmsthetic for operations of short duration par-
ticularly dental extractions in chuldren  The margin of safety here

1s lugh and 15 not exceeded by any other anzsthetic except posstbly
Yiniesthene

2 As a supplementary_anesthetic to mitroys oxide anesthesia for
young children or resistant adults meluding alcoholics
3 T wch_snduction when prolonged anzsthesia 1s to

be_maintained by ether Its use for this purpose has been lasrgely



CHAPTER AVI
ETHYL CHLORIDE

Enin L caLoripe (CH;Cl) was first used as an anesthetic in 1848° It
15 u~uallv prepared by passing gaseous hydrochlonic acid nto boiling
ethy] alcohol

+ HCl —- CCH;0H - C,H,Cl - H O

The wvield 15 greatly mnproved i the presence of anhydrous zinc
chlonde which acts as a catalyst (Grove s process 1874) It may alco
be prepared by the reaction between ethvlene gas and gaseous hvdro

chlonc acid at high temperatures (130°C )

CH; 4+ HCl— C,H;Cl

The boiling pomnt of ethyl chlonde 15 124° C At ordinary room
temperature and pressure 1t 1s therefofe a gas but the mcrease
of pressure required to hquef) it 15
so small that 1t can be hept with
safety as a lgqud i glass con
tamers It 1s supplied 1n bottles of
a convement sizeé and shape from
which 1t can escape through a nozzle
when the small control lever 1s de
pressed If the nozzle 1s directed
downwards opemmng 1t by means of
the lever will cause the expulsion of
a Jet of hkqud ethyl chlonde which
rapidly volatiises In this way the
ansthetic agent can be directed on
to a mask at a reasonable concentra

Faa tion with very bittleJoss  Anattempt
to obtain a spray when the nozzle 1s
directed upwards releases only the

Fic d;!_B;m: f\onttaxtlgng&\;; ethyl chlonde which has already

of etlyl chlonde  hote the pented y 3panced abot e the flid 1n the bottle
Dozzle and oM eTent CORKICL sop:hat the rate of ejection of the
anzsthetic 1= neglhgible and smce the vapour density of ethyl chlonde
gas 15 22 any which does escape falls downwards 1e away from the

‘
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direction m which the nozzle 1s aimed  Ethy] chlonde burns with a
bright blue flame but 1t can be used safely 1n a room with an open
e
ﬂmr’ll'he lLiqud can be purchased mived with 05 per cent eau de
Cologne Although ethyl chloride vapour has not an objectionable
smell the addition of the eau de Cologne makes mduction more
pleasant
Ethy] chlonde 1s a potent anzsthetic agent Its advantages are
Itis xlgt/ugpﬂ_easant to nhale
It 15 easy to administer
It 1s economucal
conon
1t 15 eastly partable
Induction of anzsthesia 1s rapid
The signs of anesthesia are simple and well defined
Recovery after short anzsthesia 1s rapid
The disadvantages of ethyl chlonde are
1 Naucea, vomuting headache and prostration frequently occur
after deep or prolonged narcosisd Were 1t not for this dis-
advantage, ethyl chloride would be used more extensively than it
15 at present
. 2 The stages of anzsthesia are passed through so rapidly that 1t
1s easy to admmster an overdose For the same reason 1t 1s an un-
suitable drug for the maimtenance of anzsthesia
3 Involuntary mictuntion and even defzcation are more liable to
occur than under anzsthesia with other agents

P U

Indications for the Use of Ethyl Chloride

Although potentially highly dangerous ethyl chlonde used mtel-
ligently 15a safe anwesthetic  That its adminstration needs the strictest
supervision does not detract from 1its value A patient fit enough to
be anzsthetised by any other anasthetic can be guven ethyl chlonde
The special indications for 1its use are

1 As a sole anmsthetic for operations of short duration par-
ticularly dental extractions m children  The margin of safety here
35 Ingh and 1s not exceeded by any other anmsthetic except possibly
vinesthene

2 Asasup v _anasthetic to mitrous. sthesia for

young children or resistant adults mncluding alcohohics

3T weh mduction when_prolonged anmstheaia 1s to
be mamntaned by ether Its use for this purpose has been largely
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superseded 1n recent years by that of basal anzsthetics such as
avertin or mtravenous anasthetics such as thiopentone

Signs of Anaesthesia with Ethyl Chloride

The stages of ethyl chloride anesthesia can be consentently divided
mto three induction surgical anasthesta and overdose For
tunately these stages are readily distingmishable, and since ethyl
chloride 1s employed only for short operations no subdivisions are
necessary  The character of the respiration s the guide par excellence
to the stage of anasthesta

Induction 15 often peaceful but breath holding or other irregu-
lanity of respiration screammg_or tighteming of the body musculature
are not uncommon Breath holding may occur early n induction
etther because the child 1s unco operative or because the strength of
the vapour on the mask 1s increased too quickly Just before the
establishment of surgical anesthesia there 1s usually a tautening of
the muscles of the body  Thus 1s responsible for a hesitancy n respira
tion which may simulate breath holding

The stage of surgical anmsthesia 1s marhed by regulanty of
respiration relaxation of the muscles of the imbs and flushing of the
face If induction has not been peaceful the transition from irregular
breathing to the automatic respirations of surgical anesthesia 1s often
dramatic and 15 more noticeable with ethyl chlonde than with any
other anmsthetic  Vvith thiopentone and generally with mtrous oxide
the onset of the automatic respirations of surgical anesthesia 15 seldom

strihing becau.e the patient breathes quietly and regularly from the
beginming  Respiration at this stage of anzesthesia with ethyl chlonde
15 regular shghtly more rapid than normal and moderately deep and
audible The breathing resembles that of a child sleeping soundly

The eye signs are unreltable A large pupil mav be seen at any
stage of anmsthesia Strabismus 1s not uncommon dunng hght
anzsthesia

In_the stage of overdose respuration becomes progresstvely
shallower ~ This1s accompanied by pallor and an increasesn-muscular
flacydity and by wide dilatation of the pupil As with all other
anzsthetics  excepting chloroform occasionally respiratory failure
precedes cardiac farlure though 1n the case of ethyl chlonide only by
a short interval

Dangers of Ethyl Chloride and their Avoidance

When any_ anasthetic 1s given by W’eﬁesm
deepens for a few breaths after the mask 1s remov ed_becaw the
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absorption of the gas still n the lungs This effect 15 particularly
noticeable with ethyl ehlonde becase of its potency — Therefore 1f
removal of the mash 1s delayed until anzsthesia 1s deep, 1t will be
dangerously deep a few seconds later Tor this reason until the
admumstrator 1s expenenced 1t 15 a good rule immediately regular
resmrls_e'stgblxshed to remove_the mash and alloy one breath_of
atr before the operation 1s commenced
Farly 1n mduction an unco-operative child may hold his breath
long enough for shight cyanosis to be produced before the accumulating
carbon dioxide forces a deep breath  If the mistakeas made of spray-
ing_ethy! chlonide on to the mash when-the patient 1s not breathing
a strongly concentrated vapour accumulates and a single deep inspira-
tion_of this strong_vapour_might lead_to_respiratoryparalysis  The
observance of the rule 1f_the patient holds lus breath stop the
anwmsthetic will prevent the occurrence of this emergency
Although some degtee of respiratory wrregularty 1s common during
nduction 1t 15 not mvanable Some patients notably the good
type of chuld breathe shallowly and regularly throughout The
muscles are not tautened nor the breath held at any stage, so that the
onset of muscular relaxation and the automatic respiration of surgical
anzsthesta may be overlooked If the anasthetist, under the impres-
ston that the child 1s not yet off° continues to give ethyl chlonde
after anmsthesta 15 established dangerously deep anmsthesia wall
quichly result
Respiratory _obstruction 1s a grave_danger m_ethyl chlonde
ne: 12 Because of the potency of the agent obstruction may be
followed quickly by grave tissue anoxta  Cessation _of respiratory
effort at anytime must-be-immediately mvestigated  The causes are
(1) yoluntary breath holding 1n an unco operative patient (n) reflex
breath helding 1rom too strong a concentration of vapour (m) mechani-
Cﬂl_.oll,stz:ucgomof_resplratxon and (1v) gross overdosage These are
generally casy to differentiate but 1f_there 1s any doubt, treatment
fWanmed
uring induction with ethyl chlonde spasm of the_laryngeal
muscles may cause nsprratory stridor which, unlike that developing
with other anesthetics may persist mnto deep anzsthesia Attemnpts
are sometimes made to deepen anzsthesia with the object of relaxing
the laryngeal muscles but such attempts are dangerous because the
Spasm may not relax until anwsthesia 1s dangerously deep
When stndor occurs the mash should be removed to allow the
%:_‘:"‘m-\_m awr  The stridor disappears before consciousness
5 Tegained andaf | the mash 15 then reapphed and anzesthesia gradually

—_—
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deepened, 1t _rarely_returns  If 1t does recur, the admumstration
should be discontmued and no attempt should be made to extract
until the stndor ceases Respiratory exchange is already markedly
affected by the obstruction which causes the stndor and if to this
further respiratory obstruction 1s added, e g by the sponge or by the
dentist pushing the lower jaw and tongue backwards, the limtation of
oxygen ntake will increase to a dangerous degree the tissue anoxia
alreadv existing  After the stndor passes off approumately tinrty
seconds operating time remains before the pafient recovers The
caml/st%(h‘r_lrglt_hes’emmmen satisfactonily explained
The fact that 1t occurs with less frequency now than formerly has been
attmibuted to greater punty of the drug but this cannot be a complete
explanation for ethyl chlonde out of the same bottle may produce
stridor 1n one patient and uneventful anzsthesia in another

Pallor dunng admimstration of ethyl chloride 15 a danger sign
Ethyl chlonde causes dilatation of the penpheral vessels giving the
patient a flushed appearance and absence of this normal reaction 15
of serjous sigmificance In some cases pallor occurs only after a large
quantity has been admimstered but in children with an 1diosyncrasy
1t 1s seen relatively early In such chuldren soon after the loss of con
sclousniess the respiratory excursion dimimshes rapidly and the colour
which probably has never been good becomes still paler Muscular
flaccidity return of the eccentric eyeball to centre and wide dilatation
of the pupil occur comncidentally with the pallor but are more eastly
overlooked When pallor_occurs 1t 1s wise_ta suspend the operation
until anzsthesta has_lightened Further admumistration of ethyl
chloride or the existence of any respiratory obstruction at this stage 18
fraught with great danger

Since small doses of ethyl chlonde prod 1d changes-in-the
depth _of anzsthesia the prmincipal danger in_1ts us at er

dosage for signs of which the anmsthetsst must be constantly on
the watch Close adherence to the following rules will make for
safety

1 A free arrway must be mamtaimned —Ths apples to all
anwsthetised patients but 1s particularly to be stressed when powerful
drugs are used to produce unconsctousness

2 Every breath should be seen or heard —Generally either
nspiration or expiration 1s audible and the expired air after passing
through the frozen mask 1s always visible  The respiratory excursions
of the chest can usually be followed with ease  but 1t must be remem
bered that these movements are not an infallible indication of the
expanston of the lungs If respiration 1s obstructed and unconscious
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ness 15 not deep movement of the thoracic wall may continue for a
short pertod without achieving any pulmonary ventilation

3 If the patient holds his breath, stop the anwesthetic until
the cause of cessation of respiration 1s discovered and until
breathing recommences

4 If there 1s any doubt about the depth of ancesthesia the
patient must be treated as if deeply anwesthetised until the
contrary 1s proved

ADMINISTRATION
Ethyl chionde may_be given by the open or closed method

Although the former 1s more wasteful we prefer 1t _mainly because 1t
15 more pleasant for the patient and partly because the oxygen ntake
15 not restricted Before discussing the respective advantages of these
alternative procedures, we shall consider certain pomts common to
them both

Two Dottles of ethyl chlonde should be at hand before induction
15 begun This precaution 1s advisable m case one becomes empty or
falls and breaks or 1n case the nozzle becomes frozen and the size
of the spray 15 thereby so much reduced that induction 1s greatly
delayed

An attempt must be made to msert a prop w a child s mouth
before the anmsthetic as started, and efforts to spit it out should
be frustrated by the apphcation of pressure with_the_lttle finger
under the chin

1 the admmmstration 15 stopped as soon as respiration becomes
aytomatic, nbout 60_seconds of anwmsthesia will be obtamed, 3tas
followed by analgesia lasting 20 to 30 seconds Complete recovery 1s
not so rapid as after mtrous oxide and the patient may remain dazed
for a minute or two On recovery the previously flushed face often
becomes pale and this especrally if the palloris of the circumoral type
suggests that vomiting 1s immunent

Repeated applications of ethyl chlorrde —In dealing with
chuldren 1f lengthy extractions are to be made 1t has to be decided
whether to attempt to complete the work on a single occasion or to
divide 1t between two or more sittings  In making the decision, it
must be remembered that children even more than adults dishke
Tepeated anmsthetics  If the former course 1s chosen there are still
alternatives  the more popular 15 to secure a sufficient duration
of anasthesia by producing profound unconsciousness by a single

admimstration of a large enough dose of ethyl chlonde Most
10
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anazsthetists have a strong prejudice agamnst the other alternative of
reapplying ethyl chloride during dental worh 1t outwerghs for them
the danger of overdosage which accompames the attempt to secure
long, anzsthesia from one application  However even when this rish
1s taken a sufficiently prolonged anasthesia cannot be guaranteed 1f
the operation prove> longer than was anticipated 1t may have to be
abandoned because of returning consciousness and completed at a
further sitting  Moreover the complications of vomiting and prostra
tion are associated more with depth than with length of anasthesia

Tor these reasons we beheve that the better course 15 to make
repeated small applications durmg a single sitting It 15 often con
venient to give only enough ethyl chlonde to allow one half of the
mouth to be operated on and then before the child 1s conscious to
apply an additronal amount sufficient to allow extractions on the other
side to be completed  Readmimstration should not be deferred so
long that the child 1s responsive enough to struggle for he 1s then
hable to pull the mask away from his face There may then be
difficulty mn settng him down agamn and his movements favour
aspiration of any foreign body which may have been overlooked m
the mouth  The an-esthetist must therefore stop the dentist operating
at the point where he thinks recovery and restlessness will take place
1 a few seconds  The signs of returning consciousness are movements
of the body or limbs, phonation, screwing up of the face, and lachry
mation If reapplication of ethyl chloride 1s deferred until the patient
1s almost conscious vomiting may occur

It 1s an mviolable rule that ethyl chlonide or any other ansthetic
must never be reapplied unless the airway 1s clear and the mouth free
from debris  The head should be tipped forward to dran the mouth
of blood and the soiled sponge should be taken out and replaced by
aclean one If the fresh sponge becomes frozen during readministra-
tion of ethyl chloride 1t will cease to provide adequate protection and
must agam be changed before the operation 1s recommenced

Open Ethyl Chloride
The equpment for admmistering ethyl chlonde by the open
method 15 very sumple 1t consists merely of a Schimmelbusch mask
(p 175) and a few thicknesses of gauze In case of necessity even
these can be dispensed with, and an ordinary hnen hand towel or htb
held over the nose and mouth will make an effecttye substitute
is latter method although neat and always available has one

disadvantage The ethyl chlonde coming into_confact with the
patient s face and lips and also with-the operators left hand 1s un-
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pleasantly cold, and may, if.applied long enough _even_cause a mld
Jum

A few drops of ethyl chloride_are sprayed_on. _the_mnsh_or-band
towel, which s gradually lowered on to the patient s fice  Nothing 1s
to be gamed by a slow nduction  The x1pour - concentration_should
e mcreased steadily and as rapidly 1s possible but the rate_of mcrease
should never be enough to_make the patient uncomfortable nor to.

tempt him to hold his breath Many children can be persuaded to
nhale the anmsthetic quetly, and a good anzsthetist may coax the
patient to unconsciousness without upsetting the casy rhythm of
normal respiration A child may be disinchined to ‘breathe mn ’

ethy] chlonde sprayed on the mash but he may often be persuaded

e 38 Tic 39

to  blow away the scent  The hearty puffs are followed by propor-
tionately deep inspirations, and anasthesia quickly follows

The unsvmpathetic anzsthetist may try to hurry nduction by
forcing a concentrated vapour suddenly on the child without warting
toseeif he will co operate in a more gradual induction
Tesults in some degree of breath holding or strugghng
€0 operatne patient however inductio
be prolonged unduly

This mevitably
Lven with a
n though gradual should not
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Peaceful induction 1s impossible where the patient screams or
struggles  If a child cries 1f 35 obvious that he 15 mamtaining.a-good

awrway  Gradual mcrease of the dose should not then be attempted
but ethylchlonide should be given frecly to induce anzsthesia as quickly
as possible A spoilt obstreperous child 1s 1n this way easily and
quickly subdued by ethyl chlonde The onset of surgical anzsthesta
15 here sudden and the mash must be removed immediately respiration
becomes automatic

Occastonally with mtrous oxide even wath a co operative chd 1t
1s advisable to supplement anzsthesia by the addition of ethyl chlonde
(v 127)

Rapidity of onset of anwesthesia 1s determined by the araount of
ethyl chlonde sprayed on_the mash, and by the respiratory_volumeand
rate. Vanations i the respiratory rhythm make 1t impossible to give
ethyl chloride by a rule-of thumb method It 15 impossible to predict
the quantity which will be needed both because patients vary so much

F16 40 —Great Ormond Street method of giving ethyl chlonde

1n_their requirements and because the amount wasted by evaporation
cannot be estimated

““The amount of ethyl chloride used by the Great Ormond Street
method 15 still less predictable This techmque troduced by
Smngton has however much to commendit It 15 a lewsurely method
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1n which the child limself 1s persuaded to hold the mash 8 to 10 inches
away from his face while ethyl chlondeas sprayedonit  He1s allowed
to sit up or lie down just as he chooses  The anzsthetist talks to him
continuously,_and by vanous manceuvres_the_mash 1s_gradually
lowered on to the face This may take one or two minutes, and up
ta 30 cc_of ethyl chlonde may be sprayed on_the mask before un-
consciousness 15 reached Such an induction 1s peaceful and well
Justifies the expenditure of extra time and matenal  Without realising
what 1s happeming the child becomes more and more stuporose fails
to answer questions and gradually allows the mask to be lowered on
to hus face

Tor general surgery, a satisfactory alternative? to the Great
Ormond Street method in a child who comes to the operating theatre
conscious 15 to encourage hum to ** roll over on your side as if you re
going to sleep  Once the child 15 1n this natural position the mask 1s
held a few inches away from his face and ethyl chloride sprayed on to 1t
Resistance 1s rare  the onset of unconsciousness 1s smooth, and the
experience 1s not resented at the time or subsequently

F1e 41 —Loosely s Inhaler

Closed Ethyl Chloride

The chief advantage of the closed method 1s that 1t 15 economical
Or;_e argument frequently put forward in its favour 1s that since only
a fixed amount 1s put into the bag and this vmount 1s small 1t 15
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Peaceful mnduction 1s impossible where the patient screams or
struggles  If a chuld cnes 1t 15 obvious that he 15 mamntainmg a good
arway  Gradual increase of the dose should not then be attempted,
@_-eﬂgl chlonde should be given frecly to mduce anzsthesta as quickly
as possible A spoilt, obstreperous child 15" this way easily and
quickly subdued by ethyl chlonde The onset of surgical ansthesia
15 here sudden and the mash must be removed immediately respiration
becomes automatic

Occasionally with mitrous oxide even with a co operative child 1t
15 advisable to supplement anzsthesia by the addition of ethyl chlonde
(p 127

Rapidity of onset of anwmsthesty s determimned by the amount of
ethyl chlonde sprayed on the mask, and by the respiratory_volumeand
rate. Vanations in the respiratory rhythm make 1t smpossible to give
ethyl chlonde by a rule of thumb method It 15 impossible to predict
the quantity which will be needed both because patients vary so much

FiG 40 —Great Ormond Street method of giving ethyl chlonde

3n their requirements and because the amount wasted by.-evaporation
cannot be estimated

~“The amount of ethyl chlonde used by the Great Ormond Street
method 1s still less predictable This techmque mtroduced by
Sington has however much to commend st It 1s a lewsurely method
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patient unless the asphywial clement which must be introduccd erther
makes operating difficult or 15 enough to jeopardise the prtient s safety

Ethy1 chlonde 1s still of value, however, as 1 supplementary 1gent
m cases where 1t 15 discovered, after mtrous oxide anesthesia has been
embarhed upon, that a patient of powerful physique cannot be settled
to a sutable level of anwesthesia It may also prove useful when a
tooth breaks unexpectedly duning extraction from such an individual
After some mimutes during which the operative stimulus may have to
be mncreased the patient 1s lihely to become progressively difficult to
control and the addition of a little ethyl chlonide 1s remarkably
effective 1n estabbshing peaceful an-esthesia and faciitating sts sub-
sequent marntenance

The nose-piece 15 retamed n position and the mouth covered by
ahand towel or the upturned bib on to which ethy! chloride 1s spraved
If the patient 15 breathing mawnly through us mouth anzsthesia will
be produced almost entirely by the ethyl chlonide but as 1t deepens
he will resort to nose breathng and the anzsthetic 15 then continued
with mtrous owide and oxygen The question whether the patient
can be exposed safely to n apprectable degree of oxygen-lck or not

Fic 43

depends on the amount of ethyl chloride given
be allowed to occur after a moderate amount of ethyl chloride but if
the amount given has been small a shght redu,

ction 1n the oxygen
mtake may be necessary in orde
T to mamntain trinquil
with mtrous oxide ¥ aul anzsthesia

Cyanosis should not
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difficult to give an overdose, except by a gross error of judgment
estimating the amount needed

On the bag holder 15 a small aperture guarded by a ball which 1s
kept 1n position by a spring  This ball 1s easily depressed by the
nozzle of the container from which ethyl chloride then can be sprayed
into the bag At first the mask 1s applied interrmttently so that the
patient mspires from the air and expires into the bag thus inflating 1t
After the bag 1s full 1t 1s held firmly on the face to prevent any leakage
According to the size and resistance of the patient from 2to 6 cc
of ethyl chloride are then gradually sprayed into the bag ~ As soon as
anzsthesta 15 established 1t Will niot be deepenéd by retention of the
mask on the face smce practically all the ethyl chlonde 1s already
absorbed from the bag and in the early stages 15 distnbuted largely
to the bramn producing deep anmsthesia  If the mash 15 hept to the
face valuable operating time 1s lost during which the anzsthetic 18
merely being redistributed from the bran to the tissues with consequent
lessening of the degree of unconsciousness

Tic 42

Ethyl Chloride as a Supplement to Nitrous oxide Anmsthesia

YWithin recent years a small prehmnary mtrasenous mjection of
thiopentone or hevobarbitone given to the robust adult patient before
contnuing with nitrous oxide has in many cases replaced the supple
mentary ethyl chloride which might otherwise be indicated for
example where mitrous oxide 15 not strong enough to control the



168

CHAPTER \VIL
VINESTHENE

DrusaLeTHer (C Hy) O 15 less stable than_diethy] cther and 1s very
susceptible to the qction of ovygen, heat, and Iight  Vinesthene 1s a
proprietary brand of di vinyl ether to which has been added 0 01 per
cent phenyl « napthylamine and 4 percent. absolute aleaholta prevent
detenoration  The liqmd 15 mirketed 1n dark glass bottles to give
added protection D1 vinylether s prepared from 1 chlornederntvative
of diethnl ether difB chlorethyl) ether by heatingat-with.sohd potas-
stum by drowide 1t 200°C

(C.H,CY,0 + 2hOH — (C,H,) O + 21CL 4 2H O
The use of vinesthene as an anesthetic was first suggested by
Leake® 1t was mtroduced snto chnical anesthesia in 19332 Itisan

almost colourless, volatile highly inflammable hiqud with a specific
gravity of 0 8, and 1t boils at 29° C The vapour density of the gas1s

24 Tt has a charactenstic petrol like smell and mixtures with aicor
oxygen are Jughly_explosive

It 15 potent and mduces anzsthesta rapidly and not unpleasantly
It 15 usefuln general surgery either merely as an induction agent or
as the sole anasthetic for short operations It has a particular useful-
fiess for short operations and has become espectally popular for dental
surgery i children  Tor more prolonged operations mixtures with
ethyl ether in any proportions are satisfactory for the maintenance of
anzsthesia and a mixture contaiming 25 per cent vinesthene and
75 per cent ethyl ether 1s much m favour both for mduction and
mamtenance  Vinesthene has been used with success i midwifery

both for analgesta and to obtamn anesthessa at the end of the second
stage of labour

Vinesthene for Dental Surgery

Vinesthene 1s now often used where ethyl chionde would formerl
have been given  The indweations for 165 use are very similar fo thosi
Io ethyl chionde  Exther drug can Be given by the open or by the
closed method  We consider that the open method 15 more humane
and comparmng the two drugs gien by the open method we find
ethyl chlonde to be move converment more rapid, and much more
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In case of extreme violence the nose piece also must be replaced
by the bib and mduction completed with ethyl chlonde alone A
struggling man breathes deeply so that anzsthesia 1s induced quickly
As soon as he becomes tranquil anasthesia 15 continued nasally with
nitrous oxide
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CHAPTER \VII
VINESTHENE

Dr sinyLETHER (C Hy),01s Jess stable than_diethy] ether and 15 very
susceptible to the action of ovygen, heat andlight  Vinesthene s a
proprietary brand of di vinvl ether to w Tich has been added 0.01 per
cent phenyl « napthylaminc and 4 pcmcnmbsolutaalmhouo.prc\ ent
detenioration  The hiquid 15 marheted 1n dark gliss bottles to give
added protection D1 vinylether1s prepared from 1 chlorinedernvative
of diethyl ether, di-chlorethy]) ether by heatingatw 1th-solid_potas-
sumhy droxide at 200°C

(C.H,C),0 + 2OH — (C;Hy) 0 + 2BCL + 2H.0

The use of vinesthene as an anasthetic was first suggested by
Leake! It was introduced nto climcal anzesthesia 1933* Itiisan
almost colourless volatile highly inflammable hqud with a specific
gravity of 08 and 1t boils at 29°C ~ The vapour density of the gas1s
24 1t has a charactenstic petrol ke smell, and guxtures with airor
oxygen are lnghly_explosive

It 15 potent, and induces an-esthesta rapudly and not unpleasantly
It 15 useful n general surgery cither merely as an mduction agent or
as the sole anzesthetic for short operations It has a particular useful
ness for short operations and has become especially popular for dental
surgery m children Tor more prolonged operations muxtures with
ethyl ether 1n any proportions are satisfactory for the mawntenance of
anzsthesia, and 2 mixture contammng 25 per cent vinesthene and
75 per cent ethyl ether 1s much m favour both for mduction and
mamntenance  Vinesthene has been used with success m midwifery

both for analgesia and to obtain anzsthesia at the end of the second
stage of labour

Vinesthene for Dental Surgery
Vinesthene 1s now often used where et}ﬂlﬁ}ﬂ_or_l@'\w_\idjmmeﬂy
:’i‘.eieelgllen “The ndications Tor its use are very similar to those
or ethyl chionde Eather drug can be given by the open or by the
closed method We consider that the open method 1s more humane
and companng the two drugs given by the open method we find
ethyl chlonde to be more convenent more rapid and much more
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In case of extreme violence the nose piece also must be replaced
by the bib and induction completed with ethyl chlonde alone A
struggling man breathes deeply so that anasthesia 1s induced quickly
As soon as he becomes tranquil anzsthesia is continued nasally with
nitrous oxide
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CHAPTER \VII

VINESTHENL
DI VINYL ETHER (C Hj) 015 less stable than_diethyl ether and 15 very
suxceptible to the 1ction of oxygen, heat and hight  Vinesthene 1s 1

propnietary brand of di vinyl ether to wlich has been added 001 per
cent pheny -« napthy lamine 2nd 4 per cent. absolute alcahol to prevent
deteroration  The hiquid 1s marheted 1n dark glass bottles to give
added protection D1 vinyl ether1s preparedfromachlonnedensative
of diethy1 ether di(B-chlorethyl) ether by heatingat with solid potas-
sumby drovide 1t 200° C
(C_H,C1),0 + 2hOH —- (C,H,),0 + 2hCL 4 2H O

The use of vinesthene as an anwesthetic was first suggested by

Leake® It wasintroduced into chimcal an-esthesta in 19332 It 1san

almost colourless olatile highly mflammable hiqud with a specific
gravity of 08 and 1t boils at 29° C  The vapour density of the gas 1s

24 It has a charactenstic petrol ke smell and mxtures w or
oxygen are hughly_explosive

It 15 potent and induces anzsthesia rapidly and not unpleasantly
It 15 useful in general surgery either merely as an induction agent or
3 the sole anasthetic for short operations It has a particular useful
ness for short operations and has become espectally popular for dental
surgery 1n children Tor more prolonged operations muxtures with
ethyl ether in any proportions are satisfactory for the mamtenance of
anzsthesia and a muxture contaming 25 per cent vinesthene and
75 per cent ethyl ether 1s much 1 favour both for induction and
mawntenance  Vinesthene has been used with success mn midwifery
both for analgesia and to obtamn anzsthesia at the end of the second
stage of labour

Vinesthene for Dental Surgery

Vinesthene 1s now often used where ethy1 chlonde would formerly
have been given  The indications for 1ts use are very similar to those
for ethyY chlonde  Eather drug can be g en'by the open or by the
closed method Ve consider that the open method 15 more humane,
and companng the two drugs given by the open method we find
ethyl chlonde to be more convenient more rapid and much more
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In case of extreme violence the nose piece also must be replaced
by the bib and mduction completed with ethyl ehlonde alone A
struggling man breathes deeply so that anzsthesia 1s mnduced quickly
As soon as he becomes tranqul anasthesia 1s contmued nasally with
mtrous oxide
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The mash 1s then held firmly to the fice  The disadvantage of
this inhaler 15 that the strength of the vapour cannot be incretsed
gradually  This 1s to some extent offset by the fact that 1 few breaths
suffice to produce tnesthesin but before this 1s reached the sudden
intation from the concentrated sapour usually leads to crying and
phivsical resistance dunng the snduction  Hence the breathing 1s at
first 1rregular, Lut i most cases 1f no vapour 1s lost by leahage the
automatic respiration charactenstic of surgical an-esthesia soon sets in
Occasionally however the irmtating vapour cwuses liryngeal spasm,
and the anovemit from continuous rebreathing may result . jerky
iregular breathing In either of these cases the mask should be
removed and the patient allowed one or two breaths of air to relieve
the condition before extractions begin

It 15 essentral to retain the mask firmly on the face to prevent any
outward escape of vinesthene Usually an-esthesia 1s established 1n
about one minute  The mask should then be removed and extractions
commenced at ence  As described m the chapter on ethyl chloride
U the mask 1s Lept too long applied the anwesthesta becomes highter
The depth and duration of anesthesia depend upon the dose introduced
nto the haler on whether any 1s lost by leakage and upon the size

T16 45 —The Oxford Inhaler

and resistance of the patient \inor vanatsons mn the anasthesia
occur from patient to patient but on an average 45-60 seconds of

tranquil anwmsthesia 15 proy
wded 1nd af
ness 1s abrupt P ter this recovery of conscious
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economucal  Although 1 these respects ethyl chlonide 1s more satis
factory vmesthene has two overnding advantages, and we frequently
admnister 1t even by the closed method n preference to ethyl chlonde
by the open method These advantages are

1 A stnking absence of undesirable after effects such as post
angsthetic vomiting and collapse  after short operations the patient
15 able to leave the surgery within a minute or two apparently none
the worse for his expenience

2 Less masseteric spasm so that the mouth can be opened with
comparative ease in cases where the prop has been spat out durng
mduction

Signs of Anwmsthesia

The crying and strugghng common 1n the early mducton pertod
when this drug 15 used stop after a few breaths and respiration then
becomes regular  Even if 1t 1s regular from the beginning the auto
matic character indicating surgical anasthesia 1s usually easily
recogmsable  General muscular relaxation occurs at the same time
the eyeballs become fived usually eccentrically and the conjunctival
reflex disappears When given by the closed method the depletion
of the oxvgen m the bag of the inhaler due to continued rebreathing,
may cause shight cyanosis

Admumstration by the Closed Method

F16 44 —Goldman s Inhaler

Goldman s Inhaler —The barrel contains a sponge on to which the
content of a vinesthene ampoule (3 ¢ ¢ or 5-c ¢ ampoules are available)
15 poured  The dose generally recommended for children of all ages
1s 3 c¢ but for those above the age of 5 we prefer to use 5 cc
A prop 1s mserted and the bag 15 distended either by the patient s
expiration after the face mash has been apphed at the end of an
nspiration or it 15 blown up by the anasthetist
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The mash 15 then held firmly to the face The disadvantage of
this whaler 15 that the strength of the vapour cannot be ncreased
gradualls  This 1s to some extent offset by the fact that a few breaths
suffice to produce n-esthesia but before this 15 reached the sudden
imitation from the concentrated vapour usually leads to crying and
physical resistance dunng the mduction  Hence the breathing 1s at
first wregular but m most cases if no vapour 15 lost by leakage the
automatic respiration characteristic of surgical an-esthesa soon sets in
Occasionally however the trntating vapour causes laryngeal spasm,
and the anovemia from continuous rebreathing may result mn jerhy
wtegular breathing  In ether of these cases the mash should be
removed and the patient allowed one or two breaths of air to relieve
the condition before extractions begin

1t 1> essential to retamn the mask firmls on the face to prevent any
outward escape of vinesthene  Usually anzsthesia 15 established i
about one minute  The mash should then be removed and extractions
commenced at once s descibed 1n the chapter on ethy) chlonde
1f the mask 15 hept too long applied the anasthesta becomes highter
The depth and duration of anesthesia depend upon the dove introduced
mto the inhaler on whether any 1s lost by leakage and upon the size

Fir 4> —The Oxford Inhaler

and resttance of the patient  \inor \amations m the anzsthesma
occur from patient to patient but on an average 45-60 seconds of

ranquil anzsthesta 1s rovided an er T -
¢ = aft h:
P d this recovery of conccious.
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economical  Although in these respects ethyl chlonde 1s more satis
factory vinesthene has two overriding advantages and we frequently
admunister 1t even by the closed method 1 preference to ethy!chlonde
by the open method These advantages are

1 A stnkmng absence of undesirable after effects such as post

nzesthetic vomiting and collapse  after short operations the patient

15 able to leave the surgery within a minute or two apparently none
the worse for his expentence

2 Less masseteric spasm so that the mouth can be opened with
comparatrve ease 1n cases where the prop has been spat out dunng
wnduction

Signs of Anwmsthesia

The crymng and struggling common 1n the early mduction period
when this drug 1s used stop after a few breaths and respiration then
becomes regular  Even if 1t 1s regular from the beginmng the auto-
matic character indicating surgical ansthesta 1s usually easily
recogtusable  General muscular relaxation occurs at the same time
the ejeballs become fixed, usually eccentncally and the conjunctival
reflex disappears  When grven by the closed method the depletion
of the oxvgen m the bag of the inhaler due to continued rebreathing
may cause shight cyanosis

Admimstration by the Closed Method

Fic 44 —Goldman s Inhaler

Goldman s Inhaler —The barrel contams a sponge on to which the
content of a vinesthene ampoule (3-c ¢ or 5-c ¢ ampoules are available)
1s poured  The dose generally recommended for children of all ages
1s 3 cc but for those above the age of 5 we prefer to use 5 cc
A prop 15 incerted and the bag 1s distended erther by the patients
exprration after the face mask has been applied at the end of an
mnspiration or it 15 blown up by the anaesthetist
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The mash 1s then hcld firmly to the face  The disadvantage of
this mhaler 15 that the strength of the vapour cannot be increased
grdually  This s to some extent offset by the fict that 1 few breaths
suffice to produce anwesthesia, but before this 1s reached the sudden
smitation from the concentrated vapour usutlly leads to crying and
physical resistance dunng the induction  Hence the breathing 1s at
first 1wrregular, but m most cases 1f no vapour 1s lost by leakage the
automatic respiration charactenstic of surgical anwesthesia soon sets in
Occasionally  however, the mntating vapour causes laryngeal spasm,
and the anoxamn from continuous rebreathing may result i jerhy
wregular breathing  In erther of these cases the mash should be
removed and the patient allowed one or two breaths of air to relieve
the condition before extractions begin

It 15 essential to retain the mask firmly on the face to prevent any
outward escape of vinesthene Usually anesthesia 1s established m
about one minute  The msk should then be removed and extractions
commenced at once  As described 1n the chapter on ethyl chlonde
if the mash 13 hept too long applied, the anesthesta becomes highter
The depth 1nd duration of anesthesia depend upon the dose ntroduced
mto the inhaler on whether any 1s lost by leahage and upon the size

F16 45 ~—The Oxford Inhaler

and resistance of the patient Minor vanations i the anasthesia
occur from patient to patient but on an average 45-60 seconds of

tranquil anzsthesta 1s
ol s provided and after this recovery of conscious-
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economical  Although 1n these respects ethyl chlonide 1s more satis
factory vimnesthene has two overnding adyantages and we frequently
admunister 1t even by the closed method m preference to ethy1chloride
by the open method These advantages are

1 A striking absence of undesirable after effects such as post
anzsthetic yomiting and collapse  after short operations the patient
1s able to leave the surgery within a minute or two, apparently none
the worse for his expertence

2 Less masseteric spasm so that the mouth can be opened with
comparative ease 1 cases where the prop has been spat out during
mduction

Signs of Anzesthesia

The crymng and struggling common 1mn the early induction period
when this drug 15 used stop after a few breaths and respiratton then
becomes regular  Even if 1t 1s regular from the begmmng the auto
matic character ndicating surgical anasthesia 1s usually easly
recogmsable  General muscular relaxation occurs at the same time
the eyeballs become fixed usually eccentnically and the conjunctrsal
reflex disappears When grven by the closed method the depletion
of the oxvgen i the bag of the inhaler due to continued rebreathing
may cause slight cyanosis

Administration by the Closed Method

Fic 44 —Goldman s Inhaler

Goldman s Inhaler —The barrel contamns a sponge on to which the
content of a vinesthene ampoule (3 c ¢ or 5-¢c ¢ ampoules are avatlable)
1s poured  The dose generally recommended for children of all ages
1s 3 cc but for those above the age of 5 we prefer to use 5 cc
A prop 15 mserted and the bag 1s distended either by the patients
expiration after the face mash has been applied at the end of an
nspiration or 1t 1S blown up by the anzsthetist
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The mash 15 then held fimmly to the fice  The disadiantrge of
this mhaler 15 that the strength of the vapour canunat be inereased
gradually  This 1s to some extent offet by the fact that a few breaths
suffice to produce anesthesin but before this 1s renched the sudden
untation from the concentrated vapour usually leads to crying 1nd
physical resistance dunng the mduction  Hence the brenthung 1s 1t
firt srregular but i most cases 1f no vapour ts lost by lethage the
autoratic respiration charactenstic of surgicnl ansthesta soon sets in
Occasionally  howeser, the 1mtating s apour causes hryngeal spasm,
and the anovemin from contimuons rebreatlang may result m jerky
uregular breathing  In either of these cases the mash <hould be
removed and the patient allowed one or two breaths of awr to relieve
the condition before extractions begm

1t 15 escentual to retain the mask firmly on the face to prvent any
outward escape of vinesthene  Usually an-tsthesn 1s established m
about one mimute  The mash should then be removed 1nd extrictions
commenced at once  As described 1n the chapter on cthyl chlonde,
if the mash 1s Lept too long, applied, the anxsthesia becomes hghter
The depth and duration of anesthesia depend upon the dose mtroduced
wite the nhaler, on whether any 1s lost by leakage, and upon the size

Fi6 45 —The Oxford Inhaler

and resstance of the patient
oceur from patient to patient
tranquil anzesthes;a 15 provided
ness 15 abrupt

Minor variations 1n the anmsthesia
but on an average 45-60 seconds of
nd after this recovery of conscious
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The Oxford Inhaler* —This apparatus (F1g 45) modifies the Goldman
mhaler m two respects which we consider are improvements (1) It
contains a one way let valve (X) for arr which comes into action
only 1f and when the bag 1> empty when 1t allows the patient to draw
in supplementary air  Expiration takes place entirely nto the bag
(1) A by pass allows the concentration of anzsthetic vapour to be
ncreased gradually

Open Method

Fic 46 Fic 47

Vinesthene may be dropped on to a mash or on to a stnp of It
hanging down over the nose  The difficu’ty of obtaiming a uniform rate
of dropping from the bottle, and the expense of the drug have prevented
a wider use of this method  As with other anzsthetics the rate of
administration 1s increased as rapidly as the patient will tolerate 1t
If the supply 1s stopped at the onset of surgical anzsthesia the operating
time afforded 1s about 60 seconds though 1t can safely be prolonged
by delaymng removal of the mask and continuing admmnistration after
automatic resprration 1> established

In companson with the closed method induction takes rather
longer and frequently 20 ¢ ¢ are necessary to establish anzsthesia
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alsosalnation 1s more marked and may be troublesome  The duration
of anesthesi1 and of the period of recos ery are dependent on the 1mount
of vinesthene Absorbed but generlly they are both longer than when
the drug 1s given by the closed method
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‘uﬁfﬂ‘n}lm_sthesm by either method can be continued at a

steady level by droppm
g vinesthene on to a folded strip of gauze held
beneath the nosimls - PotE
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CHAPTLR XVIII
TRICHLORETHYLENE (TRILENE)

TRICHLORETHY LENE (Q_}_-I_Qz) was populrrised as a general anesthetic
by Hewerin 1941 It can be prepared by treating acetylene gas (CH)
with chlorne to form tetrachlorethane (C,H_Cl;) _which_in_turn 15
treated with dry caletum hydroxide to give trichlorethylene

“2C H,Cl, + Ca(OH) = 2CHCl, + CaCl, + 2H O

Trichlorethylene undertradenamessuch as Westrosol and Triklone
has long been used commercially s a degreasing 1gent particularly
the _dry cleaning of clothes and.in.removing o1l from dismantled
machinery but commercial preparations are not sufficiently_pure for
whalation-anzsthesia  The compound 1s a colourless heavy hquid
with acharacteristic smell sumilar to but readily distingutshable from
that of chloroform  The specific.grasity 1s 147 and the bailing pont
87°C- Pure trichlorethylene decomposes n strong sunhght In 2

proprictary brand Trilene per ent _of thymol 1sadded to retard
thisreaction and the hquid 1s supplied in amber coloured hottles A

trace of waxohe blue s also added to give a distinctive colonung

Indications for the Use of Trichlorethylene

Trichlorethylene vapour 1s non explosive in any conditions met with
i climical practice 1t can therefore beused 1n the presence of a cautery
or nahed flame

Trilene used alone or to remnforge nutrans oxide oxygen anasthesta
1§_sa_tm/fwmfnr_em abdomunal operations  Its use in abdominal
surgery 1s hmited by the inferior muscular relaxation obtained

It 1s non 1rritant to the mucous membrane of the respiratory tract ,
induction s therefore smoothand rapid after which,1f desired, 1 change
can be made to ethet anesthesia

Tnlene 1s especially valuable as an analgesic partrcularly mn robust
patients 1n whom good analgesit can be obtamed without anoxia
\achmes for the self admumstration of trilene arr amalgesia have
been designed by Ireedman?® for mudwifery and by Hill® for

dentistry
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Mode of Admimstration
Tnlene may be admmstered with nitrous oide onygen s the
vehicle as for example when 1 Boyle s machime 15 used or with air
drawn through Marrett s machine ¢ or the Oxford Vaponser Its use

on an open m1sk 1s not practicable, becruse of the slow vaiponsation at
room temperature

Decomposition with Soda-Lime
The cbe_mgwlgueﬁ\eeunlene and soda-hme_produces
dichloracetylene

C,HCl; + NaOH > C,Cl, + NaCl + H,0

This reaction abeolutely precludes the use of trilene 1n_closed circuit
anesthesia It takes place at blood heat and 1s accelerated by a rise
of temperature such as occurs when CO, 1s absorbed by soda-lme
Attention was drawn to this danger by a report of thirteen cases * two
of them fatal of cramal nerve palsies due to the inhalation of decom-
poalt‘lon products
Tilene should never be left in a bottle attached to an apparatus
swhich can be used for closed circuit anasthesia  Further this agent
@hmﬂd_nni_hc_ns:djnunductmn as 1 preltminary to closed ciremt
anzsthestawath ether because sufhicient trilene sapour may-be eshaled
{rom the respiratory tract to allow the production of dichloracetylene
when the patient later breathes through the soda-lime camster

Tachypneea
Muscular relasation with trilene 1s not impressive  If the drug 1s
pushed _resprration may become rapid and shallow, and_therefore
madequate  Ifa changeis made to ether, respiration becomes normal
and any desired rclaxation s easily produced

Toxic Effects
Although the effect of trilene on metabolism 1s usually of no_sigm
ficance * two cases of liver necrosis resembling that seen in delayed
chloroform porsoning havebeen reported 7 Theress no special danger
to_the heart from trilene* mn spite of the fact that there are three
chlonne atoms 1n 1ts molecule asin chloroform  Stmus arrhythima 1n

light anwsthesia sometimes oceurs 1n young patients but disappears
when full anzesthesia 1s reached
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CHAPIER Al
ETHER

LCrurr [diethyl ether (C Hy) O] 15 prepared by adding_ethyl nlcohol
Continuously to sulphuric acid at_a temperature of "bout 130°C _ An
ntermediate compound 1s formed, but the complete process 15 essenti~
ally_the dehydration of ethylalcohol
2C_H,0H + H,S0, — (C,H;),0 +- H,0 + H SO,

The ether <o produced s punfied by distillation

Tther first used as an anasthetic just over one hundred years ago 1s
still the safest and most popular anesthetic for generaluse It 1s note-
worthy 1 general surgery that 1f an anzsthetist gets into difficulties
with any other agent he almost mvanably resorts to ether for help

Lther 1s rehable and relative oxic It enables mus
relaxation_adequate for arl ahdomnal operation to be_mamtamed
without signs of respiratory depression and 1f an overdose 1s given,
respiratory. arrest.occurs before the cirewlation 1s_gravely impaired
Immediate removal of the mask and mstitution of artificial respiration
will therefore, 1n all probability, result in recovery

PHYSICAL PROPERTIES

Lther 1s a colourless inflammable iquid with a speaific gravity of
07 and a characteristic pungent odonur It may be mentioned here
that an anzsthetist s first duty 1s to smell the content of the bottle
of anesthetic before he administer: he patient  This precaution
will elumnate the mistake frequently a fatal one of giving chloroform
under the impression that 1t 15 ether The boiling-point of ether
(346°C) 1s yust below body temperature and 1t volatilises reachly at
ow_pgatme Ether vapour has a density of 26 3s
very inflammable and with air or oxygen forms ighly explosive
mixtures It should, therefore never be used in the presence of a
nahed flame nor for an operation m which the cautery or diathermy
1sto be used  That ether vapour, two and a_hall times as heavy as
ar_will sink must be borne n mind when_positioning any apparatus

from which a spark may be generated accrdentally (e g an electneally
operated suction pump)

INDUCTION

The patient should be - premedicated with atropme to prevent the
salnation and bronchial secretion which_otherwise frequently results
1
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from the wuritant action of ether vapour If morphia 15 to be given
1t should be 1njected 1-2 hours before anzsthesia 1s due to begin (p 95}

Although ether 1s probably the most frequently used drug for the
maintenance of anzsthesta 1t 15 seldom used from the begmning for
mduction 1s achieved more pleasantly and rapidly by such agents.as
ethy] chlorde, vinesthene, or thiopentone  If.ether alone 15 to be psed
ample time must be allowed, since induction of ansthesta 1s slow
particularly 1f the threshold of the respiratory centre to CO, has
been raised by morphia (p 47) Induction may take as long as 30
nunutes and the anesthetist must exercise considerable patience to
avoid interrupting the regular thythm of respiration  Ideally the ether
should he given confinuously and the concentration of vapour increased
gradually yet as rapidly 1s the patient will tolerate it An attempt to
hasten induction by increasing too suddenly the concentration of vapour
will defeat 1ts own end since the oppressive vapour will check the
regulanty and the depth of respiration, and the onset of anzsthesia will
be correspondingly delayed  The.signs that the ether concentration 1s
betng mncreased too quichly are simplar to the signs of irntation from any
other cause on the unanzsthetised pharynx or larynx  There will be

(a) Swallowing, a _protective reaction <afeguarding—the arr
passages or

(b} Breath-holding, which occurs comeidentally with swallowing
or there may be breath holding wathout swallowing, or

(¢) Coughing, orat alater stage ~

(d) Laryngeal spasm, cansing inspiratory stridor and dimmushed )

pulmonary ventilation Any of these @flex protective reactions
retards the rate of absorption of ether, and should they occur the rate

of admmxgahon"mwﬂj_’_,_!—zmmgﬂlmﬂm
can be tolerated 1s reached When normal respiration recommences
the anzsthetist must renew the attempt to find the maumum rate
at which the vapour concentration can be mncreased without upsettmng
therespiratory thythim =~

When _ether 1> to be used after an nduction by ethyl chlorde or

thiopentone the optimum rate of admimstration 1 defermined only by
expenence 1f the ether 1s not given rapidly the patient will _come
round _before enough has been absorbed to be effective, and 1f given
too_quickly laryngeal spasm may be precipitated  This froublesome
complication of an@sthesia has many causes and durng hght ether
an-esthesza may occu Irom@mjxon of the larynx by the direct
action of strong ether sapour o by mucus secreted from the respira
tory tract as a esult of the strehgth of the yapour

Provided respiration remains regular ether cannot be administered
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too rapidly  The beginner 1s adwvised to be cautious with all other
anwsthetics but to be bold with ether, with which difficulties anse
more frequently from under- than from over-dosage Provided a
clear airway 1s mantained the patient will not collapse ; st@f:cm
an overdose  Respiratory and other signs give ample warming of the
approach of deep anesthesia which can then be avoided by reducing
the rate of admimstration e troubles of light ether anwesthesia
are laryngeal spasm and vomiting The former 15 overcome as de-
scnibed by first decreasing and then progressively increasing the
strength of vapour to which the larynx 1s exposed The latter may
causé respiratory obstruction by the Jodgment of a mass of food
or acid regurgitation from the stomach by intating the larynx may
cause persistent laryngeal spasm which limits the intake of further
ansthetic and makes the attainment of surgical anzsthesia difficult

Although ether may be given by rectum mixed with olive o1l or
intravenously in_saline, 1t 15 rarely admunstered other than by
whalation 1t _may be given

{a) By dropping it on an open mash, where 1t 1s vaponsed

(b} By delivering to the patient ar oxygen ora mixture of mtrous
oxide and oxygenwhich has been passed over or through ether contamed
mn a bottle This 15 often referred to as the semi closed method

(¢) In a closed circunt H—

_ (@) By the Oxford Vapoanser (pp 347-355)

Open drop Method
The mash s covered with abont a_dozen thichnesses of gauze
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W are held 1n position by the spring band  The gauze must not
be thich enough to interfere with free respiration
E s o R,

N NN N N
Tic 52 (After 1l aters)
ded_fre ular respiration 1s not interrupted, the rate of

flow of ether on to the mask must be continuoys and must be mcreased
uniformly

GaUzE  coTTon wooL

Tic 53

|
)

ric 54 Tic 55

A gamgee pad—i1e cotton wool covered with gauze—is a help to
the elbEien sdmmistzation.ol ther by.the open drop method—

The concentration of ether vapour ean be mncreased by nserting
Mﬂ nderneath the mask thus preventing the patient from

Breathing any air which does not pass through the laden_mash
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Fic 56

The concentration of anasthetic vapour can be stll further imncreased
by covenng the mash with another gamgee pad

¢ Semi-closed *’ Method

L179%

Fic 57

The rates of flow of the selected gases (usually mitrous oxide and
oxygen) are measured by flowmeters (A) and can be controlled by
opening or closing the valves {V) The gases pass directly to the
patient unless they are by passed by a stopcock (B) nto the ether
bottle In the latter case the tension of ether vapour delivered to the
patient will increase as the plunger (C) 15 lowered since then the gases
uﬂ.hrm:g@ueasmgly near-thesurface of the liquid ether orare made
to_bubble through it

A rebreathing bag 1n the circmt acts as a resers orr to allow the lungs
to expand with ease duning mspiration  For an adult a flow of gases
of 5 Iitres a minute 1s necessary to replemsh the breathing bag and
to ensure that a high percentage of the exhaled gases passes out
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wluch are held 1n position by the spring band  The gauze must not
be thick enough to interfere with free respiration

|

Tic 52 (After Thaters)

Prouded free regular respiration 1s _not interrupted, the rate of
ow of ether on to the mash must be continuous and must be ncreased

uniformly

6Auze  fLoTToN wooL

Fic 53

A
)
Fiz 54 T 55
A gamgee pad—1 e _cotton wool covered with gauze—is a help to
the efficien tion-of ether by the open drop method™
The_concentration of ether vapour can be increased by mserting

a gamgee pad un mask thus preventing the patient from

Wm ass through the ash
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valves to direct the flow of gases s unnecessary  In this ‘to and fro ’

method the apparatus 15 symple, resistance to res wration 15 minimal,
butt aurtight retention-of-th ¢ 15_difficult on account

of the position of the camster

Inlet for fresh gases

Fic 59

In the arcle’ method the wntroduction of valves allows the
canister to be placed remotelv  This mahes control of the face-mask
morecasy Compared withthe ‘toand fro the arcle apparatus
15 Ypore complicated, and fmore resistance to respiration 15 offered by
the valves and theéreater length of breathung tubing necessary

The advantages clamed for the CO_absorption method of anzes-
thesia are (1) Maintenance of body heat The anmsthetic gases are
soon raised to body temperature and saturated with water vapour,
and the patient continues to breathe this warm moiwst atmosphere
(u) Dumnished nsk of explosion  Although elimination of this danger
15 not absolute the possibtlity of explosion 1s obviously reduced if
wflammable gases are confined to a closed cirewit  {1n) Vitiation of
theatre atmosphere 15 prevented With open drop ether the anwms-
thetist and operating team often work in an atmosphere heawily
charged with ether vapour (1v) Lconomy of anmsthetic gases 1s
effected, and as a corollary the use of an expensive gas such as cyclo-
propane 1s made possible

Read also

Waters R N\l 1936 Carbon Dioxide Absorption Technic 1n Anesthesia
Ann Surg 103 38
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through the expiratory valve near the face-ptece  Such a flow hmuts
the rebreathing nto the corrugated tube and bag to a small volume,
and the accumulation of CO, 1s thus prevented

It 15 worth recording that where ether vapour 1s carned to
tWrous oxide and oxygen the resulting anmsthesia
1@MW@@TTM N,0 then can be
considered merely as a vehicle an d~be replaced by mtrogen
without any noticeable difference 1n the anzsthesia

Closed circuit Method

Inhalation ansthetics are excreted unchanged throngh the lungs
If a patient breathes m and out of a bag to which ether or any other
nhalation anasthetic 1s added until the desired level of ansthesia 1s
reached, theoretically this level could then be maintamed mdefinitely
without further addition of anasthetic For life to be supported
provision would have to be made for the supply of essential oxygen
and for the removal of CO, which 1if allowed to accumulate would
soon reach a lethal concentration

The mask 15 applied to the face firmly enough to prevent leakage
The lungs and rebreathing bag
then form a contituous closed
crcuit to which gxygen measured
by a flowmeter, 15 added at the
rate at which 1t 1s consumed by
the body tissnes In the average
adult at rest, this 1s about 250 c¢
per minute A camister of soda
Itme 15 introduced into the circuit to
absorb the CO, expred  Ether {or
othermhalationanzsthetic) 1sadded
gradually nto the circutt until the
requistte degree of anasthesta 15
reached Although m theory no
more anasthetic 1s now needed 1m
practice 1t 15 found necessary to add
small quantities from time to time
m order to mamtam a steady level
of anmsthesia The additional anzsthetic 15 needed to mamtamn a
constant concentration m the brain while tissue equlibrium 1s being

established to compensate for small Jeakages and to replace small
Josses from the skin, wound surfaces and possibl Ten, cretion
Tf the soda lime canister 1s attached to the mask (fig 58) the use of

Talet for fr‘esh gas s

Tic 58
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1n general surgery 1S now rare and 1ts use m dentistry 15 unwarrinted
It;,physxcnl_propcrues-guLchlomfonn,w_sphcm_of_u<efulncﬁs, for
eW&mdue(cd anay from hospitnl

Dangers_of Chloroform Ancesthessa

There are four well recognised causes of death from chloroform

1 Wnters during the last century describe the occurrence of
sudden death from psychological causes during induction of an-esthesin
or early n operation Half the deaths from chloroform have oceurred
within fifteen munutes of the beginming of mduction  Chloroform
sensitices_the orgamism to_adrenaline a drug which can produce
ventncular fibnllation 1n man and antmals  The result 1s that under
chloroform anwsthesia a smaller dose of adrenaline than would other-
wise produce fibnilation may now do so  There 1s a strong clinical
impression that suppressed fear of anwmsthesia or operation leads to
Liberation of the patient s own adrenaline into_ms blood stream 1n
quantities sufficient 1f he1sa susceptible subject to produce ventriculhr
fibnllation 1n a heart sensitised by chloroform  Deaths from this
cause will occur independently of the skill and expertence of the
anzsthetist “These sudden_deaths occur notoriously in_the healthy
nervous patient who 15 dreading operation In this connection 1t
should be remembered that fear immediately before operation can now
be overcome by the use of basal anzsthetics of whichavertin nembutal
and thiopentone are familiar examples Basal anzwsthesia therefore
may tend to protect the patient against this cause of sudden death from
chloroform

2 Death may occur from the tion_of strong chloroform

vapouron the cardiac musculature of susceptible patients  Chloroform
vapour should not _exceed 4 per cent

3 Death may result from paralysis of the respiratory centre from
overdosage.  This 1s heralded by increasing depression of respiration,
and can be avoided by payng attention to respiratory signs  Should
respiratory arest _oceur, artificial respiration must be institufed at

once but_the probabthty of recovery 1s not as ¥ high as_when a less
toxic anzxsthetic 15 nsed

4 Death may anse also from delayed chloroform poisoning  in
which condhtion Liver function disorgamsed  Tlus

grave complication the signs of which do not occur for some thirty six

hours after admunistration s more likely to o¢ sted

- curin exhaw afients
1n those depleted of tissue flnds md_m_thosuhf!‘hﬂ!mmm
of food  The nsh of this complication increasesn.proportion to the
degree of debihty of the patient and to the amount of chloroform given
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CHAPTER XX
CHLOROFORM

CHLOROFORM (CHCl,) was prepared independently by Guthrte, Liebig
and Souberran in 1831 Ftis commonly manufactured by the reaction
between acetone or alcohol and bleachmg powder CaCl(OCl) Th
reaction 1s complex but omitting the mtermediary stages the final
result may be expressed as follows

+ 2(CHZ),CO +- 6CaCI(OCI) — 2CHCI, + Ca(CH,COO), + 2Ca(OH)
+ 3CaCl,

It can also be prepared by the dimect chlorination of methane gas
(CH,) The reaction takes place n the presence of catalysts at
temperatures above 350° C

CH, + 3Cl, — CHCl, -+ 3HCI

Other chlorination products are also formed and the chloroform 15
isolated by distillation  Chloroform 1s bottled i amber coloured
bottles to exclude light, and as another precaution agamnst the formation
of gém;lgggry@g&imrm_alcoh ed
oroform 1s a colourless hqud with a sweet burning taste

and an agreeable smell It 1s suffictently 1rntating to cause_a.mild
burn 1f the lint on which 1t 1s dropped 15 hept in contact with the shi
for some ttme  The specific gravity of the liquud 1s 1 5and sts borling
pomnt 61°C  Chloroform vapour has a density of 4 and shares with
mtrous oxide the great advantage of non inflammability

Chloroform 1s highly toxic anasthesia being achieved by a poisoning
of tissue cells appreciably greater than that produced by other anxs
thetics An even more senous deterrent to 1ts use, however, 1s that
dunnginduction sudden death, which 1s unpredictable and aggarently
unavoidable occastonally occurs It has the advantage over ether
that its vapour 1s quite pleasant to inhale and on this account 1t was
formerly 1n common use to produce unconsciousness before continuing
anesthesia with ether  This justification for 1ts use has been ehm
nated since the introduction of basal anmsthetics Moreover basal
anzesthetics followed by N;O andintrasenousanzsthetics have replaced
chloroform mn most cases where anzsthesia has to be produced under
condrtions 1 which there 1s a danger of exploston  Its employment
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about 13-2 ozs will be needed for the first hour of anmsthesia for a
surgxcEI operation on an_average patient

In order to avoid too strong a concentration of chloroform vapour,
Lister® in 1882 recommended that the mash should consist_of the
corner of a thin hand towel drawn through a closed safety-pm (fig 60)
The towel should not touch-the face,and although if necessary it may be
hept moust with chloroform, the amount ont should never be sufficient
to cause the chloroform to drop off the edges

REFERENCE
(1) Lister Joseph 1st Baron 1909 Collected Papers Oxford 1, 168
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Admunistration of Chloroform

Chloroform may be admimistered from a drop bottle on to 2
Schimmelbusch s mask covered with eight layers of gauze or one layer
of flannel A few drops are placed on the flannel and the mash
gradually lowered on to_the face The rate of admunistration 1s
increased as rapidly as the patient will tolerate  Swallowing breath
Tolding, or coughing are signs that the concentration of the vapour
1s_bemg_increased too quickly If they occur the mash must be

withdrawn a few dually_lowered as normal respiration
1sresumed  This precaution st necessazyJesL:LpenodoLbrcatth]dmg

be follow ed by an abnormally dee; nspiration which might be charged

Fic 60

with a dangerously high percentage of chloroform vapour The use of

— 1
a gamgee immelbiisch’s mash 1snever justified
since_this too may 1 d us concentration of vapour The

amount of chloroform used for :nduction and maintenance of anzsthesia
1s strihingly less than n the case of ether As a very rough gude
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about 11-2 ozs will be needed for the first_hour of anasthesia for a
surg]cal operation on 1n average patient

In order to avoid too strong a concentration of chloroform vapour,
Lister! 1n 1882 recommended that the mash should consist of the
corner of a thin hand towel drawn through a closed safety-pin {fig 60)
The towel should not touch theface, and although if necessary 1t maybe

Kept most with chloroform, the amount onit should never be sufficient
to cause the chloroform to drop off the edges

REFERENCE
{1} Lister Joseph 1st Baron 1909 Collected Papers Oxford 1, 168



182 ESSENTIALS OF GENERAL ANESTHESIA

Admumstration of Chioroform
Chloroform may be admimstered from a drop bottle on to a

Schimmelbusch s mash covered with exght layers of gauze or one layer
of flannel A few drops are placed on the flannel and the mask
£red on_to the fa

gradually Joner ce The rate of administration 15
increased as rapidly as the patient will tolerate  Swallowmng breath

olding, or coughing are signs that the concentration of the vapout
1s_bemg increased too qmekly If they occur the mash must be
withdrawn a few nches, and gradually Jowered as normal respiration

1sresumed ThlsQrecautwmgemsacy.lest&pcnodoﬁbrcathjwldmg
be followed by an abnormally deep mspiration which might be char, be charged

Fic 60

with a dangerously high percentage of chloroform vapour Tl_x_eﬂgf
a gamgee immelbusch’s mashisnes erjustified
SIn his too ma; d s concentration of vapour The

amount of chloroform used for induction and mamtenance of anesthesia
15 strikbungly less than m the case of ether As a very rough gude
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recovery after short anzsthesia 1s quich  Resprration_throughout 1s
shallow and quet  The gas 1s not ymtant to the mucous membranes
of the air_passages or to_the pulmonary epithelum, and therefore 15
switable for patients with_pulmonary disease

Admunistration of Cyclopropane

Before the mash 1s appled the rebreathing bag should_be filled
with sufficient osygen to allow comfortable respiration  The flow of
oxygen 1s then adjusted tosatisfy the patient s metabolic requirements
(1e abont 25 er_ mmute for an adult) and the cyclopropane 15
mtroduced 1nto the cirant at a rate of 500-1000 cc_per minute
This flow 15 hept up until the desired anesthesta 1s achieved the level
of which 1s then mamntamed by supplymng extra cyclopropane at
mtervals or as a continuous trickle at the rate of about 50 cc per
muute  The reason why this additional anasthetic 1s required 1s
explained on p 178

The average percentages of cyclopropane mn_the nhaled misture
which would produce unconsciousness hght anmsthesia, moderately
deep surgical anzsthesta_and respiratory arrest respectively, are 5, 10
20, and 40, but such figures must be taken merely as helpful indications
of what may be expected i the average patient for as with all
narcotics the admmistrator must be guided by the reactions of the
mdividual patient and not by rule-of thumb

REFERENCES

(1) Lucas G H W and Henderson V E 1929 Canad med Ass J.
21, 173-5

Read also

Robbins B H 1940  Cyclopropane Anesthesta  Baltimore
Waters R M 1936 Brit med | 2,1013

Waters R M and Schimudt E R 1934 | Amer med dss 103, 975
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CHAPTER XXI
CYCLOPROPANE

Cyc1oPROPANE (C,H,;) was first prepared by Freund i 1882 by
opane with zinc_at high temperatures m the
presence of a catalyst

v CgHgBr, -+ Zn— C,H, + ZnBr,

Dibromopropane 1s now_obtamed from__natural gas’_contaming a
high proportion of propan by treatment with bromine

After preliminary tests i the laboratory by Lucas and Henderson
1n 1929 cyclopropane was nesthesia by Waters
after he himself had been_anwsthetised with 1t by s then First
Assistant E_A_ Rovenstine

Cyclopropane 15 a colourless gas with a not unpleasant naphtha
Dike smell 1t 1s one and a half times as he: ir and

widely varied mixtures with oxygen or air are highly explosive It
hquefies at a pressure of 75 Ib, per square mch and 1s_supplied as 2
iqud n cylinders Its price per gallon 1s approximately fifty times
that of mtrous oxide but since 1t 15 always administered 1 a closed
crcwit_apparatus (p 178) the_cost of cyclopropane anesthesia 15
approximately the same as that of other inhalation anzsthetics
With_this_potent agent, anmsthesia surtable for any_surgical

procedure can be obtamned but because of the difficulty 1 operations
on the head and neck of establishing a gastight connection between

apparatus and patient without encroaching on the field of operation
1t 18 seldom used 1n dentistry

Cyclopropane 15 not swited for use by the occasional anasthetist
The signs of anasthesia correspond closely to those of ether,but the

successive stages are passed through wit eater—rapadity
M erelied npon when the-drug-s-used i

law_concentrations and an attempt to produce relaxation by mcreasing
the cyclopropane content of the muxture may be accompamed by
WMW“W%&&EMU&S Never
theless mn the hands of the expenenced anasthetist 1t furnishes
emunently satisfactory results and by many 1s considered to be the
anzsthetic of choice for most surgical operations

Inductxon with cyclopropane 1s rapid and not unpleasant and







186

CHAPTER XXII
GURARE AND OTHER MUSCLE RELAXANTS

CurarRE which was introduced mto anwsthesia only a few years ago
but which has already proved atself an important advance 1sasubstance
which from ancient times has enjoyed a respected reputation among
the South American Indians It 1s the basis of theiwr famous arrow
poison or _flying death tales of which have been told n the Iast few
hundred years by travellers returmng from the Amazon Some of
these travellers 1 particular Charles Waterton ! an Englishman who
explored South Amerrca m 1812 brought back accurate accounts of
the way in which death was produced by poisoned arrows Secrecy
has always surrounded the details of preparation of native specimens
and the medicine man who could produce a potent sample was an
mmportant individual  Different specimens from native sources vary
mn therr action and only 1n recent years have pure preparations become
avairlable

H_XKing * in_1935, first obtained d tubocurarine chloride n 1ts
purestate  An Amenican R C Gill ? brought supplies of crude curare
to the Umted States n 1938 and the active principle was extracted
by the house of Squibb  In 1940 Dr L Wright of Squibb s suggested
to Gnffith the an®sthetist of Montreal that curare mught be used
successfully i anesthesta to produce muscular relaxation Guffith
was understandably hesitant about followmng up this novel 1dea but

he finall 2 ¢

THE PHARMACOLOGY AND PHYSIOLOGY OF
D-TUBOCURARINE AND ITS ANTIDOTE, PROSTIGMIN*

Curare 1s a crude plant extract obtanable from several species of
tropical plants  Different spectes vary greatly i composition, 1nd
q@_(ﬂde_tgtr_ﬂc_t,_ls_quie_u it for chmcal use It contains many
alkaloids some of which paralyse sheletal muscle by producing neuro
muscular block, some have a central convulsant acfion wnd others relax
spastic muscle  The word curare has thus too wide a meanng to be
correctly used to denote a preparation which produces neuromuscular

¢ Tamgreatly indebted toW Feldberg MD FRS for advice and assistance
with this section  F B B
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block  Theonly alkaloid of clincal interest obtained from preparations
of curare 15 4 _tubocuranne and this is sometimes wcorrectly referred to
as_ curanme, which 1s another different and definmite curare alkaloid
In chnrcal doses d tubocurarme has scarcely any action other than
that of paralysing sheletal muscle by bloching conduction at the
neuromuscular junction

Our 1gnorance of the exact nature of the crude extracts of curare
15 revealed by the fact that these are still referred to by the names of
the contarmners m which they are This
curious distinction 15 mot quite so tllogical as at first appears, since
therr properties differ and they are, therefore different i botanical

as well as 1n geographical origin  The three types are Onde curare
derned from French-Guana where the crude extract 1s filled 1nto the

hollows of bamboo tubes (calabash_or gourd curare, from Bntish
WAWM where the extract ts put inte_cala-
hashes or gourds an;f% of curife, from the Upper Ornoco, where a pot
15 used a5 contamner The alkalowds derved from these sources are
as follows Cfube curare yields fubocurarine, which_produces neuro-
muscular_block and curete, which 1 weaher mn action and toxic to
the heart {yealabash curare yields cyrarmne which 1s extremely potent
and has some action stmilar to that of tubocurarme but has also
a central convulsant action suntlar to that of strychmne dpof curare
ywldB profocrine  protocuridine, and protocurarine, the latter bemng
the only one with a curanform action

@ tubocurarine chlonide was first obtaned n the pure state from
tube curare 1 1935 by H hang * who worked out 1ts chemical struc-
ture It belongs to a group of compounds known as quaternary.
ammonum_ salts which 1 general have the property of paralysing
neuromuscular conduction at the neuromuscular junction  hang
suggested that plants of the Chondrodendron species were those from
which the active prmerple w1s derved although n tube curare these
are mixed with other plants and with gums and resins ~ Winterstewner
and Dutcher * of the Squibb Institute whe followed up this suggestion
rolated d tubocurarme as the active principle of Chondrodendron tomen
tosim Thus from an astomshing misture of vareties of curare
derived from unknown botanical sources 1t has now been possible
to prepare one of the active tovic principles from a known source
Squibb » prepared from this source a punfied curare extract of standard
potency which they named Intocostnn  This 1s stated to contam
dmg_of tubocurarme per c¢ and negligible quantittes of other curate
alkalowds It owes 1ts curanform action almost entirely to the d tubo
curnne chlonde present  Squibb s Intocostrin was the first prepara
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CHAPTER AXII
CURARE AND OTHER MUSCLE RELAXANTS

CURARE which was introduced into anamsthesin only a few years ago
but which has already proved itself an important advance 1sasubstance
which from ancient times has enjoyed 2 respected reputation among
the South Amencan Indians It 1s the basts of their famous amrown
poison or _flyng death  tales of which have been told m the last few
hundred years by travellers returmng from the Amazon Some of
these travellers 1n particular Charles Waterton ! an Enghshman who
explored South America n 1812 brought back accurate accounts of
the way mm which death was produced by poisoned arrows — Secrecy
has always surrounded the details of preparation of native spectmens
and the medicine man who could produce a potent sample was an
mmportant mndividual  Dafferent specimens from native sources vary
m their action and only 1n recent years have pure preparations become
available

H_Jung * 1n_1935, first obtamed d tubocuranne chloride i ts
purestate  An Amenican R C Gill 3 brought supplies of crude curare
to the United States i 1938 and the active principle was extracted
by the house of Squibb  In 1940 Dr L Wright of Squibb s suggested
to Gnffith the anmsthetist of Montreal that curare might be used
successfully in ansthesia to produce muscular relaxation Gnffith
was understandably hesitant about following up this novel 1dea but

he finall 24

THE PHARMACOLOGY AND PHYSIOLOGY OF
D-TUBOCURARINE AND ITS ANTIDOTE, PROSTIGMIN*

Curare 15 a crude plant extract ohtamable from several species of
tropical plants  Different spectes vary greatly mn composition and
the_crude extract 1> quite unfit for chrucal use It contains many
alkaloids some of which paralyse skeletal muscle by producing neuro

muscularblack, some have a central convulsant action and others relax

spastic muscle  The word curare has thustoo wide a meaning to be
correctly used to denote a preparation which produces neuromuscular

* Iam greatly ndebted to W Feldberg MD FRS foradvice and assistance
with this section  F B B
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unconsciousness  The paralysing effect of d tubocuranne chlonde
on sheletal muscle 1s that which mterests us most from the pomt of
view of anwesthesa  In_man_the sheletal muscles are ffected by
caransation 1n the following order —the muscles supplied by_the
cranil nerves (face_and nech) are affected first then those of the
limbs, back abdomen intercostnls, and finally the diphragm Recovery
of muscle function occurs 1n_the reverse order

In order to understand how d tubocurarme chlonde (and other
neuromuscular bloching agents) act 1t 15 necessary to review the
mechamsms concerned 1n contraction of skeletal muscle The nerve
to skeletal muscle ends on a specialised structure of the muscle fibre
the motor endplate It 15 now genernlly assumed that acetylcholine
1s relensed by the arrval of the nerve impulse at the nerve ending and
that the acetvicholine then acts on the motor endplate  Its action
conusts of a depolarisation of the endplate which can be recorded and
which s called the motor endplate potential ~ This localised depolarisa-
tion excites the adjacent parts of the muscle fibre so that the propagated
excitation wave the action potential, passes over the muscle fibre
and this excitation wave in 1ts turn leads to contraction of the con-
tractile elements of the fibre

Under normal physiological conditions the acetylcholine 1s quickly
hydrolysed by the true cholinesternse present at the motor endplate
region  Therefore the endplate 15 repolansed before the muscle fibre
has come out of its refractory state so that 1 single nerve mmpulse
gives Tise to 2 single wave of excitation and of contraction only

What happens when acetylcholne persists at the endplate region
must now be discussed  Two different effects mav occur  When the
depolarsation outlasts the refractory period of the muscle fibre 1t
becomes re excited and this may occur several times  In that case
the single nerve 1mpnulse gives mse to several waves of exatation
resulting mn a summated contraction The beneficral effect of pros-
tigmn (p 197} as an antidote to d tubocurarme chloride and
for the treatment of myasthema gravis 15 explamed on these
hnes  The wecond change which may occur 1s more profound and
leads to neuromuscular block It occurs particularly when acetyl
chaline persists 1n excess at the endplate region This effect can be
lr)mtiiited by other depolarising substances It 15 explained as follows
il‘tﬁherq:;)lli:;ri?t:;n spreads to adjacent regions of the muscle fibre on

e endplate it 1s not the acetylcholine itself which

“F‘;;‘flds but the depolansation current as recently shown bv Bums
and Patan 1t ifa part of a muscle fibre however becomes depolarised

1t becomes
o electneally 1nexaitable and prevents the passage of an
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tion of curare to be used in anzsthesta  Gnffith, of Montreal, who
first employed 1t 1n 1942 ¢ had used 1t 1 about 300 cases only untl
19457 ¢ but smce that time 1ts use has rapidly creased J
Halton ® 1n England first used 4 tubocuranne chloride ( Tubarmne

Burroughs Wellcome and Co) m 1944 1 anasthesia for thoracic
surgery, and since then supphes have become much more readiy
avatlable and 4 tubocurarme chlonde 1s now a frequent adjunct to
anesthesia  In England Burroughs Wellcome and Co 1n 1936 made
available a solution of 4 tubocurarime chloride, prepared from crude
curare obtained from the South American Chondrodendron tomentosum
This 15 now sold under the trade name of Tubarme and 152
stabilised solution contaming 10mg per ¢ ¢ of d tubocurarine chlornde

Intocostrin and Tubarine are not miscible with solutions of thio
pentone with which they form a deposit ‘and must therefore be given
n separate mjections Now however Burroughs Wellcome and Co
have prepared _ Tubarme DMiscible, _a pure_solution of d tubocu
rarine chloride 1n saline  When Tubarine Miscible 1s added to a 5 per
cent thiopentone solution, a_precipatate of thiopentone acid 1s formed
immediately, and this re dissolves 1n the thiapentone (which s alhalne)
on shalhing  In miang solutions of Tubarine Miscible and thiopentone
@_shnnld_he_ai_l&st_g_c.c_nf_s_per_cent.-th1opentone.solutxon for
every 1 mg of d tubocurarine chlonde (0 1 ¢ ¢ Tubarine Miscible)

d tubocurarine chloride 1s effective only 1f njected intravenously
or subeutaneousls_and mot at ST fahen By mauth which explains
the safety of the native who ate the ammals he hilled by pmsoned
arrows  This meffectiveness 1s not due to destruction of the drug by
the digestive juices but to its defoxication by the liver d tubo
curarine chlonde 1s rapidly metabolised after intravenous admms
tration  Some of 1t 15 excreted by the kidneys either unchanged or
1 a form still capable of curarising and some 1s detoxified by the lver

As long ago as 1850 Claude Bernard  published his classical
account of expertments performed 1n the previous years which showed
that extracts of curare prevented the passage of an impulse from
nerve to voluntary muscle by interference with transmussion at the
neuromuscular junction Smce that time curare preparations of
varying potency and activity have been used by physiologists for this
purpose These extracts contamming an unknown mixture of curare
alkaloids had an effect on both the neuromuscular mechanism and on
the nervous system some of the alkaloids present {especially curarme)
having a convulsant action  Pure 4 tubocurarine chloride acts almost
entirely on the neuromuscular junction and has no sigmficant central
stimulant depressant or analgesic action 1n man It does not cause
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prostigmin  symptoms  One of these drugs must therefore always
be grven when prostigmin 1s used chimcally
( The_effects of acetylcholine on the autonomic gangha and on the
motor endplates of sheletal muscle are called the _micoting ke
effects , thm%Tanttoatropme It 15 interesting to note that
prostigmun 15 the drug used for the treatment of myasthema gravis,
a disease characterised by weakness of sheletal muscle which 1s
imtated by curansation—n fact curansation converts the subject
1nto a temporary myasthemic, and d tubocuranne chloride shauld not
be_gen to known myasthemcs who are highly sensitive to.at
The motor endplate of sheletal muscle and the autonomic gangha
have much 1n common 1n their response to certain drugs  Forinstance
d tubocuranine chlonide antagonises not_only the depolansing_action
of acetylcholine on the motor endplate, but also the depolansing action
of acetylcholine on the ganghon_cells which-1s responsible for their
excitation  The pronounced depression of laryngeal and bronchial
reflexes which 1s of great importance to the anasthetist may be due
to this action of d tubocurarine chloride Its effect on the intestine
duning anzsthesia 1s variable some observers have noted contrac-
tion whilst others have observed dimmmished imtabiity It must
be remembered however that in chnical anzsthesia other drugs which
also effect the autonomic gangla, especially atropine or scopolamine
are commonly employed for premedication and will be exerting their
effect at the same time as d tubocurarine chlonde thus modifying the
effect of that drug on the autonomic system In fact, one of these
drugs should always be given as premedication when d tubocurarine
chlonde 15 to be used since the latter causes salivation
Bronchospasm resulting from the admmstration of curare com
pounds has been descnbed by vamous wrters West 2 usmg
a crude curare extract noted 1ts occurrence m dogs and Cole1®
found difficulty n inflating dogs immediately after gwving large
doses of Intocostrin  This may be due to a hstamine effect on
the bronchi as histamine ike wheals are produced by intracu-
tancous 1njection of 4 tubocuranine chloride 1n man and histamime
1s released from the tissues by the mjection of d tubocurarine chloride
mnto animals  Prescott ** believes that there may be some rish of
bronchospasm 1n man 1f the patient 1s hightly an@sthetised or conscious
and if the dose of curansing drug 1s on the low side as he has observed
1t 1(;1 four caces one a conscious volunteer and three mental patients
:?tlfrtgl:):g etlectncal convulsion therapy and very lightly narcotised
admlmsugt:) ::n::i tI};Xe recommends that 1t should be treated by the
1opentone or of more d tubocuranne chlonde
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excitation wave Therefore such a depolansed region must act as
a block for the nerve impulse

There are two entirely different mechamsms by which neuro
muscular bloch may be established—either by reducing the depolars
g effect of the released acetylcholire or by producing excessive
depolanisation 1tself 4 tubocurarine chloride acts 1n the former and
decamethomum (C 10) 1n the latter way

d tubocurarme chlonide produces neuromuscular block by antagon
1sing the depolansing action of acetylcholine on the motor endplate
The acetylcholine released from the motor nerve endmg 15 no longer
able to depolarse the endplate sufficiently to excite the muscle fibre
but d tubocurarme does not mterfere with the release of acetylcholme
by the nerve impulse Duning curanisation larger amounts of acetyl
choline are required than normally to produce effective depolarisation
of the endplate and thus to establish neuromuscular transmission
This brings us to the discussion of the physiological antidote to d
tubocuranne chloride which 1s physostigmine an alkaloid denved from
the calabar bean of New Guinea

The preparation used chimically as an antidote to d tubocurarine
chloride 15 prostigmin a synthetic preparation wath a similar action to
that of the alkaloid physostigmine The action of prostigmin 15 to
mactivate the true cholinesterase the enzyme which hydrolyses
acetyIcholine and which 1s present 1n high concentration at the neuro
muscular junction so that 1t no longer destroys acetylcholme ~When
prostigmin 1s given acetylcholine 15 thus able to accumulate at the
motor endplate and m a curansed subject this excess of acetylcholine
overcomes the effect of d tubocurarme chloride <o that the endplate
becomes suffictently depolarised to excite the muscle fibre again

The effects of prostigmn are not confined to the neuromuscular
junction  Acetylcholne 15 released not only at the motor nerve end
ings but also at the endings of the parasympathetic and of some
sympathetic fibres (those to the sweat glands mn man), and at the pre
ganghonic endings at sympathetic and parasympathetic gangha If
prostigmun 15 grven 1t will mactivate the cholinesterase at all these
different sites and the effects of the accumulated acetyicholine released
from parasympathetic nerve endings are chimcally particularly strihing
These pira_sympgthgimlmetlc effects of acetylcholine and of prostigmin
are termed muscarne ke actions, and consist_of smooth muscle
contractions secretions of glands and_cardiac_mibition  They are
;@wm_ecﬂy_s&]mh_m which apart from 1ts central
action has a peripheral atropine like action  and theoretically 1t
should therefore protect as well as atropine against muscarine like
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so that artifical respiration was necessary to prevent asphyvia
There was no analgesic action whatsoever  Tractional admmnistration
was tested to see if 1t would produce relaxation without respiratory
suppression but was found not to do so since 30 mg given intraven-
ously at the rate of 1 mg per minute did not produce curansation and
the subject could sit up 10 mimutes after the mjection was completed
A curansing dose in the consclous patient was found to last for 20 to
30 minutes @

The value of curamsation in anvesthesia 15 that it enables the
anasthetist to produce extreme muscular relaxation without adminis-
tering a large dose of general anasthetic  The benefit to the patient
1%% Smce d tubocurarnine chlonde
does not 1tself produce analgesia and since 1ts use prevents recognition
of the degree of general anzsthesia used concomitantly (the signs of
depth of an®sthesia being muscular signs) (p_67) 1t 1s essential for
the_anesthetist to be certan that general anzsthesia 1s adequate to
produce and mamntam unconsciousness Inadequate depth of anas-
thesia 1s sometimes suggested by a nsing pulse-rate but other causes
may be responsible for this sign which cannot therefore be relied upon
1f maintenance of general an®sthesia 15 not ensured the patient may
be completely aware of all that 1s going on and may experience the
full pamn of the operation without being able 1n any way to make a
protest This possibihty must always be bome m mind and only his
experience of general anesthesia will enable the anasthetist to avord it

Prescott Organe and Rowbotham ! state that there 1s an optimal
dose of 4 tubocurarine chlortde less than which will not produce
adequate relaxation whilst very httle more produces diaphragmatic
paralysts  If thisoccurs full respiratory exchange must be maintained
by mnflation of the lungs until normal respiratory movements return
In practice 1t 1s found that i fit adults the optimal dose 1s 15 to 20 mg
This produces abdominal relaxation which lasts for_30 to 45 minutes
The_degree and duration of relaxation depend also on_the amount_of
general anasthetic given at the same time

T:xe limits of the optimal doce are narrow especially m children
Cor the very young, the aged. and 1n cachectic and severely ill patients
the dose of d tubocurarine chlonde shenld he reduced R

It 15 best to give the mitial curansing dose estimated to be needed
all at once To give d tubocurarine chlonide m divided doses leads
only to a larger total dose beng given and to delay 1o development of
a satisfactory degree of abdomnal relaxation For operations con
tmming lenger than about 45 minutes after which time the effect of
the 1mtial do e wall be wearmng off relazation can be muntamed by
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When using pure 4 tubocurarine chloride 1t 15 however, a condition
which 15 met extremely rarely 1n clinical anasthesta and I have m
fact seen only one case out of hundreds 1 which d tubocurarme
chlornide was used where inflation of the lungs was difficult after
curansation  This was 1 a frail patrent for gastrectomy and the
condition was much reheted by the admimstration of more thiopentone
and though there remamed shght resistance to 1nflation for some 30
minutes there was no difficulty in heeping the patient well-oyy
genated It appears that general anwmsthesta protects aganst the
histamine effect of d tubocurarine chlonde

Some observers® i* believe that ether has a curanform effect
and that when 1t 15 used the dose of  tubocurarne chloride should be
reduced I do not consider that the evidence for this 15 conclusie
and 1t 15 m any case difficult to assess how much relaxation produced
15 due to the general anesthetic given and how much to the d tubo
curanine chloride The only guide to procedure 1s the anzsthetist $
expenience and I have found no reason to reduce the dosage of 4
tubocurarine chloride when using ether as the general ansthetic
since 1n such cases I produce only hght anzsthesia with ether

d tubocurarine chlortde an climcal doses has mno effect on the
electrocardiogram 1 man and hitle or no effect on the blood pres
sure® *  There 1s as yet no evidence that 1t can cause death other than
by asphyxia from unrelieved diaphragmatic paralysts and therefore,
the most important rule for the anesthetist using a curansing drug ©»
to maintain full respiratory exchange at all times  No one who 15 not
competently and confidently capable of dealing with the apnceic patient
should venture to use curarsation as an asd to relaxation 1n anzsthesia

THE USE OF D-TUBOCURARINE CHLORIDE
IN ANZASTHESIA

d tubocurarme chlonide grven mtravenously to the unan-esthetised
subject produces progressive muscular paralysis without loss of
consciousness Expenments by Prescott Organe and Rowbotham *
(the first named being the experimental subject) showed that m a
fit adult 10 mg of 4 tubocurarme chloride had very httle effect on
voluntary muscle 20 mg produced paresis of the muscles of the face
nech arms legs and abdomen in that order with Joss of speech but
without loss of the cough reflex and although respiration was not
consciously affected spirometer readings showed that the tidal air
was reduced by about one third 30 mg produced complete paresis
of all voluntary muscle and almost complete cessation of respiration

ra
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lungs because of the relaxation of cesophageal muscles and of the
cardiac sphincter of the stomach THis condition hampers the surgcon
dunng abdomimal operations and should be relieved by passage of a
wide bore stomach tube Further after any operation for which
d tubocurarine chloride has been used the epigastrum should be
examned before the patient lewves the operating theatre and if the
stomach 1s found to be distended a stomach tube should be passed
If the anwesthetic 1s given through a wide bore endotracheal tube
connected directly to the anmsthetic machme gases will pass nto the
lungs alone dunng inflation and none will enter the stomach

The an-esthetist using d tubocurarine chloride must be prepared to
deal with an apneric patient and no ont¢ who 1s not confident of his
ability to cope with apneeta should venture to use this drug It 1s
necessary to be extremely watchful for any degree of respiratory de-
pression whatsoever Respiration may often need to be assisted 1n
order to maintain full resprratory exchange—it 1s not enough to be
satisfied with the continuance of respiratory movements for these
are usually mncomplete for a short time immediately after a curansing
drug has been gien m full dosage A brief period of complete
draphragmatic paralysis often occurs durmg which 1t 1s essential to
employ artificial or controlled respiration  If these pomts are watched
with extreme care then d tubocuraring chloride can be used with

safety for probably the only way m which 1t can cause death 1s by
asphyxia

Recovery from An=sthesia with Curarisation

When d tubocurarine chloride has been used recovery from
anzesthesia 1s much more rapid than after general anzesthesia used alone
for any except minor procedures There are no undesirable after-
effects resulting from the @ tubocuranne chlonde itself and as a rule
the amount of general anasthetic given has been so small that thus
1s raprdly eliminated  The Qatwlwmgwthe
length of tume for which individual nursing care_1s required m the

11te post-operatne period and 1t 1s well to remember that post-

operatu e sedatives will have to be given soon after the patient retums
to the ward e —

Indications for the Use of d tubocurarine Chlonde

d tubocuranne 15 used chuefls an-abdomnatsurgery  Here 1t
provides excellent operating conditions comparable with those obtamed
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gving more d tubocurarine chloride, but the second and any sub
sequent doses must be much smaller than the initial dose eg Smg
oreven 2 5 mg intravenously 1s usually a satisfactory second dosexhen
the first has been 20 mg and this further dose wll produce approxi
mately another half hour s relaxation

Technique of Administration

Anzsthesta 15 nduced with thiopentone and 1s stabilised i the
first plane with any chosen inhalation anzsthetic (mitrous oxide
oxygen ether or cyclopropane) The full curarising dose of d tubo
curarine chloride 1s then given intravenously 1e mg for the
normal adult  Fullmuscular relaxation develops m 2 to 3 minutes and
general anzsthesia 15 then mamtamed by the chosen method One
method used by R R Macintosh because of the previous knowledge
gained from experience with uncurarised patients that the percentage
of ether given will mamtam unconscionsness, 1s the admimstration of
ether vapour § per cent by means of the Oxford Vapomser

If 5 munutes after the d tubocurarme chloride has been given the
surgeon reports that relaxation 1s not adequate then more must be
admmnistered to produce the required effect This dose should be
5to 10 mg and not a full curarising dose  As a rule all the relaxation
required will by now have been produced and will last for 30 to 40
minutes after which time under light general anzsthesia there will
be signs of returning muscular tone  If the operation 1s not completed
the decision must then be made whether to develop relaxation agam
by the admmstration of more 4 tubocurarne chloride (eg 25 to
5mg) or whether to mncrease the depth of general anzsthesta  If the
operation 1s expected to finish soon the latter 1s the more satisfactory
method as 1t avoids the nisk of having the patient deeply curansed and
with respiration depressed by the time he 1s due to return to the ward

To cachectic, frall _and elderly patients a smaller autial dose of
d tubocurarine chloride should be given eg 5 to 10 mg at the
Sta;t,_gn,tll;t_\_sefﬁectlssgen this_dose_bemng_added ta_as-required
Children also require smaller dosage Up to 5 mg intravenously for
children up to the age of twelve 1s usually a sufficient curanising dose

W‘Wﬁuﬁ%ﬂwﬂe
chlonde 15 used, 15 frequently performed in order fo ensure perfect
control of the arway and to facilitate inflation of s It 1s
advisable when the Trendelenburg position 1s to be used

Tt should be remembered when using 4 tubocuranne chloride that
1t 1> possible to distend the stomach with gases when mflating the
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1t causes another muscle relaxant myanesin which produces less
depression has gamned greater populanty for use against this disease
201

® Out)sxde the realm of anzsthesia d tubocurarine chloride has also 1
use m electrical comvulston therapy * to  soften or cushion

the effects of the electric shock This 1s 1 great advantage and
enables the mnjurtes previously encountered, such as fractures, to be
avorded m a patient undergoing convulsion therapy It also enables
patients such as hypertensive, arteriosclerotic and semile patients
i whom unmodified electrical convulsion therapy would be dangerous
if not absolutely contra indicated to be treated with safety Tor

this purpose however, d tubocurarme chloride has been superseded
by C 10 {p 199)

The Antidote to d-tubocurarine Chloride

The physiological antidote to d tubocurarine chloride 1s prostigmin
as has already been explamned Prostigmin 15 given intravenously
and prior to 1its mjection atropine or scopolamine either of which
annul 1ts muscarine like effects such as cardiac wthibition and exces
sive salivation should always be given

As a rule 1f spontaneous respiratory moyements have begun, a dose
of 25 mg. of prostigmin 1s sufficient to effect

_recorery_of normal
tespiration It 1s rarely necessary 1o exceel mg and excessne
dosage of prostigmin may produce toxic effects mdistinguishable from

the effects of d tubocuranme chlorde atself The mechamism by
which this condition of paralysis 1s produced 1s at present unknown
me or scopolamine has been given within 2 hours of

time w cided to administer prost no more need be
ghven but otherwise, gr tow to gr b of atropine s ed
!

w&wm snce prostigmin acts
more quichly than atropine his procedure protects against the
undesirable cardiac effects of prostigmin and 1s especially important
m patients with any degree of cardiac fallure—from pre exssting cardiac
disease shoch or toxemia——for n them the sudden gross bradycardia
which prostigmin sometimes causes might have serious consequences

A\o:mgll_[\tm“response to prostigmin 1s dramatic and 1s seen
within 2 minufes” Respiration will usually return to normal and
muscular tone will at the same time be restored  If the effect of the
general anasthetic has womn off the patient will recos er from muscular
paralysis and 1t will be evident that he 1s conscious  This desirable
effect 1s what 1s usually seen but prostigmin 1s not without 1ts dangers
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under spimal anesthesta In fact the use of 4 tubocurarine chlonde
which can be admimstered so quichly and easily by intravenous
mjection has practically ousted the previously popular intercostal
block

It 1s also used according to the ansthetist s choice for a wide
variety of other operations—e g for_thoracic_operations for hron
choscopy (where 1ts depressant effect on the laryngeal reflex as well
as its relaxant effect on sheletal muscle 15 espectally useful), for
tonsillectomy and for Casarean section s descnbed by Gray ® In
every case 1ts use reduces the amount of general anzsthetic required
For Cmsarean section after premedication with gr tés of atropie
only anzsthessa 1s induced with 025 to 05 g of thiopentone
and light general anmsthesia mantained with any chosen inhalation
anzsthetic 15 mg of d tubocurarnne chlonide 1s given ntravenously
as soon as possible after nduction of general anzsthesia  Relaxation
1s excellent and the newborn babe usually cries lustily at once showing
no evidence of curansation  Ths chnical experience has been mnves
tigated by Buller and Young » whose experimental work shows that
though the full term foetus of humans and animals 1s susceptible to
the action of 4 tubocurarmne chlonde this drug does net cross the
placental barrier m appreciable amounts and therefore does not affect
the feetus wn wlero

d tubocurarme chloride facihitates laryngeal mtubation as 1t
dampens or abolishes the laryngeal reflex and enables laryngoscopy
and mtubation to be performed at ight levels of general anzsthesia

There 15 one circumstance m which d tubocurarne chlonde can be
used with valuable therapeutic effect—sn the relief of mtense laryngeal
spasm (p 312) This 1s seen at 1ts worst 1n sthemec mdividuals and
where 1t occurs e g during induction of anzsthesia for an operation
where 1t was not ongmnally intended that 4 tubocurarine chlorde
should be used 1t can be relieved almost instantaneously by the
imjection of a curarising dose—as soon as the relaxant effect of the
d tubocurarne chloride develops inflation of the lungs with oxygen
(impossible during the period of intense laryngeal spasm) can proceed
fully and without delay and with a gratifying return to the normal
florid pink of the previously purple complexion

Other Uses of d-tubocurarme Chloride

& tubocuranine chlonde has also been used m the treatment of
tetanus a disease for which the <ervices of the an-westhetist are n
creasingly requested  Because of the respiratory depression which
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of the actne drug It 1s miscible with solutions of thiopentone

Flaxedil 1s a satisfactory relaxant, the dose equivalent to a 15 mg
dwmm * Relmation deelops
vathin 3 mmutes and the effect of a curansing dose lasts for 25 to
30 muutes  Later doses if required to continue relaxation shou
Pe smaller than the imtial dose and usually 40 mg_1s 1 satysfactory
second dose

Flaxedil does not depress resprration so much as a comparable dose
of d tubocurarine chloride, but 1ts effect 1s not so long-lasting and
tachy cardia occurs m about 40 per cent of cases  No 1ll effects have
been reported as a result of this feature  The mdications and contra-
indications for the use of flaxedil are the same as those for d tubo-
curanme chlonde

The antidote to flaxedil 1s prostigmn as with d tubocurarine
chloride

C 10
Decamethomum _todide  commonly known as C 10 15 bistri-

methylammonium decane duodide a synthetic relaxant made by
Allen and Hanburys Ltd which acts on the neuromuscular junction
It 1s muscible with solutions of thiopentone C 10 15 a satisfactory
relavamumrme chlonde but producing
these by a fundamentally different mechanism 1 22 C 10 causes a
specific_and _abnormally _persistent motor_endplate_depolarisation
which spreads to the adjacent regions of the muscle fibre These
zones become electrically snexcitable and this results m neuromuscular
block  The action s thus analogous to that produced by an excess
of_acetylcholine at the motor endplate Prostigmin which 15 an
effectie antidote against relaxant drugs that produce neuromuscular
block 1n the same way as d tubocurarme chloride because 1t mac-
trnates cholinesterase would not be expected to be effective agamst
C 10 1 theory 1t would increase the degree of bloch which C 10
produces since 1t allows the released acetylcholine to accumulate

thereby increasing the depolamsation € 10 1s the first nenramuscplar
bloching agent acting by a direct depolansing action to beused chnyeally

The effects of d tubocuranne chlonde and of C 10 should be compared
under stmilar conditions 1e dunng anmsthesta for 1t to be possible
o make a correct assessment of therr behaviour as chinical relaxants

Expeniments on conscious patients do not permit of a vahd com-
pancon for circulating adrenaline mimnuses the relavant effect of

€ 10 and increases this action of d tubocurarine chlonde
correct to refer to C 10 as a

It ts
curansing  drug since ts effect 3s
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and n one recorded instance—occurning 1t 1s true 1n a gravely il
patient—the mjection of 25 mg of prostigmin with gr wds of atropme
was followed within 2 minutes not by the expected resprratory response
but by cyanosts and cardiac arrest 2

Prostigmin should be used when necessary but I do not agree with
its routine admimistration to every patient who has recerved 4 tubo
curanine chloride  Respiration must, of course_be adequate before the
patient leayes the operating theatre andif by misjudgment too murh
d tubocuranne chloride has been given or if_the operation fimshes
more quickly than has been anticipated, the anzsthetist must either
continue to_assist respiration artificrally until normal respiration
returns_or he must g e prostigmin to achieve thys result

Contra-indications to the Use of d tubocurarie Chloride

4 tubocurarine chloride should not be given to any patient known
to havelinyasthenia gravis for it aggravates this condition and the
usual dose for a normal individual 1s a gross overdose for 2 myasthenic

In cases of wntestinal obstruction and Jung abscess d tubocurafiné
chloride should not be used until the anzsthetist 1s convinced that
the danger of mmhalation of secretions 1s 1n the first case avorded
(by stomach washout immediately prior to operation the stomach
tube should be left n position during mnduction and operation) and
m the second case mummsed by preparations being ready for mt
mediate bronchoscopy and suction dramage 1f necessary

(®Gross renal damage 1s a contra mdication to the use of 4 tubo
curarine chloride which 1s 1n part excreted by the hidneys

OTHER MUSCLE RELAXANTS

Swce the mtroduction of d tubocurarme chioride other muscle
relaxants have been produced and doubtless many more wiil follow
m due course For the present for anesthetic purposes d tubo
curarme chloride 1s still the choice of the bulk of anzsthetists though
the other relaxants each have thewr own claims to usefulness and their
advocates

Flaxedil
Flaxedil 1s tn (diethylammoethoxy) benzene tnethylhodide or
allamine triethiodide a synthetic relaxant madé by May and Baker
Ttd It produces neuromuscular block m the same way as & tubo

Curarine chloride It 15 supphied as a 4 per cent _solution n ampoules
of 2 cc and 3 cc_these contaimng respectively 80 mg and 120 mg
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already described  \Whereas all the others produce ther effect by
causing neuromuscular bloch, mynesin acts by depressing parts of
the mervous system between the cortex and the spinal cord # It
may maddition depress function in the basal ganglia, brain stem nd
thalamus as 1t 1s reported to rehieve pamn of thalamic ongn and to
reduce Parhincoman tremor and ngidity ® It also arrests epileptic
attachs »

\yanesin was first mtroduced as a relaxant for use in anesthesia
but its depressant effect on the reflex excitability of the spmal cord
makes 1t especially valuable in the treatment of tetanus Myanesin
does not paralyse muscle but marhedly reduces its tone and this
without much depressant effect on respiration ® Mallinson **stated that
the dose affecting the vital centres 1n ammals was ten times that which
caused muscular relaxation In the doses required for the treatment
of tetanus myanesin has no effect on respiration and 1s therefore
superior for this purpose to d tubocurarine chloride which 1n effective
doses may produce respiratory paralysis

Myanesin 1s supplied 1n ampoules of 10 cc each containing 1 g
of the active drug It may be given mtravenously or intramuscularly
and for the treatment of tetanus I g for an adult 1s given as required
to control the spasms Myanestn 1s mscible with solutions of
thiopentone

Myanesin has two disadvantages which dimimsh 1ts populanty as
a relavant for anasthetic purposes  Intravenous njection of the 10 per
cent solution hasled frequently to local venous thromboses and such an
mjection produces in many subjects mtravascular hemolysis 2 The
larger the dose the greater the likelthood and the degree of hamolysis
Hzmoglobinuria does not always occur as the renal threshold for
hemoglobin 1s usually high  If myanesin 15 given mtravenously 1n
greater dilution than that supphied by the makers the risks of local
thrombosts and of hamolysis are less  Torrens Ldwards and Wood
used a total dosage of 22 g of myanesmn over a penod of 9 days (7 g
wtravenously and 15 g intramuscularly) n the treatment of a case of
tetanus diluting the solution from the ampoules with an equal amount
of sterile distilled water  There was only one mstance of local venous
thrombosis and this occurred after the one occasion when the myanesin
was nadvertently grien undiluted No hamoglobmuna occurred
I1;‘;;1nr:lztsx:llilf:lcturers state that a 2 per cent solution of myanesin 1n

ine 1s non hemolytic but the volume of flmid of this dilution
which would have to be mjected to produce adequate muscular

relaxation in anwsthesia 15 $o great that most anwsthetists consider 1t
mpractical
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produced by a different mechanism from that by which 4 tubocurarme
chloride acts  The expressions ‘ curanising  or curare like  action
should be restnicted to those neuromuscular blocking agents which
like d tubocurarne chloride render the endplate less sensitive to the
depolansing action of acetylcholine

The effect of a fully relaxant dose of C 10 (3 to 5 mg) lasts only
15 to 25 muinutes but although full relaxation 1s of such short duration
reasonable operating conditions are present during the phase of
respiratory recovery Turther this transient effect 15 ummportant
since repeated doses have no cumulative effects Dosage with C 10
1s remarhably constant 3 to 5 mg bemng required by most adult
patients and there appears to be no sensitivity to 1t

Hewer (A J H) Lucas Prescott and Rowbotham 2 who mves
tigated the use of C 10 1n anesthesia state that although previous
worhers had reported that C 10 caused less respiratory depression than
did 4 tubocuranne chlonde * they found that comparable relaxation
could only be obtained with doses which paralvsed the muscles of
respiration  These investigators consider that C 10 has a wide margn
of safety provided adequate pulmonarv ventilation 1s mamtamned
The action of C 10 15 short lasting and the rapidity with which full
respiratory exchange 1s reached once respiratory recovery has begun
15 very quick

There 1s no satisfactory antidote to C 10 Pentamethonum 1dide
or C 5 (bistnmethy lammonium pentane duodide) will 1t 1s true cause
respirations to return but m effective dosage 1t has unpleasant and
sertous side effects due to 1ts ganglion bloching action which causes
severe lowenng of blood pressure I do not therefore recommend 1ts
use as an antidote to C 10

C 10 has also a use outside anzsthesia It 15 considered supenor
to d tubocurarme chlonde for modifying electrical convulsions because
unlike d tubocuranine chlonde 1t 15 no histamine liberator and there
fore does not produce any histarine like reactions and also because
muscular paralysis passes off more rapidly  Hewer (A J H) et al®
found that an itradermal injection of 01 cc of an 01 per cent
solution of C 10 did not produce the charactenstic histamine wheal
and flare which appeared 1n all of 100 cases simlarly tested with a
solution of 4 tubocurarine chlonde of the same or greater dilutton

Myanesin

Myanesin 1s @ B dihydroxy y(2 methyl phenoxy) propane a syn
thetic relaxant made by British Drug Houses Ltd and 1s considered
Jast because 1t differs essentially 1n 1ts site of action from the relaxants
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The possible dangers of intravascular hazmolysts are anuna and
permanent renal damage and myanesin should not be used mn cases
of impared renal function The evidence that myanesin causes
anura 1s still controversial and 1s not conclustve and there 15 1o
evidence that 1t can cause permanent renal damage but it 1s wise to
use this drug 1n the smallest effective dosage 32

For anwsthesta the dose of myanesin equivalent to a 15 mg dose
of d tubocurarme chloride 1s 1 g (10cc) The antidote to myanesm
15 not prostigmin but picrotoxin but I have never needed to use an
antidote when I have used myanesin as a relaxant mn anesthesia since
the respiratory depression which oceurs 15 neglgible

Myanesin 1s also effective if gven by mouth and the mahers supply
an el which 15 recommended for the treatment of Parkimsomsm of
vanious spastic conditions such as spastic hemiplegras and paraplegias
of the lower imbs due to cerebral hzmorrhage disseminated sclerosis
and other upper motor neurone lesions and of the spastic and other
ty pes of cerebral diplegia
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The anwmsthetist s apparatus 4lso should be ready It 15 often
mspected by the pattent from sheer cunosity and should be 1mmacu-
late always Before 1t 15 brought mto the dental surgery empty
cyhinders should have been replaced by full ones, and 1t should never
be necessary to change cylnders in the presence of the patient
Cylinder valves should work smoothly and noiselessly and the
admimstrator should be certain that he has a sufficient supply of
mtrous ovide and oxygen The anwsthetist’s nstruments should
have been sterthised after s previous case and although they need
not necessarily remamn stenle they should be clean and ready for
immedrate use  When he enters the dental surgery the anzsthetist s
only necessary preparations should be to open his bag and to wash
his hands

Impressions made by one person on another in ordmary civil life are
apt to be accentuated at such a time as this  After the mtroductions
have been made, the anasthetist should use any device he thinks
legitimate to remove a patient s apprehension although 1if he 1s
mexpenenced 1 dental an®sthesta he may be far from feeling the
confidence which 1t 15 necessary for hum to instil into the patient
He should make every effort to show the patient that he has control
of the situation  Although the anzesthehst should he gentle_and.
hind 1t 1s a wise policy to be_firm  Anticipated difficulties should
not be discussed the magnitude of the surgical undertaking can
be dilated upon after its achievement, not before the anasthetic
1s commenced !

With the object of ensunng that all impressions made on a
patient shall be pleasing some anasthetssts apply scent to the nose-
Prece  Certam patients paml or nervous women find
that the smell of the scent 15 welcome and}hﬂlpi—tLdﬂm_aﬁenhon
to happier thoughts On the other hand a few strongly object to
scent some wndeed dishhe 1t even more than any other feature of
the anmsthetic Once scent has been apphed to a nose- or face-
Prece 1t 1s almost impossible to dispel all traces of it and for this
Teason we have abandoned 1its use for the sake of patients who find
scent repulsive

The anzsthetist must be prepared to find some feature about which
itl;s]}tmu;r;trx:setr:z? eaa:lii must take special care not to draw attention

3 rprising number of people wear wigs and as
a rule the wearer of a wig 18 extremely conscious of 1t and fears that
it will be disturbed or obviously noticed The dental anmsthetist
therefore should take particular care when apply ing the nose-prece that

neither he nor any part of the apparatus should touch the wig A
13
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CHAPTER XXIII

PRELIMINARY APPROACH TO DENTAL
ANASTHESIA

THE preparations prehmmary to dental anwsthesia considered here
should be observed m every case whatever an-esthetic 15 to be gien
The importance of elhmmation of apprehension in the attainment of
smooth anzsthesia with mtrous oxide has already been dealt with
By the time the patient armives at the dental surgery premedicaton
if any has already been given  For an ambulatory patient this will
be only nuld and attention to details calculated to put the patient at
hxs1 ease constitutes psychological treatment which 1s of great additional
value

The punctulity of all concerned m the operation 15 1mportant
The pattent should be told to arnve 1 plenty of time  If he leaves
his busmess late and rushes to have hs tooth out he 15 always flustered
if delayed 1n a traffic block he develops exaggerated irmtabtlity Ttss
preferable for him to plan to arnve ten minutes before the extraction
1s due so that he will have an opportunty to sit down, to relax an
to read his out-of date Punch  The dentist and anzsthetist also should
make a pomnt of punctuahty A nervous subject may worh tumsel
mto a panic if he 1s Lept waiting after the time appomted for the
operation and delay may easily give the patient the impression that
his operation 1s not considered important

Before the patient 1s shown mto the dental surgery he should be
grven an opportumty to empty his bladder Dunng tumes of mental
tenston, unne 1s secreted freely, and the discomfort_of_a full bladder
may add to a patient s ansiety  This precaution 1s also of practlcal
importance stce durmng anzsthesia the bladder if full may be
emptied nvoluntanly

The dental work to be done should has e been determuned 1f possible
at a sitting before the day of operation so that time 1s not spent 1!
maling an examnation and planning the extent of the extractions
on the spur of the moment

Everything should be ready for the operation before the patient
enters the dental surgery  The forceps necessary for the extraction
should have been stenlised already and be set ready cov ered with a
stenle towel out of the patient s sight
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The anesthetist s apparatus also should be ready It 1s often
inspected by the patient from sheer cuniosity and should be immacu-
late always Before 1t 1s brought mto the dental susgery empty
cylinders should have been replaced by full ones, and 1t should never
be necessary to change cyhnders m the presence of the patient
Cylinder valves should work smoothly and noiselessly, and the
administrator should be certamn that he has a sufficient supply of
mitrous oside and oxygen The anwmsthetist’s mstruments should
have been sterhised after his previous case and although they need
not necessantly remam sterle they should be clean and ready for
mmediate use  When he enters the dental surgery the anzsthetist s
only necessary preparations should be to open Iis bag and to wash
s hands

Impressions made by one person on another 1n ordinary c1v 1l hife are
apt to be accentuated at such a time as this  After the introductions
have been made the anesthetsst should use any device he thinks
legtimate to remove a patients apprehension although if he 1s
mexpertenced m dental anzsthesia he may be far from feelng the
confidence which 1t 15 necescary for him to mstil into the patient
He should make every effort to show the patient that he has control
of the situation  Although the anmsthetist should be gentle and
hmnd it 1s a wise policy to be_firm  Anticipated difficulties should
not be discussed the magmtude of the surgical undertahing can
be dilated upon after 1its achievement, not before the anmsthetic
1s commenced !

With the object of ensuning that all impresstons made on a
patient shall be pleasing, some anasthetists apply scent-to-the nose-
mece  Certan patients particularly chxldfgn or nervous women, find
that the smell of the scent 15 welcome and divert on
to happrer thoughts On the other hand a few strongly object to
scent, some mdeed dishike 1t even more than any other feature of
the anesthetic Once scent has been applied to a mnose- or face-
prece, 1t 15 almost 1mpossible to dispel all traces of it, and for this
reason we have abandoned tts use for the sake of patients who find
scent repulsive

The anwesthetist must be prepared to find some feature about which
s patient 15 sensitive and must take special care not to diaw attention
toat  Tor mstance a surpnsing number of people wear wigs and as
a rule the wearer of a wig 15 extremely conscious of 1t and fears that
:;;;'lel}u:;es}dxsturbed, or obviously noticed The dental anmsthetist

hould take particular care when applying the nose-piece that

neither he nor any part of the apparatus should touch the wig A
13
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patient s awareness of his wig 1s often revealed during recovery from
anasthesta, when almost invanably his first action often before full
consciousness 15 attamned 1s to raise his hand to adjust 1t

As soon as the patient 15 settled 1n the dental chair he 1s told to
blow_his nose so that 1t will be clear of any obstruction Dentures
should then be taken out and any tight clothing loosened A man 1s
usually more at his ease without his collar on these occasions and its
removal may at least prevent the embarrassment of his leaving the
surgery with a blood spattered collar

Examunation of the Patient

For reasons given (p 363) we do not approve of a routine examina
tion before anesthesia in the dental surgery  Various tests have been
devised to assess the functional condition of the heart but the only
ones which we find reliable are those which give an indication of the
vital capacity of the lungs Cardiac decompensation 15 accompanied
by diminution of the vital capacity which when reduced to 40-70 per
cent_of the normal 1s_shown clinically by dyspneea_on moderate
exércise  The vital capacity can be measured by a spirometer but 2
satisfactory evaluation of 1t and therefore of cardiac efficiency can
be formed more stmply by carrymng out Henderson s breath holdmg

test? ? After a moderately deep mspiration a_healthy subject 1>
ble_to hold 1is breath for 45 seconds Inability to hold the breath

| for longer than 15 seconds should be taken s evidence of cardmc
/| msufficiency of a degree which makes 1t undeswrable that the O
percentage 1n the inhaled mixture should be reduced below 20

POSITION OF THE PATIENT IN THE
DENTAL CHAIR

The patient should be allowed to sit 1n the attitude he finds most
comfortable  Provided thus 1s reasonably good 1t need not be altered
since he 15 more hkely to go off to sleep peacefully in a comfortable
position than in any other Generally however, 1t 15 necessary 1
order to have his hips well back to ask him to  mahe himself tall
1n the chair  The nech rest should then be adjusted to fit the nape
of the neck and the patient s head neck and trunk should be approxt
mately 1n a straight hne  The head rest should be firmly fixed since
if 1t ships down the head becomes over extended Any such sudden
change mn posttion durng the course of operation may lead to operative
difficulties and to dangers
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When the patsent 1s n this position respiration 1s free and the
head easy to control  Notice

1 Hips well back m
the chair

2 Head mech nd
chest m a straight line

3 Head rest fitting the
nape of the nech

4 The legs and feet 1n
the position usually adopted
when sitting

5 The patient 1s re-
laxed

6 The fingers are inter-
lochked As an alternative
one hand can be held inside
the other

7 A strap 1s around
the pelvis

The position of the legs
15 not of great umportance,
provided the patient does
not obtain a purchase with
them agamnst the foot rest
If he sits down with his
legs crossed and finds this
attitude most comfortable,
there 15 no real reason for ashing hum to uncross them Occasion-
ally after this position when consciousness returns the patient finds
his leg has  gone to sleep this effect 1s only transient and full
recovery of power 1s attained within a minute or two

A patient sometimes seems at a loss as to what to do with his
hands and can be advised to hold one hand mside the other Some
anesthetssts think 1t best with a patient likely to be obstructive to
ash lum to intertwine his fingers This 1s suggested with the 1dea
that 1f after anwesthesia 1s begun he 15 disposed to struggle he may
have difficulty n disentanghng his own fingers A svery nervous
patient often wishes to hold someones hand This may gve him
comfort and should be allowed but the hand should not be the
ansthctist s because when losing consciousness the patient may g
0 tightly that instant disengagement of the hand may be lmpozs;ilé)
The nuree or dentist whose hand 1s held should hnow that the patient s
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patient s awareness of his wig ts often revealed during recovery from
anesthesta when almost mvanably his first action often before full
consclousness 1s attamed s to rase hus hand to adjust st

As soon as the patient 1s settled in the dental chair he 1s told to
blow his_nose so that 1t will be clear of any obstruction Dentures
should then be taken out and any tight clothing loosened A manis
usually more at his ease without tys collar on the<e occasions and its
removal may at least prevent the embarrassment of his leaving the
surgery with a blood spattered collar

Examination of the Patient

For reasons given (p 363) we do not approve of a routine exanuna
tion before anesthesia i the dental surgery  Vanous tests have been
devised to assess the functional condition of the heart but the only
ones which we find reliable are those which give an indication of the
vital capacity of the lungs  Cardiac decompensation 15 accompanied

by dininution of the wital capacity which when reduced to 40-70 per
cent of the normal is shown chmcally by dyspneeaon moderate

exercse  The vital capacity can be measured by a sprrometer but 2
satisfactory evaluation of 1t and therefore of cardrac efficiency can

be formed more simply by carrying out derson s_breath holdmng

test? 2 After a moderately deep inspiration a_healthy subject 13
able to hold 1iis breath for 45 seconds Inability to hold the breath

Dle to ho'd lus breath for 45 secont
i{or longer than 15 seconds should be taken as evidence of cardiac

v/, msufficiency of a degree which makes 1t undesirable that the O:
’ percentage 1n the mhaled mixture should be reduced below 20

POSITION OF THE PATIENT IN THE
DENTAL CHAIR

The patient should be allowed to sit 1n the attitude he finds most
comfortable Provided this 1s reasonably good 1t need not be altered
since he 15 more likely to go off to sleep peacefully 1n a comfortable
posttion than in any other Generally however 1t 1s necessary 10
order to have his hips well back to ask him to  make himself tall
in the chairr The neck rest should then be adjusted to fit the nape
of the neck and the patient s head neck and trunk should be approx1
mately 1 a straight ine  The head rest should be firmly fixed smce
of 1t shps down the head becomes over extended Any such sudden
change n position dunng the course of operation may lead to operative
difficulties and to dangers
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unnecessary but should be used always when it might prove of value
Often the difficulties which will be encountered ither 1 ansthesia
or n the operition are under-estimated and an-esthesia has unex-
pectedly to be prolonged In such cases if a strap has been apphed
as a routne mesure the help it gnves will be found invaluable

The patient s permussion to apply a strap should not be ashed
but the reason for its use should be explammed to lim  As soon as he
15 1n a good position the anesthetist tells hum that he 1s to be given
a peaceful anesthetic dunng which he will relax and therefore will
tend to shp to prevent thus he will be supported by a strap round
the hips

- "/—‘W

Fic 63 —Strap loosely applied before
induction  The strapis placed round the thesta 15 established
pelvis 5o that when 1t1s tightened 1t does
not restnct respiration

Fi1c 64 —Strap tightened after anzs

The strap should not be tight while the patient 1s conscious but as
soon as consctotisness 1s lost 1nd before the dentist begins to operate
1t should be tightened firmly

If the apphication of the strap 1s managed properly the patient
rarely protests agamnst 1t If there 15 any objection 1t 1s much better
to let the patient have his own way and to dispense with 1t, since
otherwise he may feel that he 15 being forably restramned  This rdea
may rouce antagomsm and make him hable to struggle during induction
The apphication of a strip here can be deferred until the patient 1s
unconscious but 1t must be remembered that some patients become
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grip may become tight enough to be very paimnful, and that a female
patient with sharp fingernails may dig them mto the hand she holds

Use of a Strap

The use of a strap 1s not a confession of weakness but a sign of
experience  There are two conditions i which 1t should be regarded
as essential

(1) For the difficult patient the so called anasthetic resistant
type who 1s apt to struggle dunng light an-esthesia and may then
shp nto a position meconvenient for the operator (fig 62) or develop
opisthotonos (fig 26 p 116) 1f 2 strap1s not used  and (2) for a dental
operation which 1t 1s expected will be difficult or prolonged to whatever
type the patient may belong

Fic 62

If a strap 1s not used the patient may ship down i the chair
Valuable time and energy will be spent 1n hoisting im 1nto position
agam and 1n holding the jaw forward and up to prevent respiratory
obstruction (p 295) and to allow the dentist access to the mouth
The anzsthetist s hands soon become exceedingly tired and neither
hand 1s free to mop the site of operation nor to make any adjust
ments to apparatus  When the patient s pelvis 1s fixed by the strap
he 15 so steadied that his head can easily be kept 1n position on the
head rest and although he may struggle or relax he will not shp
down 1 the chair  In the great majority of cases the strap 1s entirely



CHAPTER “ALV
NITROUS OXIDE

PHYSICAL PROPERTIES

Nitrous onude (N,O __laughing gas ) 1s a colourless gas with a faint
not unpleasant smell and a shghtly sweet taste  The gas has a density
of 15,1e 1t1s one and a half times as heavy as ar Iggtip“ed by
heting ammonium mirate to 250°C

NH,NO;»N,0 + 2H 0

After removal of impunties the gas 1s drred with great care com-
pressed and filled into cylinders _Nitrous oxide condenses to form
2 colourless iqud at 0°C_at a pressure of 30 atmospheres The
pressure 1 _the cylinders at normal room temperature 1s 650 Ib, per
square inch (= 40 atmospheres) A pressure gauge attached to a
cylinder of N,O to show the pressure of the gas withmn 1s no_gwmde

to the amount which remawns 1n the cylinder, because the pressure will
temam constant until all the igmd.

1s_vaponised when 1f the valve
of the cylinder 1s left open the
pressure suddenly falls to zero  An
accurate estimation of the quantity
of N,O remamning i a cyhnder
can be made only by weighing
the cylinder and contents Lifty_
gallons of N O weigh 150z5  Since
1its weight when empty and full 1s
stamped on every cylinder 1t 1s
simple to calculate the N O content

The stamp on the cylmder illus

trated shows that when empty (E)
1t weighs 15 1b 13 0zs and when
full 1} 191b 9 0zs If a balance
snot nalable avery roughestimate

Fic 6>
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turbulent early and slip down before there 15 an opportunity to put on
the strap

As soon as the patient 1s properly settled the teeth to be extracted
are pownted out and then the mouth mspected for crowns or other
delicate structures so that these wall not be injured 1f a Masons gag
1s used  The prop 1s then put into position care bemng tahen not to
open the mouth too widely simce this makes the patient uncomfort
able and nasal respiration difficult (p 296) Adjustment of the
chair should be made erther before the anasthetic 1s begun or after
the patient 15 anasthetised Movement of the chair during induction
15 hable to imtiate mental disturbance which may result 1n violence

Beyond telling the patient to  blow the gas away through your
nose 1t 1s a mistahe to give him specific mstructions as to how he
should breathe If he asks for instructions however these should
be given and they should be simple and defimte He 1s told to
breathe perfectly naturally and that the anmsthetist will adjust
the anzsthetic to the respirations No mmpression of hurry should
be given at any time during the procedure but time should not be
lost unnecessanly before beginning anzsthesta
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CHAPTER ALV
NITROUS OXIDE

PHYSICAL PROPLRTIES

Nitrous onide (N O _ laughing gas ) 1s a colouuless gas with a_famnt,
not unplersant smell and a shehtly sweet taste  The gas has a density
of 15,1¢ 1t1s one and a hnlf tumes as hewvy as ur It 1s prepared by
heating ammonum mtrate to 250°C

NHNO>N,0 + 2H,0

After removal of impunities the gas 15 dried with great care com-
pressed and filled into cyhinders . utrous ovide condenses to form
a_colourless liqud at 0°C at a pressure of 30 atmospheres The
pressure 1n the cyhnders at normal room_temperature_1s 630_1b. per
square inch (=40 atmospheres) A pressure gauge attached to a
cylinder of N O to show the pressure of the gas within 1s no gwde

to the amount which remains 1 the cyhinder, because the pressure will
remain_constant until all the hiquid,

1> vaponised when 1f the valve
of the cylinder 15 left open the
pressure suddenly falls to zero  An
accurate estimation of the quantitv
of N,O remammg m a cylnder
can be made only by weighing
the cylinder and contents [ifty
gallons of N O weigh 150zs  Since
its weight when empty and full 15
stamped on esery cyhnder 1t 1s
saimple to clculate the N O content
The stamp on the cylinder 1llus-
trated <hows that when empty (E)
1t weighs 15 1b 13 0z« and when
full ) 191b 9 0zs I a_balance
1snotnailable ay ery roughestimate

Fic 65
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turbulent early and slip down before there 15 an opportunity to put on
the strap

As soon as the patient 15 properly settled the teeth to be extracted
are pomnted out and then the mouth nspected for crowns or other
delicate structures so that these will not be injured 1f a Mason s gag
1s used  The prop 1s then put 1nto position care being taken not to
open the mouth too widely smce this makes the patient uncomfort
able and nasal resprration difficult (P 296) Adjustment of the
chair should be made either before the anzsthetic 1s begun or after
the patient 1s anesthetised Movement of the chair during induction
15 hable to imtiate mental disturbance which may result 1 violence

Beyond telling the patient to  blow the gas away through your
nose 1t 15 a mistake to give hum specific mstructions as to how he
should breathe If he asks for nstructions however these should
be given and they should be sumple and definite He 1s told to
breathe perfectly naturally and that the anwsthetist will adjust
the anzsthetic to the resprrations  No impression of hurry should
be gwven at any time during the procedure but time should not be
lost unnecessanly before begmming ansthesia
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CHAPIER \\IV
NITROUS OXIDE

PHYSICAL PROPERTIES

Nitrous onide (N.O __laughing gas ) 1s a colourJess gas with afant,
not unpletsant_smell and a shghtly sweet taste  The gashasa density
of 15, 1¢ 1t 15 one and a half times as heavy asair It 15 prepared by
heating immonium mtrate to 250°C N

NHNOZ N0 + 28,0

After removal of mmpunities the gas 1s dried with great care com-
pressed and filled nto eylinders Nitrous oxide condenses to form
a_colonrless hgud at 0°C at a pressure of 30 atmospheres The
pressure 1n_the cylhinders at normal room_temperafure 1s 650 1b. per
square inch (== 40 atmospheres) A pressure gauge attached to a
cylinder of N O to show the pressure of the gas within 15 no guide

to the amount \\We cylinder, because the pressure will
remain_constant until all the hquid

15 vaporised when 1f the sabve ! 77 77T 7T T
of the cyhnder 15 left open the |
pressure suddenly falls to zero  An
accurate estimation of the quantity
of N,O remaming n a cyhnder |
can be made only by weighing |
the cyhinder and contents Lty
gallons of N O weigh 15025 Since
1ts weight when empty and full 1s
stamped on every cylinder 1t 1s
stmple to calculte the N,O content
The stamp on the cyhnder 1illus-
trated shows that when empty (L)

1t weighs 15 1b 13 0z« and when |
full () 191b 9 ozs  If a balange [
1snot 1alable avery roughestimate

Fic 65
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of the cylinder contents may be obtamned hy tapping-the cylinder
W‘Aﬁ@ptﬂylmdmgva_ﬂut a-high pitched
note one contaiming hquid N,O a dull note

In contrast, 1t should be noted that oxygen in cylinders 1s 1n a
gaseous state  In this country oxygen cylinders are filled to a pressure
of about 120 atmospheres, or1,800-Ib.-per-square inch A pressure
gauge indicates accurately_the amount-still remaimng_in_an_oxygen
cylinder since, as the oxygen_flows away, the gaseons pressure falls
The oxygen content of a cylnder therefore can be estimated 1f its
capacity when full and the pressure of oxygen withimn 1t are known
Thus 1f the pressure of a cylinder which contains when full 30 gallons
of oxygen registers 40 atmospheres pressure the contents of the

cylinder will be % X 30 = 10, gallons

GENERAL CONSIDERATIONS

Nitrous oxide the first anzsthetic to be discovered has retamned
its populanty because mﬁy and lach of
after effects which follow 1ts use and because 1t 1s the only inhalation
anasthetic 1n common use which 1s non explosive  The safeness of
N_O 1s dependent upon 1ts Jach of potency It 1s the only ansthetic
which 1s administered with a lower percentage of oxygen than ewsts
m the atmosphere  Nitrous oxide given with 20 per cent of oxygen
will not only not cause death but will scarcely produce unconscious
ness Incontrast thiopentone can cause death even when a patient 15
breathing 100 per cent oxygen so can ether vapour or cyclopropane
admimistered with over 50 per cent oxygen To anmsthetise an
average patient with N,O alone a certain amount of asphyxia must be
deliberately induced and mndeed overdosage 1s nothing more nor
less than an undesirable degree of asphyxta  The sight of a cyanosed
and possibly jactitating patient 1s so alarming that 1t prevents even the
mexperienced ansthetist from being too venturesome with this anzes-
thetic  Quick recovery after N O anzsthesia and freedom from after
effects are due to the rapidity with which the oxygen lach element of the
ansthetic 15 alleviated as soon as the mash 1s removed from the face

Useful as N,0 1s 1t has 1ts hmitations and these are imposed also
by the factor responsible for its safeness 1e its lack of potency ~ This
gas alone cannot_provide good muscular relaxation nor 1s 1t potent
enough to subdue a markedly anzsthetic resistant patient unless he
has been strongly premedicated or unless the oxyyen mtake 1s reduced
so much that asphyxial movements make operating difficult  Never

P
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theless Ny01s quite suitable for almost all munor operations and 1s the
anesthetic of choice for dental surgery in the ambulatory patient
“Successtal admimstration of N,O depends largely on the cxperience

and techmcal shill of the anwesthetist but proper premedication 1s
also mmportant and sometimes supplementary anzsthesia with
thiopentone, hexobarbitone or ethyl chlonde 1s necessary ~ Success
certamly does not depend upon the use of any particular machmne
Perusal of commercial advertising Iiterature suggests that the most
important factor 1s to purchase a certain machine after which all that
remains to be done 1s to apply the nose piece adjust the oxygen
percentage as directed, turn on the flow of gases and allow the dentst
to proceed Some makers state that a required depth of anzsthesia
can be obtamned by giving a specified rmixture of N O and O, for a pres-
cnbed length of ime It 1s disappointing that the apparatus does not
include an automatic forceps which would deal equally well with loose
mncreors and mmpacted wisdom teeth! Relance should not be placed
on a machine merely because it 15 accurate elaborate and ewpenspe
Even the best machines are only a mechanical conventence to the
anmsthetist  In the dental surgery good an:sthesia can be obtamed
by the use of an apparatus consisting of a cylinder of gas a rebreathing
bag rubber tubing and a nose piece If the anzsthetist cannot
obtan satisfactory results using such apparatus 1t 1s very unlikely
that he will obtain better by means of the more complicated machines
on the marhet

This book refers to the use of N;O only 1 minor surgery, and the
particular emphasis laid upon the weakness of the anzsthetic properties
of this agent may be thought to imply that it can never be used success-
fully for major surgery  Such use 15 indeed possible but to obtain
good results the effect of N,O must be reinforced by pow erful premedica-
tion by basal anzsthesia, or by some other method of reducing the
patient to a  C3 condition eg by the secondary saturation
technque of McKesson!* The use of NO for major surgery 1s
fraught with disappointment 1f the techmque 15 not carned out boldly
and 1f the anwsthetist 15 inexpentenced with danger if 1t 15

The essentials of the use of N_O for mmor surgery will be dealt with
here by descnibing its application 1n the dental surgery

APPARATUS FOR USE_IN THE DENTAL SURGERY

sz e alb ol

The apparatus desenbed n this chapter 15 that which we have

uscd for some years both in pnvate and hospital practice
The handle of 45[acmto~h s ba_a 1s placed out of centre so that the
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of the cylinder contents may be obtaned by tapping-the cylinder

with a metal spanner” An émpty cylinder gives out-a-high pitched

__nofe _one contaming iqmd N,0 a dull note

In contrast 1t should be noted that oxygen m cyhnders 15 m a
gaseous state  In thus country oxygen cylinders are filled to a pressure
of about_120 atmospheres, or 1,800 1b,-persquare inch A pressure
gauge indicates accurately the amount-still_remamning i an_oxygen
cylinder simnce, as_the oxygen_flows away, th falls
The oxygen content of a cylinder therefore can be estimated if its
capacity when full and the pressure of oxygen within 1t are known
Thus 1f the pressure of a cyhinder which contamns when full 30 gallons
of oxygen registers 40 atmospheres pressure the contents of the

cylinder will be 14?0 X 30 =10 gallons

GENERAL CONSIDERATIONS

Nitrous oxide the first anesthetic to be discavered has retamed
its populanty because of its s _tety the quich recovery and lack of
after effects which follow 1ts use and because 1t 15 the only mhalation
ansthetic 1 common use which 15 nion explosive  The safeness of
N,O 15 dependent upon its lach of potency It 1s the only anzsthetic
which 15 admimstered with a lower percentage of oxygen than exists
m the atmosphere  Nitrous oxide given with 20 per cent of oxygen
will not only not cause death but will scarcely produce unconscious
ness Incontrast thiopentone can cause death even when a patient 1>
breathing 100 per cent oxygen so can ether vapour or cyclopropane
admimstered with over 50 per cent oxygen To anasthetise an
average patient with N,O alone a certain amount of asphyxia must be
deliberately induced and indeed overdosage 1s nothing more nor
less than an undesirable degree of asphyxia  The sight of a cyanosed
and possibly jactitating patient 1s so alarming that 1t prevents even the
mexperienced anzsthetist from bemg too venturesome with this anes
thetic Quick recovery after N O anzsthesia and freedom from after
effects are due to the rapidity with which the oxygen lack element of the
anasthetic 1s alleviated as soon as the mask 1s removed from the face

Useful as N;O 15 1t has 1ts hmitations and these are imposed also
by the factor responsible for its safeness 1e its lack of potency ~ This
gas alone cannot provide good muscular relaxation mnor 1s it potent
enough to subdue a markedly anmsthetic resistant patient unless he
has been strongly premedicated or unless the oxyyen mtake 1s reduced
so much that asphyxial movements make operating difficult Never-
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15 hfted the apparatus i withdrawn from behind the leather partition
After the tray 1s replaced the apparatus 1s ready for use These
preparations can be completed within ten seconds of the side catches
being released
The contents of the tray are
1 set of 6 Trewbv props
2 de Pass props
1 central swivel prop
2 Fergusson gags
6 average size bleached
coarse-meshed, marine
sponges with tapes attached
6 mouth-packs
1 tongue-forceps
2 bottles of ethyl chlonide
The oxygen bag 15 contained
within the bag for NJO  Unless
the O, bag 15 over distended the
pressures within the two bags
will be approximately the same
When the handle of the
Macintoshs muxing chamber?

Fic 70

15 1n the position
Mlustrated the O_ bag
1s cut off and the N,0
port 15 fully open  As
the handle 1s moved
upwards, an increasing
percentage of O, 15 ad-
mitted When the
handle 1s 1n the half-way
position 20 per cent
oxygen 18 admitted and
11 1ts uppermost position
{dotted hne) the O, port
15 fully open and that of
N,O closed This ar-
rangement permits fine
graduation of the O,
Fic 71 —Maantosh s muung chamber scale up to 20 per cent
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bag will balance when hited \Vhen the two side catches are released
and the Iid raised the front face to which the cylinders are attached
falls down

Tic 68 Fic 69

The case 15 equipped with three N,O cyhnders each holding
50 gallons and one O, cylinder ot 15 gallons capacity When the tray
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hot pipes or furnaces because any nse of temperature may increase
the mternal pressurc so much that they may burst  Although the valve
mmhﬂ N,O cyhinder which
has been stored for some time should be weighed before use to venfy
that 1t has not become empty as 1 result of a slow leahage

Advice on the use of the apparatus —Before an-esthesia 15
begun the an-esthetist should make 1t part of lis routine practice to
observe the following ponts

1 The apparatus should be mspected to be sure that 1t 15 spotlessly
clean that the bag and cyhinders are properly connected, and that the
equipment 1n the tray 1s complete

2 Anasthesia should never be begun when a cylnder in the
apparatus 1s hnown to be empty ~ The anzsthetist should be satisfied
he has sufficient gas to conciude the anxsthetic Fear that the gas
miy run short disturbs the ansthetists self-assurince and an
attempt to econormse gas may run an anwesthetic

3 At the end of an operation any cylinder which has been emptied
should immediately be replaced by a full one  The apparatus 1s then
always ready for use on another case

4 Tull cyhnders when delivered have a complete paper band
gummed round the muddle  When an empty cylinder 1s replaced bv a
full one the band 1s at once scraped off the one 1n use

§ The anxsthetic should alwvs be begun from the cyhnder partly
used—1ie from the one with the torn band—and thus cylinder used
until1t1sempty  In the apparatus illustrated (fig 69) the anmsthetist
then always has over 100 gallons of gas available at the beginning of
every operation

6 The fibrewashers between the cylinder and the gas umon become
compressed and lose their resiliency through constant use They
should be changed from tume to time to prevent leakage of gas when
the cylinder 1s turned on

7 The {ootheys of the cylinders should be turned slowly to venfy
that the valves are working sweetly A gentle flow of gas should
cmerge from the nose-piece before this 1s put over the patient s nose
It 1s embarrassing to adjust the nose prece then to turn on the foothey
and find that gas does not escape until as one continues to turn the
hey a large flow of gas suddenly commences with much nowse

8 The position of the mdicating handle on the mixing chamber
should be venfied If 1t has been left after the previous case m a
E';{l;rl::\} tongl\\ er 100 per cent oy gen and 1ts position 1s niot changed
o 66“]," supply 1s turned on the bag may become very distended

of ch cannot escape before the error 1s noticed
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Trewby s nose-ptece ts made of metal A rubber rim may be
attached but we do not use this since some patients find the <mell
of 1t objectionable Care¥must be taken not to press the nose piece

Fic 73

down heavily on the bridge of the nose because this may cause pain
after recovery  The mouth prece should be of rubber so that a gas
tight junction can be ensured even mn patients with hollow cheehs
Thenose piece1sin permanent communication with the mrxing chamber
but the inlet to the mouth piece 1s automatically closed or opened as
the latter is rotated away from the mouth or forwards to cover 1t
The mouth should be covered only 1f the patient 15 mouth breathing
Once nasal respiration 1s established (p 225) the mouth piece 15 rotated
away leaving the mouth free for the operator

The cylinders —The cyhnder valve may have either a coarse of
a finethread When a cyhinder the valve of which has a coarse thread
15 turned on the gas may rush out with an explosive noise disconcertmg
to the patient operator and anmsthetist Valves with fine threads
(p 334) are essential 1if a smooth flow of gas 15 to be obtaned With
these the foot can easily control the rate of issue of the gas from the

cvhinder  Nitrous oxide and oxygen do not detertorate with heeping
but cylinders of these gases should be sfored in a place Temote from
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remembered that the patient s response to an anzsthetic mixture 1s
not nstantaneous  The latent period must be allowed for  In nitrous-
oxide anzsthesia 1t 1s about 10 seconds Even if oxygen or air 1s
given mstead of N O at a tume when the patient 15 already cyanosed
he will continue to show signs of oxygen lack for about 10 seconds,
e until the oxygen has diffused mto the capillaries of the lungs and
has circulated peripherally  There 1s a similar lag mn the other direction
Hence 1f oxygen 1s continued until signs of light anzsthesia appear
even though the supply of O, 1s then cut off anzsthesia will lighten
further sometimes embarrassingly because of the O_ still sn the Iungs
The anmsthetist therefore has to learn to forecast at any time what
the patient s condition will be 1n a further 10 seconds and to make
suitable adjustments to meet an oncoming change For mstance,
dunng induction of anesthesia he must not wait to introduce O, until
asphyxial signs appear, but must add a smtable quantity at a time
he constders to be about 10 seconds before asphyxial signs would
develop if the unchanged mixture were continned  The same principle
ts applied when signs of hghtening an®sthesia appear

This of course does not apply when the anmsthetist gives oxygen
because he 15 alarmed about the patient s condition  Its admumstra-
tion should then be continued until there 1s evidence of its having
entered the circulation

PREVENTION OF DISCOMFORT DURING INDUCTION
OF ANASTHESIA

One of the commonest complaints after an anmsthetic has been
given badly 1s that there was a feeling of suffocation during induction
Thus exceedingly unpleasant sensation can easily be prevented  There
1s a common miysapprehension that 1t 1s due to lach of oxygen 1n the
inspired air - That this 15 not 5o 15 shown by these facts a degree of
oxygen lack which leads 1n a normal mdividual to cyanosis can be
produced without discomfort by careful admunistration of N.O alone
and yet a fecling of suffocation can be produced by admlmste;-mg pure
O, under pressure  The reader can easily venfy for himself the prin-
cipal causes of a feeling of suffocation  These are as follows

1 Interference with the Mechanics of Respiration
(a) Occlusion of the mouth by the anmsthetists hand or by a
Paterson s mouthecoyer ¢ when the patient atiempts to mouth-breathe
This practice 1s indefensible  An apprehensive patient tends naturally
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9 The cylinders should be arranged so that they are within easy
reach of the left foot It 1s difficult to control a foothey from an
awhward angle, and an attempt to do so may result in delivery of an
uneven flow of gas  Inaddition the difficulty of turning off or increas
mg the flow of gas may divert the ansthetist s attention from the
patient to the cylinders

COMMON ERRORS IN THE ADMINISTRATION OF
NITROUS OXIDE AND THEIR AVOIDANCE

The specialist with considerable experience in ansthetics en
counters vanous difficultses so often that he learns how they anse and
how they may be avoided or overcome  The general practitioner who
gives nitrous oxide only occaswonally may not recognise the reasons
for failure 1 a particular case and therefore cannot learn much from
1t This chapter includes mformation found to be 1n our experience
of practical value in providing smooth anzsthesia and good worhmg
condrtions for the dentist

Failure to maintam an unobstracted arrway throughout anzsthesta
1s the most frequent cause of difficulties with N O as with other agents
Every respiration should be seen or heard 1f more than one breath
1s missed the cause should be mvestigated and the operation iterrupted
until normal breathing 15 resumed Observance of this rule would
prevent the development of most of the alarming situations 1n N0
anasthesia in the dental surgery

A begmnner often provides swinging anasthesia_ie mstead of
maintamning a steady level of anzsthesia he first so deprives the
patient of O, that deep cyanosis and jactitation occur and then becom
ing alarmed by this picture admunisters too much O, thereby making
a quick change from deep to very light anmsthesia  Alternation
between deep and light anzsthesia continues throughout the operation
Such anwsthesia leads the dentist into difficulties  jactitating move
ments hinder his work but if he 1s 1 a hurry or 1s mexpenenced he
may try to extract because at this stage the patient 1s obviously
unconscious However when the anasthetist swings to light
anmsthesia the surgical stimuli usually imtiate mouth breathing which
leads rapidly to still lighter an®sthesta  The beginner then abruptly
deprives the patient entirely of O, once more until signs of asphyxia
reappear

This error occurs because the anesthetist does not make changes
in the anzsthetic mixture early enough It can be avorded »f 1t 15
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replaced by the nose prece and the an-esthetic continued with N,0
given nasally

(%) Delvery of gas under considerable positive pressure with the
nose prece or face piece closely applied and with the expiratory valve
closed  This produces a feeling of distension and suffocation indepen-
dent of the nature of the gas given  Discomfort 15 especially marhed
during expiration  The discomfort of expiration agatnst pressure 1s
appreciated when testing the inlet valve of a service respirator  The
outlet valve 15 then occluded and an attempt made to expire  If the
wlet valve 1s functioming satisfactonly, air cannot pass out and exprra-
tion1s impeded  The suffocating sensation 1s as marhed as from efforts
to mnspire from a bag already empty

\

Fic 76 Fre 77

() Occlusion of the nares by the lower border of the nose-piece
(fig 76) This can occur if the nose-piece 1s allowed to rise a httle
mnstead of being hept down on the upper ip  Good advice to beginners
15 heep the chin up and the nose-prece down (fig 77)

2 Inhalation of Pungent Vapours

. A suffocating sensation from this cause 15 most marhed from
§r ‘:On%' ether vapour given early dunng the induction of anw®sthesia
15 tactor, which has no application in the administration of N,O 1n

the :lental surgery need not be further considered here
1
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to breathe through his mouth during snduction of an@sthesia and if
he 1s prevented from domng so and a feehing of suffocation thereby
produced, struggling becomes instinctive and a smooth induction
mmpossible  This cause of a feeling of suffocation can be ventfied by
breathing through the mouth and then placing the hand firmly over
the open mouth so making attempts at mnspiration neffective It 1s
well appreciated when testing the efficiency of the outlet valve of
a service respirator by occluding the nlet valve and then attempting
toanspire 1f the valve 1s efficient the effort 15 ineffective and provokes
an oppressive feeling of suffocation

Fi 74 —A mouth-cover similar to FIG 75 —The mouth covered by the
Paterson s 1 use The one way valve anzsthetist s hand
allows of expiration and prevents in
spiration

Nesthe of these methods should ever be wsed to make @ patient breathe through has nose

A nose-piece 15 of course used throughout and for a pattent
who 1s mouth breathing a mouth piece should be used which delivers
N,0 so that there 1s no resistance to his attempts to nspire
Trewby s apparatus (p 216) 15 the best available If the admims
trator has a nose piece but no mouth-piece he can induce with an
ordinary full face-piece until surgical anmsthesia 1s reached and
nasal respiration (p 225) estabhshed The face piece then can be
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he submuts to anwesthesta he feels that he 1s gining limself into
the anzsthetist s care and 1s grateful for sympathetic reassurance
As induction 1s begun the
anmsthetist both by touch and
speech, mahes contact with the
patient and mamtams 1t until
consclousness 15 lost  During
mduction the anwmsthetist rests
s left hand lightly on the
patient s left shoulder and says

Now I want you to relax these
muscles and then you will go to
sleep more comfortably =~ When
thus remark 1s made the shoulder
girdle will often drop and the
patient relax  This change 1s ¥
commonly seen in the nervous

RS
patient who sits down 1n the A\ \,4
dental charr with his muscles .~
taut | /

During nduction the patient | __ _ (e 1

15 particularly suggestible The Fic 79

anasthetist can encourage the
idea of relaxation which should be instilled from the beginning
and should repeatedly assure the patient that he 1s doing well
Anzsthesta usually can be induced smoothly in a calm patient who
sits naturally 1in a relaxed position in the chawr smmilarly it 1s
found that 1f a patient can be made to relax he becomes more peace
ful and induction 1s correspondingly facilitated The anesthetist
should heep up 1n a matter of fact voice an almost continuous
monologue calculated to be encouraging  The ansthetist may feel
that s talk 15 monotonous since he repeats 1t every time he gives
an anesthetic It 1s not however monotonous for the patient who
15 made to realise that he 15 having undivided attention I'requent
use of such words as  relax sleep and armchair 15 an aid 1n
accomphishing peaceful induction It must be remembered that the
patient 1s undergong an unfamiliar and sometimes an unpleasant
expertence which at the back of his mind may well be associated
with thoughts of the possibility of death The ansthetist should
continue the monologue until the patient 1s sound asleep for if the
latter 15 aware of 1ts cessation he may be disturbed thinking that
this mndicates that the operation 1s about to commence

There 15 a
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3 Psychologtcal Disturbances

Many people feel suffocated
if even a detached face piece
which permuts free nspiration
and expiration, 1s placed fightly
over the nose and mouth For
these patients an cxplanation
that there will be no resistance
to respiration may not suffice
and 1f anasthesia 1s to be induced
with N,O the nose piece should
be held off the nose until con
sciousness 1s Jost ~ The best
method however 1s to nduce
anzsthesia with thiopentone s0
that nothing need be put over
the face until consciousness 18
lost

Fic 78

INDUCTION OF ANAESTHESIA WITH NITROUS
OXIDE GIVEN NASALLY

As goes mduction so goes the anmsthetic  This saying em
phasises the importance of aiming at smooth induction It 1s well
known that f a person mnadvertently finds himself 1 an atmosphere
devoid of O, for mstance at the bottom of a well or m a coal mne or
at the bottom of a ship he suddenly loses consciousness without any
preceding unpleasant sensations  If the air i a room could be replaced
erther suddenly or gradually by N,0 the occupants would become
unconscious without reahsing that anything untoward was happen
ing The perfect induction of anzsthesia as far as posstble should
be equally smooth  Usually the patient closes his eyes as soon as
he 15 settled and if the nose prece 1s then held about } inch away
from his nose and not lowered until consciousness 15 lost he may
not even realise that he 1s inhaling the anasthetic He then re
covers consclousness to express surpnise that the operation has been
completed because he asserts  nothing has yet been put over

my face
However unemotional and self confident a patient may be when
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within 1 mnch of the patients nose Positive pressure of N;O 1s
escential since otherwise the concentration of gas over the nose would
not be high enough to produce unconsciousness Ideally the nose-piece
should not touch the face until consctousness 1s lost because many
patients disike  having something put over the face  The shght
gap between nose-prece and nose 1s also of importance, since 1t allows
any excess pressure m the bag to be dissipated and thus prevents the
feeling of suffocation which otherwise would amse 1f the expiratory
valve were not adequately open

Except for a very frail or an anemic patient 1t 1s not deswrable to
grve oxygen until anazsthesia 1s attamed  Nitrous oxide alone 1s no
less pleasant to inhale than a mixture of N O and O, and the latter
means an unnecessary, prolongation of the nduction period which may
be unpleasant for the patient It 1s advisable to hasten the robust
indrvidual through the penod of induction and potentral delinum as
rapudly as posstble and even after reaching the desired stage of anzes-
thesta 1t 15 wise to continue O, deprivation for a few seconds, before

lightening anasthesia to the desired level by addition of O_ to the
nhaled mixture

ESTABLISHMENT OF NASAL RESPIRATION

Maintenance of surgical anzsthesia by means of mtrous oxide given
nasally allows the dental surgeon free access to the mouth This
method sometimes referred to as continuous gas  1s now almost
umiersally employed for dental work even when only short anasthesia
1s required If this type of anwmsthesia 1s to be successful the
patient s respirations must be entirely nasal  Those unfamiliar with
this method frequently express surprise or even disbelief that 1t 1s
possible to induce and maintamn anzsthesta by nasal admimstration
of N,O when the patient s mouth 1s propped cpen  Induction with
a nose piece 1s 1n fact just as simple for the anzsthetist as with a
face-prece and 1s far more pleasant for the patient  If mouth breathing
occurs and the anasthetist does not hnow how to abolish it, the
administration will be a fmlure  He must learn therefore the causes
of mouth breathing and how to ensure a reversion to nose breathing
should 1t occur

\outh breathing a nervous phenomenon 1s a response to fear or
excitement and 1s part of the fight or flight mechamsm funda-
mentally 1ts purpose 1s to improv e the ventilation ofthelungs Removal
of apprehension 15 therefore an escential measure conducnve to nasal
respiration  Three facts should be appreciated (1) at rest the average
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critical moment 1n induction of anesthesia particularly with N,0
when a httle encouragement, a kind word and a pat on the shoulder
will make all the difference between struggling and violence and quiet
induction  This period may extend only for the time taken by one
or two breaths

If the patient begimns to struggle dunng induction he should be
opposed only as much as may be necessary The nurse should not
tahe the mmtiative and forcibly hold the patient down before there 15
need for restraint since struggling then appears as a natural response
In any case restrunt need be concentrated only on heeping the
patient s handsstill so that he cannot reach up and pull the apparatus
off his face

The last sense to be unng induction of anzsthesta 15 t f
hearing  3t1salso the first to return during recovery so that unguarded
remarks should not be made during induction or as the patient returns
to consciousness  Before surgical anwesthesia 1s established a patient
passes through a perniod during which he may respond to auditory
stimuli of which he has afterwards no recollection Tor stance 1f
the anzsthetist informs the dentist that he can begmn the patient
previously motionless may raise his hand as if to indicate that he s
not yet unconscious though on recovery he does not remember the
remark or his response to 1t The ewistence of this state can be
demonstrated experimentally

Gas 1s given nasally and an onlooker counts the seconds aloud
The anzsthetist asks at irregular intervals  Can you hear me
now ?  and the subject responds by raising tus hand ~ Consider
able discrepancy will be found betw een the last number the subject
remembers heaning and that at which he last responded

Dunng induction the anmsthetist and dentist should not converse
nor should there be any ratthng of instruments or obvious preparations
for the operation In particular the dentist must not stand ready
over the patient forceps in hand anxiwous to start at the earhest
possible moment and for nervous patients who often keep therr eyes
open dunng mduction the dentist should make a special pont of
standing with his back to the patient so that the latter does not feel
the dentist 15 hurned or waiting the earhest opportumty to begn
extractions

Just before nduction 1s begun mtrous oxide 15 turned on
gradually and the pressure mn the breathing bag mncreased until a
gentle flow of gas emerges from the nose piece which 1s lowered to
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within 4 mch of the patient’s nose Positive pressure of N,O 1s
essential since otherwise the concentration of g1s over the nose would
not be high enough to produce unconscrousness Ideally the nose-prece
should nat touch the face until consclousness 1s lost because many
patients dislthe  having something put over the face  The shght
gap between nose-piece and nose 1s also of importance since it allows
any excess pressure m the bag to be dissipated and thus prevents the
fechng of suffocation which otherwise would amse 1f the expiritory
valve were not adequately open

Except for a very frail or an anzmic patient, 1t 15 not desirable to
give oxygen until anmsthesta 1s attained  Nitrous oxide alone 1s no
less pleasant to whale than 1 mixture of N,O and O and the latter
means an unnecessary prolongation of the induction period which may
be unpleasant for the patient It 15 adwisable to hasten the robust
mdividual through the persod of induction and potential dehinum as
rapidly as possible and even after reaching the desired stage of anzes-
thesia 1t 15 wise to continue O, deprivation for a few seconds before
highteming ansthesta to the desired level by addition of O, to the
mhaled mixture

ESTABLISHMENT OF NASAL RESPIRATION

Maintenance of surgical anwsthesia by means of mitrous uxide given
nsally allows the dental surgeon free access to the mouth This
method sometimes referred to as  contmuous gas  1s now almost
umversally employed for dental work even when only short anzsthesta
15 required If this type of anmsthesia 1s to be successful the
patient s respirations must be entirely nasal  Those unfarmliar with
this method frequently express surpnse or even disbelief that 1t 1s
possible to induce and maintamn anzsthesia by nasal admimstration
of N;O when the patient s mouth 1s propped open Induction with
a nose piece 15 1n fact just as simple for the anzsthetist as with a
face-prece and 1s far more pleasant for the patient If mouth breathing
occurs and the anwesthetist does not know how to abohsh i, the
admnistration will be a fallure  He must learn therefore the causes
of mouth breathing and how to ensure a reversion to nose breathing
should 1t occur

Mouth breathing a nervous phenomenon 1s a response to fear or
excitement and 15 part of the fight or flight mechamsm , funda-
mentally its purpose 1s to improy e the ventilation of thelungs Removal
of apprehension 15 therefore an essential measure conducive to nasal
respiration  Three facts should be appreciated (1) at rest the ay erage
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critical moment 1 nduction of anzsthesia particularly with N;0
when a hittle encouragement a hind word and a pat on the shoulder
will make all the difference between struggling and violence and quiet
induction  This period may extend only for the time taken by one
or two breaths

If the patient begins to struggle during induction he should be
opposed only 1s much as may be necessary The nurse should not
take the imtiative and forcibly hold the patient down before there 1s
need for restraint since strugghng then appears as a natural response
In any case restrant need be concentrated only on heeping the
patient s handsstill so that he cannot reach up and pull the apparatus
off his face

The last sense to be ], unng induction of an-esthesia 15 t f
hewning also the first to return durning recovery so that unguarded

remarhs should not be made during induction or as the patient returns
to consclousness  Before surgical anasthesia 1s established a patient
passes through a period during which he may respond to auditory
stimult of which he has afterwards no recollection  Tor mstance f
the ansthetist nforms the dentist that he can begin the patient
previously motionless may raise his hand as 1if to mdicate that he 1s
not yet unconscious though on recovery he does not remember the
remark or his response to 1t The ewstence of this state can be
demonstrated experimentally

Gas 15 given nasally and an onlooker counts the seconds aloud
The anzsthetist asks at iregular intervals  Can you hear me
now >  and the subject responds by raising his hand ~ Consider
able discrepancy will be found between the last number the subj ect
remembers hearing and that at which he last responded

Dunng mduction the anssthetist and dentist should not converse
nor should there be any ratthing of instruments or obvious preparations
for the operation In particular the dentist must not stand ready
over the patient forceps m hand anxwous to start at the earhest
possible moment and for nervous patients who often keep their eyes
open during nduction the dentist should make a special pomt of
standing with his back to the patient so that the latter does not feel
the dentist 15 hurmed or waiting the earhest opportumty to begn
extractions

Just before mduction 15 begun mtrous oxide 1s turned on
gradually and the pressure the breathing bag mncreased until a
gentle flow of gas emerges from the nose-piece which 1s lowered to

-,
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within 1 inch of the patients nose Postive pressure of N,O 15
escential since otherwise the concentration of gas over the nose would
not be hugh enough to produce unconsciousness  Ideally the nose-piece
should not touch the face until consciousness 1s lost because many
patients dishke having something put over the face ' The shght
gap between nose-prece and nose 15 also of importance, since 1t allows
any excess pressure 1n the bag to be dissipated and thus prevents the
fecling of sufiocation wiich otherwise would amse if the expiratory
valve were not adequately open

Except for a very frail or an anzmic patient, 1t 1s not desirable to
give oxygen until anesthesia 1s attained  Nitrous ovde alone 1s no
less pleasant to inhale than a mixture of N,O and O and the latter
means an unnecessary prolongation of the mduction period which may
be unplersant for the patient It 1s advisable to hasten the robust
mdividual through the penod of induction and potential delinum as
rapidly as posstble and even after reaching the desired stage of anzs-
thesta 1t 15 wise to continue O, deprivation for a few seconds before

hghtening anesthesia to the desired level by addition of O, to the
inhaled mixture

ESTABLISHMENT OF NASAL RESPIRATION

Maintenance of surgcal anzesthesta by means of nitrons vxide given
nisally allows the dental surgeon free access to the mouth This
method sometimes referred to as contmmuous gas 15 now almost
universally employed for dental work even when only short anesthesta
15 required If this type of anmsthesia 1s to be successful the
patient's respirations must be entirely nasal  Those unfambiar with
thus method frequently express surpnse or even disbelef that it 1s
possible to induce and maintamn anesthesia by nasal admimstration
of N;O when the patient s mouth 1s propped open Induction with
a nose prece 15 10 fact yust as simple for the anasthetist as with a
face-prece and 1s far more pleasant for the patient  If mouth breathing
occurs and the anwsthetist does not hnow how to abolish it the
admunnstration will be a failure  He must learn therefore the causes
of mouth breathing, and how to ensure a reversion to nose-breathing
should 1t occur

Mouth breathing a nervous phenomenon 15 a response to fear or
exaitement and 1s part of the  fight or fight mechamsm junda-
mentally 1ts purpose 1s to improy e the entilation of thelungs Removal
of apprehension 1s therefore an essential measure conducive to nasal
respiration  Three facts should be appreciated (1) at rest theav erage
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person breathes through his nose (1) 1n anasthesia mouth breathing
if 1t occurs at all 1s seen only durmng mduction or n anzsthesi: too
Iight for the operation bemng performed (1) when the stage of surgical
anaesthesia 13 reached respiration 1s entirely nasal  If properly dealt
with nme out of ten patients can be persuaded to nose breathe
continuously from the beginming Tt 1s not possible to be sure whether
the patient 15 breathing through his nose or not until the nose piece 13
lowered on to the face

A climcal observation made by one of us (R R M) 1s that expiration
through the nose mdicates that the patient 1s also inspirmg through
the nose  We have found this to be a valuable sign By unsing 2
nose piece fitted with a suitable expiratory valve expwrations through
1t can be heard and the anzsthetist can then tell when the patient 18
breathung 1n through the nose Normally a person breathes and
out through his nose  Under emotional stress he may breathe 1 and
out of lus mouth or 1n through his nose and out through is mouth
but he never breathes in through his mouth and out through his nose
The sound of the expralory valve on the nose-prece wn action s therefore
an wndication that the patient 1s also wnspiring through his nose

If at the begmning of mduction a patient 1s told  Breathe through
your nose he will as often as not take a deep mspiration through the
mouth! If however he s told Blow the gas away through your
nose he readily complies with this mstruction and the nasal ex
piration 1s automatically followed by nasal inspiration so that

to and fro nasal respiration 1s quickly established without the

patient reahsing it

A curious psychological fact 1s that a patient often fads to co operate
n following instructions 1f told that s own comfort thereby will be
mcreased whereas he 1s very hkely to carry them out 1f told that they
facilitate the ansthetists work Thus =~ Now I want you to help
me by blowing the gas away through your nose It makes my work
so very much easter 1f you will do this for me 1s more Iikely to be
successful than I want you to blow this gas away through the nose
1t will make things more comfortable for you

1f the exprratory valve 1s not heard when the nose piece 1s lowered
it generally indicates that the patient 1s breathing m and out of hus
mouth Mouth-breathing during induction may occur at the begin
ning when 1t 1s often possible to estabhsh nose breathing by giving 2
few sumple Instructions or it may occur m an apprehensive patent
just as consctousness 1s lost and he 1s then unable to respond to
instructions  When 1t occurs early the patient should be told to
breathe out through his nose 1if he obeys nasal respiration will be
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established without the use of the mouth-piece  As soon as the patient
1s carrymng out the mnstructions properly he should be encouraged by
being told ‘ That 15 magmsficent you have made my work so much
easier Now gie six blows through the nose *  The expirations are
counted ‘One, two, three’ etc dunng which time ancesthesin
becomes established

1f the patient 15 so unco operative that he does not follow snstrue
tions, or 1if he first follows them but later reverts to mouth breathing
just as consciousness 15 about to be lost the attempt to induce
anesthesia by nasal admimstration alone should be abandoned  The
mouth piece should be applied at once and not removed until surgical
anasthesia 15 established when 1f will be found that resprration 1s nasal
Gas should be led to the mouth by means of the mouth-prece as descnibed
Asarule the patient 1s breathing deeply, so that anwmsthesia 1s rapidly
wduced  When gas 1s delivered through the nose and mouth n ths
way positive pressure should be increased dunng inspiration to prevent
any leahage of air inwards due to the nose- or mouth piece not fitting
well  This can be assured by pressing with the hnee on the rebreathing
bag dunng inspiration  Anv excess of gas 15 dissipated through the
expiratory valve so that the pressure does not become uncomfortably
high

Another method of producing surgical anasthesia m face of
persistent mouth breathing and one specially useful in ughly resistant
subjects 15 to leave the nose piece +n sty and turn up the naphin on
the patient s chest so that part of it covers the mouth, and on 1t to
spray ethyl chionide until anzsthesia 1s established , the patient by
then will have reverted to nose breathing whereupon the anzsthetic
15 continued with the nose-piece only

When the mouth piece of the Trewby apparatus 1s applied the
eXpiratory valve on the nose piece 1s at once heard to be functioming
This noise 15 then not a sign of nose breathing since the valve serves
both nose piece and mauth piece  As soon as the anasthetist thinks
that nasal Tespiration 15 re established the mouth-piece 1s withdrawn ,
if the sound of the expiratory valve still continues s opimon 1s
confirmed  If the patient 15 found still to be breathing through the
Mouth however the mouth-piece 15 at once reapplied and anzsthesia
deepened until on withdrawing the mouth piece and rotating 1t out of
the way nasal respiration 1s found to be completely established  Not
until then should the operator be allowed to begin
(bt S s s e e o o ice he ans.
necessary  Mouth breathing car}\) pogcus at an; tage of nduction A

y stage of induction if
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anything 1s done which alarms the patient (e g 1f the position of the
chair 15 altered) or 1t can occur spontaneously 1n a nervous patient
Once surgical anzsthesia 1s established however whether respiration
remarns nasal or becomes oral depends on the relation of the depth of
unconsclousness to the severity of the surgical stunulus ~ Nitrous oxude
anzsthesia lightens rapidly if too much O,1s given and the ansthetist
must be on the watch for any reversion to mouth breathing Sucha
change 1s appreciated only during the administration of an anzsthetic
nasally and 1t 1s then of particular importance If during the course
of a dental operation under nasal N,0 anasthesia 1s advertently
allowed to lighten and the patient begns to breathe through his
mouth he will rapidly regamn consciousness as a result of wmspirng
arr  To prevent this the operation must be suspended at once while
the mouth 15 covered with the mouth piece until nasal resptration 15
re established after which provided anzsthesta 1s kept deep enough
the operation can be contmued mdefinitely

The imminence of mouth breathing duning an operation may be
mndicated by an expiratory wail by movements of the head or lumbs
during extraction or by other signs of light anzsthesia  If mouth
breathing has not actually begun 1t 1s sometimes possible at this stage
by delivering the N,O under increased pressure to deepen anzsthes1a
again without having to stop the operation and cover the mouth  If
however the dentist continues to apply strong surgical stimuli 1t may
be impossible to prevent the onset of mouth breathing If he should
then have just one more try at the extraction, anzzsthesia may
lighten sufficiently for the patient to become almost unmanageable or
consctous At the first suggestion of mouth breathing a pause of a
few seconds by the operator will allow the patient to be settled to 2
steady level of anwsthesia agamn and will make all the difference
between a successful anesthetic and a fiasco  Team work 1s essentral
and the dentist must always defer to the anasthetists request to
suspend the operation until nasal respiration 15 re established

The anasthetist should always be prepared to deal with mouth
breathing erther during mduction or hight anesthesta and he should
learn to recogmse the types of patient who may give trouble n this
respect  These are

1 The patient who keeps his eyes open when the nose-prece 15
applied

2 The patient who breathes deeply and rapidly at the beginning
of induction often hunching up his shoulders 1n the process

3 The patient who begins nose breathmg regularly but then
hesttates and takes one or two rapid breaths
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4 The patient, generally 1 woman, who makes an expratory wail
duning induction

\When any of the above four signs are noticed the anesthetist must
be ready nstantly to cover the mouth

The anasthetist must be prepared to meet occasionally various
rarer difficulties which disturb induction even more than does mouth-
breathing  These are usually due to extreme apprehension and are
often avordable by premedication  When they qnise, the action taken
has to be suited to the individual case, for the conduct of which no
set rulescanbelaidddown  Insomenstancesit 1s advisable to postpone
the operation and to arrange for ample premedication to be given
before the patient comes to the surgery on a later occasion

The patient for instance, may move his head away or become
hystencal when the nose-piece 1s applied  The nose-piece should not
then be forced on him or a violent struggle may be precipitated or
m a nervous woman or excitable child even screaming At this early
stage 1t 1s much better not to attempt to adjust the nose piece against
the patient s will but to reason with um, showing him how he can
assist in making the operation successful

The patient at first may be co operative but may attempt to pull
the apparatus off after a few breaths have been taken He may
be unconscious already and beyond the stage where he can understand
and obey mstructions the anesthetist must then decide whether to
stop and reason with hum or to force the anwmsthetic on him the
decision beng determined by the degree of unconsciousness which
the anwsthetist considers the patient has reached

Sometimes during mnduction 1f respiration has been deep and rapid
for a sufficient length of time so much carbon diowide 15 washed out of
the lungs that a period of apncea follows which may give nse to anxiety
if the ansthetist does not realise its cause and that normal breathing
will be resumed as soon as the CO, concentration 1n the alveolar air
uses agan to such a level as to stimulate the respiratory centre
Apneea therefore occurs patients who breathe quickly and deeply
dunng mduction thinking that thrs assists the anmsthetist  They
should be told there 1s no hurry and that breathing should be perfectly
natural - Unduly rapid respiration occurs also in the very apprehensive
Patient generally a woman who begins early in induction to breathe
at the rate of about sixty per minute  Such mamifestation of extreme
Rervousness usually cannot be controlled by reasoning with the
Patient  As respiration here 15 entirely oral the mouth must be
covered from the beginming  both nose and mouth prece must be
applied firmly and the pressure 1n the bag ncreased (to prevent air
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anything 1s done which alarms the patient (e g 1f the position of the
chair 1s altered) or 1t can occur spontaneously 1n a nervous patent
Once surgical anasthesia 1s established however whether respiration
remarns nasal or becomes pral depends on the relation of the depth of
unconsciousness to the sevenity of the surgical stmulus  Nitrous oade
an-esthesia lightens rapidly 1f too much O, 15 g1ven and the anzsthetist
must be on the watch for any rcversion to mouth breathing Sucha
change 15 appreciated only during the admimstration of an anasthetic
nasally and it 1s then of particular importance  If during the course
of a dental operation under nasal N,O anzsthesia 15 advertently
allowed to Lighten and the patient begins to breathe through hus
mouth he will rapidly regamn consciousness as a result of mspinng
air  To prevent this the operation must be suspended at once while
the mouth 15 covered with the mouth piece unt:l nasal respiration 1
re established after which, provided anwsthesia 1s hept deep enough
the operation can be continued indefinitely

The immmence of mouth breathing during an operation may be
mdicated by an expiratory wail by movements of the head or Limbs
during extraction or by other signs of light anmsthesia If mouth
breathing has not actually begun 1t 1s sometimes possible at this stage,
by delhvering the N,O under increased pressure, to deepen anzsthesta
agan without having to stop the operation and cover the mouth 1§,
however the dentist continues to apply strong surgcal stimul 1t may
be 1mposstble to prevent the onset of mouth breathing If he should
then have just one more try at the extraction anzsthesia may
lighten suffictently for the patient to become almost unmanageable of
conscious At the first suggestion of mouth breathing a pause of a
few seconds by the operator will allow the patient to be settled to 2
steady level of anasthesia again and will make all the difference
between a successful anzsthetic and a fiasco  Team work 15 essential
and the dentist must always defer to the anzsthetists request to
suspend the operation unt:l nasal respiration 1s re established

The anasthetist should always be prepared to deal with mouth
breathing erther durng induction or light anasthesia and he should
learn to recogmse the types of patient who may give trouble m this
respect These are

1 The patient who keeps his eyes open when the nose-prece 15
applied

2 The patient who breathes deeply and rapidly at the beginning
of induction often hunching up his shoulders n the process

3 The patient who begns nose breathing regularly but then
hesitates and tahes one or two rapid breaths
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Nitrous Oxide and Air

We find 1t conyenient during the course of anesthesit to admit ur
by pushing the nose piece forward, at the same tune reducing the gas
pressure in thebag  The amount of air given by this method cannot
be measured 1ccurtely, but with experience in combining these two
actions the anwesthetist finds 1t sy to mawmtamn long nd even
anzsthesia

Fic 80 Fic 81

Throughout anesthesia the nose prece 1s kept in position by steady-
ing the tube between thumb and forefinger (fig 80)  The jaw 1s held
forward with the remawming fingers and the head steadied between
the palms of the hands ~ Fig 81 shows the effect of pushing the thumb
and forefinger forwards thus rasing the nose-ptece to admit air
An advantage of this method 1s that the amount of 0O, admitted
can be vaned as desired by a small movement of the fingers without
relavung the firm hold on the patient s jaw

Nitrous Oxide and Oxygen

These two gases can be mixed in any desired proportion by adjusting
the lever on the muxing chamber (p 215) The nose-piece 1s hept
down 1 posiion The disadv antage of this method 1s that the
adjustment of the anzsthetic mixture occuples one of the anesthetist s
hands at a time when he may want both hands for steadying the head
or far assisting the dentist 1 other ways

The above two methods may be combined with advantage  About
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leaking mto the circuit) until the patient 1s deeply unconscious by
which time the rate of respiration will have returned to normal
This rapid respiration 1s as a rule very superficial and does not then
lead to apncea although 1t will do so 1f 1t 15 at all deep and continues
for any length of time

A small problem but one of practical importance 1s presented by
the patient with a moustache since this may give nise to difficulties
because of air leaks during both induction and mamtenance of nasal
anmsthesta It 15 notoriously difficult to get the nose-prece to fit closely
on such a patient and the consequent leaking of air alongside 1t tends
to prolong induction and to disturb the maintenance of anesthesiz
Difficulties can be overcome by delvermg the gas under positive
pressure so that air leaks cannot occur In fact adequate positive
pressure 1n such a case 1s the equtvalent of an airtight nose prece

MAINTENANCE OF ANASTHESIA WITH NITROUS
OXIDE GIVEN NASALLY

The signs which indicate when the patient 1s ready to be operated
on are described in Chapter VII  Strange as 1t may seem, 1t appears
necessary to add that crymg screamng and strugghng proclaim
unmistakably that surgical anasthesia has not yet been reached !

Oxygen should not be added to the anasthetic mixture unless the
patient 15 anemic until surgical anzsthesia 1s established  Oxygen
15 then admitted to a sufficient extent to mamtam a steady level of
anesthesia  The operation should not be begun immediately surglca]
anzsthesia 15 reached since the anmsthetist should first discover by
tnial roughly what 1s the correct mixture necessary to maimntain ans
thesia at the desired level  To prevent waste of time while this tral
1s being made the strap can be tightened round the patient s pelvis
and the mouth packed off with a sponge or pack

There 15 no rule of thumb guide to the mixture of gas and oxygen
which a patient should be given The only gwde 15 his response to
the muxture he 1s already being given Nitrous oxide with say 12
per cent oxygen may cause respiratory depression in an anemic
person yet may scarcely produce unconsciousness m a plethoric
individual ~ The degree of anoxzmia by which N,O must be remnforced
to preduce unconsciousness no more follows a set rule than does the
amount of whisky necessary to produce drunkenness In both cases
the result produced depends on the mndividual reactions of the patient
Whether mitrous oxide and oxygen or mtrous oxide and air 1s given 1s
immntenal
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membranes will prevent smooth an-sthesin, some degree of Jaryngo
spasm may develop or the patient may become restless or retch

S e

=
Y,

\

AT

it o
-
\

Fic 82

An accumulation of saliva or blood m the pharynx 1s best dealt
with by leaning the patient forward as far as possible for a few seconds
twuectmun_w to run out The lowerjaw 1s
held forward so that respiration_1s_nof interrupted The posterior
pharyngeal wall should not_be swabbed, since this may mmitiate reflex
vomiting and m any case will irnitate the mucous membrane and lead
to renewed secretion of mucus

If a patient vormts during the course of an operation he should
be put into the same position to ensure free drainage from the mouth
It1salways a disappomtment for him to wake up to find the extractions
have not been completed and 1f the situation 15 handled correctly the
Operation need not be abandoned on account of vomiting The
nose piece 1s removed to allow anasthesia to hghten sufficiently for
the patient to regan lus cough reflex and so clear out his mouth
Before consciousness 1s regained the nose piece 1s lowered again and
very ght anzsthesta maintamned  As soon as vomiting has fimshed
the patient 1s placed upnight agam and the mouth 15 examined to
make sure 1t 15 clear of debns a fresh sponge 15 inserted anesthesia
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6 per cent of O, 1s gven continuously with the N O the nose prece
being kept down 1n position unless more O, 1s required when 1t can
be pushed forward and the pressure of gases reduced so that air s
admutted as described above

heeping the Airway Clear

This extremely important duty of the anasthetist 13 accentuated
in every text-book on anesthesia but the subject 15 often disrmssed

without any advice being given te show how 1t should be accomphshed
The necessity for a clear airway 1n order to ensure an adequate O,
supply 15 obvious Apart from this, inhalation anasthesia rehes on
the continuance of normal respiratory movements to carry the
anzsthetic drug into the Jungs whence, by the process of diffusion
1t passes mto the blood stream Mamntenance of smooth anzsthesia
therefore depends on mawntenance of a clear airway In dental
anzsthesia the cause par I of respiratory obstruction 1s the
t s
MWostenor pharyngeal wall This
happens most commenly duning extraction of lower teeth paritcularly
molars and 1s only rarely the cause of obstruction during operations
on the upper jaw The common causes of respiratory obstructton 1
the dental chair thewr prevention and treatment are discussed m the
first few pages of Chapter XX VIII

1t 15 a counsel of perfection that respiration should not be obstructed
even for a single breath but 1n practice we are m agreement with those
who consider that provided the anasthetist 1s expenienced and can
at will correct the obstruction this rule need not always be strictly
adhered to  Although we do not recommend the practice we have
on occasions deliberately exploited for a few seconds respiratory
obstruction caused by the dentist as a means of decreasmg the O,
wntake 1n order to deepen anasthesia m a robust individual 1r whom
anzsthesta showed signs of hghtenmg We have also permitted
obstruction to persist for one or two breaths i order not to mterrupt
the dentist when he 1s having particular difficulty n applying his
forceps to a lower molar In the latter case when the obstruction
1s_rebieved, care must be taken that the patient s first breath 1s one
nchin awror-oxygen

Interference wath free respiration can occur from muens or blood
grautating backwards mto the pharynx  This 1s_particularly lable
to happen if the head 1s too fat extended  If anmsthesia 1s deep, the
mucus_or_hlood—may be 1nhaled  dunng_lght anasthesia the
\ratation_theyproduce-on—the laryngeal and phaiynggal mucous
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membranes will present smooth anwesthesia  some degree of laryngo-
spasm may develop or the patient may become restless or retch

Fie 82

An accumulation of sahva or blood i the pharyny 1> best dealt
with by leaning the patient fornard as far as possible for a few seconds
t%rwl)ec_tngﬂ_m the mouth to run out The lowerjaw 1s
held forward so_that respiration ys Dot interrapted  The posterior
pharyngeal walt should not be swabbed, since this may smtiate reflex
somiting and in any case will iritate the mucous membrane and lead
to renewed secretion of mucus

If a patient vomts dunng the course of an operation he should
be put into the same po-ition to ensure free dramnage from the mouth
[t 15 alway s a disappointment for him to wake up to find the extractions
have not been completed and 1f the situation 15 handled correctly the
operation need not be abandoned on account of vomitmg The
no-e piece 15 removed to allow anasthesia to lighten sufficiently for
the patient to regain s cough reflex and <o clear out his mouth
Before consciousness 1> regamed the nose piece 15 lowered agan and
very light anmsthesta mamtaned  As soon as yomiting has fimshed
the patient 15 placed uprnight agamn and the mouth 15 examined to
make sure 1t 15 clear of debns a fresh sponge 1s inserted anmsthesia
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deepened and the operationrecommenced Sometimesasecond bout of
vomiting follows after a short interval  After this has been dealt with
m the same way the patient usually settles down peacefully and when
he recovers consciousness may be quite unaware that he has vomited

Advantage should be taken of any pause in the operation to make
sure that the mouth 1s as dry as possible and free from any foreign
bodtes The sponge should be replaced by a fresh one 1f during the
course of an operation 1t becomes soaked 1n blood and mucus and no
longer serves as an efficient protection

Co-operation between Dentist and Anzesthetist

Just as smoothness 1 induction 1s achieved by co operation between
patient and anzsthetist maintenance of smooth anesthesia and attam
ment of good operating conditions depend on good team worh
between dentist and anmsthetist Unless both the dentist and
anzsthetist have confidence 1n each other and work 1n harmony
they are not Likely to achieve much success  Any decision based on
the depth of anzsthesia as to when the operation should be started
mterrupted or terminated 1s one solely for the anzsthetist In this
he should never be questioned and his decision should be acted on
at once Many an ansthesta has been ruined because the dentist has
begun to extract before the anmsthetist wanted him to and even
more because the dentist has failed to stop wummed:zately in the course
of an operation on request The chief reasons for such a request are
(1) That anasthesia 1s too hight and respiration shows signs of becomng
oral If the mouth 1s not covered up at once until nasal respiration
15 re established the patient particularly if resistant will soon get
out of control (u) That anwsthesia 1s too deep (i) That respiration
1s obstructed  The anasthetist must not on these occasions be diffi
dent about mnterrupting the operation even at a time mconvement o
the surgeon  The interests of the patient must come first and no other
consideration can be allowed to outweigh this obvious fact

The anasthetist besides providing smooth anzsthesta should keep
the patient s head 1n the best position for the dentist and should steady
it throughout He should keep the airway clear, steady the jaw
retract the tongue and keep the field of operation as clear as possible
by mopping away blood with a sponge and so allow the 1dentification
of a root before forceps are applied Lastly the anzsthetist should
stand 1 such a position that he 1s out of the dentist s way and yet
throughout can keep an eye on the patient s face or on the operation
The anzsthetist should relieve the dentist of as much responsibility
and anxiety as possible  With a well given dental anesthetic there
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need be no hurry at all and the dentist should always feel that he has
ample time  He should be steadied down or encouriged 1s occaston
anses  Advicesuchas  Taheit easy fora moment or two ’ or * Have
a mnutes rest, 1f given at the nght moment, miy be valuable

Experience shows that where 1 dentist tihes 1 few minutes in loosening
a tooth his arm becomes tired Ius actions less evpert, and 1 putting
a hittle extra force on the tooth nt this stage he may easily break 1t

If the an-esthetist thinks that the dentist 1s reaching this state 1t 1s
best to suggest a thirty-second rest  the dentist returns refreshed and
{requently accomplishes the extraction successfully  The anwesthetist
should make 1t Ius duty to see that the patient’s clothing 1s not sotled
by blood and saliva drpping out of the mouth duning a long operation

These sometimes drain along the tape attached to the sponge or mouth-
pack and care should be taken to see that this does not project below
the towel on the patient s chest The anzsthetist often can prevent
sothing of the clothing by folding the towel into such a posttion that 1t
will mop up any blood or saliva which trickles down, or he may even
find 1t necessary temporanly to suspend the operation, mop the mouth,
particularly the sulcus between tongue ind jaw and change the sponge

POSITIONING THE HEAD TO ALLOW ACCESS TO
SPECIAL TEETH

The difficulty of evtraction 1s
increased in the case of certain
teeth by therr situation  The
anasthetist by appropnately
manceuvnng the mandible can
make the lower molar teeth and
the upper third molar tooth more
accessible to the dentist

If the lower jaw 15 not sup
ported the amwrway becomes
obstructed  Apart from this 1t
will be found difficult with the
1w . this postion to apply
forceps to the molar teeth

particularly the lower right
ones

Fic 83
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deepened and the operationrecommenced Sometimesasecond boutof
vomitmg follows after a short interval  After this has been dealt with
in the same way, the patient usually settles down peacefully and when
he recovers consclousness may be quite unaware that he has vomited

Advantage should be taken of any pause n the operation to make
sure that the mouth 1s as dry as possible and free from any foreign
bodies The sponge should be replaced by a fresh one if during the
course of an operation 1t becomes soaked 1 blood and mucus and no
longer serves as an efficient protection

Co operation between Dentist and Anzesthetist

Just as smoothness 1n induction 1s achieved by co operation between
patient and anasthetist maintenance of smooth anasthesia and attam
ment of good operatmg conditions depend on good team work
between dentist and anmsthetist Unless both the dentist and
anesthetist have confidence m each other and work m harmony
they are not likely to achieve much success Any decision based on
the depth of anzsthcsia as to when the operation should be started
mnterrupted or terminated 1s one solely for the ansthetist In this
he should never be questioned and his decision should be acted on
atonce Manyan anesthesia has been rumed because the dentist has
begun to extract before the anzsthetist wanted hum to and even
more because the dentist has failed to stop smmediately m the course
of an operation on request  The chief reasons for such a request are
(1) That anasthesia 1s too ight and respiration shows signs of becomng
oral If the mouth 15 not covered up at once until nasal respiration
1s e established the patient particularly 1f resistant wall soon get
out of control (u) That anzsthesia 1s too deep (i) That respiration
1s obstructed  The anasthetist must not on these occastons be diffi
dent about interrupting the operation even at a time inconvement to
the surgeon  The interests of the patient must come first and no other
consideration can be allowed to outweigh this obyvious fact

The anasthetist besides providing smooth anzsthesta should keep
the patient s head in the best position for the dentist and should steady
1t throughout He should keep the airway clear steady the jaw,
retract the tongue and keep the field of operation as clear as possible
by mopping away blood with a sponge and so allow the identification
of a root before forceps are apphed Lastly the anzsthetist should
stand 1n such a position that he 1s out of the dentist s way and yet
throughout can keep an eye on the patient s face or on the operation
The anasthetist should relieve the dentist of as much responsibiity
and anxtety as possible  With a well grven dental anzsthetic there
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need be no hurry 1t all wnd the dentist should 1lways feel that he has
ample ime  He should be steadied down or encouraged 1s occasion
anses  Advicesuchas Takeit easy fora moment or two " or *“ Have
a minutes rest, 1f gen at the nght moment, may be valuable

Expenence shows that where a dentist tahes a few minutes n loosening
a tooth is arm becomes tired Ius 2ctions less expert, and m putting
a little extra force on the tooth at this stage he may easily break 1t

If the anmsthetist thinks that the dentist 1s reaching this state 1t 1s
best to suggest a thirty second rest , the dentist returns refreshed 1nd
frequently accomplishes the extraction successfully  The anwesthetist
should make 1t Ins duty to see that the patient s clothing 1s not soiled
by blood and saliva dripping out of the mouth duning a long operation

These sometimes drain along the tape attached to the sponge or mouth-
pack and caie should be taken to see that this does not project below
the towel on the patient s chest The anwmsthetist often can prevent
sotling of the clothing by folding the towel into such a position that 1t
will mop up any blood or saliva which trichles down or he may even
find 1t necessary temporanly to suspend the operation mop the mouth

particularly the sulcus betw een tongue and jaw, and change the sponge

POSITIONING THE HEAD TQ ALLOW ACCESS TO
SPECIAL TEETH

The difficulty of extraction 15
mcreased m the case of certan
teeth by therr situation  The
anzsthetist by appropnately
manceuvning the mandible can
make the Jower molar teeth and
the upper third molar tooth more
accessible to the dentist

If the Jower jaw 15 not sup-
ported the airway  becomes
obstructed  Apart from this 1t
will be found difficult with the
Jaw n this position to apply
forceps to the molar tecth

Particularly the lower right
ones

Tic 83
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Extraction of Lower Teeth

For the extractions
of all lower teeth the
mandible must be
steadied and pushed
forward by pressure
behund the angle The
farther back the tooth
the more wall this slight
dislocation forward of
the mandible asstst the

. i
.?’ application of forceps
{ The nose prece 1
\ AT ! teadied by the thumb
By and thenar emunence
\‘.«»' whilst the ring finger
el feels the pulsations

the external carotid
Fig g4 artery

Extraction of Lower Molars
p t‘}Vhen r:x}tl)lar teeth are to be extracted additional help 15 afforded
tumeS a:x]:;s n }e“t‘llst Iightly lowers the side of the jaw bemg operated on
1n the opposite £y
direction  and
Taises 3t
shghtly . i

When a left -

lower molar 1s e
to be extracted
the mandible 15
pushed well
forward the
head 1s allowed
to fall shghtly
to the left the
chin turned to
the nght and . ‘
slightly raised B "]
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For extractions of left lower molars the dentist ustnlly stands in
front of the ptient but when extricting right lower molarshe generlly
stands bend

When a nght lower
molar 15 to be e\
tracted the wnesthetist
remans on the left
side of the patient
but moves forward
<hghtly His nght
arm still encircles the
patient s neckh and the
Jaw 18 steadied and
pushed forward by
both hands In this
position the anzsthetist
still has a clear view
of the patients face
The head 1s allowed to
fall to the nght the
chin turned to the left
and shghtly raised

The head
must be
steadied be-
tween the palms
of the hands
and  counter-
pressure  may
be apphed by
the  anmsthe-
tist’s chest
pressed on the
top of the head
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Extraction of Upper Third Molar Teeth

.

Fic 88 Fic 89

‘When the mouth 1s opened the head of the condyle of the mandible
ships forward on the eminentia articularis and the coronord process
of the ascending ramus of the mandible 15 brought nto close proxumity
to the upper +hird molar tooth  The proxumuty of the coronoid process
makes 1t difficult for the dentist to apply his forceps to the upper third
molar tooth

X
it

Fic 90 Fic 91 Tic 92

Access 15 much improved if the anzsthetist pushes the mandible
towards the side of the extractions thus displacing the coronod
process

1f the upper third molar on the left ssde has to be extracted the
anesthetist with his nght hand pushes the mandible to the left thus
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carrymng the left ascending ramus anay from the maall sufficiently
to 1llow forceps to be applied to the tooth

In estracting upper ncisor teeth, the dentist sometimes finds the
nose-piece 15 m s way if he w 1shes to get his fingers on the alveolar
process under the nose 1§ the noce-piece 1 pushed upwards by the
dentist s mantpulations gas must be delivered from 1t under marked
positive pressure to prevent the leakage n of air which would other-
wise occur

Fic 93 o 94

During the extraction of teeth from the upper
can be pimched easily between the lower teetlf)r:md):tll\:e (f}(;:cz;\swr\‘;’ﬁ
have seen the forceps pressing so heavily that -1 lower tooth has cut
completely through the ip If by any chance the lower hp 15 bmn:d
Zrb;:erliomted in this way since the tissues in this regrion ire very lax
duc&q:‘zﬁ:;a;o}r‘r;amc;x; r;'.‘c:l‘lltp 1 ptredssumdlsb applied quckly the pro-
of the part healing in tins re;:;?si‘:t?:mel T The sy
O o part beal y raped  The anesthetist
pull\lr)\ it ::c;;l:\l;:‘ l:; 1;(;01;2; his finger wnside the lower hp and
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RECOVERY FROM NITROUS-OXIDE ANASTHESIA

When extractions are completed the patient should not be dis
turbed but should be allowed to recover consciousness 1n his own good
time He may pass into natural sleep and then should not be roused
for a few mumutes Durnng the waking period patients are frequently
capable of appreciating what 1s going on around them and realise
that by exerting themselves a httle they would become fully awake
but they are reluctant to make the effort and continue to sit quite
still enjoying a comfortable lethargy Heanng the last sense to dis
appear during mduction 15 the first to return  Caution should there
fore be exercised 1n any conversation which takes place while the patient
1s recovering conscrousness and any observations should be encouraging
eg That was very successful,’ or He was a very good patient

The prop should not be removed from the mouth until the patient
1s fully conscious It 15 alleged that 1f this 15 done the shmulus may
be interpreted as that of extraction of a tooth We do not beleve
this confusion ever exists but the advantage of leavin bul
the_mouth 1s-that-1t prevents swallowing  The sponge also should
be Jeft 1 the mouth till the patient 1s conscious enough to spt 1t out
himself By absorbing blood and saliva, 1t prevents these from being
swallowed or {from running down the side of the mouth The patient
should not be encouraged to  spit out until he 1s fully onentated
or he may do so overthefloor ~ Similarly there 15 a danger of hisreflexly
donkang the mouth-wash 1f this 1s held to his ips before he 15 fully
conscious

Subjective Sensations on Recovery

Patients sensations on recovery show much vamation After
mitrous-oxide anasthesia lasting say 3 munutes a patient by his
remarks may reveal for how long he feels that he has been unconscious
His 1dea of the duration of the anwsthesia enbles a farrly accurate
estimate to be made of his nervous or mental stability at the time of
the operation The very healthy patient passes off the expenience
as though nothing had happened for example he will make no com
ment at all or 1if interrogated will say he has been asleep for only a
fewseconds but the unstable individual s a long time before regaiming
a sense of normality and may say he feels that he has been away for
an hour or two or longer or even that he has been away for years and
has just come back to earth agam In extreme cases patients
suffer 1n varymg degrees from a sense of unreality for some hours
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Since for <ome people the state of an-esthest has a mental 1ssociation
with death remarhs to the recovering patient such as *“ Now you are
commg back to earth’ or * It 15 a1l over " are unwise Lspeenlly
after long N,O 1nwesthesin an introspective patient may for some time
find 1t difficult to onentate nmself and remarhs such as these do not
help lum A gentle pat on the bach and a cheerful  Well done
encourage quich recovery  In generl the patient should not be told
of 1t 1f he has been a difficult subject for an-esthesia, because the hnow-
ledge may mahe him apprehensive on a future occasion If however
he has struggled so violently as to be a danger to himself then i s
own interests he should be told, so that another time he can warn the
an-esthetist of his previous behaviour

Dreams

Recovery from general anwesthesta 15 usually a slow process unac
compamed by vivid dreams  In the case of N O 1n the dental surgery
however recovery s abrupt and the M%Wnces a
;mg_dneam,theouthneof which 1s remembered but of which the details
rapidly fade as the attempt to relate st 1s made The dream may
contain matter of vital importance such as the hey to the solution
of the nddle of the umverse may cause dejection and terror or it
may provoke no discermble emotional reaction  Dreams which are
definutely funny are as rare as they are among dreams occurring during
wahening from natural sleep Distressing dreams and unpleasantly
vivid mightmares sometimes upset a patient sufficiently to make him
dread wnhalation anasthesia from a well justified fear of a repetition of
the expertence  This dread 15 often the greater because the patient
cannot remember quite what frightened lum however real the dream
seemed at the time of awakemng  An adult who h1s had such a dream
15 as difficult to reassure as a child after a night terror and usually
finds humself equally unable to describe his experience

The dream may be associated with something 1 the patient s mind
before the anasthetic 1s commenced For example 1t 1s common for
a few days preceding the Derby for the patient to wake up witnessing
with the greatest clearness the finish of therace  Withina few seconds
however the previously casily recognisable racing colours become drab
and the more fully the patient recovers the more to his bewilderment
and disappointment do the details of the dream disappear nto the
background

A dream or mghtmare resulting from wadequate anmsthesia 1s not
uncommon  During very hight anesthesta a simulus may not be felt
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as pam but may give rise to a mghtmare Two cases on the same
morning m the out patient department illustrate this pomnt

A robust man was hghtly anzsthetised for an extraction of a
lower molar  On recovery in answer to 1 question he said that his
dream was that he had been boxing Jach Dempsey ~ Questiomng
brought out the fact that in his dream he had been hnocked out
by a blow on hus jaw and further that the blow had been delrvered
at the point from which the tooth had been extracted

A hghtly anwesthetised woman had several upper teeth ex
tracted  She answered on recovery that she dreamt that she was
bemng pulled through a tunnel by her hur

Asin dreams on awahening from natural sleep the action n dreams
on recovery from N,O may seem to the patient to have covered several
hours though the whole period of anesthesta may have occupied only
a mmute Indeed dreams on emergence from sleep or anzsthesia
often take place 1n a fraction of 2 second  That this 1s so 15 shown by
the common expenience that some sttmulus which rouses the sleeper
appears as the final event in thedream  for example a knock on the
door 1mtiates a dream 1n which the dreamer takes a long journey with
many adventures and finally reaches a house where he knochs for
admuttance He wakes to find himself 1n bed and realises that he has
been roused by the knocking on the door A drop of ram on the face
of a person aslep m the open although 1t appeared to wake him
mstantly was accompanied by a dream the action of which Jasted for
some minutes  In this an outbreak of fire was witnessed the summon
mg and Journey of the fire brigade and the connecting of the fire hoses
to the hydrants all took time and finally the spray of the hose which
was to have been directed on the burning house hit the dreamer who
awoke to feel the drop of rain

As_far as possible, external stimuly therefore should be eliminated
duning the time when the patient 1s recoy ering consciousness, sincethey
@mg Durning the course of dental anzsthesia 1t 15
easy for a woman s skirt to become disarranged by her shpping down
1n the chatr or moving her legs  If this 1s not noticed until the patient
15 recovering it 1s advisable to let the patient recover and adjust her
shirt herself It 1s possible 1n the rare cases where a patient
alleges that msconduct occurred while she was unconsctous that such
a readjustment of the shirt was the stimulus leading to an erotic dream
retrospective and ending with the pulling down of the skirt  This last
part of the dream really tooh place but the part preceding 1t might seem
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equally real and credible to an exertable patient  Lven without 2
defimte stimulus erotic dreams are hnown to occur dunng._tecosery
from NL,O anisthesia and we repeat here that to safeguyrd mmself
agamst charges of misconduct 1 doctor or dentist should never ad-
mumster 1n anasthetic unless 1 third person 13 present

Post-operative Nausea and Vomiting

Vomting after the tecavery of conscrousness 1s disappointing
and distrescing for the patient and in the dental surgery 1t 1s an 1nnoy-
ance to the dentist becanse 1t lengthens the penod for which a patient
must be hept in the surgery

Varous factors which mcrease the incidence of vomiting include

Personal 1diosyncrasy of the patient Good satlors  and patients
who tolerate a fair amount of alcohol come into the category of those
undisturbed by anzsthesta  The patient who 1s a * poor traveller
and who readily becomes nauseated m tramns or on a ship 1s likely to
suffer from post anasthetic malaisc  That temperament 1s a more
smportaut factor i the causation of vomiting than 1s the presence of
food 1 the stomach 1s illustrated by the behaviour of the placid
individual who has a normal meal within an hour of the time fixed
for dental extraction The fact that he has so httle apprehenston
that he can enjoy a good meal 1n these circumstances 1s almost an
assurance that he will not suffer from nausea after a short anzsthetic
with mtrous oxide

Tz pe of anasthetic_tsed N_lt_rl_)gﬂ)ﬁd_e_gmmnuddom
cause vomiing n ordmnary dental extractions but ethyl chlonde 1s
not mfrequently an offender Thiopentane and other barbiturates
seldom cause vomiting but 1n rare cases their use has been followed
by nausea and vomiting lasting up to twenty hour hours durmg which
time the patient may be prostrate and suffer from giddiness

Depth and Jength of anesthesia

Prolonged anoxia

Szgggz\nwglzzsza 1e mamteninee of an uneven level of
angsthesia

Adwimistrationof_gases—under pressure  The distension of the

<} lungs by gases under pressure 1s followed by sweating collapse and
hausea as 15 distension of any other hollow viscus

f_fgh_ng Prolonged abstinence from food m order to ayord yomt-

fon of oxygen in a starved patient particularly one not robust
1s followed by 2 fall m Dlood pressure nausea and gosmbly retc?mfg
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Vomiting 15 often wrongly attnibuted to the swallowing of blood
If a patient vomits after an operation on the throat or mouth blood
will mewitably be brought up and may then be held responstble for
the vomuting It 1s however only necessary to consider the high
percentage of cases i which the swallowing of blood 15 not followed by
vomiting to realise the ummportance of this factor Further when
vomiting occurs after operations on any other parts of the body blood
1s not vomited because none has been swallowed if the operation
had been on the nose or mouth the swallowed blood might have been
given as the cause of the vomiting whereas the presence of blood m
the vomutus was only comeidental

The treatment of post opera
tive nausea by means other than
postural are disappomting

The patient s head should be
pushed well down between his
knees and he should be told to
cough gently once or twice These
procedures raise the blood
pressure and are usually followed
by flushing of the face and by
considerable though often enly a
temporary general improvement
and 1if the patient sits upnght
agamn he relapses Stimulation
by smelling salts may be effec-
tive  The small capsules of
aromatic ammonia are the most
convenient and reliable when
compressed ammonia vapour 15
Iiberated  Whether brandy or
anything else should be given by mouth at this stage 1s an open
question  Such treatment usually augments a feeling of nausea and
actually precipitates vomiting but the act of vomting then often
relieves the nausea

If these restorative measures are not efiective the patient should
be allowed to rest i a recumbent position Fifteen minutes rest
immediately after the operation 1s of more value than an hour s rest
later on and the dentist who operates 1n his surgery on cases requnng
prolonged anzsthesia should have a small recovery room  The patient s
head should be kept low and he should be covered with a blanket to
heep him warm and comfortable It is advisable to have a bowl and
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a towel at hand 1n case of vomiting  If a patient 15 to be drnven home
before he feels that he has recovered completely it 1s 2 thoughtful
precaution to grve lum a bowl and 7 towel smce a feeling of nausea
n the surgery 1s not mfrequently wnten<ified once the patient 15 1 a
moving car, and may be followed by vomiting

A patient should be strongly persunded not to drve hus car imself
soon after recovering from an anwesthetic  Patients often stubbornly
msist on dniving home but so many subsequently confess that they
drove * as if 1n a dream’ that it 1s strange that accidents 1n such
crcumstances appear to be so extremely rare
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CHAPTER XAV
ENDOTRACHEAL ANZESTHESIA

For many operations endotracheal anzsthesia 1s not merely a refine
ment butanessential The anasthetist therefore must be proficient in
the art of intubation ©
For example 1f general anesthesa 1s to be used for any prolonged
operation on the neck 1t should be admimistered through an
endotracheal tube sothat the anasthetist can keep aw 1y from thefield
eration and yet retaunfull control of the mrway  In addition for
operations 1n which blood, teeth, or otherforeign badies may be free 1n
the mouth this technique allows the laryngeal entrance to be pached
off sogrv mg(&)mplatapmtennmagamst their entry to the air passages
(®Tor abdommal surgery too %endotracheal anasthesta 1s valuable i that
1t obviates the possibility of laryngeal spasm as a_response to certain
1atra abdominal mampulations }ﬁmgularly,tractmun.the_smmnch
or gall bladder
The use of a wide bore tube ensures a free srway and thus ehmin
ates the mam cause of difficulties and disasters during 1nasthesia
Also the depth of anwsthesia can be readily controlled and the easy
expanston of the lungs with every breath minimises the chances of
occurrence of post operative atelectasis and the sertous conditions
which may follow  The complications attributed to passmng an endo
tracheal tube have been greatly magmfied and are almost invariably
accounted for by faulty techmque
The tube may be passed through the mouth or through the nose
When the oral route 1s chosen the method almost invariably adopted
15 to expose the larynx with a laryngoscope and to pass the tube under
direct vision  When the tube 1s passed through the nose a sumilar
procedure may be followed or the tube may be made to enter the
larynx blindly
Blind mtubation carries with 1t many advantages but not the
assurance that the tube can be passed through the nose 1nto the trachea
m everycase  Direct-vision laryngoscopy may be shightly more difficult
but proficiently performed ensures the passage of an endotracheal tube
On account of 1ts certainty this method should be mastered early since
1t 1s to this that the an@sthetist invartably has recourse when  blind
ntubatson fails
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In many cises  blind’_intubation 1s strihingly e1sy  In general
1t 1s a simple procedure on men, but 13 frequently more difficult in the
edentulous andn narrow_faced women and 1n_chuldren

There 1s no doubt that with prictice 1 Ingh percentage of success
can be achieved  but the practitioner must not overlook the virtue of
Lnowing how to mamipulate 1 laryngoscope shilfully  There 1lways
remain 1 few cases which cannot be mtubated blindly and in these st 1s
a comfort to be able to pass the tube neatly under direct vision

Direct-vivon mntubation 1s regarded by some s a dhfficult procedure,
but this1s mainly because the underlying principles are not understood
These are straightfornard and if properly appreciated and their
mmplications brought mnto practice 1t becomes 1 simple manceuvre
Relixation of the jaw and abolition of the laryngeal refles are essential
Also theech and head must be correctly_plnced—the nech must-be
flexed and the head extended on_the atlnto occpital jont  This

Chevalier Jackson pastion ' * 1s_easily achieved by heeping-the
shoulders on the table, placing an estra pillow under the occiput—and

then extending the head

MECHANICS OF LARYNGOSCOPY ?*

The following senes of diagrams and \ ray records shows the
anatomucal essentrals

v
=
axsof =T ~ .
o (A7 \uuuut,d """ 5
P f'v
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T16 96 —Relatnve positions of the axcs of mouth pharynx and larynx with patient
Iying flat
The ax1s of the mouth forms app pproximately a pight an,
gle-with that
ofthe pharynx and wlien the patient 151 Intte £s the
ax1s of the laryny rachea
Thematn mec

hanical problem 1s to bring these three axes into one
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T1ig 97 :lustrates the anatomical effect achieyed by inserty igh

illow beneath the occiput thus flexing the neck . The pharyngealand
laryngeal axes are thus made fo coincide
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Fic 97 ~—Showing how axes of pharyn and larynx may be made tozomncide when the

head 1s raised  The cervical spine 1s also straightened out

As Gillespie has pomted out * 1n_order now to straighten out the
1ght angle formed by the axus of the mouth and t aryngolaryn
geal the head must be exfende the atlanto oceipital yomnt
The_hea ully extended  The laryngoscope hits the patient s

Tic 98 —Axis of the mouth 1s now made to comcade with the other axes by extension
of the head around the atlanto-ocaipital and tipper cervical joints

though 1t almost mevitably touches them  As Jackson * has suggested
the patient s head 15 suspended on the base of lus tongue and epiglottis
Further when the head and nech are in this position the epiglottis 1>
viewed through the laryngoscope almost end on and 1s very easily
passed by the blade of the instrument indeed the laryngoscope 1s often
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pas<ed to the Iaryns without the epiglottis being seen at all, much less
getting n the way

This position s essential for the passage of a bronchoscope The
requirements of bronchoscopist 1nd an-esthetist dffer only i that the
former passes 1 nigid tube, and so must have complete accuricy of
exposure while the ltter uses a soft or sem1 ngid tube, the flemibility
of which enables lim to overcome imaccuracies of techmque The
anasthetist who places the head of hus patient m the position illustrated
will be agreeably surprised to find how much easter his tash becomes

DIRECT-VISION LARYNGOSCOPY

Laryngoscopy should first be practised in the post mortem room
Later the anmsthetist should expose the Inrynx in the patient still deep
under anmsthesia af the end of an operntion  The patient 1s then com-
pletely relaxed and the anasthetist has plenty of time to familiarse
himself with the appearance of the larynx under conditions 1deal for
mtubation

If the tube 1s to be passed through the nose five to ten minutes
before pasaing the tube the vascularity of the mucous membrane of the
nose should be diminished by spraying it with cocamne  For this pur-
pose a 10 per cent or 20 per cent solution 15 recommended and 1t 1s
often suggested though 1n our opmion unconvincingly that owing to
the 1ntense vasoconstrniction produced by strong solutions less cocaine
1s absorbed 1f the 20 per cent rather than the weaker solution 1s used
The spraying can be done when the patient 1s consctous but since the
mtensely bitter taste of cocamne 15 disagreeable 1t 1s considerate to
mduce anzsthesia first

The larynx also can be cocammsed 1f desired by mserting the nozzle
of the spray into the nostnl and spraying dunng mspiration  If
the larynx and trachea are not cocaised third-plane anzsthesia 1s
necessary to depress the reflexes sufficiently for the tube to betolerated
If however cocaine 1s used the tube will be tolerated even during
upper first plane anzsthesia for example under mtrous owide alone

The dist %0 thirds of an endotracheal tube should alnays
bmbnﬂgd‘wg_passed This facihitates the pa§sagg_of the
tube through the nose and, especially when a large tube s used, reduces
the nsh of damaging the turbinate bones  Vaseline may be used as the
lubricant but an ointment containing a local anesthetic for example,
310 per cent nupercaine ointment may be advantageous where 1t 1;
. :f:gbxmip;;;f:g&heleﬁect of the cocaine previously sprayed on the

g the laryngeal reflexes depressed

The 1
lee ength of the tube used 1s important  As supphed by the
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makers all tubes are intentionally longer than required so that the
anasthetist may cut them to the desired length  Unless 1t 15 shortened
there 1s a real danger that the tube will enter one matn bronchus usually
the nght  There 15 then the danger of the unaerated lung collapsing

(p 267) Thelength of a tube should be 1'-2 times the distance from
the nostal to the lobe of the ear

Under general anzsthesia the mobility of the jaw 15 a good criterton
of adequate relaxation _and_until the masseter 1s_fully relaxed the
laryngoscope must not be introduced  If because of a poor airway 115
difficult to deepen anzsthesia sufficiently to relax the jaw a short naso.
pharyngeal tube may be introduced after which the mtake of anes

thetic vapour will be greatly improved  Such a tube 15 more readily
tolerated 1n light anasthesia_than 1s an oral awrway which requires

almost as much relaxntion of the jaw for 1ts introduction as does the
laryngoscope itself

The head 1s now placed n
the correct position either
by placing the occiput on the
head rest shown n fig 101
by shipping a second pillow
under the head or by fold
g double the one already
present

The anasthetic mash 1>
hifted from the face and the
nasophary ngeal tube (1f used)
removed The endotracheal
tube 1s passed directly back
wards into the nostril but
gently and 1f any obstruc-
tion 15 encountered 1t should
be withdrawn and passed
through the other Force
must never be used n pass-
mg the tube since the soft
tissues are easily damaged
After the tube hasbeen passed

may be encountercd from
i i the sphincter ke action of
- the upper end of the superior

Fic 99 constrictor muscle of the
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pharyny  Afterthishasbeenosercome by gentle pressure the patientwall
be herd breathing through the tube  The tipof the tube now Jies in the
pharvnn ready to bensertedinto theliry nx when thishasbeenexpo ed

ie clin 15 now_tilted sharply upwards, <0 1s to extend the head

about the atlanto ocaipital jomnt The Jaryngoscope s held m the left
hand throughout lerving the right hand frce Whale the blade 1s being
ntroduced the lips are drawn back to prevent them from bemng mipped
betueen teeth and blade

Ve find 1t convement to rest the second finger of the nght hand }
on the upper teeth and to open the mouth by depressing the lower jaw /+~
by the thumb (fig 99)

The blade 1s n-erted well to the nght side of the mouth and
as 1t 15 advanced the tongue 15 pushed towards the left  The
avordance of the mudhne antenorly shortens the distance from
teeth to larynx and this Fahes the introduction of the lary ngoscope
easter It ald’unimises the nisk of damazing the teeth Because the
laryngoscope blade 15 1n_con
tact with the molar not the
more fragile 1ncisor teeth
Further 1t 2 prevents_the
tongue from bulging over the
lateral cleft of the laryngo
scope obscuring the view of
the laryny

Some anasthetists advise
that the upper front teeth
should be covered with a thin
sheet of lead or with stiching
plaster to prevent them from
bemng chipped by the blade
of the laryngoscope It
accdent should not occur
however 1f the laryngoscope
1s properly used

The object of this din-
gram (fig 100) 15 to wamn
agamst using the blade in
the midline and as a lever
with the upper teeth as a
fulcrum with probable chip-

ping or dislodgment of these
teeth

Fic 100
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FIG 101 (After Thomas®)

When the Jaryngoscape has advanced about half the distance 1t
must exentually travel, the uyula comes nto view
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Fic 102

When 1t has reached.to_two ) thirds of the full distance, the tip of
the faryngoscope 1s directed towards the midhine and raised until the
epiglottis 1s seen

Fic 103

il advancmg the tip o e laryngoscope 1s directed towar:
St t. f the I gOSCOD! di d towards
the postenor pharyngeal wall and passed to 1bout an

po ryng P ] ut half mch beyond
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Fic 104

The_handle of the laryngoscope 1s now lited so that the blade
exerts a_steady pressure equally throughout 1ts sshole Jength, on the
tissues with_which 1t 15 1n contact The whole head 15 now lfted on
the_blade-untl the socal cords come 1nto view




TNDOTRACHEAL ANISTHESIA

Once the laryns
15 exposed the tp
of the tube can
generally be gwided
with ease through
the glottis simply
by mampulating the
end which projects
from the nose

Should mantpula-
tion of the proxumal
end of the tube
be unsuccessful the
distal end 1s picked
up with a par of
Magdts forceps and
gaded  to  the
larynx

When oral mfu
bation 1s practised
a very fleuible tube
15 unswitable for 1t
15 hable to hink or
to get compressed
Ttus does not apply
however to the
flexible  armoured
tubes designed to
avord these dangers
To facthtate mniuba-~
tron a hmitting-
needle may be
pasied through the
tube to straighten
it and to make 1t
ngd* As soon as
the tube 1s 1n
position  and  the
hmitting needle  has
been withdrawn a
Rowbotham  metal
connection 1s

Tie 10>

o=

Tic 108

Fio 107
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Fic 104

The handle of the laryngoscope 1s now lifted so that the blade
exerts a_steady pressure equally throughout sts whole length, on the
tissues with_which 1t 15 1n contact  The whole head 15 now lifted on
th,b’I_aE’c—\mullheJ ocal cords come into view
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CAUSES OF DIIFIGULTY IN EXPOSING THL CORDS

The mam cause of difficulty 1s lach of evpenence together with
falure to recognise landmarhs particularly when the laryngeal
muscles are not relved  Contrbutory causes of difficulty are in-
adequate an-esthesia, fatlure to flex the neck when the head 1s extended
prominent front teeth and an underhanging
lower jaw  Theuse of & tubocurarine chloride
ot other muscle relaxants greatly
facilitates intubation (p 196)

)

\ARYYENOID

GLOTTIC
QPENING

Fic 110

EPIGLOTYIS

There may be difficulty 1n hookin
g the epiglottis when this 1s folded
bacé(wafrds against the arytenoids T move 1t so that the tip of tie
Woscope can be passed behind it the anasthetist should
the thyrord cartilage upwards with the fingers of lis nght hand *
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attached to the
prosximal end
If an airtight
junction between
the anzwsthetic
crcut and the
patient s lungs 1
adwvisable to pre
vent 1nhalation
of blood durng
operations on the
mouth or nose
or for closed
circuit anwsthesia one way of accomplishing this 1s to use a tube
surrounded with an inflatable cuff When the tube 1s in posttion the
cuff s nflated through its pilot tube with air from a syninge  The pilot
tube 15 clamped by a
paper clip when the
degree of distension of
the small balloon at
the proximal end indi
cates that the tension
m the cuff 15 adequate
Alternatively an
airtight junction canbe
achieved by mserting a
pach round the tube at
the laryngeal entrance
-] Taonchgauzehandage
15__satisfactory  This
shoul 1 to
prevent abrasion of the
mucous membrane of
the pharynx_byv pharynx by the
ganze The bandageis soahed m hqwd paraffin and antoclayed on 2
wire mesh tray  This stenlises the pack and allows excess paraffin to
draimn off so that paraffin will not leak alongside the tube mto the
lungs The gauze1ts packed firmly but gently round the tube erther
with the fingers or under direct vision using Magill forceps  Several
inches of bandage should be left hanging out of the mouth and the
anasthetist should make lmmeclf responsible for the removal of the
pack before the patient leaves the operating theatre

Ie 108
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CAUSES OF DIFFIGULTY IN EAPOSING THE CORDS
The main cause of difficulty 15 lach of experience together with
farlure to recogmse landmarks particululy when the laryngeal
muscles are not relined Contnbutory causes of difficulty are n
adequate anwesthesia, fatlure to flex the nech when the head 1s extended
promnent front teeth and an underhanging
lower an  Theuscof d tubocurarne chloride
ot other muscle relaxants greatly
facilitates tatubation (p 196)

A

\
ARYTENO D

aLoTTIC
OPENING

Fie 110

EPIGLOTTIS

OESOPHAGUS

\

[——

There may be difficult pig]
v 1 hoolang the epiglottis when this s
backwards agamst the arytenmds  To move 1t so that thel ‘ul; :f‘ (i;i

21‘2:\3:: :;i eﬂt‘ke\ Jaryngoscope can be passed bendt the anasthetist should
yroid cartilage upwards with the fingers of Ins nght hand *
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1
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OESOPHAGUS

Q
Fre 111

If the blade of the laryngoscope 15 mtroduced too far the cesophageal
opemmg comes nto view

The following additional difficulties are all caused by attempts to
expose the larynx before anasthesia 1s deep enough adequately to
relax the muscles of the jaw and larynx

Durning very hight anxsthesia it 1s impossible to push the Jaryngo
scope behind the epiglottis because this 1s folded bachwards as the
larynx 1s raised 1n the act of swallowing
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OESOPHAGUS

Frc 113

At a deeper level of an@sthesia the laryngoscope can be passed
behind the epiglottis but simce the muscles of the jaw are not relaxed
they resist the lifting action of the laryngoscope  Complete exposure
of the larynx 1s then impossible and since 1ts muscles are in spasm
only the approximated ary tenoid cartilages come into view  Postenorly
the cesophageal opening 1s seen

Fic 114

At shightly deeperlevels of anzsthesia the jaw can be Lifted enough to
€¥pose increasing amounts of the still approximated aryepiglottic folds
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Fig 115

At a still deeper level of anesthesia the muscles of the Jaw relax
and allow the laryngoscope to hift the lower J1w and expose the larynx
more fully The muscles of the aryepiglottic folds have also relaxed
though the cords are stil in spasm

‘“ BLIND ** NASAL INTUBATION

In directing the tube through the nose into the trachea the anzs
thetist 1s gmded by touch and sound The main advantage of this
procedure 1s that 1t can be carnied out under light an-esthesia whercas

¢
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1f the tube 15 passed under direct viston, the anesthest 1 my hive to be
deeper thin 1s required for the surgienl operition itself  Before prosing
the tube through the nose the nost_nd lirsny are cocumsed 15
desertbed previously (p 249)

The same position s for direct viston laryngoscopy 15 used, 1

smiffing the ur _position  The tube 15 troduced 1s described (p

250} and 1dsnced until the breathung 1s heard throught The an-
thetist now heeps hus ear to the tube,_ ind_gently._pushes 1t farther untit

Fig 116

1t_erther enters the trachea {fig 11b), or enters the cesophagus (fig
117], ot 1s held up at the laryngeal entrance (fig 119) or passes anterior
to the epiglattis ind fodges aganst the base of the tongue {fig 121)

The <1gns thiat thie tube has entered the trachea (fig 116) re so
obvious that when there 1s any doubt about 1t, 1t may be assumed that
ithasnot doneso  Unless the protective reflexes of larynx and trachea

1re much depressed either by cocumsation or deep general anzsthesia
¥

saniroduction nto the trachea will lead to a pargxysm of coughing
while if anzsthesin o e-parts.1scomplete the regular and easy

respnition charactenstic of surgical anamsthesn will be heard_throngh
the tube as soon a» this has entered the trachea

With the tube mn the position shown in fig 117 the signs though
negative are obvious  The tube has been mnserted to 1ts full length
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and though respiration continues unimpeded breath sounds are not
transmitted through it

Fic 117

———

Fic 118

To correct this the tube 1s withdrawn shghtly and its_tip directed
tawards-thel extending the neck and head
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Tic 119

Fic 120
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The tube may be arrested by the cords (fig 119) 1f these are fullyor
partially adducted a condition often found 1f the larynx 1s stimulated
when the respiratory centre 15 depressed {e g by morphia) The breath
may be held for some seconds or respiratory movement may be much
dummshed so that only faint yet charactenistic croaking sounds are
transmitted through the tube The distal end of the tube runs almost
parallel to the cords and impinges on the posterior aspect of the
epiglottis  Pressure exerted on the tube in the hope that it will
pass through the adducted cords kinks 1t while still further pressure
may displace 1t laterally

A_tube which 1s held np at the cords usnally can be made to.pass
mto the gloths. The-head s flexed acutely (fig 120) and the distal end
of the tube thereby brought almost at right-angles to the glottic open
mg a position which greatly facilitates its entrance By maintaining
gentle pressure on the tube an attempt 1s made to msinuate rtsbevelled
end between the cords If thus fails the tube 1s moved shghtly to
imtate the laryngeal mucosa and stimulate conghing, when_the cords
will separate widely

Fie 12t

Ths 15 the fourth positron 1n which the tube may be arrested

To correct this malposttion of the tube it must be withdrawn shghtly
and the head well flexed so that the tip of the tube 1s directed back
wards behind the epiglottis (g 122)



ENDOTRACHEAL ANLSTHESIA 26a

Fic 122

If for any reason difficulty 1s expertenced 1n passing the tube blindly
any of the follow ing manceuvres may be of assistance the tube 1s with-
drawn and passed through the other nostnl  or 1 tube with a different
curve 1s chosen  or respiatfion may be stimulated by giving CO, to
facilitate entrance mto the larynx

INTUBATION UNDER LOCAL ANASTHESIA
Laryngoscopy under Jocal anzsthesta 1s not so formidable a2 measure
asmught be supposed  The throat 1s sprayed with 10 per cent cocamne

and the nght side of the tongue and, i an edentulous patient the
gums, are painted with the solution applied on_a cotton wool_swab

After a pause a small cotton wool swab. firmly secured 1n a curved

applicator dipped in cacawne solution and subsequently gently squeezed
to express excess cocane, 15 held aganst the lateral wall of the pharynx
ust below_the pillars of the fauce:

just below of t s It 15 gently advanced down the
lateral wall of the pharynx until 1t 15 held up 1n the

form fossa
The process 15 repeated on the other side of the ph:;;gtLFuFﬂT a
third swab 1s passed until 1t comes to rest upon the vocal cords as
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shown by the alteration in the sound of the breathing  This last swab
should not be squeezed but left saturated with solution so that a few
drops trickle nto the upper part of the trachea  Provided the head
and nech are placed 1n the correct position laryngoscopy and intubation
should now be easy

1 _‘_F_rggﬁz_gegjaw —Endotracheal anmsthesia 15 essential I the
lower jaw 1s shattered, and anatomical landmarks are altered, great
difficulty may be experienced with general anesthesia and mtubation

Blood may have been nhaled and bleeding may not have stopped when
the patient reaches the operating theatre The tongue, Inching the
retention of an ntact lower jaw, falls back 1f the patientisin the supine
position, and obstructs the Iaryngeal entrance ~ Many lives have been
lost through ignorance of the simple mechanics mvolved and a patient
with a_fractured jone showdd be_kept wn the sen prone position until he
reaches the operating table An additional safety measure 15 the
msertion of a stitch 1n the tongue by means of which 1t may be pulled
forwards  This should be done when the patient 1s first seen

Where there 1s much blood and debris, 1t 15 advicable to pass anen
dotracheal tube under direct vision using local anasthesta alone ~ Once
a clear auway has been established general anmsthesia can be 1
duced with thiopentone and m-untained exther with thiopentone or by
mhalation anzsthesia

2 Lung toilet —Intubation under local anzsthesia 15 valuable for
lung totlet m cases of post operative atelectasis where it 15 desired to
apply suction to remove secretions  The nose 1s sprayed with cocane
and the pharynx and vocal cords cocammised as above though not
necessanly as thoroughly  With the conscious patient in the correct
position the tube 1s usually passed blindly with ease

WARNINGS ON THE USE OF ENDOTRACHEAL
ANASTHESIA

The fact that a tube has been passed mnto the trachea must not of
itself be regarded as a guarantee that the atrway 1s mow assured
Before pronouncing the case ready for operation the anasthetist must
satisfy himeelf that there are no signs of respiratory obstruction or 1if
there are any he must investigate and rectify the cause

53 ecially when the throat 1s pached off
15 equivalent to a pers piratary_obstruction—it 1s true that air
passes 1n and out of 3t but gwiw’mﬁng
ncreases ’l:}_]e\la_r_,ggt’pﬂ T tube which can be passed_comfortably

should De used
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G
If the metal ewumumwuo“ 1t will obstruct

respirition

The endotracheal tube may become Lml\cc@ This complication 1s
e~pecially hable to happen when 1 soft tuf?ETs_p'lsscd orilly andsucha
tube can also be compressed by 1 throat pick A tube passed nasally
can hink  This dangerous accident s hable to occur when the metal
connection 1s 1ttached to the tube nfter 1t has buen pissed into the
trachea  If the metal connection 1s then rotated so as to he in the
desired posttion on the face the tube may become twisted withun the
nose well out of sight A hink so produced may distort the tube
enough to obstruct resprration partially or completely

An endotracheal tube m1y become hinhed if 1t 15 not firmly fixed 1n
position 1n nose or mouth  The tube may then shptgut a short dist-
ance dunng anmsthesia, and the hea ction_and _corrugated
breathing tubes pulling on 1t may bend 1t enough to obstruct the arrway

These potentially grave crrors are easily rectified provided the
anzsthetist 1s aware of them  Better still they are easily avoided if the
tube 15 well placed and fixed in position before the head 1s draped 1n
towels

{3 A_tube wiich 1s too long will enter a mamn bronchus usually the

right which branches off the Trachea at a smaller angle than does the
left mamn bronchus  This accident 1s particularly hable to occur 1n
children, where the distance between the vocal cords and the ifurca-
tion of the trachea 1s small ~ Fortunately this state of affairs 1s easily
recogmsed  One side of the chest moves freely while the other does
not I a stethoscope s used breath sounds are heard on the ane side,
and not on the other Resprrations become rapid  There 1s tachy-
cardia usually cyanosis, and hghtening of anesthesta  This accident
13 easily corrected by gently withdrawing the tube until these signs
disappear which they do immedrately, provided the condition 1s
recogmeed and remedied before the lung temporanly out of action has
collapsed o

Lastly 1t must not be forgotten that a tube can become blocked by
bloodermuens  This must be aspirated at once and where this cannot

be done the tube must be changed even if the operation has to be held
up temporarily

LARYNGOSCOPES

Whatever laryngoscope 1s used the

rinciples of 1
remain the same r P aryngoscopy

If these—namely correct head position and ade-
quate anmesthesia~are ignored no laryngoscope will give success  The
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secret of successful intubation lies with the anzsthetist, not with any
particular laryngoscope  That good results can be obtamed with many
different patterns 1s obvious from the fact that these different types all
have their supporters

The standard laryngoscopes vary chiefly m the angle made by the
blade with the handle and in_the layout of the highting system  The
mstrument shown in the foregoing diagrams s that advocated by Guedel
who favours an acute angle between handle and blade

From among the many laryngoscopes available we smgle out des
criptions of two i which we are especially interested  That difference
1n design 15 not an all important matter 1s suggested by the fact that
the authors are not agreed as to which 1s the better

The Macintosh Jaryngoscope® 15 designed so that the tip of the
klade comes to rest 1n the angle hetween the hase of the tongie and the

Fie 123 Fic 124

epiglottis (fig 123) The actual shape of the blade 1s of secondary
importance® but the curved blade illustrated 1s recommended Tig
124 shows the view down the laryngoscope at this stage the front of
the epiglottis 1s seen  When the handle 15 ifted 1n the direction of-the

arrow (fig 125) the base of the tongue 15 forced upwards. - The-ept
gmmclxmeng to_the base of the tongue 1s drawn

“F—I‘?idﬁr—m?ﬁlﬁ]mwﬂm (fig 126)
t should be noted that the blade does not come 1nto_contact with

the postertor surface of the epiglottisahere the innervation is-the
<upenor laryngcal nerse the stimulation-of which results 1n ad on
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N~

Tic 123 Fic 126

of the cords  The end of the blade touches only areas ymnened by
the glossopharyngeal nery ¢ which plays no part in thiereflex  On this
mmmimmmm__ggmw than
when a standard lary ngoscope 1s used but this s not necessirily a great
advantage

e 127

The laryngoscope shown above was devised by Macbeth and Ban-
awter ®  The handle 15 set eccentrically so that the left hind can be
well out of the way thus allowing more room for mimpulations with
the nght hand

The blade 1s easily removed for sterilisation The curves of the

blade are so designed that 1t picks up the epiglottis easily ind without
17
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ijury to the pharynx  Theallumination 1sby-one of the twin lighting
bulbs_of the Negusanstrument_which does not become hot when the
lamp 1sanuse The bulb can be boiled <o that blade and bulb form a
sterihsable umit

The obtuce angle between blade and handle was adopted after trial
at all angulations from the perfectly straight instrument (blade and
handle 1 a straight Iine) to the very acute angled and was finally
decided upon because 1t appeared least easy with this angulation to
exert leverage on the teeth
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CHAPTER AAVI

MOUTH-GAGS, PROPS, PACKS, AND
TONGUE-FORCEPS

MOUTH-GAGS

A_cac_1sanmstrument used for operung the mouth and for heepmg
1t open  There are many dufferent types of gags and m some hospitals
all are called by the name of Mason the surgeon who mtroduced
the basic model about 1870*

An anwesthetist s equipment should wnclude two or preferably
three good gags They last a hfetime and the question of economy
should not enter into their purchase  The mechamsm by which an
open gag 15 Joched and released varies with different models and an
anmsthetist usually tnes many before making hus final chotce Itis
essential that the constructson of the gag should be s t can
be_opened and closed easily and smoothly by sunple movements of
opg hand

The shall of a dental anw®sthetist can often be judged by the way
he handles a gag and allows the dentist easy access to any part of the
mouth  Insertion and mampulation of the gag should be unhurred

and gentle except in the rare case 1n which the mouth has to be opened
because a patient 1s 11 exirenss

T 128

The ratchet control of this gag frequently referred to as Fergusson s
mahes 1t steadier and more controllable than any other The ratchet-
lock 1s easily adjusted by the thumb and forefinger of the hand which
holds the gag and once mn position wall not ship unless the handles
are approximated

Any gag can be supphed either with ordmary or with Ackland s
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injury to the pharynx  Thealluminationas-by-one of the twin Iighting
bulbs of the Negusnstrument which does not become hot when the
lamp 1san-use The bulb can be boiled so that blade and bulb form a
sterilisable umit

The obtuse angle between.blade and handle was adopted after tral
at all angulations from the perfectly straight mstrument (blade and
handle 1 a straight line) to the very acute angled and was finally
decided upon because 1t appeared least easy with this angulation to
exert leverage on the teeth
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of more ethyl chlonde has produced the desired depth of 1nresthesn,
and then 1s opened

If the jaws become clenched during N,O anesthesia at 15 generlly
impossible to rels them by decpemng the an-westhesia smce the
increasng asphywn will in fact mtensify the spasm  In these cases,
1t 1s actually necessary to give oxygen to reduce the asphy«ia before am
attempt 1s made to insert the gag

We disapprove of the use of 1
boxwood wedge (p 276) for an
unconscious pattent because 1t 1s
hable to break teeth when 1t 1s
forced between the jaws

The anzsthetist steadies the
forehead with one hand and by
continous pressure on the chin de-
presses the mandible with the other
(fig 132) At the same time the
dentist retans the nose prece 1n
position and inserts the gag as
soon as this can be done

‘When the gag has been itro

duced, the anesthetist releases his
hold on the forehead and chin and steadies the gag A second gag 1s

then wnserted on the other side of the mouth and by everling steady and

Fic 142

Fic 133 Fic 134

c;;ué:::ous pressure wath both gags the masseteric spasm 1s overcome
€N or unnecessary force 1s applied pertostitis may result even
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blades The former are curved and he one on top of the other and
although difficult to msert unless the jaw 15 relaxed they will when

@faw\\
— ==

Fie 129 Fic 130 Fic 131

once 1n position both open and keep the mouth open without slipping

Achlland s blades (fig 130) are straight and since when the gags
closed they lie 1n the same plane they can be more easily mserted m
cases 1n which the jaw 1s clenched Once they are m position
however there 1s a tendency for them to ship off the tecth

The blades should be covered with rubber tubmg to mnumse the
nsk of chipping the teeth or injuring the soft tissues If the tubmg
has crached or become loose 1t must be replaced by fresh tubing to
obviate the danger of its shppming off the blades and becoming 2
foreign body

The anasthetist should be on the watch to see that a gag 1s not
handed to lum strasght out of the stertliser—otherwise he may burn
his fingers or still worse the patient s cheek and mouth  When the
gag 1s bemng mnserted the lips must be well separated to avoud therr
being pinched between the gag and the teeth (fig 135) When
this precaution 1s omitted the lip may be bruised or even perforated
The gag should be placed as far back m the mouth as possible to suoid.
beanng on single rooted teeth  Brdges, crowns, and loose orfragile
tecth must be most carefully avoided, and with children it must-be
remembered that a deciduous tooth can be dislodged easily

Use of the Gag to open a Clcnched Jaw-n 1n
Uncenscigus Patient—

Duning induction of 1nasthesia the prop may shp or be spat out
the latter especially in children or it may shp dunng extractions
In children under ethyl chlonde the gag may be introduced by the
method 1llustrated below or 1if the spasm 1s particularly resistant the
mash must be removed until the anwsthesta has become so light that
the child opens his mouth to cry as he always does before he recovers
consciousness whereupon the anasthetist mserts the gag  The gag
with the blades still closed 15 then held i place until the admimistration
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thesma after the change 1s ‘made  Hence though an-esthesta has
been adequate for extractions on the one side 1f the anwsthetist then
nserts the gag on this side and roughly forcés the mouth open to allow
the prop to be removed anwmsthesia my lighten suffictently to cause
mouth breathng even though the muvture of gases admunistered
remams unaltered  Mouth breathing will not, however be imtiated
if the gag 15 used gently

Use of a Gag 1n a2 more or less Edentulous Patient

Such a patient usually finds a prop uncomfortable and hable to
ship about on the rdge of the gum  Since a gag 15 eastly introduced
between 1aws lacking m tecth, many anwsthetists often induce
anzsthesia 1 such a patient without having mserted the usual prop
openng the mouth with a gag after unconsciousness 1s attamned

Holding a Gag in Position

T 137 Tic 138

These photographs show the nght and wrong ways of retaiming
a gag m posttion  The gag 1s self locking so that the anmsthetist
by placing the palm of the hand over 1t and holding the jaw forward
can steady the head as easily as if the gag were not there The shank
of the gag 15 pressed firmly agamst the cheek to prevent the blade
shipping off tooth or gum 1nto the sylcus between the gum and cheel.
It 15 wrong to Leep the gag open by holding the handles for then the
anasthetist loses control of the situation  the head cannot be steadied

and any movement of the head may dislodge the teeth on which the
blades rest
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when the teeth are sound  also 1f the blades of the gags rest directly
on alveolar mucous membranes these may be badly brused Any
such damage may cause much more after pam than anses from the
extraction sochets

Once the mouth has been opened sufficiently 1t can be hept open
easilly by one gag only or a prop can be mserted and both gags
withdrawn

Use of a Gag to make either Side of the Mouth
Accessible
After extractions on one side have been completed the gag 15
nserted on this side and opened just suffictently to release the prop
from the opposite side
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Extractions on the rght side have been fimshed and the left
side 1s to be made accessible
When the prop s released the gag can be used to keep the mouth
open or the prop can be remserted just 1n front of the gag and the
gag taken away Usually 1t makes hittle difference which procedure
15 followed but many dentists prefer to have the prop remserted
because the gag keeps the lips tightly stretched and access to the back
teeth of the opposite side 1s imited
A sudden forceful separation of the jaws by a gag often lightens
the anesthesta sufficiently to cause a reversion from nose to mouth
breathing a fact which may be demonstrated when making 2
change  Lack of appreciation of the sevenity of this stimulus
accounts mdeed for many of the failures to maintain smooth ans
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wiclent particulirly m 1 nervous patient  Hence 1t 15 generally
advisable to nsert 1 prop between the teeth before comnencing to
guve an anasthetic for dental extractions whatever anesthetic 1s to be
wsed  T{ hus 15 not done time will be lost, and damage may be done
m forang the mouth open afterwards

The 1deal prop should be neat comfortable to bite on, and not
hable to shp It should be esy to clean and sterilise and not hable
to collect debns The following dia
grams 1llustrate the props m common
use

Hewitt’s prop, {fig 140)introduced et
m 1891 was an improvement on 1ts pre-

decessors 1nasmuch as 1t 1s so shaped as — E
to adjust 1tself to the angle made be- “
tween the upper and lower jaws when

the mouth 15 open Its disadvantages Fie 110

¥x

Moo =
Fic 141

are that 1t 15 tedious
to clean and that
blood 1s hable to col
lect under the rub-
ber cap where 1t 1s
easily overlooked

Trewby’s lead-
covered prop (fig 141)
15 popular i hospital
practice, where 1t 1s
usual to find a set with
each prop connected by
a cham to a common
ong  The prop 1s easily cleaned and sterilised and 15 everlasting

The'Trewby prop with
rubber msets (fig 142) on
the biting surfaces 1s more
satisfactory but more ex-
pensive  Six dufferent sizes
aremade The prop 1s neat
and comfortable and 15
easilycleaned and sterilised
Alcotherubberinsets which
are easily renewable fit
tightly <o that blood cannot
collect under them

Fic 142
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Trismus

In a case of trismus where 1t 15 necessary to extract the tooth
causmng this condition a gag should be inserted before anwsthesia 15
commenced since if the spasm 1s severe it will be found almost
mmpossible to do this later under light anaesthesia such as commonly 15
administered 1n the dental surgery

Separation of the teeth sufficiently to allow the msertion of the
gag often 15 accomplished only after exercising much patience and
usually causing some discomfort The forehead should be steadied,
and the chm depressed gently but firmly and continuously for sudden
or jerky attempts to separate the jaws cause pamn and mcrease the
spasm At the same tiume the patient may be given a boxwood wedge
mouth opener so that he may help to get lus teeth sufficiently far apart
for introduction of the gag  With four or five mmutes persistence
even the most unpromsing case yields to this treatment

Fre 139

A boxwood mouth opener should be used only by the patient so
ensuring that sufficient force will not be used to break his teeth

Once the gag 1s m position anzsthesia 1s induced a second gag 1s
then 1nserted on the opposite side and the masseteric spasm overcome
by steady continuous pressure on both gags

Unless the teeth can be separated enough for the blades of a gag
to be inserted while the patient 1s conscious an anzsthetic should not
be given m the dental surgery We have never met such a case but
should one be encountered we adwvise postponig the operation until
deep anasthesia can be attained in surroundings where tracheotomy
could be performed 1f the patient vomited

MOUTH-PROPS
It 15 well recogmised that there may be spasm of the masseter
muscles even after surgical anasthesia has been established and other
musclesare wellrelaned  Theintensity of the spasm varies and during
the light anasthesia common 1n the dental surgery 1t 1s not mfrequently
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violent particularly m a nervous patient  Hence 1t 1s generally
adwvisable to nsert 1 prop between the tecth before commenang to
give an anwesthetic for dental extractions, whatever an esthetie 15 to be
used If this 15 not donc time will be lost and damage may be done
m forcing the mouth open afterwards

The 1deal prop should be neat comfortable to bite on and not
Liable to shp It shonld be easy to clean and sterbse and not hnble
to coliect debrs The following dia-
grams 1llustrate the props n common
use

Hewitt’s prop, (fig 140)ntroduced L=h )
m 1891, was an improvement on 1ts pre- ~
decessors mismuch as 1t 1§ so shaped as &
to adjust 1tself to the angle made be- “ E
tween the upper and lower jaws when
the mouth 1s open  Its disadvantages hic 140

are that it 1s tedious
to clean and that
ng blood 1s lhable to col-
lect under the rub
ber cap where 1t 1s

easily overloghed
Trewby's lead-
covered prop (fig 141)
1s popular i hospital
practice where 1t 1s
"S - ~ usual to find a set with
= S N each prop connected by
a chamn to a common
ong  The prop 15 easily cleaned and sterilsed and 1s everlasting

The Trewby prap with
rubber insets (fig 142) on
the biting surfaces 15 more
satisfactory but more ex
penstve  Six different sizes
aremade The prop 15 neat
and comfortable and 1s
easily cleaned and sterilised
Alcotherubberinsets whch
are easily renewable fit
tightly <o that blood cannot
collect under them
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Mushin’s prop 1s simular to Trewby s
except that the two biting plates are set at
equal angles to the connecting bar It 15
claimed that this arrangement males the
prop less hable to shp and 1s hence par
ticularly advantageous for an edentulous
patient

The de Pass prop, made of sohd rtub

Tic 143 ber, 1s bent double on the thin flexible

centre portion before being mserted into

the mouth The ndges on the biting surfaces of the prop are
gripped by the teeth and the tramlmes formed by the raised

s

Frc 144

borders of 1ts biting surfaces prevent 1t from shppmg laterally 1w a
toothless patient however 1t 1s not easily retained

Its resthence makes it particularly useful for if the patient yawns
forexample during induction with thiopentone orif during the opera
tion the lower jaw 15 depressed the prop opens and accommodates
itself to the temporanly increased opening of the mouth and does not

—~ ———

Tic 145

fallout It1s accordmgly especially useful in major dental operations
where anzsthesia 15 often deep enough to relax the masseter muscles

The prop 15 made in three sizes Ixcept that for a conscious
patient the largest 1s rather a  mouthful we find this size extremely
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satisfactory, but eich of the two smaller sizes in our experience 1s
dislodged easily, for when bent into position its two halves are not 1n
contact throughout therr whole length, and 1ny biting pressure 1s
Lable to twist the prop

T 146 Tic 147

Manipulation of two de Pass props jomed by a tape allows both
sides of the mouth to be made accessible without the use of a gag
After extractions on the right side are completed the second de Pass

Tic 148 Tic 149

Prop 1s inserted on that side to provide access to the teeth on
the left
;fhxs sigularly easy way of effectinga  change’ has the great advan-
age that 1t obviates the possibihty of damage by a gag
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Mushin’s prop is similar to Trewby s
except that the two biting plates are set at
equal angles to the connecting bar It 1s
claimed that this arrangement makes the
prop less Iiable to shp and 1s hence par
ticularly advantageous for an edentulous
patient

The de Pass prop, made of sold rub

Fic 143 ber, 15 bent double on the thin flexible

centre portion before being wserted mto

the mouth The ndges on the bhiting surfaces of the prop are
gripped by the teeth and the tramlines formed by the raised

= @

T 144

borders of 1ts biting surfaces prevent 1t from shpping laterally, mna
toothless patient however 1t 1s not easily retaned

Its resilience makes 1t particularly useful for if the patient yawns
for example during induction with thiopentone or 1f during the opera
tion the lower jaw 1s depressed the prop opens and accommodates
itself to the temporanly mcreased opening of the mouth, and does not

. T ——

Fic 145

fallout Itis accordmngly especially useful in major dental operations
where anasthesia 1s often deep enough to relax the masseter muscles

The prop 1s made 1n three sizes Except that for a conscious
patient the largest 1s rather a  mouthful we find this size extremely
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satisfactory  but each of the two smaller sizes m our cxpenence 1s
dislodged easily for when bent into position its two halves are not 1n
contact throughout therr whole length and any Inting pressure 1S
hable to twist the prop

Fic 146 Tic 147

Mampulation of two de Pass props jomned by a tape allows both
sides of the mouth to be made accessible without the use of a gag
After extractions on the nght side are completed the second de Pass
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Fic 148

Tic 149

Prop 1s mnserted on that side to provide access to the teeth on the left
This singularly easy w ay of effectinga  change has the great advan-
tage that 1t obwviates the possibility of damage by a gag
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Brunton’s swivel prop 1s inserted between the incrsor teeth and
it swivels as illustrated  After extractions on one side of the mouth
are completed the other side 1s made accessible very easily by swinging
the vertical bar through half a arcle It 15 especially useful when

Fic 150 Iic 151 Fic 152

extractions on both sides have to be undertaken for children for with
children one may anticipate anasthetic difficulties which will reduce
the operating time available Some dentists condemn this prop for
fear that 1t will damage the incisor teeth but we have not seen or heard
of any mnjury so cauced

Turther Pomnts concerming Props in General

The chances of a prop slipping when the patient 1s largely edentu
lous are lessened by previously directing him to free hus mouth from
mucus by thorough nnsing  If the prop does shp 1t 1s usually easy
with such a patient to open the mouth with a gag

The mouth should never be propped open more widely than
necessary smce this makes the patient uncomfortable and makes it
difficult for him to breathe through his nose (p 296) For a nervous
patient a very small prop 1s sometimes mnserted and the mouth opened
more widely after he has become unconscious  With a little careit 1s
possible to select a prop which will allow adequate 1ccess and at the
same time be comfortable

A cmld may attempt to spit the prop out or 1t may fall out if he
cnies or struggles  To keep 1t mn position upward pressure must be
applied to the chin immediately 1t 1> mserted

A nervous patient may refuse a prop or may begn to retch as soon
as 1t 15 mserted 1n which case the prop should be removed at once or
he will be restive throughout the whole of induction  Nitrous oxide
15 given nasally and the patient 15 told that a few breaths of gas wall
mahe his throat less sensitive  After about srx breaths of N,O the
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patient will be sufficiently imenable to suggestion will open his
mouth when requested and will have no difficulty in retning the prop

MOUTH-PACKS
Sponges

Durning any dental extraction no matter how trvial the oral
cavity must be pached off as efficiently as possible to prevent ny
foreign body being mhaled or swallowed  The 1deal paching materral
15 still a matter for discussion but we ourselves find that a bleached
coarse meshed sponge about as large as a small orange 1s the most
satisfactory  Bleaching improves the appearance, and the extra hight
reflected from the bleached sponge helps to illummnate the field of
operation  The coarseness of the mesh 1s essential for without 1t the
sponge would be less capable of absorbing blood and saliva, or of
entangling any stray fragments of teeth

A sponge 15 difficult to stenhse and 1t 1s most satisfactory to use
each only once If however for economy the same sponges are to
be used repeatedly the most efficient method of stenlising them 1s
to wash them i sodm bicarbonate solution and then soak them
m a weak solution of lysol for forty eight hours and finally wash
them thoroughly with water Sponges should never be boiled other
wise they will shank and
become melastic

The necessity for a
mouth pack 1s discussed on
p 358 A sponge becomes
an elastic and efficient
pack only when moist and
1t should therefore be D
squeezed out 1n cold water
before bemng 1ntroduced
If dunng a prolonged
operation the sponge be-
comes coated with blood
and saliva 1t 1s a potential
danger unless st has a
tape attached 297
When sodden 1t s(gould b)e i’/’
removed and replaced by
a fresh sponge after the
mouth has been mopped e 183

dry The sponge with tape attached readv to be in
troduced into the mouth

% e

1
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Brunton’s swivel prop 1s inserted between the meisor teeth and
1t swivels as illustrated  After extractions on one side of the mouth
are completed the other side 1s made accessible very easily by swinging
the vertical bar through half a arcle It 15 especially useful when

Fre 150 Tic 151 Fic 152

extractions on both sides have to be undertaken for children, for with
children one may anticipate anesthetic difficulties which will reduce
the operating time available Some dentists condemn this prop for
fear that 1t will damage the maisor teeth but we have not seen or heard
of any mjury so caused

Turther Points concerning Props in General

The chances of a prop shpping when the patient 1s largely edentu
lous are lessened by previously directmg hum to free lus mouth from
mucus by thorough rinsing  If the prop does slip 1t 1s usnally easy
with such a patient to open the mouth with a gag

The mouth should never be propped open more widely than
necessary since ths makes the patient uncomfortable and makes 1t
difficult for hum to breathe through his nose (p 296) For a nervous
patient a very small prop 1s sometimes mserted and the mouth opened
more widely after he has become unconscious  \ith a hittle care1t s
possible to select a prop which will allow adequate access and 1t the
same time be comfortable

A child may attempt to spit the prop out or it may fall out 1if he
cries or struggles To heep 1t m position upward pressure must be
apphed to the chin immediately 1t 15 mserted

A nervous patient may refuse a prop or may begin to retch as soon
as 1t 15 inserted 1 which case the prop should be removed at once or
he will be restive throughout the whole of mnduction  Nitrous oxide
1s given nasally and the patient 1s told that a few breaths of gas will
make s throat less sensitive  After about six breaths of N,O the
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Fic 15>
Tic 157

T16
150

vessels on the ventral aspect of the tongue they should not be inserted
too deeply

These forceps (figs 158 159) are illustrated only to condemn them

Fro 158 fie 159
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After anzsthesia has been established the sponge 1s gently pushed
towards the back of the mouth until 1t just touches the front of the
soft palate Incidentally we may mention that in this position where
it partly occludes the mouth but does not occlude the pharynx the
sponge ensures nasal breathing in the unusual patient who has a short
soft palate and uvula and who would otherwise continue to breathe
partially through the mouth even during surgical anesthesia  If the
sponge 1s pushed too far back 1t may cause retching and restlessness
and even obstruct respiration (fig 183 p 297) Though the sponge
may seem to fill the month 1t 1s not a nuisance to the dentist since he
can easily push to one side any part of 1t encroaching on the tooth to
be extracted

In a case of advanced pyorrheea special care must be taken not
to dislodge a tooth while inserting the sponge  Cases are known where
teeth have thereby been pushed down mto the trachea

With an anzsthetic-resistant patient the sponge 1s sometimes
soahed i ether before 1t 1s mserted (p 117) If with such a
patient ethyl chloride 15 sprayed over the mouth to supplement
N,O the sponge may become frozen and lose its absorptive
properties and a fresh
sponge must then be sub
stituted before extractions
are begun

Cotton - wool Mouth
pachs

A cotton wool mouth
pack 15 convement but
lacks the elasticaty of a
sponge Although effective
n absorbing moisture 3ts
volume 15 much more
reduced by compression and 1t then affords but hittle protection

Fic 154

TONGUE-I'ORCEPS

Tongue-forceps (fig 155 and fig 156) are sharply pomted so that
while they hold the tongue firmly they cause minmmal damage  They
should be mnserted nto the dorsum of the tongue at about the junction
of the antenor one third and posterior two thirds as illustrated m fig
157 andinfig 175 p 292 The bute of the forceps should be sufficient
to prevent them tearing out of the tongue To avord damaging the



CHAPTER AXAVID
CARE OF THE UNCONSCIOUS PATIENT

FroM the moment an an-westhetic 1s given until the patient becomes
rational again lus safety 15 1n the hands of lus attendants, since his
protective reflexes are abolished or depressed  Tor this reason a basal
anzsthetic should not be given unless the patient can be supervised
m the pre- as well as 1 the post operative period  Ideally, dunng
recovery the patient should not be left unattended until he has regained
consciousness  Dunng the time the Iaryngeal reflexes and the res-
prratory centre remam depressed the airway must be maintained clear
and the patient hept 1 a position 1 which any foreign body i the
pharynx will dran out of the mouth and not be nspired

Before anzsthesia s ndnced dentures should be taken out and the
mouth examined for loose or fragile teeth ewellery should he
removed fo prevent it being damaged and from cutting ito the flesh
If for sentimental reasons the patient does not wish nings to be removed
they can be left until unconsciousness has developed

Position on the Operating Table
Before the operation 15 begun the patient s arms must be placed
n a safe position conveniently out of the surgeon s way If the arm
hangs over the edge of the operating table the musculospiral nerve

may be subjected to pressure and cause temporary paralysis of the
muscles 1t supples

T1ic 160

Tic 161
A suitable position for the arm 15 achieved by shghtl ng-the
ut ly extended a downwards Tt the table
ang securing 1t by allowing the buttocl, nd
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absolutely on the ground that they crush the tongue and interfere with
its airculation  If 1n emergency tongue-forceps are not available the
tongue may be wiped dry and withdrawn by the fingers covered with
gauze or a cloth or it can be transfixed with a safety pin and drawn
forward

REFERENCES
(1) Mason F 1876 Brit med J 1 117
(2) Hewitt F WV 1891 Brut J dent Sct 34 37
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bed When the patient 15 to be transfurred, the  hifters * preferably
threc should il stand on the same side of the trolley in the angle
formed by 1t with the bed  The main weight will be borne by the
middle one of the three hifters and by the one 2t the head while
the one supporting the legs nceds merely to control them The
hifters arms are placed well under the patient

lic 166

As soon as he has been raised off the bed the patient should be

o0 Ins side facing the hfters In this position the leverage
on the arms 1s small and the patient can be carnedn comfort

Fic 167

The wrong method of carrying a patient

been rolled on to his side he must be supported
i an extremely fatiguin
an impossible one

As the patient has not
at arms length This
g tash and 1f the patient 15 heavy 1t may be
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Fic 162 Tic 163 Eic 164
An alternative method of securing the arms 1s t&/place a towel
or folded sheet under the patient, then over and round the arms
Except m so far as the position for operation necessitates care
must be taken that no jomnts are kept 1n an on or the
hgaments will-be-strétehed and the patient will complamn of pan
for some time after the operation

When admuustration of the anzsthetic 1s stopped the anzsthetist
retans responsibility for the unconscious patient until he has passed

this on to some other competent person  The transfer of responsibility
should be quite definite not just a casual understanding, for instance
the anasthetist handing the patient over to a nurse should say,

Nurse can you be responsible for the pattent now? and should
not be satisfied until she answers with a defimte  Yes

Before heginmng the journey back to.the ward with an unconscious

patient the person 1n charge should be satisfied that the airway. 1s

e t 15 properly protected aganst cold
A gag tongue-forceps amrway swabs and swab holder a towel and
a bowl should be to
hand on the trolley,
and should be kept
by the bedside until
the patient has re
covered

Lifting the Uncon
scionus Patrent
The head of the

trolley should be

drrected towards the
foot of the bed or
the foot of the trolley

Fic 165 to the head of the
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unconscious patient should no? be placed particularly if he cannot
be Lept under constant supervision  The tongue may fall back or
vomitus be aspirated so that death from respiratory obstruction may
result within a very short peniod (fig 219 p 932)

Protection from Hot Bottles

A hot water bottle 1n contact with an unconscious patient may
produce a senous burn  Hot water bottles should be supplhied with
flannel covers and before being put near the patient they should as
an extra precaution be wrapped n a blanhet

Yomiting

The danger of vormting dunng the unconscious period 1s that of
tnhalation of vomitus causing immediate respiratory obstruction or
more remotely, pulmonary complications

During, both induction of and recovery from an®sthesia the patient

passes through a stage at which vomiting may occur  The mcidence
of vomiting dunng in-

duction depends con-
siderably on the shill
of the anmsthetist and

can_be elimmated by
making induction
smooth and rapid thus
heeping the patienfTor
as short a-time-as-possi-
ble at the vomting
level  Normally the
patient properly pre-
pared for operation has
an empty stomach by
the time anzsthesia 1s
begun nevertheless
regurgitation of acid
gastnic juice may occur
and 1ts local 1mtant
action on the laryny
cause troublesome
laryngospasm The
patient on whom an
emergency operation 1s

being  performed may Fic 171
18
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The Patient’s Position 1n Bed
After beng lowered on to his bed the patient 1s placed mn the
serm prone posttion facing the light Te_prevent him from rollmg
bachwards tus lower
arm 1s drawn behind
hm, A ﬁrr'n‘ pillow
tucked mto the
angle befween his
chest and the bed
prevents him—from
rollng.on to hns face
Flevion of the upper
Fic 168 leg _assists_in_fiumg
the patrent _m a
position 1 which the tongue falls away from the pharynx so that the
airway temains clear and vomtus, blood _or mncus_dramn_freely
ont of the mouth
(ig 215 p 330)
lhe presence of
blood 1 the mouth
makes this position
particularly desirable
after operations on
the mouth or throat
Once the patient
has recovered suffi- Fie 169
ciently he can be
allowed to assume any position 1n which he feels comfortable though
he should not be left unattended until he 1s responsible for his actions

4
[ PR

ric 170

This photograph 1s ncluded to show the position 1 which the
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CHAPTLR AN\VIII
RESPIRATORY OBSTRUCTION

INTERFERENCE with the passage of gases between the anwmsthctic
mask and the lungs 1s the commonest cause of anesthetic difficulties
and disasters The penalties of obstruction vary with 1ts degree of
completeness and with the patient s condition  They range from mere
disturbance of the smoothness of the anasthesia to the death of the
patient
The most_common_sie of obstruction as the small space between
the base of the tongue and the nma glottidis  [he more usual causes
can be classified into four groups
1 Bachkward displacement of the tongue
2 A foreign body, e ¢ sponge, yomitus, tooth
3 Adduction of the vocal cords caused by anoxial spasm of
the laryngeal muscles
A Edema of the aryepiglottic folds, due to spread of infec-
tion from neighbouring structures
Obstruction in the first three groups occurs as an accident associated
with unconscrousness The fourth group exists pre operatively and
as will be seen Jater, this condition 1s a contra indication to the
admimistration of a general anzsthetic

BACRWARD DISPLACEMLCNT OF THE TONGUE

Backward displacement of the tongue 1s the commonest_cause of
respiratory_obstruction 1n an_unconscious patient The problem 1s
one of simple mechanics It occurs only when the tongue falls or 1s
pushed bachwards  The former 15 likely to happen when the patient
1s Iyng on lus back the latter during operations on the lower Jaw no
matter what the posttion of the patient may be When the patient
1s lying on hus bach 1t 1s particularly easy for the tongue and the lower
Jaw to which 1t 1s attached to fall backwards The tongue, as

Chevalier Jachson! pomts out acts as a ‘check valve at the
’W Geing negligible — The
tongue j5 Totced forwards by each expiration, after which it smme-
dately falls bach_into 1ts gravity position again and_attempts at
mwwngeal‘entmncéand obimctnmgress
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have a stomach full of food 1f he vomits acute respiratory obstruction
can occur easily unless he 1s immediately placed m a position which
allows the vomitus to dram away  The head should be lowered by
removing any pillows by lowerning the head rest (fig 171), or by tilt
g the operating table nto the Trendelenburg (head down) position
Dranage 1s further assisted by turning the head to one side and better
still by rolling the patient as far as practicable on to one side
If necessary the mouth must be opened by a gag and debns cleared
away by swabs held 1n holders

The method of dealing with vomiting durmng anzsthesia m the
dental chair 1s described on p 233

Post-operative Restlessness 5

Restlessness during recovery from anesthesta may be due to oxygen
want a condition which 15 usually readily recognisable and 15 espectally
apt to occur mn an ev<anguinated patient Much more frequently 1t
15 ﬂresponse to pamn from the site of operation at a time when the
patient has not yet recovered consctousness This 1s frequently seen
after the use of some basal ansthetics the properties of which are
more hypnotic than analgesic  \When these have been used the patient
remains for a long time 1 the stage of potential delinum and whether
he 1s restless or not depends on whether he 1s exposed to pam or not
The degree of restlessness vanes with the patient s nervous mahe up
and with the seventy of the pain and ranges from the mere occasional
changing of hus position 1n bed to maniacal excitement ~ The treatment
1s to give morphia since this drug acts selectively on perception of
pamn It should be noticed that post operative restlessness does not
occur unless the morphia given as a premedicant has been excreted
before painful stimuli from the operation have ceased

A simple rule for the administration of morphia to the unconscious
patient recovenng from an operation 1s that 1t should be given if he
1s restless but not otherwise  Since restlessness 1s almost invanably
a response to painful stimult 1t 1s a sign that the patient has recovered
sufficiently to make the administration of morphia safe  In the early
post operative peniod even } gr has a marked sedative effect and 15
usually sufficient to quieten an adult  The length of time for which a
grven dose of morphia will be effective depends on the metabolic rate
of the patient and on the mntensity of the pain  The influence of a
raised metabolic rate 15 seen dunng the recovery from any operation
of a patient suffering from exophthalmic gottre  a second mnjection
of morphia may be needed half an hour after a dose which would have
been adequate for sev eral hours had the metabolic rate been normal
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Attempts at artificinl respiration when the tongue 1s occluding
the lasyny are worse than no attempt 1t 1ll, since the chech valve
{p 291 allows s to pass mn one direction only —from within outwards

\When the patient 1s sitting upright in the position usual for dental
evtraction the tongue 1s not an obstruction to respiration—it becomes
one only 1f 1t 15 pushed bachwards by the dentist Dunng the
extraction of lower bach teeth 1t 1s particularly easy for the dentist
to make the mustahe of steadying the mandible by pressing 1t back-
wards and downwards 1n such a manner as to obstruct respiration by
forcing the base of the tongue agamst the postenor pharyngeal wall

Fia 176
Radiograph —The dorsum of the ton
gue has been pamnted wat
banum paste  The epiglottis 15 readily distinguishable P nth

Freedom of the airw, ayisensured b
y the dentist puling the mandsb)
;omards and upwards with his left hand  The an:tsthgetxst he]r;;sﬂl))e
orward pressure on the angle of the jaw  Compare the plane of thy
mcicor teeth with that seen n fig 177 ¢
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of ar The patient will die quickly 1f this condition 1s not reheved
and this rehef usually can be attaned simply by holding the angle of
the jaw forward (fig 178 p 294), thus carrying the tongue away from
the laryngeal opening JIf-this 15 not sufficient to clear the airway

(/) a_mechanical arway can be mserted or the tongue pulled fornards
by tongue forceps (&2

T1c 172 —Tongue 1n normal Fic 173 —The airway 1s com
position pletely obstructed by the tongue
which has fallen back by gravity

N
e
L
174 —Anarwayrestorer (usuall Tic 175 —In an emergency if an
call}:c‘laan arrway ) geeps the(tongu}e’ arrway 15 not available the tongue can
forward and an pnnterrupted path for be pulled forward by sharp pointed
respiration is restored forceps  If such tongue forceps have

by oversight been omitted from the
anesthetist s equipment a towel clip
or a large safety pin may be used or the
tongue can be wiped dry and coveted
by a cloth pulled forward by the fingers
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Respiritory obstruction may occur o from faulty posture in the
dental chur  Lather flexion or extension of the head ean cause the
tongue to occlude the urwiy

If the patient sits with the hend
flexed or 1if he shps mto ths post
tion free respiration 1s mmpeded
To obviate thisthehend rest should
be adjusted to the nape of the
nech and the unconscious patient
can be prevented from shpping by
the support of a strap round the
pelvis

Fic 179

Tic 150
This radiograph shows obstructson of
th
when the head 15 flexed as 1 obstraction 1 spermenges

n fig 179 The obstruction 1s aggravated
il the mandible 15 presced bachwards or downwards saratate
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Fie 177

Pressure  back
wards and down
wards on the man-
dible  results 1
varying degrees of
respiratory obstruc
tion  This radio
graph (fig 177} shows
how the mandiblecan
be pushed backwards
by the dentist s left
hand The tongue
15 carried bachwards
and forced agamnst
the postertor pharyn
geal wall causing
complete  obstruc
tion

Respiration.may
be_impeded_simply
by _the tongue bemng

made to bulge backwards Obstruction so caused can occur to some

extent even if the lower jaw 15 held forwards but will obviously be

more complete 1if 1t 1s pushed
backwards

The anasthetist can help
the maintenance of a free
arrway by pressing forward
the angle of the patients
jaw If at the same time
he steadies the mandible the
dentist 15 given a firm pur-
chase for his extraction and
the tendency for the jaw to be
pushed backwards 1s greatly
dimmmished  Prolonged-pres-

sure on the angle of the jaw
by the anasthetists fingers
may.cause post operative pamn
at the site_of pressure The
ring finger can feel the pulsa-
tion of the carotid artery
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Respiratory obstruction m1y occur 1l-o from f1ulty posture n the
dental chur  Lither flexton or extension of the head can cause the
tongue to occlude the nrway

If the patient «its with the head
flexed or if heslips into this posi-
tion free resprration 1~ impeded
To obwiate thisthehead rest should
be adjusted to the nape of the
nech and the unconsclous patient
can be prevented from shpping by
the support of a strap round the
pelvis

Fic 179

Fic 180

This radiog
when the head
if the mandible

raph shows obstruction of the ammway by the tongue

1s flexed as i fig 179 The obstruction 1s aggravated
15 pres<ed backwards or downwards
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If the head rest ships and the head becomes extended the tongue
can act as a  check valve

Tic 181

as 1t does with a patient m the supme

position (fig 173 p 292)

This posttion has other disad
vantages Blood and mucus gravs
tate backwards and mntate the
postertor pharyngeal wall causing
restlessness and retching in the
Lightly anzwsthetised patient  Also
the patient 1s particularly exposed
to the danger of entry of a foreign
body nto the lungs(pp 308and 362)

A not infrequent cause of minor
respiratory obstruction 1 dental
anaesthesta 1> the insertion of too
large a prop The mouth can be
opened only by depressing the
mandible and the illustration
below shows how opening of the

mouth to 1ts utmost limts carnes the base of the tongue on to the

posterior pharyngeal wall

Ifthetongue
15 relaxed the
wider the
mouth 1s
opened  the
more difficult
does nasal re
sprration be-
come Hence
a widely opened
mouth favours
oral breathing

An  mcor
rectly adjusted
niose-piece may
partially oc
clude the nares
and so umpede
free respira
ton (fig 76
p 221)

Fic 18"
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FORLIGN BODILS

(A) The sponge or mouth pach, hich should imvanably be used to
protect the larynx when extractions are being performed may cause
resprratory obstruction

If the sponge 1s pushed too far
back the soft palate 15 forced agamnst
the postenor pharyngeal wall and
blocks the airway partially or com-
pletely (fig 153) Nose breathing 1s
presented by the palatal obstruction
and oral breathing by the sponge
itself

A sponge sodden with blood and
salina 1f compressed suffers a marked
decrease 1n volume and if the small
sodden sponge shps behind the base

Fic 183  (After Archer?)

of thetongue 1t will completely
occlude the laryngeal openmg
(fig 184) Thisisarare acci-
dent, but when 1t happens
respiratory arrest 15 dramatic
mn 1ts completeness and sud-
denness A case of respiratory
obstruction from this cause
1s described on p 314
Fic 184 (B) Vomutus 1if mhaled
may occlude the larynx

{C) Duning every extraction both dentist and anmsthetist must be

comstantly alert to the possibihity of a tooth tooth fragment or other

1gn body shippmg past the sponge into the la al
the sponge into the laryngeal opemin
%:ﬁ??fmlndoubted valig of "3 sponge, constant wgﬂagce ogn
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the part of the dentist 15 essential for protection agamst this
accident

Although the foreign bodies descnibed under (B) and (C) may cause
acute respiratory obstruction by lodging at the laryngeal entrance
1t 15 more common on account of their small size for them to pass
through the nma glottidis and cause grave post operative pulmonary
complications

LARYNGEAL SPASM

Anoxzmic spasm of the laryngeal muscles leadmg to spastic
adduction of the vocal cords 1s most likely to happen in the unpre
medicated thich set muscular mdividual who often 1s described as
unswitable for mtrous oxide anesthesta and who m fact 1s resistant
to every form of anmsthesia In the frail or heavily premedicated
pattent muscular spasm 1s not a feature of oxygen-want Nitrous
oxide 15 the weakest of all the anasthetics 1n common use and if for
any reason 1t 1s chosen for a resistant patient the range of anzsthesta
15 necessarily narrow  If the patient 1s unpremedicated and supple-
mentary anzsthesia 1s not used 1ts feeble action must be remnforced
by a marked reduction of the oxygen mtake to prevent the patient
responding to stmuh by strugglng and mouth breathing At this
low level of oxygen tension anoxzmic spasm of some of the muscle
groups 1s mevitable  The muscles which adduct and abduct the cords
like all other muscles of the body work smoothly only when the oxygen
supply 1s adequate Unco ordmated action of the laryngeal muscles
resulting from anoxzemia 1s evidenced by stertorous and jerky breathing
With deepening anoxemia spasm of the laryngeal muscles increases 11t
mtensity and since the muscles of adduction are more powerful than
those of abduction, the cords eventually become tightly approsimated

m}us ‘condition expiration 1s 1mparred
but shghtly, but mnspiration becomes less and less effective until, with
\;?ﬁw‘bw&@ss respiration ceases with the
Eﬁwe_posmﬂ_ouxmtlon The mechanisms concerned mn
the deflation of the thorax will be appreciated by an exammnation
of the following diagrams
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The cords during deep ether inesthesin  on theleft, 1s seen through
a laryngoscope  on the nght the corresponding coronl section of the

Y
Fic 185

Fic 186 (After Jackson3)
A = Aryepiglottic fold
B = Thyroud cartilage
C = Cnicord cartilage
X\ = Vocal cords

larynx  The cords are 1n the mean position of normal quiet respiration
Although they become widely abducted 1n forced respiration the range
of movement 1n normal resprration 1s shight

I

)}

@ﬂ
\

Fic 187

Fic 188

Adduction of the vocal cords laryngeal spasm
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These figures show a more advanced degree of laryngeal spasm
during hght ether anesthesia The arytenoid cartilages are 1 close

Fic 189

Fic 190
Aryepglottic fold
B = Thyroid cartilage
C = Cncod cartilage
XX = Vocal cords

apposiion  The adducted vocal cords are covered by the tightly
approximated folds of mucous membrarie_known as_the false cord
mww%ﬂm the
larynx with a sphincter hke action The vertical st hes over the
laryngeal entrance Tt will be noticed that the spasm has prevented
the blade of the laryngoscope from being carned as far forwards
as m fig 187 and hence more of the pharynx 15 seen When the
muscles of the larynx are i spasm from anoxzmia the appearance
1s similar except that the pink colour associated with ether anasthesia

15 replaced by a slate blue

The 1neffectiveness of
Inspiration attempts at artifical re-
spiration 1 this stage can
be understood from an ex-
xx amination of the adjoimng
two figures which illustrate
dragrammatically the posi
tion of the cords dunng
laryngeal spasm
The bases of the cords

x
Expiration are distal to their free ends
Fic 191  (After Jackson 4) The action of the adducted
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cords 15 sumilar to that of a pur of swinging doors which swing one
way only  Air can be expelled from the chest beeuse they swing
open to allow 1ts egress ngress of ar s, however, prevented because
the cords swing back like two one-way doors The more powerful
the mspiratory effort the firmer the apposition of the cords The
condition 1s comparable to chech-valve obstruction by the tongue
When respiratory effort ceases as a result of this valve like action, the
chest will be m the position of expiration At this stage attempts
to infiate the lungs either by oxygen under pressure (positive pressure
proximal to the cords) or by attempts at artificial respiration {negative
pressure distal to the cords) must obviously be ineffective

Illustrative cases are described and the treatment of this condition
dealt with on pp 310-313

(EDEMA OF THE GLOTTIS
The causes of obstruction so far discussed occur during the course
of anesthesia  Respiratory obstruction of varying sevenity may occur
too 1 the conscious patient The most common cause for this 1s
spread of infection from a wisdom tooth to the upper margms of

the larynx  The aryepiglottic folds become cedematous and encroach
on the airway

Fic 192 —Normal TiG 98 e
g 182 = Normal Jackson8) —(Edema of
R g een right ary eprglottic fold

showing encroachment
on the laryngeal open
ing  There 1s shght
cedema of the epiglottis
and left aryepiglottic
fold also

A conscious patient overcomes the earl
y stages of respirator
obstruction by using his accessory muscles of inspiration Y

the thorax expands with but httle muscular effort since
drawn 1n freely

or by a foreign bo

Normally

air can be
If the glottic aperture 1s narrowed by inflammation

dy the resistance to the passage of air 15 mncreased
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The extra power provided by the accessory muscles increases the
negative pressure within the thorax and 1s capable of compensating
for varying degrees of respiratory obstruction At first progress of
the obstruction may be mnstdious and the effects of dimmmshed oxygen
mtahe not conspicuous  Rehef of the condition, however 1s urgent
as the time will come generally without warning when the alveolar
oxygen tension 1s reduced below the cntical level necessary to heep
the patient alertand
breathing vigorous
ly A vicious crcle
15 now established
and the patient,who
previously was not
recogmised as being
in 1mmedilate
danger, will die
within a few
minutes

Thisphotograph
illustrates the chni-
cal picture typical
of partial occlusion
of the larynx from
any cause Note
the anxious expres-
sion, the action of
the accessory
muscles of respira
tion and the m
drawing of the
supraclavicular and
intercostal  spaces
Stnce air cannot be
sucked n freely
past the obstruc-
tion the negative
pressure within the thorax results i indrawing of the soft parts of the
thoracic wall

\Vhen an operation has to be performed for the relief of this
condition {eg for removal of an impacted wisdom tooth nfection
round which 15 causing the spreading edema) the an-esthetist must
realise that an®sthesta w 11l be especially dangerous for a patient who

L 193
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even when at rest, 1s obliged to use Ius accessory muscles of mspiration,
for production of unconsciousness 1 such a patient m1y cause death
If the obstruction 1s severe such a ptient cannot sleep because 1s soon
as he dozes off the accessory muscles being under voluntary control
cease to act and he wrkes with 2 sense of suffocation  Similarly if
unconsciousness 1s produced by any general anesthetic the help of
the acces<ory muscles 1s lost and if the condition 1s not dealt with
at once the patient will die rapidly of asphywia  Artificial respiration
apphed to a patient with such a degrec of respiratory obstruction 1s
meffective and death 15 mevitable without immediate tracheotomy
and artifictal respiration
Because of the patient s respiratory distress the anzsthetist may
be tempted to employ a basal anwesthetic the use of which, however,
1s contra indicated absolutely The warning aganst the use of general
anasthetics given 1n discussing cases of cedema of the larynx apples
with particular emphasis to the basal anwesthetics  Respiratory arrest
here occurs with the onset of unconsciousness (p 31) so that the
patient 15 1n an even graver condition than would be the normal patient
to whom had been given an overdose of basal anzsthetic sufficient to
produce respiratory arrest since he has the added grave complication
of a quite madequate airway  Apart altogether from production of
unconsciousness no drug should be grven which will depress the
respiratory centre It may even be dangerous to give small doses of
morphia to relieve the patient s mental and physical distress
If the degree of obstruction does not necessitate the full action

of the accessory respiratory muscles the anesthetist may feel that the
usual respiratory muscles will be capable of achieving just sufficient
respiratory exchange provided adequate oxygen 1s given and therefore
that he1s justified in admunistering an anzsthetic without a prelimnary
tracheotomy He has only lis chinmical judgment to guide him here

and even 1f he feels satisfied that the patient can be anwmsthetised
safely a tracheotomy outfit must be at hand 1n case of need  If the
obstruction necessitates the patient using hs accessory muscles to their
utmost a tracheotomy must be performed under local anzsthesia
before a general anasthetic 1s given  Any respiratory difficulty 1s
thus overcome and with 1t any contra mdication to general anmsthesia

Many years ago one of us was present as an onlooher when an
operation was to be performed for the extraction of a wisdom
tooth infection round which was causing cedema of the glottis
sufficient to male the patient use his accessory inspiratory muscles
Induction of anzsthesia was peaceful but immedzately uncon-
sclousness supervened inspuratory effort faded away and despite
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The extra power provided by the accessory muscles increases the
Degative pressure withwn the therax and 1s capable of compensating
for varying degrees of respiratory obstruction At first progress of
the obstruction may be insidious and the effects of dimimished oxygen
mtake not conspicuous  Relief of the condition however, 1s urgent
as the time will come generally without warning when the alveolar
oxygen tenston 1s reduced below the cntical level necessary to heep
the patientalertand
breathing v1gorous
ly A vicious arcle
15 now established
and the patient who
previously was not
recogmsed as bemng
in 1mmediate
danger, will die
within a few
minutes
This photograph
Ulustrates the clin
cal picture typical
of partial occluston
of the larynx from
any cause Note
the anxious expres-
sion the action of
the accessory
muscles of respira
tion and the m
drawing of the
’ supraclavicular and
mtercostal spaces
{ Since arr cannot be
P - - - - — suched 1n freely
past the obstruc-
tion the negatie
pressure withm the thorax results in indrawing of the soft parts of the
thoracic wall
When an operation has to be performed for the relief of this
condition {eg for removal of an impacted wisdom tooth 1nfection
round which 15 cau-ng the spreading cedema) the anasthetist must
realice that an-esthesa w ill be especially dangerous for a patient who

lic 194
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CHAPTLR AAIN
EMERGENCIES

In operations 1 the mouth there are special nshs of obstruction to
the airway (see previous chapter), and specinl precautions must be
taken The prevention of anwesthetic emergencies n general wall be
Wllustrated here by considening their avoidance i dental anzsthesia in
particular  we shall then proceed to consider the different emergencies
and therr treatment

All acaidents associated with dental anzsthesia should be avoidable,
and observance of the following measures will mimimise the nsk of
their occurrence

1 Before anzsthesia 1s begun the patient should be settled
comfortably 1n the correct position in the dental chair (fig 61, p 207),
and this posttion mamtained by means of a strap round the pelvis

2 No extensive or prolonged operation_should be attempted in
the dental charr Long anmsthesia and extensive dental operations
increase the nisk of post operative collapse especially in the ambulatory
patient and 1n any case 1t 15 difficult without endotracheal anzsthesia
to mamntan a continuously clear airway

The preaching of thys counsel of perfection 1s easter than its practice
Hospital beds are rarely available for any except really major dental
cases with the result that numerous extensive operations are per-
formed 1n the out patients department under general anwsthesia
In private practice 1t 1s 1n such cases often difficult to make the
Patient realise that there are real advantages to be gamed from entermg
a nursing home and that the recommendation to do so despite the
expense 1s not merely a fad of the dentist s This difficulty 1s common,
and many young practitioners have not the courage to msist on nursing-
home treatment Turther unfamibarity with the strict technique
prachised i the operating theatre 1s responsible for the preference
of some dental surgeons to operate 1n their own rooms

3 Only i exceptional circumstances should anzsthesia 1n the
dental chair be prolonged 1f the difficulties of the operation are proving
greater than were anticipated 1t 1s safer to discontinue the operation
and arrange for 1ts completion under local anasthesia at another session
or i necessary 1n a nursing home or hospital  Prolongation of nasal
nmitrous oxide anzsthesta merely 1n order to avoid confession of failure
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attempts at artificial respiration the patient died The under
lying pathology was not appreciated and since the patient was
thought to be dead from primary heart failure, no tracheotomy was
performed although 1f this had been done promptly 1t 1s probable
that the patient s hfe could have been saved

Deaths from this cause are frequently attributed to the particular
anzsthetic used In tumn every anasthetic has thus been blamed
Not until 1t 15 realised that death results from the production of
unconsciousness and not from the effect of any particular ansthetic
will the mortality 1n this type of case be reduced
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Conditions which mncrease the danger of entrance of foreign bodies
1nto the lungs such as continuing the operation after the operation field
has become obscured by bleeding or when the patient 1s restless, are
considered on page 359, where also the importance of packing the
throat and the advantages offered by endotracheal anwesthesia for
major dental operations are pownted out Lverything sn_the mouth
may be shippery from saliva and, yn]gsgu_xepwﬂo_t_ected,
1t1s all too easy for a foreign body to enter the cesophagus or trachea
It 1s sigmficant that foreign bodies are lost most often when anazsthesia
1s turbulent  Tortunately the patient 1s then so lightly anzsthetised
that the swallowing reflex 1s present, and a foreign body 1s therefore
more likely to be swallowed than mspired If a_foreign_body_ss Jost
dunng_deep anmsthesia, the rish of its entrance into the larynx 1s
mcreased because the swallowing reflex has been lost

In order of frequency the lost foreign body 1s lihely either (a) to
pass mto the cesophagus, (b) to pass through the glottis or {¢) to be
arrested by the vocal cords causing acute respiratory obstruction
The correct procedure when a foreign body 1s missing 1s dealt with
on page 360

If there 1s no defimte indication whether the foreign body has
been swallowed or inspired and if radiological exammation 1s
negative the patient should follow at first the sumple routine ap-
propnate for a swallowed foreign body but a particularly careful
watch must be kept on him for symptoms indicating that 1t 1s mn
the lungs

Foreign bodies in the alimentary tract-—It 15 rare for a
swallowed foresgn body 1f 1t passes through the cesophagus to lodge
anywhere 1n the almentary canal sufficiently Jong to do any harm A
Jagged foregn body such as a small denture held up 1n the cesophagus
must be removed skilfully as soon as possible by cesophagoscopy under
local or general anzsthesia  for if there 1s ulceration of the cesophagus,
the infection spreads to the mediastinum and this condition has a
very high mortality rate

If the foreign body 1s 1n the stomach or ntestines bulky residue
foods {eg porndge bran) should be given and af thought necessary
the fzzces may be sifted to discover when it 1s passed  The temptation
togive purgatives to hasten the ext of the foreign body must be sternly
:Esuted since they increase the tendency to spastic contraction and

e hability of the foreign body to become mmpacted an occurrence
attended by the nsk. otherwise remote of perforation of the mntestine
:gg:lot;il(; the prognosss for a foreign body which has been swallowed 1s

surgical interference 1s rarely necessary that for a foreign
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to complete the operation 1s as risky as performing an extensive
operation 1 the dental chair

4 Natrous oxide anamsthesta should not be prolonged in patients
with physical disabilities whach are aggravated by anoxemuia  Patients
with toxic myocardial weakness of the post mnfluenzal type and those
sufferng from exhaustion from overwork, poor feeding or apprehension
1deally should be dealt with 1n hosprtal or a nursing home and given
basal anzsthesia followed by mitrous oxide and ether Unfortunately
for economic reasons they are often subjected to the risks of prolonged
anzsthesia in the dental chair

5 Every possible precaution must be taken to prevent the entrance
of foreign bodies mto the air passages or alimentary tract (4) All
dentures should be removed (5) The mouth should be mnspected for
crowns fillngs and loose or weak teeth so that these may be avorded
when a Mason s gagisused If this mspection s ormtted mere insertion
of the sponge may prove dangerous as shown by a case where a loose
masor tooth was dislodged 1n this way and pushed into the trachea
{c) The yaws of the Mason s gag should be covered with rubber to prevent
damage to the teeth  The gag should always be used gently and the
mouth opened slowly  (d) The pharynx should be propesly pached
() The head should not be over extended (f) The operation should
be proceeded with only when anasthesia 1s tranquil

FOREIGN BODIES LOST IN THE MOUTH

If a loose body m the mouth slhips backwards mto the pharynx it
may then enter either the cesophagus or the air passages Chevalier
Jackson ! pomts out that functions of the larynx other than that of
speech are generally given Ittle consideration He observes that
phylogenetically phonation islate and articulate speech aswe know it
very late indeed  He descnbes the fundamental purpose of the larynx
{or the great majonty of ammals including man to be the protection
of the air passages against the entrance of food

Any loose object n the mouth 1s a potential danger ~ Spicules of
bone broken or whole teeth fillngs rubber covers from Masons
gags and vomitus have all been found mn the air passages The
number of potential foreign bodies should he reduced as far as possible
Small pledgets of wool should not be used for swabbing out_tooth
sochels  the throat sponge or pack should have attached to 1t a tape
\mmngs out of the mouth The fact that accidents due to foreign
bodies are so rare 1 spite of the great number of operations the
mouth 15 a great tribute to the shill and care of dental surgeons
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only or may extend to weeks or even months, although then there
are usually paroxysms of coughing  If, after an operation_en the
mouth, 1 patient_dey elops lung trouble which does not clear up quickly,
the possibility of 1 forergn body being in the Tatigs must always be
conSidertd A prolonged symptomiess ntetvil 15 often responsible
for failure to make the correct dingnosis when symptoms do eventually
appear If the advice gven (p 361) has been followed and the
possibility of a foreign body being i the lung has been communicated
to the famy doctor smmedmately after the operation, he will be m a
position to make an early diagnosis 1n an otherwise baffling case
Early treatment can then be mnstituted and this 1s important since
delay may prove fatal
A septic_foreign body wherever situated eventually gives nse to
suppuration and abscess formation  The gravity of the condition
depends to a considerble extent on the locality of the abscess and
the ease with which 1t can be dramned In the subcutaneous tissues
an abscess 15 at once recogmsable and can be mased and dramed
without delay  In the lung the symptoms of an abscess vary greatly
Usually an imntating cough develops first soon to be followed by
expectoration  the sputum may or may not be blood-streaked and
eventually becomes foul smelling  Tever 1s a late sign and 1s usually
uregular  In other cases influenza or bronchitis ss liable to be
dragnosed and the grawvity of the conditon 1s mot reilised until
wstead of recovenng within the expected time the patient be-
comes worse If the presence of a foreign body 1s not diagnosed
untl symptoms of a lung abscess have developed the patients
condition will detenorate rapidly and death wall be mevitable unless
the foreign body 1s removed at once and adequate drunage established
Provided treatment 15 not delayed, the prognosis_when a_foreign
bﬂmm@_@_ﬂlg_ bronchus 1s excellent Removal by an expert
Is tasy particularly 1f performed early Chevalier Jackson wrtes
The patient from whom a foreign body has been removed within a
few days by peroral bronchoscopy has a hard time trymg to show
that he has suffered much or that he 1s any the worse physically  On
the other hand the patient with lung suppuration due to neglect of

early diagnosis and remosval has a good case with winch 1o ehicit the
sympathy of the jury 3

ACUTE RESPIRATORY OBSTRUCTION

This may oceur in the larynx from spastic adduction of the vocal
cotd.sw.nr,lmm_xmpachon—of-a foreign body The treatment depends
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body i the lungs 1s always grave unless the patient receives urgent
and skilful treatment

Foreign Bodies in the Air Passages

Even when the patient 1s conscious a foreign body may disappear
mto the air passages without producing immediate symptoms ? and
the chance of this occurning 15 of course much greater when the
patient 1s anesthetised  Althoughit s true that under hght anzsthesia
a foregn body 1s more likely to be swallowed than mnspired there 15 no
guarantee that the arrway will not be mvaded for the coughmg which
a foreign body at the larynx may maite 15 preceded commonly by 2
deep nspiration  which ncreases the nisk of 1its entering the larynx
As soon as anasthesia 1s deep enough to abolish the cough reflex any
small foreign body which 1s lost backwards from the mouth 15 likely
to fall directly through the open glottis 1nto one or other bronchus
usually the night where 1t may not give nise to respiratory signs or
difficulty [ The fact that this.accident may occur without any wmmediale

stgns must be emphastsed
e most common _causes of the entrance of-a-foreign body nto

the larynx are

1 Allowing an_unconscious_patient who 1s vonuting to remain i

sition where the vomutus does not drain avay at once If the

patient 1s_supine his head should be lowered and turned to one stde
(fig 171 p 289) 1f he 15 1n the dental chair his head should be pushed
well forward (fig 82 p 233)

2 Pulling the tongue forward durng the -ct of vomiting since
this mahes swallowing and closure of the larynx difficult or impossible

3 Extending the head too far in the dental chair asis hable to
occur when the an®sthetist extends the head to help the dentist when
he 15 extracting an upper wisdom tooth  The larynx cannot then be
raised even voluntanly and swallowing 1s mmpossible so that the
entrance to the larynx cannot be protected The anzsthetist should
impress upon humself the vulnerabihity of the larynx when the head 15
fully extended by attempting to swallow with his head in this position
Further 1t 1s difficult to pach off effectively behind the upper molar
teeth  This posttion s tHlustrated n fig 181 p 296 and an instance
1sgnenonp 362 of a foreign body entering mto the lungs 1n a case
where the head was over-extended w

Subsequent events depend on the Size of the foreign body and

(g here 1t lodges| pn 1ts anfectivity and on the resistance of the tissues

There 1s usually a symptomless mnterval and this may last a few days
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shich follow Swmnce the ntroduction of d tubocurarne chlonde
however, treatment more prompt than was previously possible 15
avalable to relieve the condition before 1t develops to the stage of
respiratory arrest

When mitrous oxide 15 gwven to a resistant patient, if he has not
been premedicated and 1f supplementary anmsthesia 1s not used he
does not become anzsthehised unless at certain stages of anwsthesia
oxygen deprivation 15 so severe that there 1s a danger of laryngeal
spasm The following six cases i our OWNn experience are tymeal
All srx patients were plethonc and of the * bull neched  type and
five of them were men

At o demonstrationby R R M of mitrous oxade anwesthesia for
dental cases a man aged 50 stout and short-neched was brought
m with a lustory of previous drfficulty with this anwsthetic
admimstered nasally It was stated that the man was unable to
breathe through Ius nose and also that 1t had been impossible to
anzsthetise im sufficiently to allow extractions to be performed
Several teeth had to be removed  The patient was ashed to blow
Tus nose and was found to be perfectly wellable to breathe through
it 1o fact, unconsciousness was mmduced without even cover-
mg the patient s mouth The anesthetist accordingly felt that
the previous admimstration had probably been unshilful and
proceeded m the usual way  The patient was nowsy and snll
mumbling at a time when cyanosis was so marked that one would
have expected no such restlessness cven m ths type of individual
Admunstration of N,O was continued but despite marked
anosv®mia, the anzsthesia was not deep enough to prevent reflex
responses and the patient reverted to mouth breathing as soon
as the extraction was attempted The operation was therefore
suspended and the depth of anmsthesia still further increased
here unwisely by pushung  N,O  The sequence of events was
then approximately as follows  Respiration became stertorous
and snatchy and dunng the following ten seconds mspiratory
efforts were meffectsve and respiration ceased Although from
the stertor and from the patient s appearance 1t was obvious that
there was marked anoxemia, the cessation of resprration was
view of the muscular activity 30 seconds previously unexpectedly
sudden  The tongue at this stage had become small and spastic,
and almost wooden in consistency A few seconds later 1t relaxed
like the rest of the body muscnlature and became large and flabby
The pupil became widely dilated and the eye death khe  Since
artifictal respiration 1n the chair was found to be mefiectn e the
patient was placed on the floor where1t wascontinued  Ventjla-
ton was impossible smce awr could nesther enter nor leave the
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on which of these two conditions 1s responsible but without larynge
scopy it may be mpossible to decide with certainty between these
alternatives To provide for the possibility that the obstruction
caused bya foreign body the anasthetist should ash for the tracheotomy
mstruments to be set out

Signs of Acute Respiratory Obstruction

Even 1 the anesthetised patient respiratory movements may
continue for some seconds after they have ceased to be effective
Dunng this time the indrawing of the suprasternal and suj raclavi

cular notches constricts the vems at the root of the nech and s largely
responsible for producing_cyanosis and extreme congestion of the
face’ The heart continues to beat for some minutes after respiration
has ceased and venous engorgement increases smce blood 13 forced
mto the vessels at a time when 1ts return 1s not arded by the pump-
hike mechanism of the thorax

Laryngeal Spasm

This condition 15 described on pp 298~-301  In clintcal anas
thesia 1t may result (1) at a late stage of anoxemic anoxia from
an 1ll-advised attempt to subdue an unpremedicated anamsthetic
resistant patient with nitrous oxide (1) from attempts to mtubate
the uncocamised larynx under light barbiturate or Iight cyclopropane
anasthesia 1 either of which laryngeal spasm 1s extremely probable

In all these cases the respiratory centre 1s depressed and the spasm
may cause acute respiratory obstruction persisting until the patient
1s monbund  The alarming appearance of the patient and the fact
that artificial respiration 15 at first unsuccessful (p 311) are likely to
tempt the anasthetist to perform tracheotomy under the erroneous
ympresston that resprration s obstructed by a foreign body  With
proper treatment the patients condition undeniably serious 1s
however not as grave as his appearance would suggest for the very
persistence of muscular tone shown by the laryngeal spasm can be
regarded as in1tself reassuring  Although after cessation of respiration
the patient s condition steadily deteriorates, if the cardiac musculature
15 reasonably healthy the heart will st1ll continue to beat for some time
When usually about one minute after respiration has ceased (it seems
much longer to the anesthetist 1) the laryngeal spasm has passed off
because the patient 1s 1z extremus the awrway becomes free again and
artificial respiration or inflation of the lungs with oxygen wall then be
effective  T'hisis the sequence of events as llustrated 1n the examples
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4 tubocuranine chloride may well result in respiratory arrest from
draphragmatic paralysis  This conditron, however 1s easily dealt with
by inflation which becomes possible as soon 15 the laryngeal spasm ts
abolished by the d tubocurarme chloride Inflation must be man-
tamed unti normal respiration begins once more, when the d-tubo
curarine chlonde 1s ehninated

The effect of admustration of d tubocurarine chloride 15 to reduce
the time during which mﬂ;&cﬂﬁwﬁ@s@lof_spgs_m Tthus
ensufing promipt ovygenation and avoiding strun on the cardiovas-
get ovygen nto _the lungsas soon as possible

Laborde s method of intermittent traction on the tongue* will
restore respiration only if the reflex mechanisms on which 1t depends
are still effectine  The tongue 1s grasped by forceps or held through
a towel and drawn well out of the mouth and then released If
after this cycle has been repeated seven or eight times m half 2 minute
the patient still makes no effort to breathe artificial resprration must
be mstituted  The chest will be 1n the position of expiration and while
laryngeal spasm persists artificial respiration will be neffective, since
the cords will be further approximated m the mspiratory phase (fig 191,
p 300) Attempts at artifictal respiration by manual methods or by
itation with oxygen must therefore be gentle, and must be contun: i oxygen must therefore be gentle, and must be contintied
so that as soon as the glottis opens air will enter the chest e question
whether tracheotomy should be done or not must be decided by the
man on the spot Grave as the condition of the patient 1s we have
not heard of any case where laryngeal spasm has proved fatal because
tracheotomy was not performed Nevertheless 1f a laryngoscope 18
not available to confirm the diagnosts, early tracheotomy will probably
be justifiable particularly 1f there 15 any suspicion that the obstruction
15 due to a foreign body

If with the aid of a laryngoscope the anzsthetist finds there 15 no
foreign body 1n the larynx he may attempt to pass a Magill s tube
tnto the trachea  The attempt may be successful if the spasm 15 not
extreme or 1s begmming to relax but vigorous efforts should not be

made nor a tube of firmer consistency used on account of the possibihity
of injuning the vocal cords

Impaction of a Foreign Body
A tooth fragment or even a whole tooth rarely causes acute res-
piratory obstruction since they are usually small enough to pass
through the glottis Obstruction may occur however, from the
impaction of a sponge or vomutus m the larynx usually just beyond
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lungs entrance being prevented by laryngeal spasm and exit by
the fact that the chest was already in the extreme expiratory
position  Tongue traction and artificial respiration were con
tinued and about a minute later the laryngeal spasm ceased and
ventilation became effective Normal respiration then began
quuckly and the patient was replaced in the chair  In spite of the
extreme depression to which he had been reduced the patient
promptly became restless again The attempt to anaesthetise
this patient with N,O alone was obviously 11l advised ethyl
chloride was accordingly used to supplement the NO the
operation was successfully concluded and the patient walkedaway
none the worse for s experience

Of the other five patients three were 1n the dental chair
and the other two on the operating table The three former
were anzsthetised by students 1n the out patients department
Anoxzmia was marhed and laryngeal spasm developed and made
ventilation impossible  As artificial respiration 1n the chair was
mefiective the patients were 1 each case placed on the floor
and the attempt to carry 1t out contmued It was difficult to
believe that a foreign body was not the cause of obstruction so
much so that n one case tracheotomy mstruments were ashed for
but recovery took place before they were produced  After tongue
traction and artificial respiration for about a minute air entered
the chest and normal respiration was promptly resumed

In the two cases on the operating table the laryngeal spasm
was verified with a laryngoscope and 1t was found mmpossible to
pass a Magills tube  When the cords were seen to have relaxed
the tube passed without difficulty and the lungs were easily inflated
with oxygen Subsequent anasthesta and recovery n these two
cases also were uneventful

The following case illustrates the production of severe laryngeal

spasm which 1s especially hable to occur under light barbrturate narcosts

A colleague who tried for some time to pass an endotracheal
tube under light hexobarbitone narcosis found that laryngeal spasm
occurred and persisted even after the attempt had been abandoned
The patient became cyanosed and the spasm passed off and
artificial respiration became effective only after us condrtion had
further deteniorated as shown by cardiac uregulanty

Treatment —An effective way of dealing with laryngeal spasm

15 the prompt ntravenous admumstration of d tubocurarine chloride

m

a full curanising dose  About 15 mg should be given as soon as

the condition 1s recogmsed but this should be done only 1if adequate
means of imnflating the lungs with oxygen are at hand since the
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d tubocurarme chlorde may well result 1n respiratory arrest from
diaphragmatic paralysis  This condition however, 15 easily dealt with
by mflation which becomes possible 1s soon 1s the Inryngeal spism 15
abolished by the d tubocuranne chlonde  Inflition must be maimn-
tamed until normal respiration begins once more when the d tubo-
curarmne chlonde 1s eiminated

The effect of admmstration of ¢ tubocurarine chloride 15 to 1 reduce

the time_dunng which nflation 15 1mpossible because of spasm, thus
enstfing prompt ovygenation and avoding strain on the cardiovas-
cular_mechanism T@Jo<
gﬁv—_ ygen nto the lungs as soon as possible

Laborde s method of intermitfent traction on the tongue! wall
restore resprration only 1if the reflex mechamsms on which 1t depends
are still effective  The tongue 1s grasped by forceps or held through
a towel and drawn well out of the mouth and then released If
after this cycle has been repeated seven or eight times n half 2 minute
the patient still makes no effort to breathe artificial respiration must
be mnstituted  The chest will be in the position of expiration and while
laryngeal spasm persists artifictal respiration will be neffective since
the cords will be further approximated in the mspiratory phase (fig 191,
p 300) Attempts at artrficial resprration by manual methods or by_
wnflation with oxygen must therefore be gentle and must be continued
50 that as soon as the glotts opens air willenfer the chest The question
whether tracheotomy should be done or not must be decided by the
man on the spot Grave as the condition of the patient 1s, we have
not heard of any case where laryngeal spasm has proved fatal because
tracheotomy was not performed Nevertheless, 1f a laryngoscope 15
not available to confirm the diagnosis, early tracheotomy will probably
be justafiable, particularly 1if there 1s any suspicion that the obstruction
1s due to a foreign body

If with the aid of a laryngoscope the ansthetist finds there 1s no
foreign body mn the larynx he may attempt to pass a Magills tube
wto the trachea  The attempt may be successful »f the spasm 1s not
extreme or 1s beginming to relax but vigorous efforts should not be

made nor a tube of firmer consistency used on account of the possibihity
of injunng the vocal cords

Impaction of a Foreign Body
A tooth fragment or even a whole tooth rarely causes acute res-
piratory obstruction smce they are usually small enough to pass
through the glottis Obstruction may occur however from the
tmpaction of a sponge or vomitus m the larynx usually just beyond



314 ESSENTIALS OF GENERAL ANZESTHESIA

reach of an explonng finger and mn such a position that if 1t cannot
be extracted by forceps tracheotomy will relieve the condition

A.sponge or mouth pack 1s potentially very dangerous  When the
fresh sponge 1s placed in the normal position before the operation 1
commenced 1t 1s elastic and big enough to be an effective pack, and
it 1s difficult to believe that 1t could enter the larynx It should
however be borne 1 mind that duning an operation 1t often becomes
sodden with blood and mucus and 1s then easily compressed into a
small shppery mass Ceasing to be a protection 1t now becomes 2
menace since 1t can be easily pushed backwards behind the base of
the tongue and thence sucked nto the larynx

Some years ago one of us was an-esthetising a patient in the
dental chair for the extraction of a lower 6 which proved more
difficult than was expected During the long operation the
patient sabivated profusely was shghtly restless and the nose
made by the expiratory valve suddenly stopped Respiratory
efforts contmued but were ineffective Investigation showed
that the sponge had disappeared from sight although 1t could be
touched with the tip of the finger just behind the epiglottis It
was however too far back to be gnipped except by the forceps with
which 1t was successfully removed  Inspection showed that the
spolnge ongmally the size of an orange had shrunk to the size of 2
walnut

Since this alarming expenence we have made 1t an mvarnable rule
that any sponge or mouth pack should have attached to 1t a tape
the end of which hangs out of the mouth

Very rarely the obstruction 1s subglottic Blood clot has been
known to ship through the glottis and cause acute respiratory obstruc
uon by bloching the bifurcation of the trachea In such a case
tracheotomy will afford no rehef unless forceps are passed through
the wound and the clot withdrawn

Treatment —If a laryngoscope 1s avaiable the foreign body
should be removed wth forceps under direct y1ston care being taken
not to push 1t farther into the larynx If a laryngoscope 1s not to
hand an attempt should be made to remove the obstruction by the
fingers or by a par of forceps

If these efforts are not successful and 1f anzsthesia 1s stsll ight the
patient may be givenone good thump on the back 1n the hope of mahing
tum cough and-expel the forergn body 1f a child_the patient may at
the same time be held upside down_

For cases under mtrous oxide anzsthesia where a foreign body
obstructs the larynx and cannot be removed digitally or by forceps



CMERGEANCITS 315

Mclcsson recommended that a mash should be apphied firmly to the face
and ovygen del ered under pressure The rationale of the method 15
that 1f the laryngeal opeming 1s not completely occluded, oxygen will
be forced through any chunk  Since recovery from N;O 1s quich the
patient will soon regain his cough reflex and may be able to expel the
foreign body ~ We have no first hand information of any case where
oxygen has been thus employed and 1t 15 obvious that there 15 some
danger of pushing the foreign body through the glottis  In any case
.he method 1s unswitable if a more potent anesthetic than N,0 15 being
used since then oxygen will not hghten anxsthesia sufficiently quichly

If these attempts are unsuccessful, #lie trachea {or i exceptional
crcumstances the larynx) must be opened at once

The wdication for making an artifictal operng nto the air passages
15 the occurrence of acute respiratory obstruction caused by a foreign
body at the inlet of the larynx and by reason of which thelf_)n,genbls
1 exirens_ The opening can be made nto the trachea (tracheotomy)
orinto the larynx (laryngotomy)  The former 15 the more comphcated
but 1t 15 the operation of choice  The more simple honizontal mcision
of laryngotomy will save life, and the operator should not hesitate to
undertake this operation if he feels his knowledge 1s not enough to
enable lum to perform tracheotomy The disadvantage of laryngo-
tomy 15 the liability to subsequent stetiosts

EMERGENCY TRACHEOTOMY

In theory tracheotomy 1s a sumple operation easily performed by
the student m s surgical anatomy classes but 1t presents great
difficulties 1n actual practice because of the circumstances m which
1t has to be done  The dramatic suddenness with which the condition
develops males a certain amount of flurry mewitable by the time
the operation s begun the patient 1s deeply congested; So_that
t’Wge and
when emergency tracheotomy has to be performed 1n a dental surgery
the mstruments of choice and skilled assistance are rarely available

If the standard mnstruments are not available the operator can
using only a knife make an adequate opening mto the air passages
The trachea can be opened within 60 seconds after locating the site of
incsion and the operation should not take more than two minutes f
the operator 15 familiar with the sahent features of the procedure

. tI:;stm(;nl;lntsReqmred —A tracheotomy set contamning the instruments
Sted and llustrated below 1s part of the equipment of e
theatre and should be a . A 5 Jentel margory

valable i every well appointed dental surgery
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]V 0
)
l_ 9,

Fic 192
1 Scalpel 6 Several pairs of artery forceps
2 Tracheal dilator «7 Retractors
3 Tracheotomy tube 8 Dissecting (conveying) forceps
A Introducer .9 Tracheal hook
\/S Inner tube

Tic 196

The ntroducer (4) fits into the tracheotomy tube (3) and 1s used to
guide 1t nto position

When the tube 1s 1n position and the introducer has been with-
drawn the flexible inner tube (5} 1s mserted
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Anntomy

Fic 197

Thetracheaanditsimmediate relations are shown in relation to more
superficial structures in the nech  The great ve.selshedeep tothesterno-
mastoid muscles  The cesophagus hies immediately behind the trachea

1f the head 1s kept strictly in the midhine, the danger of injuning the
great vessels 1s very remote and exists only i the rare cases mn which
1 children the left innommate vein crosses to the nght side above the
level of the manubrium stermt The landmarks employed and the site
of the mecision are shown The crcod
cartilage 15 more easily identified than 1s
generally supposed  The thumb and middle
finger of the operator s left hand are placed
on_either side of this 1n the depression
between the sternomastoid muscles and the
trachea pushing the former laterally The

trachea 15 steadied and rendered_prominent
by_this manceuvre

The mncsion to be made_tn the trachea
isaertical in_the midhine upward, through
the_third and second mings  Almost invarni-
ably this necesaitates maising the sthmus
of the thyrod gland  Fig 198 shows also
the site of a laryngotomy 1ncision, a trans-
“erse sht through the cricothyroid membrane

Tic 198
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‘The Operation

The essential points of this operation are as follows the land
marhs are the cnicoid cartilage and the mmdline of the nech the
midhine 15 strictly adhered to  bleeding 1s disregarded  the thumb
and middle finger of the left hand once they have identified and
grasped the cnicoid cartilage retain this posttion throughout the
operation the left index finger may be used to explore the upper
part of the wound  the c¢ncoid and first ning of the trachea must not
1')_e’1‘gxsed the ncision 1n the trachea 1s vertical and upsiards through
the third and second rings, care being tahen not_to mcise-too deeply
for fear of ynjunng the postertor wall of the trachea and the cesophagus,
once _the tracheal meiston 1s made at shonld-be hept spread until an
appropriate tracheotomy tube 1s mnserted bleeding 15 attended-to
only after respiration 1« restored

The steps 1n the operation are illustrated in the following diagrams
For teaching purposes the structures encountered have been clearly
shown but 1t must be remembered that 1n actual fact 1n emergency
tracheotomy very little 1s seen except blood and that structures
can be 1dentified only by palpation  Bleeding 15 a promunent feature

of the operation and 1s due largely to engorgement tissues
c&xscd‘by_mﬁt@_zce to the venous return to the thorax The hest
to stop this the airway when resumption

of Iespiratory movements will reduce the greatly raised venous-pressure
tonormal  Not until respiration 1s restored are bleeding points dealt
with by applying artery forceps and ligatures

Pt

Twc 199

The patient 13 placed on_ s hack with a cushion or folded coat
under_the shoulders to extend the head and stretch the neckh thus
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brnging the trichea 1s ner the surface s possible  The object of
thus positton 15 to mahe the trachea accesstble and, equally smportant
tofisat  Even if therc s only one assistnt, hus first duty 1s to mun-
tam the head firmly 1n this position

Fie 200

If time allows the throat 1s pamnted with spirit or iodm
cncoid 15 locahised with the ﬁmmfm_jm:
and muddle finger to the left the index finger resting on the midpoint
The index finger 1s hiited momentarily and the shin icision made
the_mudline from_the_mddle of the cricothyrod membrane to a
finger 5 breadth above the sternal notch
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‘The Operation

The essential pomts of this operation are as follows the land
marks are the cricoid cartilage and the mdline_of the neck the
midhne 15 strietly adhered to  bleeding 1s disregarded  the thumb
and muddle finger of the left hand, once they have identified and
grasped the cricoid cartilage retamn this position throughout the
operation  the left index finger may be used to explore the upper
part of the wound  the cricoid and first ring of the trachea must not
beingised  the incision n the trachea 1s vertical | and npwards through
the third and second rings, care being_taken not to mease-too deeply
for fear of ynjuring the posterior wall of the trachea and the cesophagus
once the tracheal incision 1s made 1t should_be kept spread until an
appropniate tracheotomy tube 1s nserted bleedn 0
only after respiration 1s restored

The steps 1n the operation are illustrated i the following diagrams
For teaching purposes the structures encountered have been clearly
shown but 1t must be remembered that in actual fact in emergency
tracheotomy very little 1s seen except blood and that structures

can be 1dentified only by palpation Bleeding 15 a promunent feature
of_the operation and 1s due largely to engorgement of the tissues
caused by resistance to the venous return to_the thorax The best
way_to stop this 0 restore the airnay when resumption

of respiratory movements will reduce the greatly raised-venouspressure
to normal  Not until respiration 1s restored are bleeding points dealt
with by applying artery forceps and ligatures

ot
e 199

The patient 15 placed on_his hack with a_cushion or folded coat
ander—the shoulders to_extend the head and stretch the neck thus
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Fic 202

Under these condstions the trachea 15 not always easy to find, but
the palpating finger should not fal to recognse the cartilaginous rings
once they are cncountered  The thumb and middle finger of the left
*M%W‘wa
the sternohyoid and stermothyroid muscles ¢ hnife 1s held with 1ts
back towards the sternal notch  Excess of blood 15 mopped from the
operation field and the scalpel facing upwards, 1s nserted into the
trachea  Simce the cartilaginous rings of the trachea are deficient 1n
its posterior aspect, great care must be taken not to mcise too_deeply
for fear of injuting_the cesophagus The masion 1s made vertrcally
upwards through the third and second rings of the trachea The
first ring of the trachea and the cricoid cartilage are dihigently avoided
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Fic 201

Ll he t1p of the index finger 15 now mserted mnto the upper part of
the wound defining t}mﬁa@ The
upper part of the incision 1s deepened down to the trachea No
attempt 1s made to avoid the tsthmus of the thyroid gland which m
fact 15 usually divided  Bleeding 1s profuse and 1s disregarded until
the trachea 1s defined If a second assistant 1s available the wound
edges may be held apart by retractors
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Fie 20>
The introduction of the tube 1s often the most difficult part of the

operation and must be done with dehberation It 15 surpnisingly easy
to mtroduce it mnto the soft tissues beside or m front of the trachea

Fic 207

Once the tracheotomy tube 15 1n position the introducer 15 immed
ately removed and the nner tube mserted If respiratory effort has
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Fic 203
The wound 1s quickly mopped as free of blood as posstble to prevent

theblood bemng mhaled and the tracheal incisions ca
dllator@h__dl h1s hept 1n posttion until the tracheotomy tube 15 mserted

Fro 204

If a tracheal dilator 1s not available the opening into the trachea
can be made patent by mserting the handle of the scalpel and turmng
1t through a nght angle
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thyrod cartilage which rests upon 1t 1s ncomplete postentorly  The
nsh of stenosis 1s practically non existent 1f the ncision 15 made below
the first nng of the trachea as described  If, however, the first ning
of the trachea and more particularly the cricoid cartilage the only
complete nng of cartilage 1n the respratory tract, s mceised, there 1s
grave danger of subsequent cicatricial stenosis of the air passage suffi-
cent to cause chronic respiratory obstruction If the emergency
operation has mvolved the cricoid cartilage or first ring of the trachea,
the expert under whose charge the patient 1s placed may see fit at
once to perform a subsequent tracheotomy lower down, thus dimimish-
ng the risk of stenosis A second operation might also be performed
for the same reason after an emergency laryngotomy

After-care

Care must be tahken that the tube does not become blocked by
secretions  The nner tube should be changed as often as necessary,
and 1 any case every 3-4 hours  The outer tube should be changed
daily, to prevent tracheal ulceration and secondary hwemorrhage A
layer of gauze1s kept over the opeming of the tube to prevent inhalation
of fore;gn bodies Cough sedatives and narcotics should not be
employed, since the cough reflex 15 an wmportant protective mechanism
1n preventing the accumulatton of bronchial secretion

The' tracheotomy tube can be removed when the condition for
which 1t was mserted 15 completely reheved  This s usually the case

m two to three days when obstruction was due to impaction of a
foreign body

ORDERLY TRACHEOTOMY

This 15 performed for relief of respiratory obstruction of 4 less
acute nature than that necessitating emergency tracheotomv and js
generally carried out under local an-esthesta  The prnciples are the
same as for emergency tracheotomy the maw difference bewng that
h; n ds  The 1sthmus of the
thyroid 1s divided between clamps the tracheal mesion then made as
described and the tracheotomy tube mserted

LARYNGOTOMY

fa The larynx extends to the lower border of the encord cartilage
tyngotomy consists 1t making a transverse opemn through the
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ceased artificial respiration must be instituted  Not until respiration
1s restored 15 hzemostasis effected ~ Artery forceps are omitted from
the diagram for the sake of clanty

Gauze_1s _pached betueen the
shin_and the tracheotomy tube

which 1s then secured by tape round
the neck (fig 208) A layer of gauze

can be placed 1n front of the opening

of the cannula to prevent any foreign

body from being inhaled Breath
1ng should now be effortless

These diagrams do not show the
use of the dissecting forceps and
the tracheal hook 1llustrated 1n the
tracheotomy set The former are
of general use 1n any surgical opera
Tic 208 tion The tracheal hook 1s classt
cally used for nsertion under the

lwz 3{ ﬁli cricod cartilage to assist |n fixing the trachea

Removal of the Foreign Body

The stimulus of opening the_trachea often provohes a_bout of
coughing which may expel the foreign body  In any case the trache

otomy tube should be mserted and left in position since any trauma
caused by the foreign body may be followed a few hours later by
cedema of the glottis

If the foreign body 1s not expelled no_attempt_need be made to

removest  theimmediate danger having been overcome 1ts extraction
by endoscopic methods can be deferred until later

Dangers of Tracheotomy

The great vessels of the neck may be incised unless the operator
keeps strictly to the mudline  The esophagus may be opened 1f the
mcision 15 made too deeply When this happens the subsequent
wfection 15 extremely virulent and almost nvariably fatal The left
innominate vem may be mnjured in a child af the incsion 1s carned too
low

The remote danger of tracheotomy 1s that of permanent laryngeal
or tracheal stenosis The strongest factor in mamtaming thelaryngeal

Jumen 1s the cricord cartilage which 15 a ctm]e’te_nng whereas the
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OVERDOSLC OF ANASTHLTIC

Respiratory_arrest occurs when an overdose of ny anesthetic or
of any muscle relaxant drug (p 195) 1s given Except occasionally
wuth_chloroform. 1t_occurs before cardiac_farlure, so that n the case
of imhalation anwesthessa 1t 15 generally possible by starting artificial
respiration promptly to heep the tissues ovygennted until the excess
of anesthetic has been escreted Treatment of respiratory arrest
produced by nvesthetics given by other routes is less liable to be
effective (p 16)

The immediate treatment of overdose, whatever the anesthetic or
its_route of admimstration,1s. the same In this emergency the
anzsthetist must toly on lis hands and not on drugs Artificial
respiration 15 worth all the drugs 1n the pharmacopeein  If normal
breathing cannot be restored 1n this way it 15 1n our opimon highly
mprobable that any other method would have been successful ~ The
beneficial effects of CO, and of analeptics are 1n some cases dramatic
but expenmental evidence suggests that this happens only mn cases
which would have fared equally well or even better m the long run
with oxygen alone and that for a patient n evfremss CO, or
analeptics may actually turn the scale against im

ARTIFICIAL RESPIRATION

In cases where an overdose of the anzsthetic has been given or n
cases of advanced oaygen lack the respiratory centre becomes
depressed and respiration ceases before the heart stops beating As
long as crculation continues hfe can be muntawed by artiicial
resprration  Provided wureparable damage to the wvital centres has
not been caused the respiratory centre will recover after sufficient
anasthetic has been excreted

The essential feature of all methods of artificial resprration 1s
altenating distension and deflation of the lungs  Besides supplying
o¥ygen and removing CO, these movements may mitiate the reflexes
which function in normal resprration (p 50)  In all cases the awway
must be kept clear and 1f necessary the back of the throat should be
swabbed free of mucus and blood

Inflation with Oxygen
Some means of nflatin,
g with oxygen should be available 1n eve
operating theatre The McKesson anzsthetic apparatus 15 excelle:r'z

!{or this purpose and as an alternative the O<ford Inflator® wall he
ound mexpensive compact and easy to work
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cwm
This emergency operation 1s comparatively easy to perform but
healing of the wound may be followed by cicatnisation causing the
serious complication of eal stenosis If an operator m an
emergency doubts his ability to perform a tracheotomy he would be
justified m performmg a laryngotomy  The patient should be
transferred as soon as possible to the eare of a laryngologist who would
then 1f necessary perform a tracheotomy m order to allow the
laryngotomy wound to heal early so dimmshing the nsk of laryngeal
stenosis

The landmarks for laryngotomy are easily recogmsable
The patient 1s placed m the same position as for tracheotomy A
transierse shin ncision between the cncmgwomrtﬂages

1s_deepened 1n_the centre Through-—the cncothyrad -membrane
(fig 198 p 317)

/ Y

F16 208 —Laryngotomy tube and introducer

The opemng 15 spread wath a dilater or artery forceps and a laryng
otomy tube mserted  The mtroducer 1s withdrawn and the tube fived
1 position by tymg round the neck the tapes which are attached to
the eyelets  The cross sections of a Jaryngotomy and a tracheatomy
tube differ charactenstically | the former1s. flat, the latter—more
rounded For 2 given patient the appropnate_laryngotomy tube 15
much shorter than the corresponding tracheotomy tube An_inner
tabe 15 not necessary

The after-care required by a patient with a laryngotomy 1s the same
as for one with a tracheotomy It should be noted that 1t 15 unwise
to leave a Jaryngotomy tube in for a long period since this greatly
mcreases the danger of stenosis
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with 1 face piece and rebreathing bag can be used The mask 1s
applied firmly to the face the expiratory valve 1s screw ed down, and
the bag filled with osygen  The anesthetist by _squeezing the bag
{fig 212) can_produce_1_pressure_of 10-15 mm, Hg , easily sufficient
tonflate the lungs_provided_the mrway ss.clear  The lungs deflate
when the mash 1s raised from the face

Manual Methods of Artificial Respiration

Sometimes particularly m children respiration can be restarted
when the patient 1s m the dental chair smply by compressing the
chest once or twice and allowing 1t to recorl  If this 1s ineffective the
more classical methods must be resorted to  In no case should the
force applied be violent numerous cases are on record where at post-
morterns Tibs have been found broken Intermuttent steady yet
gentle pressure on the chest wall will be found sufhcient to effect a
good exchange of ar ~ The temptation to try to hasten recovery
by compressing and releasing the chest too frequently must be resisted
The optimum rate 1s about 12-14 per minute  The ventilation 1s not
being effective unless the entrance and exit of air can be heard

Schaefer’s method —This 15 an efficient method of artificial
resprration and 1s not fatiguing to the operator The arr exchange 1s

e

ke 213

approximately normal  The patient hes face downwards a position

which has the advantage of ensuring that the tongue falls aw

ay from
the postenor pharyngeal wall and in cases of drownin, tm“ﬂl
o out of the mouth  For these reasons 1t 1s the method of choice

20
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K Tic 210 Fic 211

The Oxford Inflator 1s connected to the top of a cylinder of oxygen
By means of reducing valves the pressure of the oxygen delivered 15
reduced to 40 mm Hg The face piece 1s applied tightly and the jaw
15 kept forward so as to mawmntam a clear airway When the lever

X 1s turned mto the position allustrated in fig 210 the lungs are in-
flated with oxygen

When the lever 1s turned to the off position (fig 211) 1t cuts
off communication with the cylinder, uncovers a hole in the mash and
allows the lungs to deflate

If an apparatus of the mflator type 15 not available any apparatus
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with 1 face piece and rebreathing bag ean be used  The mash s
applied firmly to the face, the expiritory valve 1s screwed down, and
the bag filled with oxygen  The an-esthetist by_squeezing _the bag
(fig 212) can produce 1 pressure_of_10-15 mm. Hg easily sufficient
toanflate the lungs provided. the airnay 1s clexr  The lungs deflate
when the mash 1s raised from the face

Manual Methods of Artificial Respiration

Sometimes particularly 1n children respiration can be restarted
when the patient 1s m the dental chair simply by compressing the
chest once or twice and allowing 1t to recoil  If this 1s ineffective the
more classical methods must be resorted to  In no case should the
force applied be violent numerous cases 1re on record where at post-
mortems nbs have been found broken Intermuttent steady yet
gentle pressure on the chest wall will be found sufficient to effect a
good exchange of air  The temptation to try to hasten recovery
by compressing and releasing the chest too frequently must be resisted
The optumum rate 1s 1bout 12-14 per minute  The ventilation is not
betng effective unless the entrance and et of air cin_be heard

Schaefer’s_method —This 1s an efficient method of artificial
respiration and 1s not fatiguing to the operator The amr-exchange 15

[

[T S,

Fic 213

approuimately normal The patient hes face downwards a posttion
which has the advantage of ensunng that the tongue falls away from
the posterior pharyngeal wall and 1n cases of drownm that water wil}

Leases ot drowming that water wilb
mﬂ';u\tof_mmouth For these reasons 1t 15 the method of chorwce
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=
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Fic 210 Fie 211

The Oxford Inflator 1s connected to the top of a cylinder of oxy gen.
By means of reducing valves the pressure of the oxygen deliveredis
reduced to 40 mm Hg The face-prece 1s apphed tightly and the jaw
15 hept forward so as to mamntam a clear airway  When the lever

X 15 turned into the position tlustrated in fig 210 the lungs are m-
flated with oxygen

When the lever 1s tumned fo the off position (fig 211j 1t cuts
off commumication with the cylinder uncovers a hole 1 the mask and
allows the lungs to deflate

If an apparatus of the inflator type 1s not avaiable any apparatus

Fic 217
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with a face piece and rebreathing bag cn be used  The mash 15
applicd firmly to the f1ce, the expirtory valve 1s screved down and
the bag filled with oxygen The 1n-esthetist by squeezing the bag
(fiz 212) can produce_1 pressure of 10-15 mm, Hg, csily ' suffictent
toanflate the lungs_provided the mrways clear  The lungs deflate
when the mash 1s raised from the face

Manual Methods of Artificial Respiration

Sometmmes particularly 1n clnldren, respiration cn be restarted
when the patient 15 1n the dental chair simply by compressing the
chest once or twice and allowing 1t to recoil  If this 1s ineffective the
more classical methods must be resorted to  In no case should the
force applied be wviolent numerous cases are on record where at post-
mortems nbs have been found broken Intermuttent steady yet
gentle pressure ont the chest wall will be found sufficient to effect a
good exchange of air  The temptation to try to hasten recovery
by compressing and releasing the chest too frequently must be resisted
The optimum rate 15 about 12-14 per minute  The ventilation 1s.not
bewng effective unless the entrance and exit of air can pe heard

Schaefer’s method —This 1s an efficient method of artificial
respiration and 1s not fatiguing to the operator The air exchange 1s

Fic 213

approximately normal The patient les face downwards, a position
which has the advantage of ensunng that the tongue falls away from
the postenor pharyngeal wall and i cases of drowmn that water wil}

t
mng&;\,\ifMouth For these reasons 1t 15 the method of choice
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for an_operator worhing smgle-handed It 1s, however usually

mmpracticable on the operatmg table, and 1n any case 1s generally

T16 214 (After Drinker 7}

K\

Fie 215

unnecessary since an assistant
1s available to heep the airway
clear

The patient 1s prone one
arm 1s extended forwards and
the other bent at_ the elbow so
that the head may rest_on 1t
The head 15 turned to one side,
the tongue falls_forwards and
the nose_and_mouth_are free
The operator kneels astnde the
patient bearing s _waght
entirely upon_hus knees (fig 218)
The ball of the thumb rests on
the small of the back_and the
two_thumbs are_almost parallel
and about 3 inches apart  The
fingers are outstretched and the
palms of the hands spread
comfortably_over. the lowermost
nbs  The arms are straight but
Telaxed

Tic 216

Expration 15 produced by compressing the thorax  The operator
beguns by leamng forward gradually with arms Lept straight until
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his weight 15 equally distnibuted between s hands and knees (fig 216)
In thus position his arms wall be vertical  This part of the procedure
occupes about two scconds  The operator then swings back agan
taking all his weight on to hts hnees, and remains n this position for
about 2 seconds to allow elastic recoil of the chest wall and abdomen
to produce mspiration

Silvester's _method —Inspiration 15 produced by _extending the
patient s arms above tus head thereby espanding the thorax

I'c 217

Expiration_results from bringing the patient s vards
ration | at T
pressing them gently but fitmly against us thorax ameto and

Mechanically this 15 a

about one-half to two thirds of the normal

poor_method smcuhe_ytmgln_tmn_xs_anly
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It has the further disadvantages that since the patient 15 on his
back the tongue if not held forward by an assistant will_grawitate
backwards and occlude the awrway (fig 219) and there 1» no_dramage

T\

Fic 219

CARDIAC FAILURE

In anwmsthetic emergencies except occasionally in the case of
chloroform posoning the heart will continue to beat for some time
after resptration has ceased a tume which will vary with the causation
of the respiratory arrest and with the state of the patient s heart
If the heart stops the question whether 1t can be made to beat agamn
depends on the same two factors Anmmal experiments suggest that
after a cessation of beating there 1s increased irrtabihity and con-
tractihty of the heart lasting for about 11 minutes Durnng this ime
appropnate stimulation 1s often effective though it becomes less and
less so as the condition of the heart deteriorates  Cases are however,
on record of the heart beat bemng resumed even after 15 minutes

1f the circulation has been mn abeyance for longer than 5 mnutes
the chances of the patient surviving for more than a few hours are
neghigible owing to the damage done to the central nervous system
particularly to the respiratory centre by the long anoxia  If however,
beating of the heart 15 restored within one or two minutes complete
recovery 1S probable

Treatment —{1) To_ensure that the vital centres shall get a ma«-
mal benefit from any feeble circulation which may be present the head
15 lowered and 1if possible the patient 1s put mto a shight Trendelenburg

osition  Artificial resprration preferably by inflation of the lungs
with oxygen _xskept_up,throughuut
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(1) The muscle of the nght auncle 1s stimulited by the prick of a
needle m the hope that 1t will contract and the beat be proprgated
to the ventncle

A

Tic 220

Heuer s cardiac puncture needle 5 nches long 1s mserted through
the 3rd night intercostal space close to the sternum, the pomt being
directed bachwards and shghtly towards the yndlne, through the wall
of the nght auncle In adults the needle should be inserted 3}-
4 inches

() If thuis does not start the heart beat the needle 15 withdrawn
and an attempt 1s made to mject adrenaline {1 1000) M+-x mnto the
cavity of the left ventncle which ts admttedly difficult to locate
James ® suggests that this should be done as follows a point 15 taken
at the junction of the lawer 3rd and upper 3rds of a hine joimng the
sternal notch and the xiphisternum From here a hne 1s drawn
horzontally to the left midaxillary hne At the junction of the outer
4rd and wnner 2rds of this line a straight needle 1s mserted for about
41nches at right angles to the tangent on the chest wall  The fact that
this procedure has been known to restart the heart beat 1s explicable
on the assumption that although no cardiac impulse 1s discermible there
1s still a feeble circulation which carries the adrenahine into the coronary
arteres

(1v) As a final resort the hand 1s mntroduced nto the abdominal
cavity through an incision in the abdommal wall and the heart mas-
saged  There 15 no need to mcise the diaphragm since this thin muscle
now completely relaxed does not prevent the heart from bemg grasped
and kneaded agamst the antenor thoracic wall
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CHAPTER XXX
CYLINDER VALVES AND REDUCING VALVES

AT room temperature the pressure instde a cylinder contamng N O
remains constant at about 650 b per square inch whalst 1n a cylinder
of oxygen the pressure fall> gradually from 1800 1b per square inch
(pp 211 212) The rate of flow of gas from the cylinder 1» regulated

by a valve or valves

CYLINDER VALVES

Fi16 221 —Cyhader valve slightly opened  Inset—valve closed

The ordinary cylinder valve fitted as standard to most cylinders
does not allow of refinement 1 regulating the escape of gas When
the cyhnder 15 __Off (curcle nset) the base of the stem B fits down
firmly on the valve seating C and as the eylinder 1s opened by turning
the stem Ley D anticlockwise the stem 1s raised from the valve
seating allowing gas to flow from the cylinder Dehcacy of control
depends_partly on the accuracy of the valve seating_and _on the
closeness of the thread of the stem
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A much finer control, especintly valuable where low mtes of flow

116 222 —Taper valve sightly opened  Inset—alve cloved

are desired 15 obtained 1f the valve has a tapered stem  Such valves
are commonly referred to as taper valves

In_any _anzsthetic curcwit a_reservoir for gas at approvimately
atmosphenc pressure 1 mcorporated  This 1s necessary because.f for
a_given patient the volume_of gas or gases breathed per_minute be
8 litres, the rate of flow of gas to the patient during the actual mspiratory
phase will be 1 the neighbourhood of 20 litres per ymnute ‘The
reservorr (ie {he gas bag or the m 1s thus depleted
intermittently by inspiration and s replenished at a umform rate
from the cylinder via the valve

REDUCING VALVES
By means of reducing valves the rate of flow of gas from the cylinder
can be more delicately controlled, for mn_effect they render available
the entire cylinder contents at a low pressure Pressure reducing
mechamsms can be employed so that gas from the cylinder 1s_released
to the patient 1n adequate quantities when he inspires, and_the flow

checked automatically when mspiration 1s completed By these means
economy 15 effected and the size of the necessary reservoir greatly
reduced
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CHAPTER X\X
CYLINDER VALVES AND REDUCING VALVES

At room temperature the pressure mside a cylinder contaimng N;0
remains constant 1t about 650 Ib per square inch whalst 1 a cyhnder
of oxygen the pressure falls gradually from 1800 Ib per square mnch
(pp 211 212) The rate of flow of gas from the cyhnder 1s regulated
by a valve or valves

CYLINDER VALVES

Fic 221 —Cylmder valve slightly opened  Inset—valee closed

The ordmnary cylmder valve fitted as standard to most cylinders
does not allow of refinement in regulating the escape of gas  When
the cylinder 1s Off (circle inset) the base of the stem B fits down
ﬁmy on the valve seating C and as the cylinder 1s opened by turming
iﬁszem key D anticlockwise the stem 1s raised from the valve
seating allowing gas to flow from the cylinder Delicacy gf_cgnlrol
@Epends_paﬁ“u,.!hucﬂ"“y of _the valve seating and_on the
C@f’;hu}@_ of the stem
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the tube R into the small rubber-bag rescrvorr ¢ which 1s contutied
withun the metal drum S The outlet from the bag 1s obstructed by
ametal disc T which exerts 1 pressure equivalent to about 2mm Hg
Just before this tension 1s reached, the bulging bag pushes the base
of the hinged rod U outwards and the head mwards Jorcing the
flevible diaphragm V over the outlet of tube R (fig 225) thus
preventing the entrince of any further gas into the bag

=

Fic 22> Fie 226

The reservoir 1> now full of gas at a pressure of just under 2 mm
Hg  When the patient inspires, a negative pressure 1s created within
the breathing tube W and the weight~valve T 15 raised allowing gas
to enter the tube from the reservorr (figs 225 226) The bag deflates
and the rod U moves with 1t so that the diaphragm V 1s no longer
held aganst the outlet of tube R At the end of mspiration the
weght valve falls back the bag fills and the draphragm V 1s again
iorcEd (\;ack agamst the outlet from tube R &

ndurance valve (Bntish Oxygen Co ) —
princple s ot t(g R eysion Co ) —This valve works on a

Adam'’s valve —This valve 1s _set _by_the makers so that the
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In the following diagrams the reducing valve mechamsms of the
Minmitt gas and air apparatus (fig 228 p 343) are 1illustrated

McKesson reducing valve —The valve has a pressure regulator
G which 15 adjusted so that pressure 15 exerted on the under surface
of the flexible metal diaphragm O to which plug M 1s attached by a
steel rod  In practiceat s usual for the valve regulator to be adjusted
so_that the tenston on the spring 1s equivalent to a pressure of 60 Ib
per_square inch on_the diaphragm O By this means M s displaced
from the seating between the high pressure (red) and the low pressure
(green) compartments so that the two compartments of the valve
communicate  When the cylinder 1s turned on gas will now flow

Fio 223

freely through the high pressure compartment past the valve seating
nto the low pressure compartment and out through R Should the
outflow through R be obstructed the pressure m the low pressure
compartment will nise and as soon as 1t reaches 60 Ib per square nch
the diaphragm will be deflected as in 1g 224 The plug M 1s now
drawn on to 1ts seating and the gas flow into the low pressure chamber
1s cut off If gas 1s allowed to escape through R the pressure mn the
low pressure compartment will fall and the diaphragm O return to
its previous position Plug VI 1s agamn displaced from 1ts seating
and fresh gas 15 admutted to the low-pressure chamber Thus the
pressure in the compartment coloured red 1s always that of the cylinder
but the pressure in the compartment coloured green 15 mamntamed
automatically at that to which the valve 1s adjusted—in this case

§01b per square mnch
After the gas leaves the reducing valve proper it passes through
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CHAPTER \ANI
ANALGESIA

THE progressive Joss of sense of pun dunng induction 15 1 feature
which 15 generally overlooked 1nd seldom put to any practical use
This phase 1s 1n fact generlly passed through as quichly as possible
The loss begns early and <oon reaches a stage v here moderately panful
stmult are not appreciated as such although the patient still has
considerable control of his faculties Advantage can be taken of this
analgesic stage to obtund famly acute pam and yet retan the co
operation of the patient Turthermore 1t 1nterferes but Iittle
with the phystological functions, and avoids the disadvantages of
prolonged anmsthesia such as would otherwise be necessary in md-
wifery It 1s also useful 1n dentistry particularly where only a few
cavities have to be prepared In such cases the production of
analgesia 15 easy ecomomical and charactensed by lack of after-
effects

The student will do well to eaperience this analgesic state himself
so that he can explamn the phenomenon to and appreciate the feelings
of a patient under stmilar conditions  But experiments with an-es-
thetics should never be performed unless a second person 15 present
Numerous fatalities have been reported through failure of the oxygen
supply or the postponement of the removal of the mask until the
capacity to do so 1s lost

The anzsthetic most popular for the production of analgesia 1s
nitrous oxide  If this 1s inhaled muxed with the requisite amount of
alr or oxygen the student will find on testing his shin with a stenle
needle that while the sense of touch remams that of pam 15 absent
Instead of a sharp and panful prick the sensation 1s that associated
with prodding the shin with the blunt end of a pn Subjective
symptoms vary with the mdividual patient At this stage he
will Pprobably be conscious of exhilaration and a feelng of warmth
throughout the body This may be followed by lassitude and a
sense of remoteness from what 1s gomng on around Such a state
1S quite pleasant 1f the patient resigns himself to 1t If on the other

hand he makes an effort—mewitably unsuccessful—to Leep con
trol of hus faculties he ma

- y become worned by lis mabilty to
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ressure 1n_the low-pressure compartment is_mamtamed at-about
Zlb.per-square-inch — The pressure of gas from the cyhnder forces

R,
TN
B

Fre 227

M from the valve seating and provrded R 1s open gas will escape
If R 1s obstructed so that the pressure in the low-pressure compartment
rises above 7 Ib per square inch the diaphragm O will be forced
upwards agamnst the resistance of spnng X  The rod L 1s carned
upwards and the stem M attached to the lower part of the toggle
(or lazy tongs) 1s forced down on to the valve seating preventing
further gas from entenng
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tions of the burr he will not be hurt e should be told to imngine
he 15 sitting wm an armchur cnjoying 2 rest and lewang all the
vork to the dentist and anesthetst  He 1s not to talk, but af
he feels any discomfort (the word pun s 1voided) he can show
this by breathing more deeply through the nose, when the situation
will automatically correct itsell or by signalling with Jus finger so
that the an-westhetist m1y mahe any necessary adjustments to the
mixture '

A <mall prop 1s put 1n the mouth 1nd the head 15 tilted shightly
forward, making any salna gravitate towards the salivary ejector,
which s placed under the tongue  Thenose piece1s held some distance
off the nose and gradually lowered into position It should never be
necessary to use the mouth-cover The panient should be talked to
continuously, and, even at the expense of repetition encouraged to
relax  Four or five breaths of undiluted nitrous oxide are given before
arr or oxygen 1s introduced  Air has some advantages over oxygen as
a diluent for the sntroduction of a minute excess quantity of the
latter causes a disproportionate loss of the pan reducing qualities of
mtrous oxide and so makes 1t difficult to mamtain precisely the desired
level of analgesia  Except n plethonic mdividuals (p 56) 1t 1s not
necessary to reduce the oxygen or air mtahe to levels which result 1n
cyanosis

It 15 impossible to lay down any rule for determuung when the
desired analgesic state has been reached but 1t 1s usually attamed
after about four to five full breaths of nitrous owde after which it 1s
maintained by the addition of oxygen or air =0 that the nitrous oxde
Percentage 1n the mixture 1s 1n the neighbourhood of 50 A sponge
should now be msertedn the mouth (not far back) with the explanation
that 1t 15 being placed there to remund the patient to breathe through
hisnose  In pont of fact 1ts main purpose 1s to trap any tooth frag-
ments or debris  Care must be taken by the operator not to catch the
Sponge 1n the reyolving dnll

Analgesia gives splendid opportunity for the development of team
work  The anzsthetist should signal to the dentist to begin and should
tell the patient  Mr Jones 15 going to examine your teeth and st you
feel the shightest discomfort I want you to breathe more deeply
through the nose The dentist begins on an msensttive part and
8fadually mereases the stmulus  The dentist and anzsthebist must
1ot speak ta each other but can convey messages by signals That
2 particularly sensitive part 1s bemng drilled may be betrayed by an

nvoluntary upward twitch of the corner of the patient s mouth This
mformation should be communicated to the dentist as 1t may assist
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ANALGESIA IN DENTISTRY

The success of analgesia from the patient s point of view depends
largely on gamng his confidence at the outset, and convincing him
that 1f only he will surrender himself completely to the pleasant
drowsiness he need expertence neither pan nor anxiety Once anal
gesia 1s established the anzsthetist must remamn in contact with the
patient mamtaming his co operation by a constant reassuring chatter
The patient 1s now particularly open to suggestion and the nght word
spoken at the right moment may make all the difference between
comfortable drowswess and an hystencal outburst Some hind of
premedication for example aspinn 10-15 gr given to an adult one
hour before operation 1s a valuable additional aid

Not all patients ate suttable subjects for analgesta A certan
amount of understanding 1s required to appreciate the existence of
a state mn which the sense of touch 1s present but not that of pamn
An excitable hystenical patient may lose control and scream or
laugh making operating an impossibility unless complete anesthesia
1s nduced It 1s rare to find children trusting or co operative enough
to be suitable for analgesia

All kinds of cavity preparations and deep scaling can be performed
under analgesta Cavities situated at the cervical margin are par
ticularly suitable They are generally mn the front of the mouth and
so are readily accessible and the debns can be washed or wiped away
easily  Such cavities are often multiple and are always particularly
sensitive  Analgesra allows the dentist to work rapidly so that several
cavities can be prepared at one sitting  The tash of dealing with
cavities 1n the molar region 15 much more difficult and the danger of
exposmg the pulp 1s correspondingly greater  Access 1s not easy and
the illumnation of the back of the mouth 1s often unsatisfactory
The tongue or sponge may get i the way and 1t 1s difficult to keep
the cavity dry and clear of debris  If a spray 15 used the pharynx may
be irntated mmitiating retching or vomiting

Analgesta will abolish pam only of a certain degree  The stimulus
of severe pamn may easily overcome the barner even of deep analgesia
and since the patient s mental faculties at this stage are impaired
the response to this stimulus may be uncontrolled action For this
reason analgesia 1s unsuitable for more extractions than one or two
sumple ones 1n patients who apprectate the lIumtations as well as the
advantages of analgesta

The patient should be made comfortable in the chair and ashed to
relax It 1s explaned to him that whilst he will recognise the vibra-
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tions of the burr he will not be hurt  He should be told to imagine
he 15 atting m an armchur enjoying 1 rest and lewving all the
work to the dentist and nesthetist  He 1s nat to talk but af
he feels any discomfort (the word  pun 15 avorded) he can show
this by breathing more deeply through the nose when the situation
will automatically correct atself, or by signalling with his finger so
that the anwsthetist man mahe any necessary adjustments to the

misture
A small prop 1s put 1n the mouth and the hetd 1s tilted shightly
fornard making amy <alna gravtate towards the salsary ejector
which1s placed under the tongue  The nose pece 15 held some distance
off the nose and gradually lowered into position It should never be
necessary to use the mouth-cover The patent should be talked to
continuously and even at the expense of repetition encouraged to
relax  Four or five breaths of undiluted mtrous oxide are given before
arr or oxygen 15 introduced  Air has some 1dvantages over oxygen as
a dduent, for the ntroduction of a minute excess quintity of the
Iatter causes a disproportionate loss of the pain reducing qualities of
futrous oxide and so makes 1t difficult to mantain precisely the desired
level of analgesia Except 1n plethonc individuals (p 56) 1t 1s not
fecessary to reduce the ovygen or aur mtahe to levels which result

€yanosis
It 15 impossible to lay down any rule for deterrmning when the
dessred analgesic state has been reached but 1t 1s usually attamned
after about four to five full breaths of mitrous oxide after which 1t 15
Mamtaned by the addition of oxygen or air so that the mitrous ovide
g‘::i‘;gtage m the mixture 1s 1n the neighbourhood of 50 A sponge
that yt now be inserted m the mouth {not far back) with the explanation
He 1s being placed there to remind the patient to breathe through
ments e dln point of fact 1ts main purpose 1s to trap any tooth frag-
spon ordebns  Care must be taken by the operator not to catch the

8¢ In the revolving dnll

“m‘;\(“alﬁsm gives splendid opportumity for the development of team
tell the ¢ an@sthetist should signal to the dentist to begin and should
feel thePa]tlent Mr Jones 1s going to examine your teeth and if you
throngh, fhlghtest discomfort I want you to breathe more deeply
&ra duin e nose  The dentist begins on an insensitive part and
ot spe a’;( Increases the stimulus  The dentist and anmsthetist must
2 partiou) to each other but can convey messages by signals  That
‘molumu arly sensitive part 15 being drilled may be betrayed by an
‘"fomat;:;y upward twitch of the corner of the patient s mouth This
n should be communicated to the dentist as it may assist
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ANALGESIA IN DENTISTRY

The success of analgesta from the patient s pomnt of view depends
largely on gaming his confidence at the outset, and convincing him
that 1f only he will surrender himself completely to the pleasant
drowsiness he need experience neither pain nor anviety Once anal
gesia 15 established the anzsthetist must remaimn in contact with the
patient maintaining his co operation by a constant reassuring chatter
The patient 1s now particularly open to suggestion and the nght word
spoken at the right moment may make all the difference between
comfortable drowsmess and an hysterical outburst Some kind of
premedication for example aspii 10-15 gr given to an adult one
hour before operation 15 a valuable additional axd

Not all patients are switable subjects for analgesia A certamn
amount of understanding 1s required to appreciate the e<istence of
a state i which the sense of touch 1s present but not that of pam
An excitable hysterical patient may lose control and scream or
laugh making operating an impossibiity unless complete anasthesia
1sinduced It 1s rare to find children trusting or co operative enough
to be smitable for analgesia

All kinds of cavity preparations and deep scaling can be performed
under analgesta Cawvities situated at the cervical margin are par
ticularly switable  They are generally 1n the front of the mouth and
so are readily accessible and the debns can be washed or wiped away
easily  Such cavities are often multiple and are always particularly
sensittve  Analgesia allows the dentist to worh rapidly so that several
cavities can be prepared at one sitting The tash of dealing with
cavities m the molar region 15 much more difficult and the danger of
exposing the pulp 15 correspondingly greater  Access 1s not easy and
the illumination of the back of the mouth 1s often unsatisfactory
The tongue or sponge may get mn the way and 1t 1s difficult to keep
the cavity dry and clear of debris  If a spray 1s used the pharynx may
be wntated mitiating retching or vomiting

Analgesta will abolish pain only of a certain degree  The stimulus
of severe pain may easily overcome the barner even of deep analgesia
and since the patient s mental faculties at this stage are impaired
the response to this stimulus may be uncontrolled action For this
reason analgesia 15 unsuitable for more extractions than one or two
simple ones 1 patients who appreciate the mutations as well as the
advantages of analgesia

The patient should be made comfortable 1 the chair and asked to
relax It 1s explamed to hum that whilst he will recognise the wvibra-
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tions of the burr he will not be hurt  He should be told to imigine
he 1s sitting m an armchur enjoying 1 rest and leaving all the
work to the dentist and anwesthetist  He 1s not to talk but if
he fecls any diccomfort (the word ‘pun 1s 1voided) he can show
this by breathing more deeply through the nose when the <ituation
will automatically correct atself or by signalling with his finger so
that the anwesthetist may mahe any necessary adjustments to the
mixture
A small prop 1s put n the mouth and the head 1s tilted shghtly
forward making any saliva gravitate towards the salnary ejector,
which1s placed under the tongue  The nose piece 1s held some distance
off the nose and gradually lowered into position It should never be
necessary to usc the mouthcover  The patient should be talked to
continuously and even at the ewpense of tepetition encouraged to
relax  Four or five breaths of undiluted mitrous oxide are given before
arr or oxygen 1s introduced  Air has some 1dvantages over oxygen as
a diluent for the introduction of a minute excess quantity of the
latter causes a disproportionate loss of the pan reducing qualities of
Titrous oxide and so makes 1t difficult to matntain precisely the desired
level of analgesia Except i plethonc individuals (p 56) 1t 1s not
necessary to reduce the oxygen or air intake to levels which result in
Ccyanosis
It 15 impossible to lay down any rule for determining when the
desired analgesic state has been reached but 1t 1s usually attaned
after about four to five full breaths of nitrous oxide, after which 1t 1s
maintained by the addition of oxygen or air so that the mtrous ouide
Percentage 1n the muixture 15 in the neighbourhood of 50 A sponge
should now be mserted n the mouth (not far back) with the explanation
that 1t 15 being placed there to remund the patient to breathe through
s nose In pomnt of fact 1ts main purpose 15 to trap any tooth frag-
mentsor debris  Care must be taken by the operator not to catch the
SPonge m the revolving drull
Analgesia gives splendid opportumty for the development of team
“‘Urk The ancesthetist should signal to the dentist to begin and should
f:}e‘l t:x;epzltlle};:tt Mr Jones 1s going to examne your teeth and if you
o ghtest discomfort I want you to breathe more deeply
ough the nose The dentist begins on an insensitive part and
i?td:au);( increases the stimulus  The dentist and anwsthetist must
a parlt)fcaulat:l) each other but can convey messages by signals  That
ivolunts y sensitive part 1s bemng drilled may be betrayed by an
wlormat Ty upward twitch of the corner of the patient s mouth This
ation should be commumicated to the dentist as 1t may assist
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him 1 localising and avording the root canal Minor vanations n
the depth of analgesia are of little importance provided the ansthetist
by patting the patient on the shoulder and talking to hum 1n a simple
straightforward manner keeps m touch with him almost continuously
It 1s easy particularly for the placid patient to ship from the state
of analgesia nto unconsciousness so caution must be exeraised m
promising a patient that he will reman awahe throughout ~ Sometimes
the whole procedure 15 so comfortable for the patient that even though
he 15 bemg given only a weak muxture of mitrous oxide he falls mto
what appears to be a natural sleep and he describes 1t as such when
he wakes up Ifa nervous patient dozes off for a short pertod he may
be alarmed when the analgesic state 1s entered agam unless he 1s
reassured

The after effects of analgesia 1n dentistry are neghgible if 1t is not
continued longer than about ten minutes Prolongation of this time
may be followed by vomiting particularly if the posterior pharyngeal
wall 1s intated by dust particles or the sponge There may be no
warning signs  The patient appears to be sleeping comfortably when
suddenly one or two contractions of the diaphragm occur and are
followed by vomiting which 15 projectile n type The dentist should
not succumb to the temptation to prolong the sitting much longer
merely because analgesta has already progressed smoothly for seven
or eight minutes

SELI'-ADMINISTERED ANALGESIA

Self administration of nitrous oxide or other inhalation anasthetics
for the production of analgesia 1s becoming increasmgly popular 1n
mdwifery m surgery to allow the toilet of wounds to be carred out
pamlessly and 1n dentistry

Various machines have been devised to enable a co operative
patient to enjoy with safety the advantages of this state even though
the practitioner devotes only a small part of his time to ats production
and mamtenance The wnay mn which safety 1s achieved vanes m
different machmnes but the mamn pnnciples involved are  wath natrons
oxide (1) air mnlet ports are so arranged that the patient cannot mhale
nitrous oxide without at the same time drawing in arr through the
ports or {u} although the patient at first breathes undiluted mitrous
oxide the reservoir becomes exhausted by two or three full breaths
after which air only 1s sucked 1n through an nspiratory valve and
wnih chloroform or trilene (1) the patient by squeezing a hand bulb
forces air through a small head of the iquid anzsthetic and the vapour
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reely diluted with ur 15 nhaled  The strength of an-esthetic vapour
nhaled 1s controlled 1n part by the vigour with which the bulb 1s
queczed and the supply ccases altogether if the patient falls nslcep
1} A mash apphed firmly to the fice his two inlet tubes, normal
espiration tahes place <olely through the short one which 1s open to
he air, but a deepening of respiritory effort causes anwesthetic vapour
0 be drawn through the sccond tube (fig 235)

Minnitt’s Gns and Air_ Apparatus_
The machine 1s of the mtermmittent flow type, 1¢ reducing valves
are so arranged that gs1s hberited only_dunnganspirition  The valve

)
Ja

AR
re 20 ¥
mechamsms are illustrated
and described on pp 336 and
337 Minmtt has modified
the mechanism shown m fig
225 50 that when the patient
breathes_m_gas from the
reservorr bay, he must at the
Fic 228 same tume draw in ur_from
the_ room  The outlet from
the N,0 reservorr bag (Q fig 225) 1s obstructed by a metal disc T
When the disc 15 on 1t seating (fig 229) 1t both obstructs the outlet
of the N,O reservour bag and prevents the ingress of -ur to the patient
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through five small holes (only one marked X 1s seen i figs 229
and 230) When the patient mspires a negative pressure 1s created
within the breathing tube (W, fig 228) and the weight vale T s
raised  Gas now flows m from the reservoir bag and air 15 drawn 1n
through the air ports (fig 230) The %1ze of the amr ports deter
munes the concentration of the resulting N Ofatr mixture  The Mmnmit
machine aims at deliy ering mitrous oxide 50 per cent air 50 per cent —
a mixture which provides adequate analgesia for the great majonty
of patients

Mummitt s apparatus 1s recogmised by the Central Midwives
Board for use under certain conditions by midwives and of necessity
1t esrs on the side of safety  Since patients show individual vamations
and the michine 1s standard the degree of analgesia must be
mnperfect for the resistant subject The mam cnficism that can
be levelled against the apparatus
15 that smee the mixture delvered
to the patient contams 10 per
cent oxygen analgesia 15 estab
Lished relatively slowly and 15
therefore meftective for a woman
m whom labour pains are abrupt
1 onset and short lasting

Chassar Moir’s Apparatus
(fig 231)

A reducing valve 15 fitted to
the cylnder and the gasbag
reservorr fills slowly through a
very fine jet which 1s automatic
allv shut off when the bag 15
full  When the patient holds
the mask to her face she wnspires
undilyted N,O until the bag 1s
empty after which air 15 inhaled
through the nsprratory valie X
As sgon as the bag has been
emptied 1t begus slowly to fill
By this method analgesia 1s
quickly established but its dura
tion 1s limited




ANATCTSIN s

Junker's Bottle

Tlus 1s connected by rubber tubing to an open face mash covered
withlimt ~ The patient by <queczing the hand bulb forces arwr through

fic 232

lqud chloroform  the vapour ts carried to the mash _and_imhaled
freely_diluted_with air which comes through the int  The strength
of the yapour ynhaled depends on_the_vigour of the pumping the
temperature of the liquid chloroform, the amount of hquid in the bottle

and o1 the thichness of the lint

Fig 233 T'ic 234

With a bottle of the design of fig 233 liquid chloroform nstead
of vapour will be blown on to the mask or patients mouth if the
tubes are wrongly connected To prevent this accident various safety

devices have been suggested and one of them 1s tllustrated in fig 234
21
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When the tubes are connected correctly the ball 15 raised from its
seatmg when air 15 pumped through the bottle but 1f the tubes are
wrongly connected 1t prevents the downward passage of liqud
chloroform  Whatever safety device 1s incorporated the apparatus
must be tested every time before use

Young Simpson's Inhaler
The short tube
(A) madc of cellu
loid 15 prolonged
for about an inch
by very thin soft
rubber tubing
drawn over 1its end
The long tube (B)
1s connected to the
bottle contaming
the anwsthetic
The patient
applies the mask
firmly to the face
e 23> Normal respiration
takes place solely
through the short tube which has two openings to the air (see arrows
fig 235) ‘The distal opeming consisting of the free rubber end,
remains patent when nspiration 1s quiet but s closed by the approxi-
mation of its sides during a vigorous inspiratory effort (mset)
Anzsthetic vapour 1s now drawn 1n through the long tube
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CHAPTER ANAIL
THE OXFORD VAPORISER

Tge Oxford Vaponser ® * 34 # with appropriate modifications, can
be used for_the admmstration_of any_hqud_anesthetic* In ths

Fic 238

S hand bellows or spring bag

H control handle ths corresponds to tap H n fig 240

The figures on the scale represent closely the volumes per cent of ether vapour
the etherfar mixture delivered

chapter the principles on which the vaponser works are illustrated by
showing how 1t 15 used to volatilise ether

* If the vaporiser 1s 10 be used for chloroform a very constderable modifica
tion must be made m the temperature at which the apparatus 1s mamtained
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For reasons which will be apparent later the apparatus shown in fig
237 15 not suitable for producing deep anzsthesia with ether

EXPIRATORY, RUBBER H
VALVE FLAP VALVE

TN
k INSPIRATORY
VALVE

=y

\I
|

|

Fic 237 —A simple type of vaporiser

Inspiration —When the mask 15 held firmly to the face the mn
spiratory valve 1s raised and awr 15 drawn in - By means of the tap H
the air can be directed straight to the patient or as above diverted
over the top of the liqud anzsthetic before 1t reaches the patient
With the tap in an intermediate position (see fig 242) part of the air can
be made to travel through the anzsthetic container the remamnder
being by passed direct to the patient

EXPIRATORY, RusBER H
VALVE FLAPVALVE

"\

—

INSPIRKTORY
VALVE

o

Fic 233

Expiration —The mspiratory valve and the rubber flap valve
close expiration takes place through the expiratory valve

VAPOUR PRESSURLE OF LIQUID ETHER

The concentration of vapour in the saturated atmosphere above the
surface of a hquid depends solely on the temperature of the iquid
If the temperature changes the concentratien of vapour in the air
above the hgqmd ehanges accordingly
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T
0°9%
0 Op
o]
[o] OOO
o 0o
e Sala
TEMP -6 -10°C 34°C
Y5ETHER VAPOUR O 15 100
%AIR 100 85 0

Ti6 239 —To show the approvimate percentage of ether vapour 1n the atmosphere
immediately abave ether at various temperatures ranging from — 116 C (freezing
pomt of ether) to 3¢ C {botling pomt of ether)

If the temperature of a hiqud anzsthetic 1 a container can be hept
constant there will be above st a supply of anzsthetic vapour of con-
stant concentration

A considerable amount of heat 15 required to convert iquid ether into
ether vapour at the same temperature  When ether 1s admimstered
from a Boyle s bottle {fig 57 p 177) or from an inhaler such as that
shown 1 fig 237 this ‘ latent heat of vaporisation 15 not suppled
from an outside source and therefore 15 taken from the hqud ether
isell  the temperature of the ether falls accordingly and with it the
percentage of ether vapour 1n the air immediately above 1t

In the Oxford Vaponser a supply of heat 1s available so that the
temperature of the Liquid ether and consequently the concentration
of ether vapour above 1t 15 kept practically constant desprte loss of
heat due to evaporation  Since the concentration of ether vapour in
the apparatus 15 mgh and constant the anzesthetist by directing the
patient s mspired air partially or wholly over the surface of the ether,
can adjust the percentage of ether vapour delivered to the patient to
any desired and known level

The use of an electrical thermostat o maimntain the temperature of
the ether constant was ruled out owing_to the.danger_of explosion
Instead use has been made.of the natural energy reservoir afforded by
the crystallisation of a molten substance, 1n this case calerum chlonide
When_crystaline_caleum_chlonde 1s_heated its_temperature _nises
untlermly untif 1ts melting_point ss rerched_when despite continued
heating the temperature of the substance remams constant until 1t 15
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all transformed 1nto iquid after which the temperature of the hqud
would mise agam 1f the heating were continued A considerable
amountof heat 1staken up by the calcium chlonide during 1ts conversion
from the crystalline mnto the hiquid state at the same temperature and
\on_twgdhzs latent heat of fusion__1s given out by the substance

Fie 242

At the outset at room temperature say 18°C all the calcium
chlonde 1sina solid state (fig 240) ~Sufficient hot water 15 pourednto
compartment C to raise the temperature of the calaium chlonde 1 the
middle compartment to melting pont 30° C and then to melt a large
part of the caletum chloride (fig 241) "In this way the temperature
of the adjomning ether contatner 1s raised to approxumately 30° C

As the patient draws air through the chamber A causing ether to
evaporate the fall in temperature which would otherwise occur 1s
prevented because the heat lost by the hiqud ether 1s immediately
restored from the molten calcium chlonide a fraction of which goes
back wnto the sohd state That part of the calcrum chlonde which
crystallises gives out 1ts latent heat of fusion {or melting) and this 1s
absorbed by ether in compartment A In this way the temperature of
the liquud ether and with 1t the concentration of the ether vapourfair
mixture 1 the vaponser 1s constant as long as some of the calcium
chlonde remams 1 a hquid state
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the wtesvening compart-
The parially_molten calomm chlonde
ment u}::sa:s a heat buffer, tahng up heat from the water at any

tommecature above 30°C  but releasing heat to its surroundings so
temperature anove

that thewr tempertture 1s muntuned effectively constant at 30°C

USE OF THE HAND-BLLLOWS

A spang bag reservorr or hand bellows (S figs 236 and 243) 15
sncorporated between the vaporsing chamber and the patient  When
the bellows expands i drins n ai through the sspiratery valve

S

.

L

]

0
i

Fie 243

(fig 237) and what part, 1f any, of this air 15 directed throngh the
vaponsing chimber 15 determined by the position of the tap H
The bellows 15 not an essential part of the apparatus, but t s of
value m certain sstuations 1215 151 %0 way a rebreathing bag since a
one way rubber flap valve situated near the mask ensures that expira~
tions are directed entirely through the expuatory valve (fig 238)

{1} The fact that the patient 1s breathuing can be appreciated at
a distance by watching the movement of the bag  On nspiration
the bag empties shghtly but the recoil of the spong within it
causes 1t to re expand, drawing air through the nspiratory valve
(1) In case of neceswty the bellows can be used to perform
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all transformed 1nto hiquud, after which the temperature of the ligmd
would mse 1gain if the heating were continmed A constderable
amountof heat 1staken up bv the calelum chlonde dunng its conversion
from the crystalline into the hquid state at the same temperature and
on coohing, thus  latent heat of fusion__1s given out by the substance

H "

LFE‘?M@

A 8 4 A

Fie 242

At the outset at room temperature say 18°C all the calcium
chlonde 1s1nasolid state (fig 240) “Sufficient hot water 15 poured nto
compartment C to rase the temperature of the calcium chlonde 1n the
muddle compartment to melting pomnt 30°C and then to melt a large
part of the calrmum chlonde {fig 241) “In this way the temperature
of the adjoining ether contamner 1s rarsed to approximately 30° C

As the patient draws air through the chamber A causing ether to
evaporate the fall in temperature which would othenwise occur 1s
prevented because the heat lost by the hquid ether 15 immediately
restored from the molten calcium chlonde a fraction of which goes
back nto the sohid state That part of the calcrum chlonde which
crystallises gives out its latent heat of fusion {or melting) and this 1s
absorbed by ether in compartment A In this way the temperature of
the hiquid ether and with 1t the concentration of the ether vapour/air
mxture n the vaponser 1s constant as long as some of the calcium

chlonde remains 1n a hiqud state
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{v) In certamn cases to hasten the onset of surgical anesthesia
\Vhere induction has been carned out by a moderately large dose of
a short acting wntravenous barbiturate respiration 1s depressed
The patient s larynx can be accustomed to ether vapour, or the
lungs may be mflated with the anesthetic mivture by sctting the
control handle to the appropriate position and working the hind-
bellows By the time normal respiration 1s resumed, a high
percentage of ether vapour will be tolerited by the larynx

THE OXFORD VAPORISER USLED WITH CTHER

No matter how 1t 1s admimstered ether vapour 1s intant to the
larynx  If a concentration greater than can be inhaled comfortably
15 admimstered the laryngeal defence mechamsm will be set 1n action,
with resulting coughing or laryngeal spasm ’Ille_aﬂ:&ff‘t_her anaes-
thesia therefore 15 Jargely that of subdwing a patient with a non-
mtant anzsthetic untd anzsthesta 15 deep enough for lum not to
resist inhaling a concentration of ether vapour sufficient to provide the
required_depth of surgical anzsthesn

On 1he rare occasions when ether 1s used for induction as well as
mamtenance of anzsthesia the anesthetist should proceed as m para-
graph m on p 352

Frequently unconsciousness 1s induced with thiopentone bro
methol or mtrous oxide and the onset of surgical anasthesia 15 facili-
tated by introducing the induction bag (1b fig 245) between the
face piece and the expiratory valve  The face piece 15 1n circuit with
the ether vaporiser throughout but the mduction bag can be cut off
from the circuit by moving the lever to the OI'F  position When
the lever s the ON  position the induction bag 1s fully in circmit
with the face-piece so that rebreathing takes place freely mto the bag
The amount of rebreathing which takes place n and out of the mnduc-
tion bag 1s determined by the position of the lever

Ethyl chloride can be sprayed through the opening 1n the cap (fig
246} or the cap can be removed and vinesthene or other hquid
anzsthetic poured 1n (fig 247)

The lever of the nduction hag 15 gradually moved into the ON ’
Position and 1n this way the patient comes under the influence of what-
everansthetic 1s in the induction bag  As soon as anzsthesia deepens
suffictently the control handle of the vaponiser (H figs 236 and 240) 1s
set at the appropnate position commonly 10~15 and the lever of
the induction bag gradually moved to the OFF position  If the
concentration of ether vapour is too high to be tolerated comfortably
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Fic 24

artificin] respiration  The tap H 1s set so that air only 1s drawn
ito the bag  The expiratory valve K 1s screwed down and the
mask 15 held firmly to the face with the jaw drawn forward so
that the airway 15 clear  On pressing down the bellows air will
be forced mto the patients lungs The mask should now be
Iifted momentanly to allow expiration due to the elastic recoil
of the lungs to take place This manceuvre 1s repeated as often
as 15 necessary

(m) When anasthesia 1s to be induced with ether only  The
mask 1s placed hightly on the patient s face The tap H 1s set so
that only a small part of the air drawn 1n passes over the surface
of the ether and the resulting weak mixture of ether vapour in air
1s delivered to the patient by the anmsthetist compressing the
bellows When the bellows 1s released the spring causes 1t to
re expand drawing 1n a fresh supply of etherfauir mixture  The
tap {or control handle) 1s moved so that the concentration of ether
vapour 1 the mixture 15 increased steadilv and as rapidly as the
patient will tolerate it As soon as the patient 1s unconscious the
mask 1s apphed firmly to the face 1t 15 now no longer necessary
for the anesthetist to deliver the anzsthetic mixture to the patient
by compressing the hand bellows since the patient will draw
the muxture humself

1v) The bellows can be used as a vts a tergo to dehver the
etherfair mixture to the patient when the mask cannot be
mamtained on the face as for example when a Davis gag 15
used during tonsilectomy
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Fic 243

the induction bag can agam be brought mto circut for as long as 1s
necessary

‘When the patient inhales freely the desired strengthof ether vapour
the induction bag 1s removed and the depth of an®sthesia 1s regulated
by the position of the control handle
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CHAPTLR XXXIII
LEGAL

THE law, 1n laying down but few principles regarding the responsibtlity
of the anamsthetist for accidents, both grave and trnfling allows the
judge and jury considerable latitude 1 the conduct of any particular
case Legally 1t 15 not even necessary for the admumstrator of an
anazsthetic to possess a medical or dental qualification though
Halsbury states A man should not however, undertahe to do
work of skill unless he 1s fitted for 1t and 1t 1s his duty to know whether
he 15 so shilled or not 1

Although a doctor or dentist 1s presumed to have had the tramnng
necessary to enable him to anzzsthetise for dental operations with fair
reasonable and competent skill mere possession of a_registrable
qualification 1s not in_utself erther proof of ability or sufficient answer
to a charge of incompetence or negligence The law grants certain
privileges to the medical and dental professions and exacts certamn
standards of practice  The practitioner’s unwritten contract with the
patient 15 that_the former will exercise reasonable care and_average
skill A practitioner who has not given anasthetics tor many years
may not possess the expected degree of »kill and 1s advised to decline
to admimster an anzsthetic except in case of emergency If the
patient pays for a specialist i anzmsthesia_the standard of shill shich
he 15 entitled to expect 1s as high as the latter professes to possess
The fact that a fee 1s not charged 1n no way dimnishes the anzs-
thetist s responsibility to the patient This apples equally to private
or hospital practice

Production and supervision of anasthesta 1s a serious undertakmng
Although a registered dental or medical practitioner 1 within the law
if he anzsthetises his patient as well as operates on him he should act
n this dual capacity only in case of absolute necessity and never n
order merely to earn an additional fee nor when the services of a
competent an esthetist are available and the patient can pay for them
If a claim against the dentist arose out of an acudent occurring under
such conditions he might have difficulty n estabhishing that he was
justified 1n fulfiling the functions both of operator and anasthetist
There are indeed circumstances which justify the dentist in admimster
ing the anesthetic to his own patient  Thus the financial position of
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the patient may make this course necessary , or the only practicable
alternative may be to call 1n an inadequately shilled family doctor, who
mght prove more of a hindrance 1nd even a danger than a help
Blame for fulure to extract the tooth suceessfully 15 1lmost invanably
attnbuted to the extractor and not to the an-esthetist ! The family
doctor who n his student days may never have scen 1 shilled dental
anesthetist at worh, often fuls to realise his own wncompetence 1n
this field If he anwsthetises the patient too lLightly or too deeply
he embarrasces rather than helps the extractor The dentist who
gives his own an@®sthetic has generally had the advantage of a proper
traming 1n this specialised branch of anwsthesia i lus student days
and he may even have taken post-graduate mnstruction in the subject
After he has induced smooth anesthesia he1sable with the assistance
of a nurse or mechanic to steady the head to operate more effictently
and with greater peace of mind than if the patient were in the charge
of a medical practitioner less expenenced 1n dental anasthesia than
the dentist himself
Provided the dentist has been trained in the admimstration of
anasthetics there 1s no reason why he should not act as anasthetist
for extractions by a colleague but he should confine lnmself strictly
to the use of drugs with the action of which he 1s famliar  Normally
these would be mtrous oxide and ethyl chlande Lther 1s generally
considered to be outside the dentist s province  In our view, chloro-
form should never be used for dental operitions We also think
1t nexpedient for a dentist to admumster any intravenous anzes-
thetic although 1if he has famulansed himself with the associated
dangers and difficulties there 15 no logical reason why he should
not do so
When the dentist s nurse or mechanic assists 1 giving the anzs-
thetic responsibility for the chorce of the an@sthetic and its admnistra-
tion lies entirely on the dentist  but if the operator has the help of a
qualified dentist or doctor as anzsthetist the responsibiity devolses
upon the latter whose Labihity in this respect does not differ from that
assumed i admimstering any other drug  Swmce 1t may be necessary
to modify the anasthesia at a moment s notice the anasthetist must
L;};:ays be free to act as he thinks adwisable 1 the circumstances
e borne by the anesthetist and eannot
‘:n;rdﬁmry carcumstances be made to devolve on other parties  The
o W@yﬂm&eﬁqr&cdum of
Rluch he does not himself entirely approse
Legal actions wliere the claym 1s made that the patient has suffered
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because due care and skill have not been exercised by the anesthetist
and dentist are not infrequently successful  One of the most serious
accidents that can befall a patient during a dental operation 1s the
entry of a foreign body nto the air passages  This may occur without
dentist or anwsthetist becommg aware of the acadent and 1t 15 not
necessanly the fault of exther ~ Although in fact nerther may be morally
or actionably blameworthy there 1s a strong presumption that one or
other of them 1s culpable and if the accident occurs in the absence of
reasonable precautions there may be no defence at law Even if
proper precautions have been talen the dentist 1s n the wrong if
after an operation and before removing the pack he fails to mahe
sure no foreign body 1s 1 the mouth and if he fails to examine the
teeth remainmng 1n the mouth and those extracted to see 1f any tooth
or portion of a tooth 1s not accounted for Further when the pack
15 removed the operator should again satisfy hmmself that no loose
body remains in the mouth or oro pharynx Fmally the dentist 1s
blameworthy 1f he fails to take proper action 1f any tooth or portion
of a tooth 1s found to be or suspected to be mussing

Duning a dental operatton the three faults which most frequently
contrbute to the entry of a foreign body wnto the lungs are failure
to mnsert a mouth pack 1n such a position that the laryngeal opeming
1s reasonably guarded operating on a patient when he 1s restless
and failure to remove 1mmediately from the mouth any dislodged
tooth tooth fragment or filing Packing off the mouth 1sof paramount
mmportance and 1t 1s a universally accepted rule that no operation in
the mouth under general anzsthesia should be undertaken until the
larynx has been protected as adequately as possible by a pack agamst
the entry of a foreign body The efficiency of the pack varies n
different circumstances

For short operations in the dental charr 1t 1s quite impossible to
arrange the mouth pack so as to provide absolute protection T'or
this 1deal to be achieved the larynx would have to be occluded and
the airway thus obstructed If the pack 1s placed too far back
retchung reflexes may be initiated and make the operation practically
mmpossible At the same time the soft palate may be pushed against
the posterior pharyngeal wall and sertously impede nasal respiration
Tor simple extractions a coarse meshed manne sponge provides &
very ligh degree of protection as long as the dentist ensures that 1t 18
placed ady antageously throughout the operation and that 1t 1s replaced
by a fresh sponge as soon as 1t becomes soaked 1n blood and mucus
which much reduces 1ts protective properties  The pack 15 sometimes
provided by the anzsthetist and often inserted by him into the
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posteriar part of the mouth before the operation begins ~ The an‘s-
thetist almost mnanably stands behind the patient and therefore
cannot follow the changing conditions 1 the mouth so that the dentist,
as soon as he begins to operte assumes responsibility for the position
of the pach even when he did not msert it limself  He often finds 1t
necessary to change 1ts position to meet the needs of the optration,
and he must bear the responsibility for the consequence of any such
change

When an an-esthetic 1s given badly the patient may be restless or
struggle thus increasing the chances of a foreign bedy shipping out of
the forceps an accident which can orcur even in the most favour-
able circumstances Then, unless the throat has been adequately
pached there 15 a danger of the loose body entenng the trachea
If the responsibility here must be bornc entirely by one person, we
regard 1t still as belonging to the dentist for he should decline to operate
1f the anesthesia 15 inadequate

Mayor dental operations present totally different problems These
are generally performed at home or mn hospital often under ether
anesthesta  The deeper the unconsciousness the more nearly complete
ts the abohition of all reflexes including the protective cough reflex
and therefore the more essential 1t 1s to safeguard the larynx  The
only sure way of secuning the patient s safety 1s to admmster the
anasthetic through an endotracheal tube and then to pach the throat
m such a way that the larynx 1s completely protected Unless this
procedure 1s adopted an extensive Jaw operation 1n the supie posttion
can easily degenerate into a shambles Conditions are equally un-
satisfactory for both dentist and anesthetist The anmsthetist has
difficulty n maintaining a clear airway and may be unable to provide
smooth anwzsthesta  If even a small degree of respiratory obstruction
occurs 1t produces venous congestion and ncreises hamorrhage,
and therefore the dentist often has to work by sense of touch mn a
poolof blood ~ When the field of operation 1s thus obscured by hemor-
thage the danger of entry of a foreign body 1s always much mcreased
This1s especially so 1f the patient 1510 the supine posttion Penodically
the operation should be suspended and blood and debns cleared
away but even when this precaution s taken the situation 1o potentially
dangerous and 1t may be further complicated by vomiting  Anyone
who has witnessed a major dental operation or any other prolonged
operation on the jaw 1n these circumstances will reahise that the stage
1s well set for an acaident  In an action ansing out of the lodgment
of 1 foreign body 1 the lungs 1 these circumstances if 2 Jury exonerate
the anasthetist from blame for not providsmg endotracheal an.esthesia
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they might as well toss a comn 1n deciding how to apportion blame
between anzsthetist and dentist

Greater anmsthetic skill and experience are required for major
dental operations than for the average operation for say herniotomy
or appendicectomy Multiple extractions are seldom emergency
operations and we feel that the doctor should avord ansthetising
for such cases if he cannot pass an endotracheal tube He would
not undertake any other medical procedure unless he could carry 1t
out proficiently neither should he anzsthetise 1n circumstances where
he cannot provide both safety for the patient and the operating con
ditions which a dentist 1s entitled to expect We realise that endo
tracheal anzsthesia 1s at present regarded as being beyond the province
of a general practitioner but as medical knowledge grows the boundaries
of legal neghigence expand We believe that 1n the future 1t will be
held to be negligent to perform a major jaw operation without endo
tracheal anzsthesia

In an operation under endotracheal anwesthesia the anzsthetist
can pack off the back of the throat in such a way that 1t 15 1mposstble
for a tooth tooth fragment blood clot or any other foreign body to
enter the larynx and 1t 1s customary for hum to undertake this duty
Before beginning to operate the dentist should venfy that such pro
tection is complete and thereafter assume responsibility for the position
of the pack

It 15 a counsel of perfection that the portions of a tooth broken
during extraction should be pieced together by the dentist and a search
made for any mussing fragments We should record that in a very
large number of cases at which we have assisted the tooth and filling
have broken 1nto so many pieces that an attempt to follow this advice
would have been ludicrous In the difficult question of the correct
procedure after such an event the dentist s own conscience 15 hs best
gude as to what course to take If the dentist considers that the
pach has been effectively placed and if he cleared away debrs at once
when the tooth fragmented usually he feels satisfied that there cannot
be a foresgn body nside the patient and if he has this conviction 1o
further action need be taken ~ When the dentist has reasonable grounds
for suspecting that a foreign body 1s lodged somew here inside the patient
he should adopt a Iine of action which will ensure the patient s safety
The policy of trusting to luck and of saying nothing 1s 1n these ctrcum-
stances entirely reprehensible forit may lead to the death of the patient
The question of whether extensive radiological examunation of the
patient s head chest and abdomen should be undertaken must first be
decided  Some teachers hold that this should be done in every case
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where a tooth fragment remains uniccounted for It 15 our opinton
that A ray examination should be made »f the nussing frigment 1s
considered large enough or charactenstic enough to throw a recognisable
shadow but that 1f 1t 15 thought unhikely that the fragment would
be recogmsable radiologically such 1n exarmnation 15 not necessary ,
ndeed 1t may even prove msleading since shadows at the hilum of
the lung may rouse the suspicion that a foreign body 1s 1n the thorax
when this n fact 1s not the case  Also unless the missing object 15
metallic negative radiological findings are not conclusive e¢vidence
that there 1s no foreign body nside the patient We have hnown
radiological examination to be ordered by the dentist when only a
small fragment of tooth was missing solely to protect himself 1n the
event of subsequent htigation, and this 1n the case of a patient suspected
of an inchination for redress may well be a desirable precaution since
by some 1t 15 regarded as supporting evidence that the dentist has
made every effort to safeguard his patient

The treatment of a musplaced fragment, the location of which 1s
wdentified after the acadent 1s discussed on p 309 1f radiological
examination 1s considered unnecessary or if 1t 1s undertaken and fails
to reveal the situation of the foreign body the patient or a sensible
relative and also the family doctor should be informed of what has
happened  Bulky residue foods should be adwised for about a week
m case the foreign body has been swallowed (p 307) Any chest
complaint which does not clear up must be regarded with suspicion
since 1t may be the beginning of a lung abscess If an action should
anse for damages due to a foreign body 1n thelung and if the dentist
has not taken the course indicated above he will find humself with no
defence because he has not acted with the reasonable judgment and
care to be expected from him  The following nstances 1n our own
expenence illustrate these ponts

1 On many occasions when one or other of us gave the
anzsthetic a small piece of tooth has not been accounted for  On
each of these occasions 1t was thought that the mussing fragment
was too small to be recogmisable radiologically among the shadowns
cast by ribs and by glands i the mlum of the lung It was
considered correct not to X ray the patient nor to acquaint him
with the full implications of the situation as this knowledge
would be an unnecessary mental burden to a neryous patient
He was told to report at once 1f he developed a cough during
the next few months and at the same time full details were
communicated to the family doctor In none of these cases did a

21.;’>u1monary lesion subsequently develop o 1t can be assumed that
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the missing fragments were either swallowed or were lost outside
the body

2 The writers so far as they know have anzsthetised only
one case 1n which a foreign body has entered the lung An
upper eight was beng extracted under mitrous oxide in the
dental chair  As the extraction proved difficult the anzsthetist
lowered the head rest and extended the head to provide better
access  After some minutes the tooth was extracted and dentist
and anzsthetist congratulated each other on a job well done
Anzsthesia was tranquil throughout and the patient did not
cough at any stage The man continued at work and four weeks
later he became 1ll and influenza was diagnosed  The pulmonary
conditton did not improve and an X ray exammnation disclosed
a foreign body located 1n the lungs This was identified as a
prece of amalgam filmg which had been dislodged unnoticed from
the adjoumng molar tooth during the course of extraction Ar
rangements were made for bronchoscopy to be performed On
the previous evening however the patient rolled overin bed and
the sudden change 1n position presumably moved the foreign
body This precipitated a bout of coughmg during which the
filling was expelled with such force that 1t excoriated Ius soft palate
A claim for damages was made and as the dentist had not exam
med the mouth after the extraction the patient was deemed to
be justified 1 his claim and the matter settled out of court

3 Only once have we thought it necessary to have the
patient X rayed directly after the operation A lower wisdom
tooth broke while 1t was being extracted An elevator was then
used after which the root socket was found to be empty but the
root could not be found X ray examination revealed that 1t had
shipped under the mucous membrane distal to the socket It was
removed with ease without further anzsthesia

An anzsthetist may sometimes be held responsible for damaging
xsting teeth or bndge work  Before beginming tomnduce ansthesia
1e should therefore examine the patient s mouth and make a pomnt of
woticing any loose teeth crowns or bridge work He should be
sarticularly careful to avoid using a Mason s gag on such structures
He may also damage the front teeth when he uses a laryngoscope mn
yrder to pass an endotracheal tube The nisk of this accident 1s
Jimimished by providing anzsthesia of sufficient depth to relax the
aw and by protecting the front teeth with a thin sheath of malleable
ead or adhestve plaster

Actions claiming damages aganst dentists and anzsthetists for
racture of the jaw occurnng during the course of extraction are not
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infrequent  That such ~ceidents can oceur w ithout carclessness on the
part of esther mahes 1t 1ll the more impcrative that 1 Mason s gag
should be used with great care pirticularly when the jaw 1s hnown to
be fragile

One of us has anwesthetised five cases 1n which the jiw was
broken dunng dental extracttons  Although mn four no undue
force was used, nevertheless the jaw broke during the actu1l
¢atraction  In the fifth 1 large amount of bone covenng an un-
erupted lower wisdom tooth on the night side was removed from 1
powerful man  This tooth was extracted successfully, and 1t was
decrded to proceed with a symilar operation on the opposite side
Dunng the use of hammer 1nd chisel on the left side the jaw frac-
tured on theright side where 1t had been weahened by the extensive
removalof bone A Mason s gag was not employed in anyof these
cases, but 1f 1t had been used and used roughly 1t 1s easy to
understand how 1t rght have caused or contributed to ths
acaident

In mnquests on deaths during anzsthesia the anasthetist 1s always
ashed 1f he exammed the patient and if he can state that he applied
a stethoscope to the heart and chest he 15 considered to have done
tus duty although such brief examination as 1s possible 1n the dental
surgery 15, i fact valueless If it could be expected to assist i any
way we would be very much in favour of 1t and we think 1t worth
recording that 1t 1s a common custom for the anzsthetist to go through
the formabty of examiming the patient sunply to protect himself at
law  Ior this purpose we have known the mere pretence at esamma
tion to be made, the stethoscope bemng applied outside the coat and
the patient then pronounced fit We believe that a patient who does
not volunteer a history of illness and who 1s able to walk mnto the dental
surgery can be presumed fit enough to submut to a short dental
anasthetic  The anzsthetist should be able to form an opinion of the
patient s general condition at a glance but 1n any case the hustory
yields munch more valuable mformation than does any cursory physical
exammation  The patient may for example reveal the presence of
myocardial degeneration by saying that he cannot walk upstatrs
without becommng short of breath whereas an ordnary routme
exammation of the heart may disclose nothing  We do not believe
that any routine exanunation such as would normally be made by an
anzsthetist 1n the dental surgery 1s 1 any way helpful and therefore
we do not consider 1t to be negligence to omit examimng such 1 patient

before an ordinary short dental extraction
22
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One disadvantage of a routine examnation 1s that some patients
do not realise that 1t +s routine and are alarmed fearing that 1t mdicates
misgivings about their health  Others interpret a physical examina
tion to mean that they are going to be exposed to a greater strain
than 15 1n fact the case  On the other hand there are patients who
welcome a bnef examination and even ask for 1t 1n which case 1t
should not be omitted  There are some anasthetists who believe that
every patient about to be anzsthetised 1s worried about lis heart
and that 1t 15 therefore desirablc to apply a stethoscope if only to
create an opportunity for reassuring the patient  The only substantial
reason for the examination of an apparently fit patient before a short
anazsthetic mn the dental surgery 1s that 1t will contribute to his peace
of muind and thus facilitate anasthesia If 1t 15 considered that 1t
will not achieve this object 1t should be dispensed with In 2 case
where the patient 1s examned he should be reassured 4s to his general
fitness before the an<esthetic 1s begun

The following warnings embody the 1deals which should be aimed
at 1n every case though 1t 1s recogmsed that m certamn instances
they may not be easy of attamment By attending to these pomnts
as carefully as he can the anasthetist will do much to protect himself
agamst litigation

Never 1f 1t can possibly be avoided act both as dentist and
anwesthetist —Admmstration of an anesthetic 1s a full time job

Never administer an ansesthetic unless a third person 1S
present —Observance of this rule safeguards the administrator agamnst
false_charges of misconduct The presence of a third person 1s an
additional advantage imasmuch as he can be called upon to assist 1
emergency

Never anwmsthetise a patient unless his consent to be
anesthetised has been given —When the patient is under 21 he
15 legally a munor and the permission of the parent or guardian should
be obtained

From the legal pomnt of view the dentist and anwsthetist should
have prior authority 1n wnting, for performance of the operation and
admnistration of the anzsthetic  In private practice 1t 15 most unusual
for this wntten permission to be ashed for and the patient s assent
to be anmsthetised 1s therefore commonly tiken as being imphed

Never give an anmesthetic unless adequate first-aid equip
ment 18 to hand —A Mason s gag and tongue forceps are essential

Never leave an unconscious patient without a trained person

to looh_after him —It 15 the anmsthetist s duty to see that the
patient 15 safeguarded until lus return to conscrousness  If recovery
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15 likely to be protracted 1t 1s customary for this responsibility to be
delegated to a nurse The evigencies of 2 busy operating day n
hospital seldom permit the an‘esthetist to accompany the unconscious
patient from the operating theatre to his bed although in private
practice he should always do so  The an-esthetist should then satisfy
limself that the patient 1s protected from being burnt by hot-water
bottles that his position 15 such that his airway will not become
obstructed and that any blood, mucus or vomtus will run out of the
mouth mstead of being aspirated A Mason’s gag and tongue forceps
should be hept by the bedside until the patient 15 conscious  Tinally,
before the anesthetist leaves he should make 1t clear to the nurse
that the responsibility for the patient 1s beng left in her hands (p 286)
One of the first expenses which the young medical or dental prac-
titioner should wncur 15 to jon one or other of the recogmised defence
orgamsations viz the London and Counties Medical Protection Society,
Victory House Leicester Square London W C2 the Medical Defence
Umion Ltd 49 Bedford Square London W C1 or the Medical and
Dental Defence Union of Scotland Ltd  The public 1s becoming
increasngly  hitigation minded  and 1if everything associated with
an operation does not proceed exactly as hoped for a patient ts some-
times encouraged to believe that he 1s entitled to damages In such
circumstances the patient has much to gain and httle to lose but
the practitioner 1s i exactly the reverse posiion  In order to prevent
his name figuning 1n the Law Courts he may be blackmailed into
paymng large damages even where none have been ncurred either
legally or morally  Any of the defence orgamisations 1s prepared to
defend with the utmost vigour the practitioner who finds himself 1n
this situation and if necessary 1s 1 a position to take a case to the
House of Lords  Unjust claims have often been withdrawn as soon
as 1t became hnown that the practitioner was protected by a powerful
Soctety and in defending claims which haye some appearance of bemng

justifiable the practitioner has at his disposal the vast expertence of
the Society

RETCRENCE
(1) Halsbury 1912  The Laws of Lngland 21, 369
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