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PREFACE TO EIGHTH EDITION

IN the first seven editions of this book 1t has been my aim to give 3
brief descniption of ach subject followed 1 more detarl by an account
of recent advances It has now become clear that 1t 1s no longer
possible to pursue this course without producing a volume of
nordinate size  In the eighth edition therefore, 1 have made 1t 3
working rule to consider only developments which have taken place
i the past few years the reader bemng assumed to be famihar with
earher work  Various exceptions have had to be made to this plan
as some topics are sufficiently recent to be dealt with as a whole,
while others are compact enough to be treated as monographs
Examples will be found 1n Muscle Relaxants Induced Hypotension
and Hypothermia, Anasthetic Explosions, the Phenothiazine
Dervatives etc  Although hittle recent work has been done on
Oxygen Therapy this chapter has been retained owing to numerous
requests from readers who appear to have found 1t useful

Dr J Alfred Lee has been hind enough to share the labours of
producing this volume and T am most grateful to him for his whole-
hearted co-operation and wide knowledge The disadvantages of
dual authorshup are considerably dimmished by the fact that we
found no divergence of views on any materal point

T would like to thank vanious individuals and firms for the loan
of blocks and for permission to use illustrations from published
papers and to express regret to any author whose work has in
advertently not been acknowledged

The publishers have once agan given every possible help 1n
bringing out this edition and I am most indebted to them

C LANGTON HEWER
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ADVANCES 1 hnowledge concerning premedication and the drugs
used to achieve 1t have not been very numerous 1n recent years,
and among the general sedatives it 1s probably correct to say that
the opiates fully tested by ime since they were first used as a pre-
anasthetic drug by Labbe and Guyon 1n 1872, are sull used more
widely for this purpose than any other drugs In spite of the recent
synthesis of morphme by Gates and Tscudi 1n 1952,! the organic
chemuist 13 not yet the supplier of the drug on any large scale The
great advantages of morphine tn premedication are that 1t lessens
anxtety and causes sleep In addition 1t raises the threshold for
pain while 1t alters the response to pamn whuch s felt? In some
patients 1t causes vomiting but 1n others 1t never has this unpleasant
effect. The emetic action 1s said to be due to direct sttmulation of
the chemoreceptor trigger zonmes of Bonson and Wang in the
medulla® It also exerts an antiemetic effect and sometimes
presents other emetic drugs from causing vomiting A good review
of morphine and similar drugs 1s that by Woolmer ¢

The potentiation of analgesic agents Additional evidencet has
been brought forward to support the theory that cholinergic or
parasympathomumetic drugs potentiate the analgesic eflect of
morphine A sumlar state of affairs 15 seen with the other opiates
and with the synthetic analgesics pethudine levorphan and metha
done*s so that their intensity and duration are both increased The
addition of 0 5 mg of neostigmine to 10 mg of Ppapaveretum or to
2 mg of levorphan 1s said to increase the analgesic effect by about
40 per cent  Similarly pyndostigmine 1n a dose of | mg added to
2 mg of Jevorphan increases the duration of pamn relief of the
latter drug from 6 to [2 hours 4 The explanation of this potentia
tion 15 not yet certan While 1t has been held that chohnergic
drugs exert a direct analgesic effect on their own account 1t 15
probable that other mechanisms come into play also  For example
parasympathomimetic drugs such as pyndostigmine and neostigmine

1



2 PREMEDICATION AND SEDATION

interfere with the destruction of opates by the liver and so
cause a prolongation of their action Yet another explanation
1s that cholmergic substances interfere with the binding of analgesic
agents to extracellular proteins and so leave larger amounts free
to depress brain cells 45 In practice the addition of pyndostigmine
(1 mg) or neostigmine (0 5 mg ) to the analgesic not only prolongs
the action of the analgesic, but also reduces its undesirable side-
effects such as intestinal stasis, bladder atony and depression of
the cough reflex

In order to overcome some of the disadvantages of morphne,
especially 1ts tendency to cause vomiting, pentobarbitone (nembutal)
has been used by the intramuscular route This drug has long
enjoyed popularity when given by mouth as it causes sleep and
reduces the metabolic rate quite efficiently The veterinary solution
has been used with satisfaction 1n human patients 1t 1s a solution
of pentobarbitone in propylene glycol, each ml containng 60 mg
of drug The usual dose 1s 60-90 mg given 1nto the muscles of the
buttock one hour before operation, and patients receiving this
amount are usually asleep when brought to the operating theatre
and remain so for three to five hours thereafter Local irntation
from the site of injection has not been reported 8 The ordmary
intravenous solutton of the sodium salt 1n water (7 5 per cent ) can
also be used for intramuscular wmjection ® Beecher believes that the
drug can act as a true analgesic 4

Pethidine has won for tself a well established place as a drug for
sedative premedication It does not cause constipation nor does
1t interfere with the pupillary reflexes by producing miosis  Like
morplune small doses may raise the pressure 1n the common bile
duct and the lesser biliary ducts by inducing spasm 1n the sphincter
of Odd: and thus the pam resulting from biliary tract disease may
be made worse When combined with scopolamine the drugs form
a very eflicient injection for premedication If popularty 1s to be
judged by the number of synonyms then pethidine must surely be
a very widely used drug Here are some of them demerol meper:
dine hydrochlonde, 1sompercaine  dolosal dolantin, dolantal
diadone  culodat, mepludine pantalgin  pindosal, spasmedal
adolens antiduo] biphenal, centralgin, dispodal, dodonal felidine
gratidin dolvanol lydol opendine precedyl santeralgyl, sinesalgime

Methylpentynol (Oblivon, Somnesin) This has been advertised
as an agent which removes fear, apprehension and anxiety, without
causing drowsiness  The dose for an adult 1s 250-750 mg, or [ to 3
teaspoonfuls depending on whether capsules or cluur are preferred
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For a cluld between 5 and 10 years of age, 1 to 2 capsules (250-500
mg) or from 1 to 2 teaspoonfuls arc advised This new drug was
first used 1n Botan 1n 1952 and has the structural formula

CH,

|
HC=C-C~CH,-CH,
t |
OH
It 1s reputed to be free from undesirable side actions 1s relattvely
non toxic and 1s metabolized within two hours It docs not reduce
the rate or amphtude of respiration nor docs 1t reduce muscle
tone Amnesia and post operatne restlessness are both absent
About fifieen minutes after taking a dose by mouth the patient
becomes mildly elated and then a fecling of contentment 1s noticed,
this lasting about one hour It 1s quite sustable for ambulant patients
as 1t does not cause disorders of behaviour increase in reaction
time, or inco-ordination It 15 potentiated by barbiturates ?

Its chief use 1n premedication has up to the present been 1n
tonsillectomy sn children ® In these difficult cases, the cough reflex
15 not abohished while recovery from anzsthesia 1s not prolonged
Post operative restlessness 1s stated to be less troublesome than
when an oral barbiturate 1s used Occasionally vomiting of the
drug pl d For children under 8, 2 capsules, or
2 teaspoonfuls of the blue elxir are recommended for those over
8 3 capsules, or 3 teaspoonfuls of elixir Scopolamine has been
added to the oral solution to avord the needle prick 48

In general therapeutics methylpentynol has been used as a
hypnotic where insommia 1s due to anxiety or nervous tension,®
before a dreaded visit to the dentist 1° before mnor panful proce
dures such as catheterization certain radiological exammations,
minor operations etc ' Some success has followed the use of the
drug to relieve anxiety and fear during labour the mechanism of
which does not appear to be harmfully altered Feetal respiratory
function likewsse 15 not depressed The socral uses of methyl
pentynol include the relief of anxiety 1n stammering 1 travel
sickness and before public appearances 1nterviews or oral examina-
tions (eg the FFARCS orthe DA) Toxic effects have been
reported 40

The bellad, Ykalods remain hallenged as drugs for
whibiting the secretion of saliva and of mucus from the upper
S i Ao e o 55

1 not altered by a dose of
'
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gr 155 (06 mg) The undoubted fact that atropine helps to prevent
laryngospasm and bronchospasm duning anmsthesia with thio-
pentone and cyclopropane 1s difficult to explain, as the skeletal
muscles 1n the larynx are not theoretically influenced by the drug
Impulses from the aortic and carotid pressor receptors are blocked
by atropine and so 1s the ntestinal contraction associated with
sympathetic block 1n extradural and subarachnoid analgesia It 1s
doubtful 1if atropine lessens the incidence of cardiac arrhythmias
duning induction of anzsthesta 12 These were formerly thought to
be mediated through the vagus, but the amount of atropine used
clinically 1s insuffictent to block the peripheral action of the vagus
on the heart while the present view 1s that the nerve impulses causing
arrhythmias during ansthesia are mediated at any rate on the
efferent side, by the sympathetic 13

Because atropine was not always satisfactory as a drying agent—
perhaps because of inadequate dosage Burstein!* advocated the
use of methantheline bromide (banthune) for this purpose the dosage
suggested being 1 mg for each year of age In his hands this proved
to be a safe and efficient 1nhubitor of secretions Thus opinion was
supported by Alver and Wood,®® using shightly smaller doses, and
moreover they showed 1t reduced the incrdence of vomiting On
the other hand Ruben' showed that the beneficial drying effect
had to be paid for with an increase 1n the pulse rate making the
agent undestrable for routine use  Oxyphenonium bromide (antrenyl)
15 a synthetic benzyhic ester with an ant: cholinergic effect on organs
supphed by the parasympathetic nervous system, stmilar to atropine
It has been used with success 1n the United States to mhibit salivation
before anesthesia and recently other workers®? have shown exper
mentally and clinically that 1t 1s a useful substitute for atropine,
having a slightly longer duration of effect and being a httle more
potent than the same dose of atroptne It provides a relatsvely safe
means of obtamming optimum anti cholinergic effects which last for
several hours It 1s without subjective side effects, but 1s not active
as a drying agent when given by mouth

In a laboratory controlled mnvestigation, the salivary depressant
activity of atropine was compared with that of an equal dose
(gr vls) of hyoscyamine (bellafoline) and the latter was found to be
more efficent but tachycardia and other side effects were con
sidere (o be undesirable ¢® In thyrotoxic patients st has been
show that tachycardia 1s rather less when scopolamine 15 used than
1t 15 after atropine '* The biphasic effect of atropine on the heart
described 1n classical pharmacology 1s probably seen only when the
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drug 1s given subcutancously When adminustered by the intravenous
route there 15 evidence!? that the shight tachycardia due to block
of thevagaleffects on the S -A node1s not preceded by a bradycardia
from stmulation of the vagal nuclet in the medulla  If this s so
then atropine and neostigmine can safely be injected from the same
synnge when 1t 1s desired to reverse the effects of a non depolanzing
relaxant

Chlorpromanne (largactil thorazine) has been used for sedative
premedication as for most other purposes in medicine  Boulton!?
1n a controlied clinical tnal gave the drug by mouth before and after
operation to patients undergomng thoracic operations A 25 mg
tablet was grven the might before, on the momung of operation,
after operation and thrice dasly the next day It was found to allay
anxiety and as a probable consequence, vomiting was less frequent
than in the control series It was suggested that in abdominal cases
the post operative doses might be given per rectum in the form of a
100-mg suppository a dose recently increased to 300 mg With
petiudine 100 mg 50 mg of chlorpromazine injected intramuscu-
larly 1 hour before operation has given good results with extradural
block 3 but 1t may cause rather severe hypotension

Sedatives

Levorphan tartrate (laevo-methorphinan, levorphanol, l-dromoran) 1s
laevo 3 hydroxy N methyl morphinan and was synthesized by
Schmder and Grassnerin 1949 The
NCH, laevo 1somer 15 twice as active as

the racemuc drug (dromoran) (The
CH dextro-1somer  dextro-methorphan
(romular), 1s used to quell coughing )

It 15 effecttvely absorbed when given

/ eH by mouth, and the ordinary dose 1s
N * 15to2 mg The duration of action
~— 1s 8-10 hours 1Its chief use 15 to

OH reheve pain, and 1n severe cases 4 mg
may be required  Although 1t does

not depress the cough reflex 1t may cause intestnal spasm and so
1s not the 1deal drug for the relief of pamn due to colic  As a pre
anasthetic drug 1t lacks two essenual attnibutes, 1t does not allay
anxiety nor does 1t promote sleep?® On the other hand 1t causes
less hangover than does morphine when used as a post-

operauve sedative It 1s available i 2
P n 2mg tablets and 2 mg
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“Metapon 15 a synthetic denvative of morphine, 1t 15 methyl
dihydromorphinone  The drug 1s supplied in 3 mg. capsules for
oral administration and two such capsules are said to be equal in
analgesic potency to morphine gr (16 mg) It 15 supenor to
morphine 1n that 1t causes no nausea no vomiting, and very hitle
respiratory depression, on the other hand 1t 15 a poor hypnotic Tts
chief use 1s 1 the relief of severe chronic pain but 1t 15 a powerful
drug of addiction and has no place 1 premedication

It 15 proposed that diacety] morphine (heroin) should no longer
be manufactured or sold in Bntain This decision arnved at by
the Mimstry of Health after consultation with certain officials of
the medical profession was made at the request of the government
of the United States, as heroin addiction 15 a considerable social evil
1n that country and 1t was thought that 1ts suppression here would
cut down supplies elsewhere A vocal section of medical opimion
in Britain 15 strongly opposed fo the disappearance of this useful
drug, and 1n anzsthesia 1t eases post operative pain without causing
as much nausea as morphine and 1s most useful as a supplement
to nitrous oxide and oxygen and thiopentone It guietens the upper
respiratory tract reflexes without causing very marked respiratory
depression *

Nisentil (alphaprodine) This drug, a congener of pethidine 1s
di alpha 1, 3-dimethyl-4-phenyl-4 propionoxypipenidine It has been
used intrasenously to supplement thiopentone nstrous oxide oxygen
anasthesia in place of pethidine than which st 1s said to act rather
more rapidly and to have a shorter duration of effect With it an
increased controllabihity of the depth of anasthesia without undue
depression of respiration can be achiesed provided the dose 1s kept
smali -? In obsietnics 18 doses of 40 mg. subcutancously, 1t has
proved to be a suitable agent for use duning labour because of the
rapid onset of 1ts action, the lack of maternal and feetal side-effects
and the short duration of the sedation produced Thus last attnbute
makes 1t a useful agent 1n rapid labours 2 Its use 1n premedication?®?
about 40 mg. intramuscularly and in post-operative sedation® has
been favourably reported on - The recommended dose 1s 20-30 mg.
by vein and 40-60 mg. by mouth or intramuscularly

Nisenuil grven sntravenously raises the pressure of the cercbro-
spinal flm. and pethidine has a similar effect  If levallorphan s
given i the sams time as the msentl, this does not occur  After
prth  « hovever nalorphine has a much better action than has

* Sanction o manufacture thy drug h2s recently been extended for a further
year
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levallorphan and should be gnen in the ratio of 11020 This may
be specially important 1n neurologieal surgery where 1t might well
be desirable to prevent this nse in cercbrospmal flud pressure
without at the same time interfening with the other actions of the
pethudine 47

Nalorphuine. This drug 1s N allyl normorphine and 15 also known
as nalline or lethidrone 1t differs from morphine 1n having an
allyl (C;H,) mnstead of a methyl (CH,) radical attached to the
mtrogen atom Whle the antagomstic effect on the respiratory
depression due to morphimne was descnibed as long ago as 1915 by
Pohl, 1t was not untl 1944 that 1aterest 1n the drug was revived
by Hart and McCawley - It was used 1n anzsthesia in 1952 by
Eckenhoff and hus colleagues 2* Nalorphine reverses the respiratory
depressant effect of morphuine and 1ts congeners such as herom,
codein, difaudid and metapon, and also that of pethudine, dromoran
and methadone

Narcotized and non narcotized patients react differently to the
drug  When given to unpremedicated subjects 1t has a sumilar effect
though slightly less marhed to morphine and causes drowsiness
hallucinations and some depression of breathing It 1s a poor
analgesic and does not cause the spastic immobility of the bowel
seen after morphine Admumstered to @ narcotized patient nalor-
plune abolishes analgesia, euphona, respiratory depression, antt
diurests ¢ miosis and hyperglycema due to morphine the lessening
of narcosis 1s neither very marked nor sustatned On the alimentary
canal 1t abolishes the state of spasticity and the absence of penstalsis
caused by morphine It restores reflexes and raises lowered blood
pressure The EE G pattern 1s altered from that of deep sleep to
that of the waking state The duration of its effects 1s shorter than
that of morphune It 15 not absorbed from the alimentary canal and
1s admumstered by exther intravenous or intramuscular injection  As
side-cflects, nausea dysphona, and sweating are prominent, so that
it 1s totally unsustable for use 1o ambulatory patients Its chmecal
effects come on within two to three munutes of the intravenous
mjection of 3-5 mg and may disappear within ten minutes A
close watch must be kept on the blood pressure which tends to fise,
and only if there 1s great respiratory depression should tepeated
doses be given 27 If respiratory depression 1s not a marked feature
of the patient s clinical state, then the tjection of nalorphine may
ncrease sedation and decrease ventdation

The dosage of the drug s critical, 1f nsufficient 1s given the
oprate or depressant 1s not displaced from the cell receptors whereas
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Metzpra 15 2 syrthetic dermzti ¢ of morphine, st s methyl
é “dromopranone  The drug 1s supphed 1 3-mg. capsules for
o-z] admimictration, 20d two such capsules are said to be equal
27.)zz=<1z potency to morphine gr 3 (16 mz) It 1s supenor to
mophre 13 thet 3t czuses §o nzusea, no somutng, and sery hittle
sexprztons deprees on on the other hand st 1s 2 poor hypnotie Its
ch.of Ls= 15 17 the rehief of s=vere chrorsc pain but 5t 1s 2 powerful
dz of 2ddicti0% znd has no place 1n premedicauion

1 15 proposed that duzcets] morphine (herom) should no longsr
be rar.fectured or sold 11 Bntam. This decision armied at by
12 Mimsiny of Hezlth zfter consultztion with eentain officals of
the medice] pro*ession, was meds at the request of the gosernment
of the Unsted States 2s heroin addicuion 1s 2 considerable somal evil
11 12t country 27d 1t was thought that sts suppression bere would
cut dov n supphes ehenhere A svocal section of medical opimon
17 Britesn 15 strongly opposed to the disappearance of this useful
driz, 2nd 11 2r=<thzaa st e2ses post-oprztine pzin without causing
43 mach nauea 25 morptune 2nd 1s most usful 2s 2 supplement
to ri*ros oxds zrd oxs g1 and thispstone It quistens the upper
sesprratony tract reflexes without eausing sery marked respiratory
d~pretsion®

Nisentil (alphzprodine) This drug, a congener of pethidine 1s
dl 2lpha ] 3-dimeth 14-phenii-4-proprionorypipondine It has been
uezd trtrzs eno.ashh 10 suppl~mert thiopaaton= nitrous orids oxygen
2nz< heea i place of prtiudine then winch st 1s saxd 10 2ct rather
oz repidly 20d 10 have 2 shorter durztion of effect. With st 2n
merensed controll.bity of the depth of znesthasa without undue
d-pre< 301 of re<p 1z 101 21 be 2ctumved, provaded the dose 1s kept

~11% In obirngy 1 doses of 0 mg subcutaneously 1t has
prom2d 10 be 2 s. tab' 2zt for use dunng labour because of the
rzp 2 07, of 1's action, the lack of maternal and feetal side-effects
z=d the thot duztion of the sedation produced  Thus Jast ztinbute
rkes 112 wful zgt 1 repd Lebours B Jts uae an premedication®
Wbt &) me ez asculzrly 2nd1a poct-operause sedation®™ has
e fuso.ztYy 17poizd 02 The recommended dose 1s 20-30 mz.
tr ven z2nd 40450 . b mmosth, o 1trzmuucularly

b~ e g orzamou Ve raiss the preceurs of the cerebro-

s fm 2nd prthudone has z similar effect. If 1-vallorphan is

£72 7 the zme L 2s s poyenal this doss pot occur After

prityvime bForme L lophune hzs 2 roach beter 2ct07 than ha

* Spertinn 19 mpenfpen re this drvg B2s srcently brocraended for s { Aber
2
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levallorphan and should be given 1n the ratio of 1 10 20 This may
be specially important 1n ncurological surgery where 1t might well
be desirable to prevent this nise 1 cercbrospnal fluid pressure
without at the same time nterfering with the other actions of the
pethudine 47

Nalorplune This drug 1s N allyl normorphine and 1s also known
as nalline or Iethidrone It differs from morphine i having an
allyl (CyHy) instead of a methyl (CHy) radical attached to the
mtrogen atom While the antagomstic effect on the respiratory
depression due to morphne was described as long ago as 1915 by
Pohl,2* 1t was not until 1944 that interest 1 the drug was revived
by Hart and McCawley 2 It was used 1 anwmsthesia 1n 1952 by
Eckenhoff and lus coll 28 Nalorphine reverses the respiratory
depressant effect of morphine and 1ts congeners such as heroun,
codein dilaudid and metapon and also that of pethudine, dromoran
and methadone

Narcotized and non narcotized patients react differently to the
drug  When given to unpremedicated subjects 1t has a similar effect,
though shightly less marked, to morphine and causes drowsiness,
hallucinations and some depression of breathing It 15 a poor
analgesic and does not cause the spastic immobility of the bowel
seen after morphine Admimstered to a narcotized patient nalor-
phuine abolishes analgesia, euphona, respiratory depression, anti
duress,*® miosis and hyperglycemia due to morphine the lessening
of narcosts 1s neither very marked nor sustained On the alimentary
canal 1t abolishes the state of spasticity and the absence of penistalsis
caused by morphune It restores reflexes and rasses lowered blood
pressure The EE G pattern 1s altered from that of deep sleep to
that of the waking state The duration of 1ts effects 1s shorter than
that of morphine It 15 not absorbed from the alimentary canal and
1s admumistered by either intravenous or mntramuscular injection  As
side effects, nausea, dysphorta, and sweating are promunent, so that
1t 15 totally unswtable for use 1 ambulatory patients Its clinical
effects come on within two to three munutes of the intravenous
mjection of 3-5 mg and may disappear within ten munutes A
close watch must be kept on the blood pressure which tends to rise
and only 1f there 15 great respiratory depression should repeated
doses be given *7 If respiratory depression 1s not a marked feature
of the patient s clinical state, then the myection of nalorphine may
increase sedation and decrease ventilation
op’fa}:: :)iroznge of the drug 15 cntical, 1f msuffictent 15 given the

pressant 1s not displaced from the cell receptors whereas
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if too much enters the circulation although the opiate 1s displaced
sufficient nalorphune remawns to produce 1ts own narcotic effects
A dose of 4-5 mg 15 said to antagomize 50 mg of pethudine or 5 mg
of morplune, so that the normal amount suitable for an average
adult 1s 10 mg and that for a neonate, 02 to 05 mg

Bodman states?’ that nalorphine can be useful 1n the treatment
of poisoning by opiates in anzsthesia, 1n general medical cases,
chronic emphysematous patients and those with night heart failure
It may be helpful of used to reverse the sedative effect of morphine
given to und ed acute abd 1 emerg and 1t may find
a place tn the diagnosis of addiction to morphine, pethudine etc
When 1t 1s given to an addict severe withdrawal symptoms are
produced The patient sweats his pupils dilate, he breathes rapidly
and becomes agitated  This 1s the morphune abstinence syndrome
1n an acute form and 1t comes on half to three-quarters of an hour
after the injection  In midwafery nalorphine has had some tnumphs
1t has been given to rather heavily morphinized patients just before
delivery with a view to reversing the depressant effects on the feetal
respiratory function The drug can also be given 1n § 2 mg doses—
cautiously repeated if necessary—into the umbilical vein of babies
with asphyxia neonatorum ® which 15 perhaps better than giving 1t
to the mother It has been suceessfully used to relieve spasm of the
sphuncter of Oddi induced by morphine or pethudme *°

Levallorphan tartrate (lorfan) 1s the N allyl denvative of laevo
methorphinan (I-dromoran) to which 1t bears the same relationship
as does nalorphine to morphine  It, too antagomzes the depressant
effects of morphine dromoran pethidine, methadone etc, but not
their analgesic effects, and so has been used to reverse the hypopneea
due to these agents supplementing mitrous oxide oxygen anzsthesia,
without interfering with their analgesic action It has also been used
1n combination with narcotics for pre operative medication for the
relief of post operative pain and 1n obstetnes  Suggested dosage
ratios are pettudine levallorphan 80 1, morphine or misentl
levallorphan 50 1 levorphan levallorphan 10 1 It potentiates
the depressant properties of pentobarbitone  Neither nalorphine nor
levallorphan should be used to counteract the resprratory or general
depression which may be seen after overdose of barbiturates
cyclopropane or the volahle anmsthetics

Two new drugs have recently been introduced for the treatment of
barbiturate poisoning morphine poisomng and the reversal of
barbllumtc :m::sthtsxa Thcsc are bcmcgnde (megrmide, NP 13)

and P ) Amip was introduced by
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vics and his collcagues m 1949% and was nvestigated as a
gz;:hmc antagomist bygShaw and Bentley ' The two drugs were used
together 1 the treatment of coma following poisonous doscs of the
barbiturates by Shulman in 1955,32 while the use of bemegnde alone
10 Teverse barbiturate anmsthesia was reparted by Harns 1n 1955 %2

Bemegnde 1s 8 ethy] 8 methyl glutanmide, a crystalline compound
with the structural formula

CH, CH,—CO
N/

CH,CH, CH,—CO
It 15 spaningly soluble 1n water

Amiphenazole 15 2 4 diammo 5 phenylthiazole hydrochlonde
with the structural formula

1t too 1s soluble 1n water but such solutions do not last long The
crystalline powder 1s quite stable

Bemegnde reduces by about 50 per cent the sleeping time of rats
following dosage with a barbiturate and 1s effective when given
wntravenously mtramuscularly or by mouth It stimulates respira
tion depressed by barbiturates restores the electroencephalogram to
normal 1n subjects under barbiturate narcosts and has a large safety
margin  Gross overdosage will cause convulsions 3¢

The pharmacology of amiphenazole has been studied by Shaw
and Shulman 2 and 1t has been shown that dogs made comatose by
morphine are awake within two minutes of the intravenous injection
of a therapeutic dose of the drug respiratory stimulation precedes
arousal It 1s active when given either 1nto a vein or nto a muscle
Ammals made unconscious with barbiturates do not respond to the
drug when used alone but 1t 1s specifically effective m relieving the
respiratory depression caused by large doses of oprates, pethidine
and methadone It appears to stmulate the depth of respiration
rather than the rate and has little effect on the analgesic effects of
these agents unless given 1n large amounts Such large amounts
may raise the blood pressure

Shaw and Shulman®s are of the opinion that morphine should be
used more freely than 1s now the case 1its depressant effects being
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prevented by amuphenazole Patients with severe pamn should be
well and properly relieved by amounts of morphune 1n the order of
lor2gr 6or8hourly n}gr mcrements until the desired effect
1s obtamed, each } gr dose bemng accompanted by 125 mg of
amiphenazole intramuscularly If the resprratory rate becomes too
slow 1¢ less than 6 or 8 per minute, then 10 mg of the drug can
be given at 10-munute mntervals up to a total of 50 mg

In the treatment of barbiturate intoxication amiphenazole and
bemegnide are used together 1n the manner described by Shulman
Shaw and their associates 3 The drugs are given nto the tubing of
a dextrose drip, the bemegnide as a 05 per cent solution the
amiphenazole as a 1 S per cent solution two separate syringes being
employed One ml of amiphenazole 1s followed by 10 ml of
bemegnide and these injections are repeated at 5 minute mtervals
until the upper respiratory tract reflexes and the muscle tone show
signs of returning Increasing activity of the plantar withdrawal
reflex 15 said to be a good indication of response of the patient to
the treatment In severe cases as much as 200 ml of bemegnide
(I gm) and 20 m! of amiphenazole (300 mg ) may be required over
a pertod of 2 hours

Following anesthesia with an intravenous barbiturate a rapid
return to consciousness has followed the intravenous injection of
50 mg of bemegride as described by Harris 3 A number of patients
so treated fall asleep again but can be roused by strong stimuh
Side effects are rare and so far no contra indications have been noted

The drugs are supphed as follows Megimide 1n 100 ml ampoules
of 05 per cent solution for the treatment of barbiturate poisoning
and 1n 10-ml ampoules of the same strength for the rapid reversal
of barbiturate anzsthesia Daptazole comes 1n 300 mg ampoules
of dry powder which should be dissolved 1 20 ml of saline for the
treatment of barbiturate intoxication For adminstration with
morphine 15 mg of dry powder 1n an ampoule 1s to be dissolved
m 15 ml of saline These solutions must be thrown out after
12 hours as they are rel stively unstable
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CHAPTER 2
INHALATION ANASTHETICS

Diethyl Ether — Fluorinated Derivatives — Methy! N Propyl
Ether—Nitrous Oxide—Ethy lene—Cyclobutane—Cyclopropane—
Chloroform—Trichlorethylene—Xenon—Ethyl Vinyl Ether

Diethy] Ether

WHILE ether 15 probably one of the most widely used anazsthetic
agents 1n the world and 1s certainly one of the safest, there 1s not at
present much oniginal work being undertaken 1n connection with it
This 15 perhaps not unexpected when 1t 1s remembered that the
literature covening 1t stretches back for well over one hundred years

J D Laycock,!® while paying tribute to the usefulness of the
signposts along the path to anzsthesia erected by Arthur Guedel
in 1937 emphasizes that with modern agents and special muscle
relaxants these stages and planes are no longer as helpful as they
once were  He further points out that according to W B Primrose
ntercostal paralysis occurring 1n Guedel s third and fourth planes
1s anatomcally non-existent 5°

To overcome these difficulties 1n teaching anasthesia Laycock
has suggested a different system Stage 1 1s consciousness with
disonientation and analg Stage 215 with reflex
activity Stage 3 unconsciousness with reflex depression and Stage 4
respiratory paralysis

Guedel s classification has also been altered by Harnis 3! In this
classification Stage 1 1s associated with depresston of the higher
centres and corresponds to Guedel s classifications Stages 1, 2 and 3,
Plane 1 Stage 2 1s the depression of sensory co ordination and
corresponds to Guedel s classification Stage 3 Plane 2 Srage 3 1s
the stage of depression of areas of motor co ordination and corre
sponds to Guedel s Stage 3 Planes 3and 4 Srage 4 1s the depression
of the medulla and corresponds to Guedel s classification Stage 4
It consists of failure of the respiratory centre vasomotor and
cardiac centres *

J F Artusio! has sought to separate the first stage of cther
narcosts 1nto three plancs and 1n the deepest of these he claims to
produce a true state of analgesia but one 1n which cerebration 15
excellent and he patient 1s comfortable and co-operative while

4
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CHAPTER 2
INHALATION ANASTHETICS

Diethyl Ether — Fluorinated Derivatives — Methyl N Fropy!
Ether—Autrous Oxide— Ethy lene—Cy clobutane—Cyclopropane—
Chloroform—Trichlorethylene—Xenon—Ethyl Vinyl Ether

Diethyl Ether

WHILE ether 15 probably one of the most widely-used anzsthetic
agents 1n the world and 1s certainly one of the safest, there 1s not at
present much onginal work being undertaken 1n connection with it
This 15 perhaps not unexpected when 1t 1s remembered that the
literature covenng 1t stretches back for well over one hundred years

J D Laycock,!” while paying tribute to the usefulness of the
signposts along the path to anzsthesia erected by Arthur Guedel
1n 1937 emphasizes that with modern agents and special muscle
relaxants these stages and planes are no longer as helpful as they
once were  He further pornts out that according to W B Primrose
intercostal paralvsis occurnog 1n Guedel s third and fourth planes
1s anatorucally nop-exwistent.~®

To overcoms th=se difficulties 1n teaching anzsthessa Laycock
has suggssted 2 different system  Stage | 15 consciousness with
disonentation and anal Stage 2 1s uncc with refiex
acinaty Stoge 3 uncopsciousness with reflex depression and Stage 4
respiratory paralysis

Guedel s classification has also been altered by Harms 5! In this
classuficaiton Stage 1 15 assocnated with depression of the ugher
centres and corresponds to Guedsl s classifications Stages 1 2and 3
Plane 1| Stagze 2 1s the depression of sensonv co ordination and
corresponds 10 Gusadsl s classification Stage 3 Plane 2 Stage 318
the st2ge of depression of areas of motor co-ordinatson and corre
sponds to Guedel s Stage 3 Planes 3and 4 Srage 41s the depression
of the m~dulla and corresponds to Guedel s classification Stage 4
It consists of fallure of the respiratory centre vasomotor and
cardiac centres *

3 F Arusiot has sought to separate the first stage of ether
parcosss 1ato thr  plancs and 1n the deepest of these he clams to
produce a true state of analgesia but one 1 which eerebration 1s
excellznt and  ne patient 1s comfortable and co-operative while
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no great abdemunal relaxation, have a special application to obstetric
cases as a low blood cther level 1n the faetus can be obtamed

Fther vapour managed as a true gas has been very favourably
reported on 1 A techmque 15 described 1n which activated charcoal
1s employed to produce the vapour, the use of which cnables the
an-esthetist to have a fine control over the partial pressure of the
vapour delivered to the patient Reflexes from the upper respiratory
tract are said to be less troublesome than when ether 1s given by
the orthodox techmques A sumlar techmque was of course
descnbed by members of the Oxford school 1n 1941 using the Oxford
Vaporizer Number 2

Fluoninated Dervatives

In an effort to remove the danger of fire and explosion from
the use of ether, experiments have been conducted with trifleorocthyl
winyl ether!* This substance which 1s non flammable, gtves
promuse of future use and 1s said to equal 1n potency and have a
similar anesthetic effect to ether It causes no anatomcal or
physiologrcal changes 1n the liver and 1s without serious action on
the heart Free fluorin 1s not released from the compound n
the body

Later work with this agent places the lower limit of flammability
at 4 per cent 1n air or oxygen diethyl ether being flammable at a
concentration of about 2 per cent 87 In dogs the drug appears to
have a protecve effect on the myocardium when adrenaline 1s
admumstered  On the upper respiratory tract 1t 1s not as likely to
cause coughing and bucking as 1s ether A stnking effect 15 1ts action
on the blood pressure which can be sigmficantly lowered even at
hght planes of an®sthesia  In the Unsted States trifiuoroethyl vinyl
ether 1s known as fluoromar %2 3%

Yet another fluormated volatile agent has been used successfully
to provide anasthesia 1n humans and this 1s 2 bromo 2 chloro 11 1
trfluoroethane  (CF, CHCIBr) It 1s known as halothane
(Ruothane) and 15 a colourless liquid with a sp g of 186 and a
boiling pont of 502°C It 1s not decomposed by warm alkalis
such as soda lime, but can be disintegrated by strong light Itis
four times as potent as diethyl ether and can be used alone for the
induction of an®sthesia 1 2 to 4 per cent concentration and for
s maintenance 1n about 1 per cent concentration As the result
of a careful climeal trial the following results have emerged ¢° It
appears to be a powerful depressant of sympathetic activity with
the power to abolish the shock syndrome Stimulation of the
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surgical procedures are taking place He suggests that this 1s a
good method of pain rehef during operations for the correction of
congemtal cardiac malformations

It 35 well known that ether anesthesia causes hyperglycemia and
that this 1s probably due to impulses which anse 1n the nidbrain
and descend along the splanchnmic nerves to the suprarenal glands
causing the hiberation of adrenaline Ths hormone then liberates
glycogen from the liver imnto the blood stream  Certain adrenergic
blocking agents, such as certain alkaloids of ergot have been shown
to infubit the hyperglycemia? when given in non toxic doses On
the other hand pniscoline and dibenamune 1n reasonable doses did
not show thus effect ® Ether hyperglycemia 1s partially inhibited 1f
anxsthesia 1s induced with thiopentone *

The renal blood flow s considerably reduced during ether and
cyclopropane anzsthesia but a return to normal takes place soon
after the termination of the anzsthesia ¢ This 1s neurogen:c 1n ongin
and 15 abolished by renal denervation® Ether anesthesia has no
effect on the extensibility or elastic recotl of muscle fibres although 1t
exercises a depressant effect on the central nervous system, on
penpheral nerve conduction and on the myoneural junction ¢

The respiratory stumulating effects of ether are often forgotten 1n
these days when respiratory depression caused by commonly used
agents can so readily be counteracted by intermittent positive
pressure In practice, however, this depression 1s too often allowed
to persist for a long period  Even 1n Stage 3, Plane IV of cther anzs
thesia alveolar venuilation 1s stimulited and causes a muld respira
tory alkalosis ? It has been shown that certain 1l and sensitive
patients can be carned to a plane of anxsthesia with a blood ether
concentration which would not be sufficient to produce a corre
sponding level of anfsthesia 1n a it and normal individual 8 It
appears that disulfanm (antabuse) does not potentiate the central
nervous system depressant effects of ether and chloroform, although
1t does potentiate the action of barbiturates in animals ?

Inveshigations have been made on the concentration of ether in
the blood of intubated and of non intubated pauents and 1t has been
shown!® that when carbon dioxide 1s used as a respiratory stimulant
to facilirate raprd b deep cther h 1s not required
for oral mtubation With 2 cuffed endotracheal tube 1n place
anxsthesia can be maintained with a Jower blood ether concentration
than 1f the patient 1s not tatubated assumung 1n both cases that the
anmsthes:a 1s kept as light as possible but sufficient to avord vomiting
strasmrg and coughing  These findings made on patients requinng
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opimon 1n question  Severe bone marrow aplasia leading to grave
and fatal neutropenia after prolonged antsthesia With mitrous
oxide during the treatment of tetanus, would scem to be anewand
unexpected danger  So far three deaths have been reported, from
Denmark and from Austraha  Ordinary medical nitrous oxide was
used and it 1s of course possible that an impunty hitherto unsuspected
was the cause of the towic cffects when the gas 1s inhaled for periods
up to four or five days or longer The bone marrow changes are
said to disappear when inhalation of the gas 1s discontinued®* so
1t 15 unlikely that one of the other drugs used concurrently such as
d tubocuranne or a sedative was to blame At the time of wnting
therefore, a warmng must be piven that mitrous oxide should not
be used for long periods in the treatment of tetanus bulbar polio-
myehitis etc The treatment of fanting 1n the dental chair by
lowenng the patient s head has been stressed by Bourne
When mitrous oxxde 15 given with oxygen, unsupplemented with
other drugs, mild hypovia 1s an ever-present danger It can be
diagnosed by the oxygen depression test 1% If a few breaths of pure
oxygen are given to a patient who 1s suffering from oxygen lack a
sudden and of course temporary fall in systolic blood pressure
occurs This 15 said to be more reliable than the oxygen apneea test
which 1s carried out 1n a similar way and was described by McKesson
many years ago
An 1nnovation 1n techmque for the admnistration of mtrous

oxide 1n the dental chair which has been given the name of amnal-
ges1a, has recently been described *> 83 The method 1s noteworthy
because 1t allows 15 per cent or 20 per cent of oxygen to be used
for the duration of the procedure with the exception of a short
penod at the begnming of induction Amnalgesia has been
described®® as a plane of surgical anzsthesia between Guedel s
stages 1 and 2 wherein operations may be performed without pain
or the memory of 1t It thus comes between analgesia and delirtum
‘When used for children, anzsthesia 15 snduced with pure gas 8- but
after five or six breaths 15 per cent oxygen1s added In an average
case forty breaths of thus mixture are required to get the patient
into the amnalgesic state  The night time to allow the dental surgeon
to begin his extractions 1s when the breathing 1s free and regular
when the eyelids are relaxed and the eyeballs have lost their expres
ston and are either moving from side to side or else are fixed 1 a
squint At this point the patient 1s free from cvanosis and there 15
neither stertor nor jactitation The surgeon need not be hurried as
the stage of amnalgesia can be maintamed for long peniods  Shght
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secretion of the salivary, mucous and bronchial glands 1s not seen
while navsea and vomiting are rare Cardiac arrhythmias of the
vagal type are frequent 1n unatropimzed but abolshed 1n atropmized
patients  Cardiovascular collapse shown by bradycardia and
hypotension tends to follow the combined use of d tubocurarme
and controlled respiration in patients who are under the nfiuence
of the drug whereas the substitution of suxamethomum for
d tubocuranne did not have this untoward effect Post operative
dresis can occur which might be harmful to patients in a state
of electrolyte imbalance In 500 cases no operative deaths were
seen In anasthetic concentrations 1n oxygen and air, its vapour 1s
said to be non flammable Further information about these fiuorine-
contaimng hydrocarbon volatile anesthetics will be awarted with
interest by all anzsthetists who work with surgeons addicted to the
use of diathermy

Methyl-N Propyl Ether

This agent does not seem to have gamed greatly in populanty
during recent years although 1t has 1ts select band of enthusiastic
adherents Post operative analgesia which may last for 9 to 12
hours has been reported !* while hypotension 1s hikely to be
produced 1f dunng the mduction period the vapour strength 1s
too rapidly increased An increase once deeper anzsthesia has been
established does not have this effect

Nitrous Oxade

This useful gas 1s more firmly established 1n modern anzsthetic
practice to day than ever before When given so that the patient
recerves at least 20 per cent of oxygen 1t becomes a most useful
and safe agent for producing analgesta In the absence of hypoxia
its effects are almost nmversally regarded as harmless and when
combined with a muscle relaxant and with thiopentone and pethidine,
1t 15 an excellent and very widely used gas On the other hand when
1t 15 used as the sole an®sthetic agent 1n robust patients 1ts weak
properties demand that 1t should be combined with less than 20 per
cent of oxygen 1n order to secure control of the patient In these

nces the d hypoxia may oOn occasion  cause
serious complications and irreversible neurological changes 14 What
cannot be cured had better be prevented

If there 15 one optmon on which all anesthetists will agree 1t 1
that mitrous oxide when given with sufficient oxygen 1s completely
free from touc symptoms Recent reportstt ¢ however call this
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opinion sn question  Scvere bone marrow aplasia leading to grave
and fatal neutropenia after prolonged anzsthesia wath mitrous
oxide duning the treatment of tetanus, would scem to be a new and
unexpected danger So far three deaths have been reported, {rom
Denmark and from Austraha  Ordinary medical mitrous oxide was
used and 1t 15 of course possible that an impunity hutherto unsuspected
was the cause of the 1ouc effects when the gas 13 inhaled for peniods
up to four or five days or longer The bone marrow changes are
said to disappear when nhalation of the gas 1s discontinued®* so
1t 15 unlikely that one of the other drugs used concurrently such as
d tubocuranne or a sedative was to blame At the time of writing
therefore a warming must be given that mitrous oxide should not
be used for long peniods 1n the treatment of tetanus bulbar poho-
myeliis etc The treatment of fanting 1n the dental chair bv
lowenng the patient s head has been stressed by Bourne
When mitrous oxide 15 given with oxygen, unsupplemented with
other drugs, muld hypoxia 1s an ewver present danger It can be
diagnosed by the oxygen depression test ¥ If a few breaths of pure
oxygen are given to a patient who 15 suffenng from oxygen lack, a
sudden and of course temporary fall in systolic blood pressure
occurs Ths 1s said to be more rehable than the oxygen apnea test
which1s carned out 1n a similar way and was described by McKesson
many years ago
An mnnovation 1 techmque for the admuustration of mitrous

oxide 1n the dental chatr, which has been given the name of amnal
gesta, has recently been described % 8 The method 1s noteworthy
because 1t allows 15 per cent or 20 per cent of oxygen to be used
for the duration of the procedure with the exception of a short
period at the begnming of induction Amnalgesia has been
deseribed® as a plane of surpical anmsthesia between Guedels
stages 1 and 2 wherein operations may be performed without pamn
or the memory of 1t It thus comes between analgesia and delium
‘When used for cluldren, anzsthesia 1s induced with pure gas,® but
after five or six breaths 15 per cent oxygen 1s added Inan average
case forty breaths of this mixture are required to get the patient
into the amnalgesicstate The nght time to allow the dental surgeon
1o begin hus extractions 1s when the breathing 1s free and regular,
when the eyelids are relaxed and the eyeballs have lost their expres-
sion and are either moving from side to side or else are fixed 1m a
squint At this point the patient 15 free from cyanosis and there 15
nexther stertor nor jactitation The surgeon need not be hurried as

the stage of lgesia can be d for long penods  Shight
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secretton of the salivary mucous and bronchial glands 1s not seen
while nansea and vomiting are rare Cardiac arrhythmias of the
vagal type are frequent 1n unatropimzed but abolished 1n atropimzed
patients  Cardiovascular collapse shown by bradycardia and
hypotenston tends to follow the combined use of d tubocurarine
and controlled respiration 1n patients who are under the influence
of the drug whereas the substitution of suxamethonmum for
d tubocuranne did not have this untoward effect Post operative
diurests can occur which might be harmful to patients i a state
of electrolyte imbalance In 500 cases no operative deaths were
seen In anzsthetic concentrations 1n oxygen and arr, 1ts vapour 15
said to be non flammable Further information about these fluorine
contaimng hydrocarbon volatile an®sthetics will be awaited with
mterest by all anesthetists who work with surgeons addicted to the
use of diathermy

MethyI-N-Propy1 Ether

This agent does not seem to have gamed greatly in populanty
durnng recent years although 1t has 1ts select band of enthusiastic
adherents  Post operative analgesia which may last for 9 to 12
hours has been reported® while hypotension 1s hkely to be
produced 1f duning the mduction period the vapour strength 1s
too rapidly increased An increase once deeper an@sthesia has been
established does not have this effect

Nitrons Oxide

This useful gas 1s more firmly established 1n modern an®sthetic
practice to-day than ever before When given so that the patient
receives at least 20 per cent of oxygen 1t becomes a most useful
and safe agent for producing analgesia In the absence of hypoxia
tts effects are almost umversally regarded as harmless and when
combined with a muscle relaxant and with thiopentone and pethidine
1t 1s an excellent and very widely used gas On the other hand, when
it 1s used as the sole an®sthetic agent 1n robust patients 1ts weak
properties demand that 1t should be combined with less than 20 per
cent of oxygen in order to secure control of the patient In these
circumstances the associated hypoxia may on occasion cause
serious complications and irreversible neurological changes * What
cannot be cured had better be prevented

If there 1s one opinion on which all an®sthetists will agree 1t 1s
that mitrous oxide when grven with sufficient oxygen 1s completely
free from toxic symptoms Recent reportsé® & however call ths
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Fic 1 Method of Reducing Deadspace (the endotracheal tube 1s
connected directly to gas inlet) (Brennan, H J  Anasthesia)

Changes 1n the blood gases associated with vanous methods of
1induction of anesthesia preparatory to endotracheal intubation have
been studied by Lachman and his colleagues # They found that
the greatest alteration 1n the blood levels of oxygen and carbon
dioxide occurs during a slow induction with ether or cyclopropane
to a plane allowing an easy sntubation The changes are less when a
rapid 1induction 1s carried out using an intravenous barbiturate and
a relaxant These blood gas changes can however be reduced to a
minimum 1f before the barbiturate and relaxant are given the patient
15 asked to hyperventilate with pure oxygen for a short period

An nteresting phenomenon which has been called diffusion
hypoxia has been described ¢ It 1s well known that some patients
become cyanotic during the time immediately following anzsthesia
with gas and oxygen despite good ventilation During this time the
oxygen saturation of the blood may fall to 90 per cent , while the
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movement of the patient as he 1s simulated may be seen, but 1s of
no consequence so long as the expression does not return to his
eyes In adults, rather more oxygen can be alloned Premedication
1s unnecessary and recovery 1s uneventful As always in the dental
chair, attention must constantly be given to the maintenance of
a free arrway with avoidance of air leaks and mouth breathing

At the present time the passage of anasthetic and analgesic drugs
across the placental barrier 1s receving widespread study Nitrous
oxide as would be expected, passes over very readily into the feetal
bloodstream where 1t 1s found in approximately 58 per cent of the
concentration existing in maternal blood 18

Nitrous oxide 1s such a weak anasthetic that 1ts tension 1n the
lungs must be as lgh as possible, compatible with adequate
oxygenation This condition 1s never obtained when the ordinary
sem1 open continuous flow machines are used Ruben!” reports his
good results using mitrous oxide and adequate oxygen, and curare
without any supplementary volatile or intravenous analgesics or
hypnotics  Great care 15 taken to see that the highest possxblc/
partial pressure of nitrous oxide 1s presented to the lungs together
with a 20 per cent moiety of oxygen Dead space 1s kept to a
nmummum by the use of an endotracheal tube, leakage 15 avorded and
rebreathing as far as possible eliminated by the use of a non return
valve close to the patient Intermuttent positive pressure respiration
by 1ncreasing the ventilation and the partial pressure of gas 1n the
lungs aids the techmque Jf adequate doses of a muscle relaxant
are now given a very satisfactory anzsthetic sequence results, with
the patient able to walk back to the ward very soon after the conclu
sion of the operation A somewhat similar method was described
by Brennan'® who advocated mduction of anzsthes:a with a smallish
dose of thiopentone combined with a muscle relaxant  If 1t 15 desired
to pass an endotracheal tube this 1s connected to a special combined
bag and expiratory valve mount which projects through the facepiece
The fitting allows a leak proof joint to be made at the face with the
mask so avoiding the use of a cuffed tube or of a pharyngeal pack
In addition, 1t p fl of the h  With the tube in
position the patient 1s mildly hyperventilated for about 10 minutes
before the skin 1ncision 1s made, and anxsthesia 1s continued using
2 hitres of oxygen and 6 of mtrous oxide each minute 1n the same
way In the majonty of cases the patient does not react to the
ncision nor does he react again dunng 1he operation  Occasionally
a small dose of pethidine 13 required tranquillity but
this happens mrcly
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dental analgesia, but there 15 no doubt that the patient tends to
hang round the surgery, feching out of sorts, for & longer time than
when & well gven gas oxygen anesthetic has been used It 1s seen
at 1ts best i mtrous oxide resistant patients, while its admsmstration
demands much less skill than does a smooth gas oxygen antsthesia
In major surgery the usc of equal volumes of cyclopropane and
oxygen for induction of anwesthesia 15 a most uscful method of
ensuring rapiity  In the handicapped patient hitle of any hypo-
tension 1s caused as may be the case with a rapid induction by an
intravenous barbiturate If now, after twenty or thirty breaths of
the muxtute, a switable mjection of suxamethomum 1s given, endo-
tracheal intubation with a cuffed tube can be very rapidly carried
out and regurgitation of undigested gastric contents rendered very
unlikely A shight head up tift )35 an additronal help in these cases
H R Gnffith, one of the pionecrs of the use of cyclopropane, has
wiitten of his expeniences during the adnumstration of 20,000 cases 2t
He regards the gas as potent, nonirntaung, comparatively non
toxic and rapidly elimunated, allowing for the use of plenty of oxygen
He looks on 1t as a switable agent for use in poor nisk cases, and
emphasizes the following points  (§) Respect its potency but do not
be afraid of 1t (2) Never give cyclopropane unless an endotracheal
tube and laryngoscope are available because of the possibility of
respiratory obstruction due to laryngeal spasm In such cases, the
njection of suxamethonium will both aid ihtubation and may by
releasing the spasm, remove the need for 1t (3) Leave the endo-
tracheal jube m place after operation unul purposeful movements
return, because of the possibility of extubation spasm and the
hypoxia it may cause (4) Keep the depth of anzsthesia as level and
smooth as possible (5) Ensure proper ventiaion Ths Jast 15 of
paramount ymportance  Assisted breathing which usually results in
apnaea when cyclopropane 1s being given and becomes controlled
breathing, must be used 1n the great majonty of adminstrations, so
depressing 15 the gas to the respiratory centre  (6) Worry about
tachycardia ® Gnffith warns that the sudden rise 1n heart rate to
120 per sunute or above may be a danges sign pointing to the onset
of ventricular fibnllation and calls for a reduction 1n the tension of
gas beng offered to the patient  He regards arthythmia as relatively
unimportant ar opuuon shared by most admimistrators of expen
ence  (7) Use such other agents with the gas that prudence and
convemence suggest, such as a small dose of an intravenous barb:
:‘f«?‘e for induction and a x'mxsclc relaxant for ensunng a loose
(8) Be ly explosion conscious, especially as
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mtrous oxide 1s being rapidly ehminated from the lungs This gas
may form 10 to 12 per cent of the total expired volume and the
outward diffusion of mitrous oxide lowers the partial pressure of
the oxygen 1 the alveol The hypoxia so produced may cause
cardiac arrest 1n old patients or those with cardiac or pulmonary
disease An oxygen-enriched atmosphere should thus be given m
the 10 to 15 minutes after the cessation of a long nitrous oxide
oxygen anzsthetic The acaident of diffusion hypoxia 1s all the
more likely to occur if 1n additton there 1s laryngeal spasm, hypo
ventilation or muld respiratory obstruction

Ethylene

This gas has never been much used 1n Britain although 1t was
mtroduced as an anesthetic 1n man more than three decades ago %
Its present use 1s greatest 1n the southern and mid western regions
of the Umted Statgs but even 1n these areas 1t does not appear to
be gaining 1n populanty

Cyclopropane

In the tenyear perniod followng 1935, cyclopropane gamned
considerably m populanty at the expense of ether, but durmg the
past decade 1t 1n turn has given place to the intravenous barbiturate,
gas oxygen, relaxant, pethudine sequence partly due to the mcreased
use of diathermy by surgeons It has always had 1ts supporters
however, and recently a shght upward trend 1 its use has been mn
evidence Bourne'® findg the gas very practical 1n the out patient
department for such operations as dental extractions, and has
designed an ingentous prece of apparatus for this purpose which 1s
portable, neat and mexpensive ¢ He uses an ordmary facepiece
gives a dozen or so breaths of a mixture of the gas with oxygen
from a 6-htre bag and should it be necessary, continues the
admimstration from a nasal inhaler using at least 20 per cent oxygen
with nitrous oxide Vomuting 1s rather frequent after the use of the
gas but can be lessened 1f the patient sucks a tablet of hyosine half
an hour beforehand Orniginally a mixture of equal parts of cyclo
propane and oxygen was used but 1t was pornted out that this
mught explode 1f a spark was produced from the friction of the dental
forceps on the enamel of a tooth To overcome this danger the
pure oxygen was later replaced by a mixture of equal volumes of
oxygen and nitrogen 2° metered through an oxygen rotameter the
three gases used in this way become non flammable  When this
techrique 15 employed the dangers of hypox are removed from
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results following the combination of these two ngents in 45 patients,
many baing poor surgical risks on whom according to the author
of the report, operition would have been impossible without the
benefits of the vasopressor  In tius senies no dangerous signs or
symptoms developed The assomation of these two drugs should
however be regarded with some suspicion, and the substitution for
noradrenaline of phenylephnine might be a more logical procedure
Whateser may be the case with noradrenaline, there 15 no doubt
that adrenaline will very readily iduce undesirable cardine effects
1n subjects under cyclopropane anxsthesia

The electro-cardiographic cffects of the injection of 05 to
2 mg of neostigmmne and 08 mg of atropine sulphate on patients
under cyclopropane anmsthesia have been studied®* Clasmical
cholinergic reactions were produced such as sinus bradycardia,
wandenng pacemaker aunculo-ventricular block and sinus arrest,
and they were potentiated by the gas  There was no evidence that
the atropine potentiated the cholinergic effects of neostigmine by
central stimulation 1nstead 1t caused an opposite adrencrgic effect
with cardiac 1ntabiity multifocal ventnicular extrasystoles ete
This adrenergic activaty could, dunng cyclopropane an-esthesia, lead
10 ventncular fibnilation and together with cardiac mmbion 15 a
possible cause of death 1n patients who are subjected to neostigmine
dunng cyclopropane anesthesia

The electroencephalographic pattern of patients under cyclo
propane anesthesia has been investigated ® and six levels of an-es
thesta have been recogmzed These bear a direct relationship to
creasing blood cvclopropane concentrations It has always been
thought that the effect of cyclopropane on the liver 15 more benign
than that of ether, but recent mvestigations’® would tend 10 show
that the difference between their effects 15 not sigificant  One of
the disadvantages attending the use of the gas 1s the tendency 1t has
to cause bronchaspasm 1n asthmatucs and 1n some apparently normal
patients  If care 15 taken to miroduce the gas very gradually, ths
complication may be avoded In fact cyclopropane has been
recommended™ as an efficient and safe mode of treatment for
status asthmaticus A slow prolonged induction carries the patient
down ta the third stage of t where he for 15 10
30 minutes The treatment may have 1o be repeated Intramuscular
jection of 5 ml of paraldehyde to which a ltle hyaluronidase
may with advantage be added, has been used successfully to quieten
the patient who develops delinum dunng emergence from cvelo-
propane anxsthesia  Pitocin, because 1t 1s not completely free from
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regards stauc electricity  Gnffith regards the dangerous area round
a cyclopropane admmstration as never more than a few inches
away from the patients face the mask or the machine (9) Pay
most careful attention to the patient at all times If this excellent
body of adwvice 1s followed, cyclopropane deserves perhaps to be
used more 1n the future than 1t has been mn the recent past Ths
opimon 1s reinforced by the report of another large sertes, this
time of 40 000 admimistrations 2 For the treatment of the vanous
types of cardiac arrhythmia ansing during the admumstration,
desaturation 1s advised while heart disease itself 1s not regarded
as a contra wndication to the use of the gas which mantains 1its
high reputation despite the disadvantages associated with its use
such as its flammability and 1ts tendency to cause hypotension
1n the immediate post operative period, and occasional ncreased
capillary oozing during operation

Does the agent 1 fact cause more bleeding in the wound than
other comparable agents? Opimions have differed on thuis pont for
twenty years McLoughtin® has shown that in Stage 3, Planes 1
and 2 of cyclopropane ansthesia, bleeding 1s directly proportional
to depth while 1n all planes oozing 1s reduced 1f a proper interchange
of gases prevents hypercapma His suggestion for mummizing
bleeding with the gas 1s to avoid the hightness of Plane 1 and to use
assisted or controlled breathing in every case Theincrease in cardiac
output, 1n companson with that caused by ether, together with the
passively dilated vascular field, may be a causal factor On the other
hand the work of Price and hus colleagues?* shows that during cyclo
propane anxsthesta there 15 an increase 1n both the central venous and
the artenial blood pressure which 1s made greater by respiratory
acidosis and by hypoxia  These findings suggest that the gas may act
by reducing the competence of the heart, while simultaneously
augmenting the return of blood from the periphery

Post-anzsthetic hypotension following the use of cyc]opropane—
and other agents to ms to bear a defimt to hyper
capma, as suggested some years ago by anps 25 Fresh work
gnves further evidence®® suggesting agamn that 1n most cases the
hypotension 1s due to the change from hypercapma to hypocapma
at the end of the an@sthetic the carbon dioxide excess being due to
undervenulation the result of the depressant effect of the gas on
the respiratory centre  Here 15 additional support for the view that
really eflicient 1 1s obligatory during f

Is 1t wise to gine a continuous noradrenaline drip to a patient
recaving cyclopropane? A recently published paper®? describes the
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1n the use of the drug, on the other hand they do not agree with the
marhed fear with which at present the drug 1s regarded  Before sis
use they suggest that respiratory scdatives such as opates and
barbiturates should be avorded They confirmed that 1t has a dircct
depressant effect on the myocardium and a reflex cffect on cardiac
rhythm, the former bemg the more common In addition 1t can
markedly depress vasomotor tone, although a progressive fall 1n
blood pressure with the passage of time was not seen A sudden
143 ation of the inhaled vapour, as following a deep
breath, was seen fo cause myocardal depression
In a final summary of the conclusions reached, Waters emphasizes
the need for apparatus capable of changing the concentration of the
vapour by 01 per cent as the drug 1s extremely potent There 15
always need for additional oxygen, while induction should be slow
and gradual. Very light planes of ansthesia are often capable of
giving good operating conditions  Inhalation of a hugh concentra
tion of vapour suddenly may act on the myocardium, causing a
precipitous hypotension perhaps accompanted by cardiac arrest
This may occur dunng induction, as the vapour 1s unirmtating A
second and more common type of depression 1s due to vasomotor
paralysis, but with an exact and constant control of the concentra~
tton of vapour mnhaled, a normal blood pressure can be marntatned
for long periods Should hypotension be necessary to aid the
surgeon a controlled 1ncrease in vapour strength can safely be used
to procure tlus effect Relative overdosage 1s an ever present nisk,
a nisk made worse by the lack of irntating properties of the drug
‘Waters concludes with 2 warning that admumstration of chloroform
to be safe demands the greatest possible attention on the part of the
anasthetist who must be physically and mentally fit and alert, must
have 2 finger constantly on the patients pulse, must be able to
vary the vapour strength at will and have a fine control over 1t
must give oxygen and finally, must be competent to ventilate the
patient with oxygen artificially to reduce the blood vapour tension
when necessary It must be pointed out that in their series the
Wisconstn workers noted 4 cases of cardiac arrest, I required cardrac

massage and the remaimng 3 responded to removal of the vapour
and oxygen nfiation of the lungs

Tnchlorethylene

As the years go by, this drug becomes more and more firmly
established as a safe non imtating non flammable, volatile agent
for the production of analgesia and the Lighter planes of anzsthesia
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pitressin  the pressor puneiple, should not be given to a patient
under cyclopropane an®sthesia on account of the possibility of
causing an attack of coronary artenal spasm

Cyclobutane

Experiments with this gas, the next tugher homologue of cyclo
propane, have been carried out by Vandam and Dripps 3  Induction
with 1t often proved to be stormy and recovery from anazsthes:a
prolonged, while the incidence of cardiac arrhythmia was high
From the results of this work 1t seems doubtful 1f the drug holds
much promise as a chinical ansthetic agent [

Chloroform

The shady reputation of this famous old drug continues 1n spite
of a notable effort on the part of a team of workers from the State
of Wisconsin General Hospital at Madison, headed by Ralph
Waters 2 These 1nvestigators set about to explore the uses and mis
uses the advantages and the dangers of chloroform as if it was 2
new drug mtroduced for the first tme  From serial observations of
the cteric ndex, cephalin cholesterol flocculation test, bromsul
phalemn retention test, thymol turbidity reaction and prothrombin
time made before and after operation 1n a senes of 65 patients
who were an®sthetized with chloroform and a similar control group
who recetved some other anasthetic agent the following results
emerged Slight hepatic dysfunction was seen 1n 52 per cent of the
patients who received chloroform and 1n 44 per cent of the control
group The abnormalities were mild and disappeared within ten
days Chincally 6 of the chloroform group and 3 of the controls
became slightly jaundiced No delayed chloroform poisonng was
seen 1 either series This serious lesion however 1s refated to the
nutrition of the patient who receives the anzsthetic and 1n contrast
to the Wisconsin workers, Lunt reports three such cases 3¢

Kidney function was tested in a senies of 40 patients who recetved
chloroform and 40 patients given other anzsthetics No significant
differences n post operative renal function as tested by unne
analysis non protein mtrogen estimations urea clearance tests and
phenol sulphophthalein excretion were demonstrated between thetwo
groups Bloodsugarand alkalireserve determinations Likewise showed
no notable differences when one group was compared with another

The effects of chloroform on the heart and cardiovascular system
were most carefully studied and as a result of these investigations
the Madison workers certainly do not advocate a widespread revival
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spontancous cardiac rregulanty mn dogs under the influence of
mtrous oxide oxygen and trchlorcthylene, m the absence of
overdosage with the last drug  Cases of sudden cardiac arrest are
howeer occasionally reported 1n patients anasthetized with trichlor-
ethylene,®” and a very nteresting cxample of such a catastrophe
has been described * 1nteresting because the young patient, a United
States marne was inhaling the vapour from a Cyprane inhaler set
at figure 7 using the techmque of sclf administration when he
collapsed because of ventricular fibnllation and required 45 minutes
of cardiac massage before a normal heart beat was re established
He made a partial recovery Nine cases of primary cardiac fatlure,
possibly due to trichlorethylene are mentioned 1 the report of
1000 deaths associated with anmsthesia recently brought to the
attention of the Association of Anesthetists & Such incidents are
a warning that full resuscitative measures should always be at hand
when even a so-called minor an®sthetic 1s given

Tachypneea occurning during trichlorethylene an®sthesia has been
the subject of an nvestigation by Dundee ° In a sertes of careful
chnrcal tests he found that the symptom occurs 1n about one third
of all patients who recerve the drug and 1s more common at the
extremes of age The larger the dose of an intravenous barbiturate
used for induction of anwsthesia the less the likelihood of the
patient developmng tachypnea But the opposite view to this has
also been advanced.!® Rapid breathuing during trichlorethylene
anzsthesia should always be regarded as being due to a relative
overdose n the particular patient Intravenous tnjection of 20 mg
doses of pethaidine will usually retard ghe rate of breathing 1f
reduction of the vapour tension offered to the patient 1s not practic-
able If allowed to persist tachypneea reduces the effective tidal
volume and causes a reduction 1n the blood oxygen level

Self admunistered mnhalation of trichlorethylene for a period
of 10-15 mminutes has been reported to give rehief from pam lasting

several hours 1n patients suffering from advanced malignant
disease §

Xenon
The first report on this rare gas used as an anasthetic agent was
contributed by Cullen and Gross 1n 1951 4 A later communzcation?
finds 1ts potency to be at least equal to that of ethylene, while 1t
causes no respiratory depression shight bradycardia and no cardiac
arthythmia  Biochemical disturbances were mmmal 1n the small
series of cases described  In another mvestigation dealing with the
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In the Umted States, where 1n 1ts early days 1t was looked on with
some suspicton as a kind of different coloured chloroform, 1t 15
gaining rapidly 1n populanty

The drug shows few signs of toxicity exther acute or chrontc, and
Nowill® exposed a batch of different amimals to its vapour mn a
strength between 005 and 01 vol per cent for periods averaging
18 hours daily for 3 months This prolonged exposure caused no
observable functional or anatomical abnormality Additional
evidence of the bemign nature of trichlorethylene 1s provided by
the investigations of C C Richards and L Bachman,® who show
that 3 hours of anwsthesia with trichlorethylene adminstered to
5 dogs under controlled conditions of oxygenation and nutrition,
and given to maintam a level of anzsthesia comparable to surgical
an®sthesia, had no effect upon hver function as measured by the
bromsulphalein retention test on the first, thurd, fifth and fourteenth
post operative days The same test under sumilar conditions using
chloroform had an adverse effect on liver formation It has been
known for some time*? that a portion of the trichlorethylene inhaled
1s converted to trichloractic acid and 1s excreted 1 the urme This
may be harmful 1f 1t 1s found n the urine 1n amounts greater than
75 mg per 100 ml High unnary volumes lead to more speedy
elimnation of trichloractic acid and so does a high metabolic rate
On the other hand 1nfections and obesity sometimes delay elimina
tion which may be a causative factor 1n aggravating post operative
electrolyte 1mbalance 4¢

The analysis of small concentrations of trichlorethylene vapour
by interferometry has been descnbed ¢ With a Zeiss interferometer,
concentration of vapour as low as 0 5 per cent can be measured with
great accuracy, using the refractive mdex of the gas mixture for the
tests The concentration of several vaponizers and mhalers has been
calibrated by this method For dental work a concentration of
005 to 01 per cent 1s adequate for most cases combined with
nitrous oxide and oxygen *®

Trichlorethylene addiction has been reported 27 It may lead to
psychosts More work has been done on adrenaline induced cardiac
srregulanties 1n the dog duning anzsthesia with trichlorethylenc,
cyclopropane chloroform and ethyl chlonde 3 It was found that
trichlorethylene sensttized the dog s heart to adrenaline as much as,
or more, than did cyclopropane Chloroform caused less sensitiza
tion to adrenaline than did either cyclopropane or tnchlorethylene
Ethyl chloride had a similar effect to cyclopropane and trichlor-
ethylene This work again brings to light the infrequency of
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muscular relaxation 1s required but may prove useful to induce
anaxsthesia rapidly and to maintamn at in a hght plane  There 1s
said 1o be a wide margin of safety between surgical an-esthesit and
respiratory arrest  Recovery 1s rapid and sequele are few It would
appear that 1its use should be restnicted ta the production of hight
anxsthesia,*® 1n which case 1t enters the field at present ocoupied by
tnchlorethylene vinesthene, neothyl, etc

[y N e N
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mfluence of xenon oxygen and mitrous oxide-oxygen muxtures on
m wvtro oxidation of gmnea pig bram tissue, 1t was found that,
using 80 20 mixtures oxygen uptake was suppressed but no
sigmficant difference was noticed between the xenon oxygen and
the mitrous oude-oxygen muxtures When this non potent gas 1s
mhaled at an elevated pressure 1t can cause profound anzsthesia
which 1s not accompamed by hypoxia provided that the partial
pressure of oxygen m the respired atmosphere 1s 200 mm of mercury
or above Under these conditions the quantity of xenon 1n the
arterial blood 1s drrectly proportional to the partial pressure of the
gas 1 the respired atmosphere Appreciable electroencephalo
graphic activity persists during deep anesthesia with xenon 4 In
a senes of expenments on rabbits 1t was found*? that the corneal
reflex 1s abolished when over 80 per cent of xenon 1s 1nhaled while
at 70 per cent there 15 no response to sttmulation of a leg muscle
It 1s of nterest that this gas which 1s mert chemucally can produce
a signtficant pharmacological effect  Xenon-oxygen muxtures are
of course non flammable

Ethyl Vinyl Ether (EVE)

Ths volatile hqud anzsthetic 1s chemically intermediate between
divinyl and diethyl ether and has the formula C,H,—O0—C;H, Its
use was first suggested by Leake and Chen 1n 1930% and later
Krantz® expenimented with 1t on ammals The drug which 15
known commercially as inamar 1s a clear nearly colourless hiqund
stabilized wath phenyl alpha naphthylamne It has a pungent odour
which some people find unpleasant, a vapour density of approxi
mately 2 5 and 1t boils at a temperature of 35 8° C  Commercially 1t
1s prepared by the action of acetylene on ethyl alcohol under pressure
1n the presence of potassium ethylate as a catalyst. It 1s decomposed
by sunlight and 1ts vapour 1s flammable 1n air and oxygen

Ethyl vinyl and divinyl ether vapour should not be allowed to
come 1nto contact with large surfaces of skin prepared with 10dine,
as acetaldehyde and 1odoacetaldehyde the latter a powerful facry
mator may be set free 8’

As an anzsthetic 1t behaves more like divinyl than diethyl ether
1t has been responsible for short convulsive episodes readily con-
trolled by oxygen nflation when given to infants on an open mask
under which carbon dioxide has been allowed to accumulate Its
toxic effects on the hiver are not pronounced while 1ts actions on
the cardiovascular system 1n hight planes of anzsthesia are benugn 5¢

It 15 not the drug to use on 1ts own 1n robust adults 1n whom profound
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Apparatus for General Anasthesia—Trilene Vaporizers—Dental
Apparatus — Cyclopropane Apparatus— Machines for Artificial
Respiration — Respiratory Valves — The Semi-closed Circuit —
Elirunation of Carbon Dioxide from Anasthetic Circuits—
Apparatus for Infants and Children—Gas Analysis—Antlsepsis
of Apparatus— Electronic Aids

IN this very techmically ded age new app for making
1nhaiation anwesthesia more efficient, 1f not more simple, 1s constantly
making its appearance The anasthetist loves gadgets and many
are the ingenious novelties which have appeared 1n the journals
devoted to the specialty 1n recent years  In such a book as this it has
been quite umpossible to descnibe them all, but a representative
selection has been made which will 1t 15 hoped either whet the
appetite or cause further frustration according to the temperament
of the reader

There 1s no doubt that 1 the recent past many anzsthetists have
tolerated far too high a tension of carbon dioxide 1 their anasthetic
carcwts and 1t 15 gratfying that considerable research has beep
devoted to the rectification of this error In recent years nearly all
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1G €W 10on interchangeable valve system for medical gas
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absorption can be selected by the rotation of a knob The absorption
canister 1s made of glass and so coloured soda lime can be used A
spare camister with cover 15 avatlable to facilitate change to fresh
soda Jime when necessary  The ether vaporizer has been re designed
and will ensure a gradual and steady increase 1n the concentration
of ether vapour The resenvorr bag has been placed just above the
soda hime camister and the tnchlorethylene vaporizer has a safety
mterlock coupled to the absorber, which prevents contamination
of soda Lime with tachlorethylene vapour The draw over technique
can be used 1f the resenvorr bag control 1s turned to mr The

ot e e o e o e o

Fic 4 Reducing vahve (Type AS) (Awrmed Ltd)

resistance to breathung1s4 mm of water with normal minute volumes
The firm of Airmed Ltd, who make the new Marrett Head have
also ntroduced a new regulator for medical gases, known as the
type AS Ths small regulator 1s made of light metal and no rubber
or penshable matenal 1s used 1n 1ts construction It reduces the
pressure of gases to 25 1b per square inch

Dunng the war the ongmnal Oxford Vaponzer served a most
useful purpose both at home and abroad This has now been
followed by an improved model known as the EM O Inhaler for
ether anzsthesia 47 It was developed at the Nuffield Department
of Anasthesia 1 the Unmversity of Oxford, and has replaced the
older Oxford Vaporizer It has been designed to deliver any desired
concentration of anasthetic vapour irrespective of changes m the
temperature of the liquid anwsthetic, throughont the range likely
to be encountered 1n climcal practice  No hot water 15 required for
R4 A ANAESTHL. 2
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anzsthetic apparatus m use w Botain has been made safer from the
risk of explosion by the mcorporation 1n them of ants static rubber,
whitle i the near future, incorrect coupling of cylinders of anzsthetie
gases will become physscally impossible when the proposed altera
tions 1n anzsthetic machines are carned out4®  See Fig 2

The modern treatment of bulbar poliomyehtis and of severe
tetanus by tracheostomy and mternuttent positive pressure respira
tion has had sts mfluence on the design of anwmsthetic apparatus,
espectally in connection with automatie devices for the mamntenance
of artificial respiration  The approval, under certamn conditions by
the Central Mrdwives Board of the self admmstration of trichlor
ethylene has also led to the ntroduction of several pieees of apparatus
sustable for this purpose

Fic 3 Mamett anzsthetie head T FC model

The new Marrett Anzsthetic Head TF C Model to and fro and
arcle absorber 1s an improvement on the old mode! This 1s
clam~d to possess all the adsantages of sts predecessor with the
fe) swing improsements Circle or to-and fro carbon dioxide
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extent of normal respiration  Rebreathing 15 preseated by unt
direction valves The Radeliffe Respiration Pump can be used with
1t 1f mechanical infiation 1s required (see page 48)

The Department of Ansthesia at Cardifl has devised the Cardifl
Inflating Valie which can be adapted for use with the Oxford
Inflating Bellows! Before the bellows can be connected to an
endotracheal tube some interposed device 15 required which witl
ensure that the patient s lungs will empty quickly to the outer air
at the end of each inflation  When the bellows are compressed the
expiratory outlet 1s bloched and the patient s lungs are inflated easily
As soon as the end of the msprratory cycle 1s reached the pressure
withun the chest helped by a light spring 1 the valve results in un
covering of the expiratory outlet so that the patient s lungs can
empty easdly to the outer arr  Artificial resprration can thus be
carnied out witharr  Itis obtawmable from the Pentland Instrument
Company George Street, O<ford

To facitlitate assisted breathing P M Mehta®s has modified the
Lapgton Hewer face mask for goitre operations by machiming out
a disc of metal 1n the top of the mask and 1nserting 1n 1ts place a

= i
k5
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i

EiG 6 The Mehta mask  (Brie med J )

Salt expreatory valve  Thus allows an anzsthetist wy

th a small hand
to support the saw and at the same ume to close the spring loaded
expiratory valve during bag pressure  An attachment to allow a
stomach tube 1o be used with a face mask has been described by
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1ts operation, but a temperature control umt or automatic thermo
compensator maintains a constant vapour concentration mdepen
dent of changes 1n ambient temperature This device, a small metal
bellows containing a liqud 1s fitted within the vaporrzing chamber
below an orfice which 13 made smaller as the temperature rises
Medical gases can be added to the mhaler without altering the
ndicated vapour concentration The concentration control lever,
which moves over a scale showng the vapour strength 1 volumes
per cent , the ether level indicator and the ether filler are mounted on
the top of the apparatus The mhaler contatns a water compartment
which acts as a heat buffer This 1s commonly used asa draw over

apparatus for the admimstration of ether vapour and air or @
muxture of medical gases can be added to the ether mixture Should
the flow rate of these gases be imsufficient air would be drawn
through the inlet valve and no resistance to mspiration would oceur
It 1s designed to accompany the Oxford Inflating Bellows If the
nhaler 15 to be used 1n tropical countries cold water can be put 1
the water compartment or cold from ether vaporzation can be
employed to reduce the temperature of the mnhaler

{
3

Fic 5§ EMO cther mhaler and Oxford inflating bellows
{(Pentland Instrument Co Ltd Oxford)

The Oxford Infl: Bellows! 15 d d to be used with the
E M O Inhaler and fulfils three main purposes (1) It gives artifictal
respiration with air or air and additional oxygen (2) It 1s used to
assist or control breathing duning anasthesia  (3) It shows the
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extent of normal respiration  Rebreathing is prevented by uni
direction valves  The Radefsffe Respiration Pump can be used with
1t 1f mechamical nflation 1s required (see page 48)

‘The Department of An-esthesia at CardifT has devised the Cardiff
foflating Valie which can be adapted for use with the Oxford
Inflating Bellows? Before the bellows cin be connected to an
endotracheal tube some mterposed device 15 required wiuch will
ensure that the patient’s lungs will empty quickly to the outer awr
at the end of cach inflatton  When the bellows are compressed the
exprratory outlet ss bloched and the patient s lungs are inflated casily
As soon as the end of the wspiratory cycle 1s reached the pressure
withmn the chest, helped by a Iight spring 1 the valve, results in un
covenng of the expiratory outlet so that the patient’s lungs can
empty easily to the outer air Artifictal resprration can thus be
carred out with air - It s obtamnable from the Peniland Instrument
Company, George Street Oxford

To facthtate assisted breathing, P M Mehta$s has modificd the
Langton Hewer face mask for goitre operations, by machining out
a disc of metal 1n the top of the mask and nserting 1n s plce a

" N
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Fi6 6 The Mehta mask (Brit med J)

1521; ue(pxrt:to}:’y valye This allows an anesthetsst with a small hand
o m}:{):r the Jaw and at the same time to close the spring loaded
stp IJry valve duning bag pressure An attachment to allow a

omach tube to be used with a face mask has been described by
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Fic 7 Attachment to allow a
stomach tube to_be used with
afaceptece (J Clutton Brock
Bnt J Anwesth)

Clutton Brock*®* who has
adapted Morton s mask for
this purpose  See Fig 7

An improved apparatus
for the use of Vimesthene
has been reported by W
J Keating The container
will take a 3 or 5 ml vin
esthene ampoule unopened
or other liqmd volatile
agent  Leakage of volatile
anesthetic does not occur
a boon in hot chmates
By mampulation of a valve
drops of an®sthetic can be
added to the circutt at a
controlled rate The designer
of the apparatns recom- (
mends vinesthene for use 1n
the Dental and Out Patient
Departments  See Fig 8 ¢

A useful new portable f
anesthetic apparatus  has

been desenbed by J B - - ——.u.h_j

Stirlipg and 15 known as Fio 8 keatmgs vinesthenc dnp (Anzstheria )
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d casily-
\Wright Portable Machine ® This 1s a sensibly robust an

;)hocnab?f piece of apparatus It uses aither one 36 gatlon oxygen
cylinder and two 100-gallon nitrous oxide cylinders, or one 18 gallon
oxygen cyhinder and two 50-gallon mtrous oxide cylinders  Between

Fic 9 The Wright portable h machine (4 h

)

the mtrous ox:de cylinders and their Adams valvea ‘Klinger cock1s
interposed, so that 1t 1s unnecessary to turn off one cylinder before
the other 15 turned on  Fresh gas from the new cylinder 1s instantly
delvered 1f the handle of the cock 15 rotated through 90° The empty
cylinder can then be replaced at leisure without nterrupting the
anasthesia  The apparatus weighs 153 Ib without cylinders and the

Klinger cock 15 obtained from Messrs Smail Son & Company of
Glasgow
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The Americans have given some attention to the manufacture of
a small portable anmsthetic apparatus, and an ingentous httle
machine has been devised by R A Hingson* Tlus 1s a portable
closed cirewit apparatus using midget cylinders similar to sparklet
cyhnders contaming carbon dioxide  One loading with cyclopropane
and helum mixture and four cylinders of oxygen and helum are
sufficient for twenty mmutes anzsthesia The apparatus, designed
for such purposes as dental extractions and ncistons of abscesses
under domiciliary conditions etc , weighs less than 116 It can be
used 1n association with another small prece of mechanism the size
of half an orange which derives its power from a compressed oxygen
or nitrogen and oxygen cylinder and provides mtermuttent positive/
negative pressure with either 100 per cent oxygen or 50 per cent
oxygen and mitrogen at any desired rate of respiration

Is there an an@sthetist who has not allowed a gas, or worse still,
an oxygen cyhinder to become exhausted while his attention was
elsewhere? [his error which has led to deaths, can be prevented
by the employment of one of the devices for giving warning of
impending failure of a gas or oxygen cylinder 3 &

Inlene Vaporizers

When giving trilene to patients 1n the dental chair, many anesthe
tists at present employ a Rowbotham chloroform bottle, but a new
device has been described by W J Finmie * Ths author states that
most trilene vaporizers incorporate a glass bottle which can be
easily broken and which may leak at the cement metal to glass
Junction He thinks that most trilene vaporzers are mcapable of
delivening a strong concentration smoothly and quickly The
apparatus 15 made of cast aluminmum and 1s composed of two tubes
each of which will take a 6 ml ampoule of trilene The vaporizer 1§
plugged 1nto the gas exit of an anzsthetic machine Gases can be
made to pass directly through the apparatus or through the vaporiz
ing chamber or any intermediate posttton by movement of a
control lever A movement of a knob will fracture the ampoule
The majonty of patients are managed satisfactorly with the
control lever F set at the half mark the more resistant requining
it to be moved to three quarters The second ampoule 1s held 1n
reserve Laboratory tests have shown that the apparatus causes
no marked restriction to breathing while the increase in trilene
vapour percentage 1s smooth and gradual without sudden rses 1n
concentration This vaporizer 1s made by Cyprane Ltd of Keighley,
Yorkshire  See Figs 10 and 11
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Fi0 11 The Fmme tnlene vaponizer (Bat J Arncsth }
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The Amencans have grnen some attention to the manufacture of
a small portable anzsthetic apparatus and an ingenious httle
machine has been devised by R A. Hingson* This 1s a portable
closed circust apparatus using mudget cylinders similar to sparklet
cyhinders containing carbon dioxide  One loading with cyclopropane
and helum muxture and four cyhnders of oxygen and helum are
sufficient for twenty minutes anzsthesia. The apparatus designed
for such purposes as dental extractions and mcisions of abscesses
under domicihiary conditions etc weighs less than 1 1b It can be
used 1n association with another small piece of mechamsm the size
of half an orange which derives its power from a compressed oxygen
or mitrogen and oxygen cyhinder and provides mtermuttent posttive/
negative pressure with either 100 per cent oxygen or 50 per cent.
oxygen and mitrogen at any desired rate of respiration

Is there an anasthetist who has not allowed a gas or worse stll,
an oxygen cyhnder to become exhausted while Ius attention was
elsewhere? This error which has led to deaths, can be prevented
by the employment of one of the devices for giving warning of
1mpending failure of a gas or oxygen cylinder 5% 5*

Trilene Vaporizers

When giving trilene to patients in the dental chair, many anzsthe
tists at present employ 2 Rowbotham chloroform bottle but a new
device has been described by W J Fnue # This author states that
most trilene vaponzers mcorporate a glass bottle which can be
easly broken and which may leak at the cement metal to-glass
yunction He thinks that most tnlene vapornzers are mcapable of
delnering a strong concentration smoothly and quickly The
apparatus 15 made of cast aluminium and 1s composed of two tubes
each of which will take a 6-ml. ampoule of tnlene The vaporzer 1s
pluggzd 1nto the gas exit of an anzsthetic machipe Gases can be
made to pass directly through the apparatus or through the vaponz
ing chamber or any mtermediate posiion by movement of a
control lever A movement of a knob will fracture the ampoule
The majonts of patients are managed satsfactorily with the
control lever F set at the half mark, the more resistant requinng
1t to be moved to three-quarters The second ampoule 1s held
reserne  Laboratory tests have shown that the apparatus causes
no marhed restriction to breathing while the increase in tnlene
vapour percentage 1s smooth and gradual without sudden nises 1
concentration This vaponzer 1s made by Cyprane Ltd  of Keighley
Yorkshire  See Figs 10 and 11
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and air  This weak setung cnsures that at mnute volumes less than
8 Iitres 2 tmnute the percentage of trdene m aie 1s less than 0 35 per
cent If the munutc volume niscs above 16 litres per rinute 04 1o
05 per cent of tnlene vapour is dehivered to the patient The
mhaler 15 designed for anal by sclf ad ration 1n obstetrics,
etc, and 1 known as the Burns-Benson Inhaler  Sec Tigs 12and 13

The Emotnl Trlene Inhaler® i its modificd form has been
accepted by the Central Midwines Board for use by mudwives
working alone It permuts a constant strength of tnlene vapour to
be inhaled by the patient and this 1s uninfluenced by the circum-
ambient temperature (between 60° and 95°F), the respuatory
minute volume (between 6~15 litres o smnute) and the respiration
rate (between 12-30 cach minute) The coneentration 1s normally
05 per cent 1n air, but 2 weaher mixture of 0 35 per cent can be
provided See Fig 14

Fic 14 The Fmotn! (Epstein Macintosh Oxford) trilene inhaler MIE L)

The Aurlene Inhaler 15 another portable trilene imhaler made by
Awmed Ltd It mcorporates a mixture adjustment collar having
three setungs Yabelled 035 per cent, 05 per cent and 1 per cent
trilene vapour in air respectively The low concentration 1s switable
for a drowsy patent 1n labour the Tugh for producing analgesia or
light anwsthesia quickly A therma control umit compensates for
temperature changes, while alteration 1 tidal volume and respira
tory rate do not alter the concentration of vapour No pure hiquid
trdene 15 present when the instrument 1s 1n use and over filling or
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A constant strength tnfene nhaler has also been described ¢
This 1s designed primanly for the production of a constant percentage
of trlene vapour, whuch 1s kept between 0 4 and 0 6 per cent for all
types of respiration between 7 and 20 litres per minute It delivers
a fixed amount of liquid trdlene into every litre of air reaching the
patient that 55 about 002 mi per hitre At all likely temperatures

Fi6 12 Burps Benson trichlor
cthylene nhaler  (Brit med J)

Fi6 13 Left Simplhfied cross section of mhaler
Centre Filling position  Right Safety device

this amount will be vaporized so no thermostat 1s required A
needle valve cut out device prevents alteratron 1n vapour strength
consequent on shakmg The 1ahaler ss filled, when turned on its
side with 60ml of tnlene By movingalever st is posstbile to weaken
the muxture reachsng the patient to about 0 35 per cent trilene vapour
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spilling 1s impossible  One charge 1s sufficient for several hours’
mtermsttent or thirty minutes’ continuous use Tius apparatus 15
also tihely to find its chuef usc in obstetries  See Fag 15

The Tecota Mark 6 apparatus has been approsed by the Central
Midwives Board for use by unsupervised mdwives 1t s 4 tempera-
ture-compensated mhaler and 15 manufactured by Cyprane Ltd of
Reighley, Yorhshire It maintans a dehivery concentration of
05 percent trlene in air within 3 wide range of room temperatures
(55 to 95°F), tidal volumes and respiratory rates  Obstruction

Fig 16 The Tecota Mark 6 tniene inhaler (C)plam'}ld )

of the asr inlet will not resuit in a stronger muxture being delivered

((;J the patient Two settings are provided, a maximum delivering

Clsx per cent and a minimum 035 per cent tnlene vapour 1n ar

xns:rt\lxgc oflsposmcn ;ng s(l;akmg do not alter its performance These
ments are checked and sealed by th

Laborton mivre poked, y the National Physical

elivered to the user
apparatusin s case1s 716 See Fig 16 The weight of the
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3 @

S}

Fig 15 The Asrlenc tnilene wnhaler  (Dagrammatic)  (Alemcd Led )

1 Ppmary a nlets 2 Vapormng chamber 3 Gauzes
4 Dnwing rotor 5 6 Rotot stator 7 Secondary ar inlets
8 Mixture admustment coflar 9 Tapered fittng for faceprece or rubber
hose 10 Gauze 11 Non retum valve cage {2 Non return valve
13 Locking ring 14 Screwed hole for avaching clamp bracket or

whist strap
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i

Fic 19 The Blease non return valve for use with resuscitator

(Anzsthesia’)
e ek e —

FiG 20 The Blease non return valve casing and diaphragm  (Anesthesia)
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Fic 17 The Blanr-Gould dema} prop (Amzslhcsia)
An ympraved dental prop has been descnibed 20 Thus can be used

instead of the traumatic Mason Gag for changmgsides  Itismade
by Medical Poeumatics Ltd of sohid rubber  See Fag 17

| * -

|

““Fio 18 The Bleass Manual resuscrtator (Amesthesia)
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infiate the lungs of apneic patients 15 20 to 25 em of water, and
should the chest be open 10 to 15 cm of water are sufficient, but
this must apasm be 1ncreased to nearly the former figure if packs
and retractors confine the lung  An artificnal respiration machine
should provide for a phase of rapid inflation with short peak
pressure followed by a prolonged and complete expiratory phase
at atmosphenc pressure  This arrangement avords undue embarrass-
ment to the filling of the nght heart and to the arculanon through
the lung It allows for fairly complete expulsion of carbon dioxide
Another type of automatic machine produces, 1n addition to positive
pressure nhalation negatie pressure exhalation The destrable
cntena by which such a machine should be yudged are as follows —

It should reproduce as nearly as possible the normal gas flow
and volume (normal pressure changes of course can never be repro-
duced) 1t should be sensitive to increase and decrease of intra
thoracic pressure so that the change from inspiration to expiration
occurs at a pre set pressure It should enable the anesthetist to detect
leaks abstruction and mechantcal faults It should be quiet in opera
tion, robust and mechanically reliable and should not increase the risk
of explosion when oxygen and flammable gases are in use

Automatic respirators should only be used by skilful an®sthetists
1f manual inflation 15 not for one reason or another, available Like
all machines they require an mtelhigent human brain to control,
oversee and if necessary take over their operation, while the anasthe-~
tist deprived of the information which long experience of the feel
of the bag gives, 1s depnved of a real sixth sense 1n the conduct of
the an@sthesia or the ventilation  Respirators may be pump-con-
trolled which requires a safety valve to prevent the buidd up of
excessive pressure They may on the other hand be pressure sensitive
when the change from one phase of respiration to the other takes
place at a predetermined pressure

Pump type respirators include machines devised by James (1950) 22
and Beaver (1953)% Pressure sensitive respirators include the
Vivrator the essenuial part of the Sprropulsator dnven bv com-
pressed air  the Pulmopulsator, a German machine worked by a
compressor the Blease Pulmofiator, also worked by a compressor,
the Williams Respirator ¥ which 1s designed to work from the
anzsthetic gases of the Boyle machine on a semi-closed circunt, and
the Amntree Resprator'>  Pressure sensitive  sespirators using
electrictty mnstead of compressed gas to actuate the mechamsm
mclude the Bang Respirator ¢ the Newcastle Respirator,? the
Clevedon Respirator,'s the Morch Respirator 19
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Machines for Artifinal Respiration

Much ingenuity has been expended 1n recent years n the design
and manufacture of artifictal respiration machmes both those
operated by hand and those operated mechamically The Blease
of a Connell type bag connected to
a non return valve and face mask or endotracheal tube A tap
allows oxygen to be added to the bag The special feature 1s the
non return valve which has no resistance to expiration because of
the negative pressure which develops 1n the concertina bag dunng
ventdation The mnflation pressure 1s normally less than 15 mm of
mercury and the apparatus 1s de-
scribed as being a highly efficient ’" - oo

s 4

one which canbeused for ECT
without additional oxygen and o
for artificial respiration  Another /*.\2
simple respirator® employs the / )
mgemous 1dea of utihzing a Tex !
suction operated motor wnd o
screen wiper and a concertina bag s
removed from a Coxeter Mushmn
absorber It1s worked off a source
of suction which 1s capable of
giving a negative pressure of 20
mm of mercury and will even
work off a water tap and 1s thus
independent of the electnicty
supply
This interesting and  lighly
topical question has been well
reviewed by W W Mushin and
L Rendell Baker* They point
out that while effictent machies
were made by Janeway and
others in the second decade of the p— w
resent century 1t wastheworkof Fic 21 The Mortimer respxmtor
fﬁ'enckner anrdyCrafoord of Stock Operated by hction windscreen
holm who 1n 1934 described their per
spiro-pulsator which created interest 1n automatic respirators  The
substitution of manual inflation for the tank respirator by Lassen
and Ibsen®® during the poliomyelitis epidemic in Copenhagen n 1953
created the need for such instruments on a large scale to take the
place of an ever necessary pair of hands The pressure required to

ety
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inflate the lungs of apneic patients 1s 20 to 25 cm of water, and
should the chest be open 10 to 15 cm of water are sufficient, but
this must agam be ncreased to nearly the former figure 1f packs
and retractors confine the lung  An artificial respiration machine
should provide for a phasc of rapid inflation with short peak
pressure, followed by a prolonged And complete expiratory phase
at atmospheric pressure  This arrangement avoids undue embatrass
ment to the filling of the night heart and to the circulation through
the lung It allows for fairly complete expulsion of carbon dioxide
Another type of automatic machine produces 1n addition to positive
pressure inhalation, negative pressure exhalation The desirable
cratena by which such a machine should be judged are as follows —

It should reproduce as nearly as possible the normal gas flow
and volume (normal pressure changes of course can never be repro-
duced) Tt should be sensitive to increase and decrease of intra
thoracic pressure so that the change from inspiration to expiration
occurs at a pre set pressure It should enable the anasthetist to detect
leaks, obstruction and mechamcal faults It should be quiet 1n opera-
tion robust and mechamcally rehiable and should not increase the nisk
of explosion when oxygen and flammable gases are 1n use

Automatic respirators should only be used by skilful anzsthetists
1f manual inflatron 1s not for one reason or another, available Like
all machines they require an mtelligent human brain to control,
oversee and if necessary take over their operation, while the anzsthe
tist deprived of the information which long experience of the feel
of the bag gives, 1s deprived of a real sixth sense 1n the conduct of
the anasthesia or the ventilatton Respirators may be pump con-
trolled, which requires a safety valve to prevent the build up of
excessive pressure They may on the other hand be pressure sensitive,
when the change from one phase of respiration to the other takes
place at a predetermined pressure

Pump type respirators include machines devised by James (1950) 12
and Beaver (1953)** Pressure sensitive respirators mclude the
Vivrator the essential part of the Sprropulsator driven by com
pressed air  the Pulmopulsator, a German machine worked by a
compressor the Blease Pulmoflator, also worked by a compressor,
the Wilhams Respirator ¢ which 15 designed to work from the
anasthetic gases of the Boyle maching on a sem: closed cireurt and
the Amtree Respirator 1  Pressure sensitive respirators usimng
electnicity instead of compressed gas to actuate the mechanism
wmclude the Bang Respirator !¢ the Newcastle Respirator,2? the
Clevedon Respirator 18 the Morch Resprrator 1°
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The Fazakerley Respirator? 1s designed to provide anzsthetists
with a means of controlling both imhalation and exhalation, and
of assisting the patient in exhaling. It gnes positive mflation
pressures of 10-30 em. of water and provides for control of the
frequency and the phases of the respiratory cycle It can be made
to develop a megatnve pressure in the patient s arrway durmng lus
expiratory phase, and 15 run by compressed air 20-30 litres a munute
at 100-360 mm. of mercury pressure

Two more resprrators have recently been desenbed by the
workers of the Nev castle school* Both are of the internuttent
positive pressure type, while 1 both, the lungs are inflated to a
predetermimed pressure  They are designed to gne rapid mflation
and prolonged expiration and a pause, so that the mean ntrathoracic
pressure can be Yept low When suction1s available (e g. from a
vacupm cleaner motor or an oxygen myector device) a megative
pressure can be applied to the Jungs duningexpiration  The machmes
are pneumatically operated from Jow pressure sources of gas or air
at pressures between 30 and 70 mm of mercury  Rates of respira-
tion are controllable between 4 and 50 per mmute, and by the
addition of a tnggenng valve resprration can be made sensitive to
the efforts of the patient.

The RadcLiffe Respiuration Pamp-* (H G East and Co, 37a
Osxford Rd Cowley Oxford) 1s designed to provide internuttent
positive pressure resprration (I P P R)) through a cuffed tracheo-
tomy tube for treating respiratory inefficiency 1n poliomyelitis*€ and
m conditions such as polynzuntis and tetanus dunng curarization
The pew type which has proved to be most reliable and efficient,
1s provided with a negatie pressure phase of 0 to muus 10 cm
of water It can be operated either from the mamns or from a
12-volt battery

Dental Apparatus

Changes 1n anzsthesia for dental extractions have been concerned
more with change of agent than with change of apparatus  Cyclo-
propane has imaded the dental office but as yet has attained no
sery wide populanty  Gas and oxygen remains above all the most
popular dental anzsthetic A new nasal mnhaler™ combines the
advantages of the Goldman and Kam nhalers It ss provided with
a specizl type expiratory vahe and an on and-off valve with an air
wnlet. The mnhaler 3s attached to the face with Connell s barness
(Medical Pneumatics Ltd.)
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1 G Bourne has designed a smafl, light and sngenious piece of
for the ad of cyclopropine 1n the dental

chaic ¢ Two standard Sparklet bulbs, distinctively coloured, are
bound together in pairs wath transparent adhesne tape  They contamn
cyclopropane and oxygen mitrogen mixture, respectively, in amounts
which, when discharged wnto the 6 htre bag fill it in the proportions

Fic 2 Bournes he ad f cyel
w the dental ch:nr (Sparkleu Lid)

Fi6 23 Boumes apparatys ready for use  (Sparkless Ld)
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cyclopropane 50 per cent oxygen 25 per cenf and nitrogen 25 per
cent The tnigger of the “ pistol 15 a lever which presses the bulbs
on to therr piercing pins  For filling, the muzzle 1s momentarly
plugged 1nto the bottom of the bag which incorporates a non return
valve The mask has been specially designed to fit the face of an
adult when the jaws are propped wide open It 1s connected to the
bag by an angle piece with a two way stopcock In one position of
the stopcock the bag 1s shut off and the patient 1s able to breathe
air m the other position, the air vent 15 closed and the patient
breathes 1n and out of the bag  (See also Chapter 2)

Smce the mixture 1n the bag 1s outside the limits of ignitability,
ant static rubber 1s not necessary It must not be forgotten how
ever that if the contents of the bag are discharged into the air
the cyclopropane would become diluted and therefore ignitable
though not, 1n the usual sense explostve See Figs 22 and 23

Expiratory Valves

Many anasthetists have been faced with the problem of opening
or closmg the expiratory valve sttuated near the patient whose
head has been completely wrapped up 1n stenle drapes This
problem has been solved in the Cardiff Remote Control Respiratory
Valve® This 1s an improvement on the apparatus described 1n
1950 1¢ The “shut off mechamsm 1s actuated by remote control
via a Bowden cable and 1s separate from the very lightly sprung
expiratory valve disc which operates during spontaneous resprration
It 1s manufactured by MIE Ltd of New Cavendish Street,
London, W1 See Figs 24 and 25

Much new work has been done on the physics and appled
engineering of semu closed circuits and on the charactenstics of
expiratory valves W W Mushin and W W Mapleson * 1n an
interesting article dealing with the pressure flow rate characteristics
of exprratory valves commence with the assumption that the setting
of the expratory valve determines the mean pressure 1n the an@s
thetic circwit and the patient s resprratory tract which m turn
determunes the effort required to exprre through the valve It also
determines the size of the physiological dead space because as the
mean pressure 1n the respiratory tract 1s raised the functional residual
arr and hence the dead space becomes increased In addition
when partial rebreathing 15 employed the opeming pressure of the
expiratory valve must be slightly greater than the collapsing pressure
of the reservoir bag or the bag will not act as a reservorr In the
case of a one gallon bag the opening pressure of the valve must not
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Fic 24 The Cardiff remotecontrol expiratory valve

(Brit J Anzsth)

Fic 25 Cardiff remote-control valve in section (Brit J Anesth)

be less than 05 to 1 cm of water They emphasize that the setting
of the valve 1s not the main method which governs rebreathing, the
extent of which 1s more dependent on the relationship between the
minute volume respiration of the patient and the flow of fresh gases
mto the circmt  They conclude that the ideal valve would open
m the mverted position at a pressure of 05 ecm of water In the
upnght position of the valve this pressure should be exceeded as
hittle as possible In chimical practice an adyustable compresston
spring 1s unnecessary 1f the patient 1s breathing as the valve should
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always be at minrmal pressure Many workers, however, find an
adjustable valve useful when employmng intermuttent positive
Ppressure respiration with a so-called controlled leak

Carbon Dioxade Elhminatron 1 Anzsthetic Circuits

The problem of the removal of carbon dioxide from anzsthetic
circuts has recently received much attention from investigators 5°
Removal of carbon dioxide consists of the reduction of the percentage
of the gas from about 4 per cent to approximately 003 per cent
or 004 per cent  Soda lime 15 4 per cent sodmwm hydroxide, 70 per
cent calcrum hydroxide, 17 per cent water with more or less caleium
carbonate as a binder 1t 15 1n physical terms a 20 per cent aqueous
solution of sodium hydroxide dispersed on calctum hydroxide

Four methods of carbon dioxide analysis are commonly used
they are infra red analysis, differential absorption, mass spectro
metry and photometry wath anindicator The Brunkman Carbovisor
belongs to the last group It 1s generally assumed that attenal and
alveolar carbon dioxide tenstons (end expiratory samples) correspond
m health although disease may alter this relationship

It would appear that carbon dioxide rebreathing 1s best prevented®®
by the use of a umdrrectional circle type absorber with soda lime
as absorbent 1n a semi-closed system and with a total gas flow of
not less than 7 litres a munute n adults, with the expiratory valve
as near to the patient s lips as possible The umdirectional circle
type of absorber 1s supenor to the to and fro Waters type of
absorber as an elmmnator of carbon dioxide mainly because of
rebreathing from the dead space of the latter There 1s some
evidence that the umidirectional circle absorber 1s more efficient than
the to and fro circle type®® (e g the Coxeter-Mushin)

There 15 no doubt that many of our anasthetized patients suffer
from hypercapma which 1s a phystological trespass On the other
hand hyperventilation occasionally causes a respiratory alkalosis
(which 1s usually harmless) and may cause some hypotension In
addition 1t may give nise to a dimiution of blood supply to the
bram from cerebral vasoconstnction and a stagnant tissue anoxia
due to peripheral vasoconstniction shown by a Iilac colour of the
skan (Scurr) 2 There may be n addition a shift of the oxygen dissocta
tion curve to the left In spite of these results of overventilation
the general consensus of opmon 1s that 1t 1s better to err on the
side of over- than of under-ventilation

The ehmnation of rebreathing m vanous semi-closed systems?®
has been studied and has extended the theoretical analysis which
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Fig 26 Diagrams of semiclosed curcuits (Mapleson)  (Brit J Anasth)

attachment has 1n so far as carbon dioxrde ehmination 1s concerned
a marked advantage over the others regarding economy of gases,
and rebreathing with this attachment has probably been ehmunated
if the flow of fresh gases 15 at least equal to the patient s minute
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volume System E has the least resistance to breathing and 1s the
only one dispensing with an expiratory valve In the other systems
(B, C, and D) the flow of fresh gases must be about twice the minute
volume of the patient See Fig 26

Further expenmental work on rebreathung with a semi-closed
ctrcurt has been described by Woolmer and Lind,® who have made
a laboratory investigation into the completeness or otherwise of

Fio 27 The Magill attachment (Brit J Anesth)

Fic 28 The T piece armngement (Brit J Arasth)

Fia 29 The Bullough arrangement (Brit J Anesth)

carbon dioxide elimination during anesthesia with a semi-closed
cirewst  Three arrangements were tested In the first the corrugated
tubing reservorr bag and expratory valve known as the Magill
attachment, were used In the second the T piece attachment* with
nerther valves nor bag but with rebreathung tube In the thurd the
arrangement described by Bullough 3¢ which combines elements of
both the above systems and consists of a reservorr bag and corrugated

s The T piece attachments used 1n these experiments and the carbon dioude
elimination resulting from their use are actually very different from those

described by Phulip Ayre*® in which the internal diameter of the reservoir
g:lbi";%lgﬂd be I cm so that each inch 1n length has a capacity of 2 ml 5
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tube mto which the fresh gascs flow as with Magil attachments,
instead of an spiratory valve near the facepiece, a sccond open
ended corrugated tube carries excess gas flow away from the patient
The conclusions reached were as follows A flow rate of 7 litres a
minute mto a Magill attachment limits carbon diouide rebreathing
1o a satsfactory level 1n an average adult patient The tenston of
the expiratory valve does not influcnce clhimination of carbon dioxide
although a tight vahe increases dead space and forms an obstruction
to expration  Magill s attachment 1s superior to the T-prece system
for carbon dioxide ehmination

These results agree fairly well wath those obtained by another
group of investigators ¢ who 1n a climical analysis of carbon dioxide
elmmation from semi closed systems, show that in adults the
Mapleson E (T ptece) and Mapleson B systems (Fig 26) both
return a high concentration of carbon dioxide 10 the patient, and
are both 1nfenior 1n this respect to the Mapleson A system, the
well known Magill attachment

The carbon dioxide concentration 1 Boyle s machune has been
considered by Harnson and Jones ¢ They gave oxygen at the rate
of 8 litres a minute with a Magill attachment, and found that at
the proximal end of the corrugated tube a mean of 0 53 volumes
per cent of carbon dioxide was present this is 17 times the volume
of room ar, which 1s 0 03-0 04 volumes per cent

A techmque has been reported by Bullough®? for converting
standard Bntish apparatus for use with a non rebreathing technique
He nghtly emphasizes that a non rebreathing technique has the
following advantages (1) The expired gases are not inhaled (2) The
mhaled mixture 15 1dentical with that delivered from the machine
and so contains no mitrogen water vapour or carbon dioxide
(3) The carbon dioxide concentration 1s not artificially raised
(4) Nitrogen elimination 1s more rapid  Two methods are described
using the Boyle Coxeter Mushin or the Boyle Mark 2 absorber
In the first the circle absorber 1s used as a semi closed cremt with
the soda ime canister turned off The expiratory valve at the
facepiece 1s open and a flow of gases of 8 litres a minute 1s set going
A clamp 1s now placed on the expiratory hosing near the facepiece
In the second method the twin corrugated tubes from the absorber
are removed and the expiratory port 1s blocked with a cork or rubber
cap from a standard saline transfusion bottle The Magill attach

ment 15 plugged 1n to the inspiratory port and the reservoir bag
control 1s turned to  shut

The expiratory valve near the facepiece
1s opened and a flow of 8 litres a minute of fresh gases provided
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The umdirectional valve at the inspiratory port acts as a gravity
check valve There must be sufficient tension on the expiratory valve
to allow the reservoir bag (of the absorber circuit not the Magill
attrchment) to fill if the distal end of the tube 1s occluded A supply
of fresh gases at least equal to the patients minute respiratory
volume must be used If the flow 1s less than the patient 5 minute
respiratory volume the bag will empty so a rough estimate of the
patient s respiratory minute volume can be rapidly performed This
15 useful at the end of an operation 1n which muscle relaxants have
been employed

An mgemous non rebreathing valve has been described ® in
which the expiratory port automatically closes when the reservorr
bag 1s compressed 1n assisted or controlled breathing It 1s made
of Perspex and has a dead space of 9 ml and a resistance of 1 em
of water dunng exprration A non return valve 1s useful also
duning or at the end of an opcration as the efficiency of spon
taneous respiration can be measured mn the following way The
total gas-flon from the flow meter 1s set so that the bag keeps a
constant average size at the end of expiation A decrease in bag
size indicates that the respiratory minute volume s greater than the
gas flon An increase 1n bag size shows that the R M V 1s less than

PRESS-BUTTON

NON-RETURN VALVE

Fic 30 The Ryan pon rebreathing valve (Brr J Anzsth)
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Fie 3t A nonrewm
vahe (A 1 B Hewer)
{Airmed Ltd}

[ OIS,

the gas flow A usefus] non rebreattung cireust can be made 1f 2 one-
way valvessincorporated in the cireust preferably near the expiratory
valve #53 See Figs 30 and 31

The chemical control of soda lume efficiency in certan absorbers
has been investigated by Pires * Many authors have shown that
the signs of carbon dioxide retention become less evident as the
depth of anmsthesia mcreases it 15 probably innocuous 1 con
centrations Jess than 05 per cent mn spte of the fact that the
normal content of asr 1s 0 04 per cent  but mncreasing concentrations
above this figure are undeswrable The Draper carbon dioxide
detector which 1s a simple accessory consisttng of two ball valves,
two bubble tubes equipped with tightly fitting rubber connections
and 2 rubber bulb mounted n senes with the insprratory side of the
arcle absorber 15 a useful accessory By squeezing the bulb 1ts
negative pressure draws a sample of muxture about to be haled
and allows 1t to bubble into the test tubes  The first test tube contains
water to trap any soda hme trace that may be present The second
contaws the chemical reagent a solution of calctom hydrate 80 g
perhitre Thos s first calsbrated with 2 known carbon dioxide oxygen
muture  Thereafter the number of squeezes of the bulb which are
requared 1o produce a certain standard of cloudiness gives an accurate
mdication of the amount of carbon dioxide present 1n the cireust

The measurement of controlied respiration has been mvestigated
by Eastwood and Harbord®® who describe an apparatus which can
be manually operated for artificial respsration 1t draws a consistent
tidal volume of gas mixture from a spirometer, passes 1t throngh a
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Waters camster and returns st to the spirometer for measurement
Movements of the spirometer are recorded on a revolving drum
and the gas flow 1s regulated so that the record remains horizontal
The ciremit must, of course, be gas tight  This has been modified®
to allow for 1ts use with nitrous oxide and oxygen without carbon
dioxyde absorption the whole of each expiration bemng removed
The mactune 1s manufactured by Messrs Cyprane Ltd , of Keighley

b
-

e,,

°

9

Fio 32. Waters cansster with potscrub (Robson and Pask)  (Brir J Anasth )
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In spite of the mulupliaity of complicated cirele absorbers, many
anasthetists remain faihful to the Waters camster, which is
imexpensive, portable and casily sterized  The performance of
this camster has been investigated afresh 2% and 1t has been found
that the Waters camster absorbs carbon dioxide most cfliciently of,
after the soda lime has been shaken down as tightly as possible, a
simple nylon pot scraper 1s nserted s0 as to Jeave about half of 1t
to be compressed by the wire gauze 1n the hd of the camister when
the cap 1s screwed on  This prevents channelling of the gases and
makes for efficiency with the canister lying on ats side

Soda Lime Continumg research has led to the commercial
troduction of Durasorb, a new soda lime with prolonged cffective
Uife which does not overheat  While 1t contains no bonding matertai
1t 15 relatively free from dust  The size of the granules 1s 4-8 mesh
and their colour 1s pink when active and white when mactive

ANASTHESIA APPARATUS FOR INFANTS AND CHILDREN

H B C Sandiford®* has descnbed an apparatus designed to
reduce dead space which 1s of pnime importance 1n a small patient
whose tidal volume may be as litle as 16 to 20 ml It consists of a
new type of mask and valve with resistance of S mm of water with
a small bag The dead space 15 about S ml The mask fits well up
to about 4} years of age In addition, a small to and fro absorber
1sdescribed mwhichtoo dead space has been reduced to a minimum

Fia 33 The Sendiford to and fro absorber for children (Anasthesia )
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Fic 34 The Sandiford semi-closed childrens mhaler  (dnesthesia)

The ports are placed eccentrically to prevent channeling down the
side of the canister An endotracheal tube 1s mounted on a T-piece
which 1s bent to avoid the need for an angle prece The fresh gases
enter from the bag through the absorber and if the rubber tube
or the outlet of the T piece 1s clamped the absorber 1s automattcally
brought into use Thus a sem1 open circuit can rapidly be converted
to a closed one which enables assisted respiration to be carried out

Gas Analysis

The methods of gas analysts have been reviewed by R Woolmer 3#
who 1n a masterly description of this to the average an®sthetsst
complicated subject pormts out that gas analysis s becoming increas
ngly important 1n an-esthesia and divides the possible methods into
chemucal and physical The former 1s apt to be slow so that changes
occurning during the progress of an anwesthetic cannot be measured
until afterwards and so cannot influence the minute to mmute
control Physical methods which have been used include estimation
of molecular weight frequency at which electro magnetic radiation
1s emutted or absorbed relationship of 1omec loss to ronic charge
heat conductivity velocity of transmussion of sound magnetic
susceptibility refractive index and viscosity These various methods
are described, although fully to understand the principles on which
they are based requires a knowledge of physics which few anzsthe
tists possess

A portable oxygen analyser®® 1s described 1n which a test atmo-
sphere 1s drawn mnto the instrument by aspiration from a rubber bulb
and 1s made to displace the gas mixture ongnally present 1n the
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machine  On depressing a switch a spot of hight on 2 <cale indtcates
the percentage of oxygen present It covers a range from Q1o 100 per
cent with an accuracy of 42 per cent 1t depends on the Pauling
panaple wioch utihizes the fact that oxygen 15 the only gas com
monly used 1n anwsthesa whose molecules are attricted by a
magnetic fidd  Nitne oxde and chlonne diowide share this part
magnetic property with oxygen  Light 15 supphied from two small
dry battenies which together with the drying 1pent self indicating
sthiea gel are the only replaccable components

A modification of Exton's method for blood oxygen cstimation
has been desenbed 4° This method increases the speed and con-
‘emence of esimating the oxygen content of blood onginally
descnibed by Exton and s colleagues in 1945

ANTISEPSIS OF ENDOTRACHEAL TUBLS AND MASKS

There 15 always a danger that infection may be transferred from
one patient to another by means of anxsthetic face masks and endo
tracheal tubes It appears too that soda hme 1s not an effective
barier to the p of micro or Autoclaving has dele
terious effects on rubber and the application of an antiseptic requires
most careful after-cleamng to prevent irritation of the patient s
tssues  There 1s evidence that washing 1n a preparation containing
3 per cent hexachlorophene a highly bacteriostatic substance which
1s stable 1n bar and liquid soap non allergic and non imntating fo
tissues, removes most pathogenic orgamisms Scrubbing for 1 minute
mside and outside 15 recommended ¢

Electromic Avds

A Transistor Pulse Counter 4 This sngentous piece of apparatus
continuously displays the pulse rate on a dial with a needle which
ficks while a small loudspeaker which emits a sound each time the
heart beats 1s also provided

The Stanco Oximefer (Stanley Cox Ltd 11 Gerrard Street
London W 1) This1s an instrument for measuring arterial oxygena
tion 1n the human without recourse to artenal samphing and chemical
analysis Wath at 1t 1s rapidly possible to read the patient s arterral
oxygen satutation and to note any changes taking place Its opera
tion 15 simple and while setung up procedures take about one
mnute subsequent readings require only a few seconds to make It
weighs 15 1b and 1s portable The capillanies of the ear lobe are
first artenalized with a vaso dilator histamine containing cream
and a small plastic earpiece 1s applied to the ear The light from a
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Fig 35 The Stanco oxtmeter earpiece correctly attached
(Stanley Cox Ltd )}

tungsten filament lamp contamned 1n the plastic earprece 1s trans
mutted from the ear and the outputs from red and infra red respon
sive cells arc compared Among 1ts many and vaned applications
are the following The checking of the efficiency of respiratory aids,
the study of cardiac function, the observation of the arterial oxygen
saturation level during anasthesta and 1n the post operative pertod
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CHAPTER 4
DEVELOPMENTS IN ENDOTRACHLAL ANASTHESIA

MANy so called recent advances n endotracheal anzsthesia were
1n fact made many years ago and to put these into perspective it
may be helpful to give a very brief resume of the history of the
method

Historical Intubation of the trachea in amimals was, so far as
15 known first performed and recorded by Vesalws! 1n 1542 Snow
gave chloroform vapour through a tracheotomy tube to ammals
1 1858 It 1s interesting to obscrve that he used a closed-circuit
with caustic potash to absorb the carbon dioxide Trendelenburg
applied Snow s method to man in 1871 * while MacEwen tn 1880
was the first to admster an anxsthetic (chloroform) through 2
metal tracheal tube introduced through the mouth* Kuhn and
Elsberg® both used endotracheal anwsthesia n suitable cases
between 1900 and 1910 while Magil! and Rowbotham developed
the techmque to deal with plastic factal surgery occasioned by the
1914-18 European war ¢ Up to this point the insufilation techmque
had been used 1e the anwesthetic gases were forced through a tube
whose distal extremuty lay in the trachea the return flow either
taking a natural course around the tube or an artificial one through
a second tube lying 1n the trachea The 1nsufflation method has now

S
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Rubber tooth protector shown A alone B clipped to
Fia 36 Il:lack of laryngoscope (Waddy Brit med J)
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been replaced by the inhalition one i which respirtion takes place
through one wide-bore tracheal tube which may b pissed through
the nose mouth or through lnryngotoms or trichcotomy wounds as
required  Anv type of open, semi-closed or closed-ciremt techmique
may be employed

/

F10 37 Causes of respira ry obstruction during endotrac] esthe
Diratory obstruction d; €
g endotracheal anwsthesia
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Errors in techmque The methods of performing nasal and oral
intubation are now well known and will not be described here
In difficult cases damage 1s sometimes caused to upper teeth and
various methods of protection have been devised  One neat fitung
15 a rubber guard which can either be attached to the laryngoscope
blade by a metal clip? or sumply stuck on with an adhesive such as

Bostik

Onc of the objects of endotracheal anzsthesia 1s the
of a perfect arrway but this may not be achieved owing to a varnety of
technical errors The commonest of these are illustrated (Fig 37) —*

(a) Kinking of tubing of catheter mount

(&) Patient 1s biting on the endotracheal tube 1n the absence of
a prop or airway

(¢} Kinking of plamn rubber Magils tube owing to extreme
flexion of head

(d) Same fault as 1n (c) even when Bourne s sheath 1s 1n use **

(e) Narrowing of portex tube softened by warmth

(/) Unguarded end of flexo metallic tube has not been shortened
enough and has kinked

(g) Tip of bevel 1s kinked against trachea

(/1) Bevel lies against tracheal wall

The last six faults can be avoided by using a suitably shortened
unbevelled flexo metallic tube as shown

em

Fic 38 Unbevelled flexo metallic endotracheal tube (Ballantine
and Jackson Anasthesia)

In addrtion to the mechanical causes of respiratory obstruction
already described secretions may collect 1n the tracheal tube and 10
the bronchial tree Large quantities cause bubbling which 1s easily
audible but the smallest amount can be detected by a stethoscope
connected to a metal cufl surrounding the connecting tube 1 The
fluid can then be removed by suction

A rare cause of obstruction has recently been described® n which
a badly made flexo metallic endotracheal tube developed a  blister
on 1ts mner surface after prolonged admimstration of a mitrous
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owxide-oxy gen-trichlorethylene muxture  On further investigation 1t
has been shown that ether vapour can also causc this phenomenon

Fic 39 Auscultation cuff for detecting tracheal and bronchial
secretions  (Laycock Brif med J)

Oral ntubation by 1 If the hight of the laryngo
scope should fail the glottis can usually be seen 1f a small and
mtense source of 1ifumination such as a pen torch, 15 directed on to
the skin over the crico-thyroid membrane 3 In cases of emergency
even the laryngoscope can be dispensed with and homely articles
such as a shoe horn or tongue depressor can be substituted  Itas

FiG 40 Direct viston far

b;
Tance) Yy (Tate
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worth noling that this method of transillumination was in use in
1859 sunlight being concentrated by lenses and concave murrors >

Cuffed endotracheal tubes Cuffed tubes are popular if a closed
circut techmque 1s beng used or if there 1s any nisk of fluid aspiration
They probably give nise to less soreness than the alternative packing
with vaseline gauze Nevertheless 1t 1s important to test the cufl
before passing the tube and to inflate with the mimimal pressure to
ensure a gas tight fit  Cases have been descnbed where tracheal and

S

Fi6 41 Laryngeal ulceration following use of cuffed tube (Belam
and Zuck Anresthesia )

laryngeal inflammation and ulceration have followed intubation
with a cuffed tube a pneumatic tourmquet effect having apparently
occurred * Tt would seem that the nisk 1s greatest when mnduced
hypotension 1s bewg used Tt should also be remembered that the
pressure 1n the cuff nises 1n accordance with the difference between
the temperatures of the operating theatre and of the patient For
example a nse i temperature from 15°C to 37 C will cause a
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10 per cent nise 1n cuff pressure  Cases have also been hnown of a
thin walled tracheal tube being compressed by the pressure of the
cuff surrounding i, thus leading to respiratory obstruction

* -
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FIG 42 Low pressure cuff fitted to flexo-metallic endotracheal tube
(Bowen Anasthesia)

The large cuff llustrated 1s designed to avord these dangers and
1s made of latex fitted aver a flexo-metallic tube the soft up of wiuch
15 remforced with metal ¥ This cuff can be inflated by mouth to a
very low pressure and an indicating balloon 1s not fitted to the
inflation tube as even 1f a puncture exists leakage 15 shght  These
tubes may require a lubricated mtroducer to factlitate mtubation

Self inflatng_cuff
showing cuff iflated  (Mushin

Fic 43
A Defared BGSccuon
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A self inflating cuff was designed for use with the Oxford vaporizer
This has no inflating tube, but several holes are cut 1n the endo
tracheal tube covered by 1t When the bellows of the vaporzer
are compressed, the cuff inflates and makes a gas tight seal On
expiration the cuff deflates so that although controlled respiration
can be maintained no protection 1s afforded agamst the aspiration
of fluds

Cardiovascular and Respiratory Disturbances during Intubation
and Extubation

The passage of tracheal tubes under light general anazsthesia
only can give nse to reflex disturbances of the resprratory and
circulatory mechanisms and even death ** (This 1s not surprsing
since each year many instantancous deaths occur in persons who
have had food lodged on the glottis These fatalities are not due
to asphyxia as was once supposed but are reflex m ongin 19
Investigations have shown that electrocardiographic changes are
very common at the moment of tracheal intubation 17 For example
1n one series 68 per cent of all patients showed EC G disturbances
during intubation but 1f intravenous procaine was given previously
this figure was reduced to 24 per cent'® Cardiac arrhythmias
are particularly likely to follow intubation under hight cyclopropane
and the barbiturates'® and are apparently caused by irritation of
vagal fibres 1n the larynx and trachea although some workers believe
that increased CO and decreased O, tension may be significant
factors *° Intubation carried out with the patient under the influence
of suxamethonium appears to cause Jess cardiovascular disturbances
than when other relaxants are used ! (See also Chapter 7)
Preliminary cocammization of the glottis carried out at least two
munutes before intubation undoubtedly dimimishes laryngeal reflexes
and can be conventently performed with one of the sngle handed
sprays now available? (Fig 44) The sk of an absent reflex after

o iy
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¥ic 44 Smngle-handed laryngeal spray with small unbreakable
contaiper (Swerdlow Lancet)
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cxtubation must, however be borne in mind if there 1s any possibility
of flmd aspiration

After the removal of @ tracheal tube, the panent must be hept
under obsenation for a few mnutes as cardiac arrhythmas are
common?* and actual arrest has been reported ** Occastonally,
owing to muscle spasm 1t may prove difficult or even impossible to
remove a cuffed tube although complete deflation has taken place
In this event a short acting relaxant should be admmstered ¢ Tt
sometimes happens, cspecially 1 children, that acute laryngeal
obstruction occurs some hours after an cndotracheal anxsthesia
This 15 probably due to cedema of the sub glotuic space, the mucosa
of which 15 very sensitive m chuldren 7 The condttion may yeld to
pallatine measures such as postural dramage and the mnhalation
of steam but 1n severe cases tracheotomy may be necessary and
1hus 15 to be preferred to re intubation *8

Sterilization and X ubnieation of Tubes

Tracheal tubes tend to lose their elasticity after frequent boiling
or autoclaving and some other means of sterilization 1s advisable
A usual and satisfactory practice mn hospital 15 to clean the tubes
imternally with a brush of appropnate size and after washing to
store them in a large enamelled bow! of 1 1 2000 timodide of
mercury Immediately before use they are nnsed 1n cold water and
their distal 3 inches lubricated with a non oily preparation such as
K Y jelly Ody lubneants such as liquid paraffin should be avorded
as they cause rapid deterioration of rubber, but a castor oil emulsion
seems to be satisfactory It 1s said that scrubbing the mnside and
outside of tracheal tubes for one munute each with * phisohex
(2 preparation contamng hexylchlorophene) will sterlize them

pletely without 14 1 1rmitation 2* Alternatively, the
soaking of tracheal tubes for five minutes m 1 1 1000 zepluran
sofution 15 sad to kil most orgamisms which may contamimnate
anzsthetic apparatus  If a long endotracheal admimstration
mawtained at a hght level of narcosis 1s contemplated, e g dunng
a cramotomy, an analgesic lubnicant 1s helpful, a satisfactory one
being xylocaine gel (2 per cent lignocarne 1n a water soluble base)
A simlar lubnieant 15 xylodase, a 5 per cent lignocaine water
soluble paste hyaluronidase to facil penetration of
the mucosa by the local analgesic 1t ts however a mstake to
use long acting \f h for comparatively

eg
;I;t‘slrrts cases as the laryngeal reflex may be abolished for severa)
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CHAPTLR S
THE, E\PLOSION RISk IN ANASTHLSIA

In the last few years the use by surgeons of clectrical and other
apparatus producing heat and sparks has greatly increased, and 1t
behoves the anzsthetist to bear 1 mind the possible nsk of fire
and explosion If such an aceident should occur, 1t 1s quite possible
that he will become mvolved 1n medico legal proceedings

Inaidence

One of the first reports of an anwesthetic explosion 1n Great Britain
was 1n 1892 3®

Twenty five years ago 1t was estimated that at least 100 cases of
burns of the eyebrows lips pharynx, etc, occurred in Great Britain
every year from ether explosions ! while a recent calculation has
shown that the nisk of an explosion 1s about 1 1n 485 87037

In an Amernican senes of statistics compiled from the records
of eighty seven an=zsthetists, the explosion rates for ether ethylene
and cyclopropane were all i the neighbourhood of 2 to 4 per
100 000 anzsthesias, and the explosion mortahty was 1 1n 1 150,000
cases ~

1t will be convenuent to discuss the matter under (a) the explosive

mixture (b) the source of igmtion, and (¢) means of separating (a)
from (b)

The Explosive Mixture

The anzstheuc agents capable of 1gniting or exploding 1n suitable
conditions are ethylene, acetylene, cy clopropane, ethyl chloride, and the
anwsthetic ethers with the partial exception of tnfluoroethyl vinyl
ether The muxture of oxygen mitrous oxide or both with any of
these agents will usually 1nerease the violence of the explosion and
m certain cases a catastrophic detonation can occur3® It should
be particularly noted that mtrous oxide and ether without any
air or oxygen are explosive the necessary oxygen beng derved
from the breaking down of mtrous oxide The liberation of the

energy of dissociation” of mitrous oxide mto mtrogen and oxygen
adds to the violence of the exploston Since ether vapour will
1gnite at 190°C?* and liquid ether contaminated with peroxides
at 100° C, 1t wall be realized that excessive heat 1s by no means
necessary  Thus a cautery at a temperature of 300° to 350° C

3



74 THE EXPLOSION RISK IN ANESTHESIA

below wvisible red heat may igmite an oxygen-ether vapour® The
ltmits of 1nfl ity and explosibility of ether are from 3 per
cent. to 80 per cent 1n oxygen® and 3 per cent. to 34 per cent. 1n
arr  The higher percentages of ether can igmite by means of a slowly
travelling cool flame which 1s a particularly msidious type of
igmition  since 1t cannot be seen mn daylight This “ cool flame 15
ntiated by hot wires but not by sparks 7 Since the vapour density
of ether 15 more than double that of arr, any escaping vapour tends
to run downwards n a concentrated stream so that 1gnition at floor
level at some remote point 1s not impossible 8¢ Cyclopropane has
acquired an evil reputation owing to the very low energy of a spark
required toigmite 1t For example a 4 per cent ether concentration
requires a spark energy about 45 times greater than that which
will ignite cyclopropane *

It 15 possible for explosions and fires to take place apart from the
anzsthetic agent employed For example fatal accidents have
occurred from use of a diathermic needle on sk which had just
previously been sterilized with ether or spint.

The detection of an mflammable or explosive gas muxture can be
effected by an mstrument known in Amenca as a  Vapotester *
Ths consists essentially of 2 Wheatstone bndge with a balanced
clectrical circuit (Fig 45) The cirewt ncludes two incandescent

FiG 45 Dagram 10 show le of *
1f a gas muxture s inflammable (4 W Ul eraf Antﬂ/xejmlog) )
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platinum wires one of which (A) 1s enclosed winle the other one
(B) 1s sitwated 10 a test chamber through which 1 sample of the gas ean
bedrawn If thisis combustible the temperature of the wire (B) rises
and 1ts electrical resistance 1s increased, thus unbalancing the circuit
and showing a current on the ammeter (C) 1° (Sec Fig 45)

A simpler apparatus for determuning 1f a sample of a gas mixture
15 inflammable or explostve consists of @ 2 1n length of 1 1n stecl
rod dulled through and tapped at one end to take a sparhing plug
and turned at the other end to hold a toy rubber balloon Thus
fitting 1s fixed to a stand by a side tube through wiich the balloon
can be filled with a sample of the gas mixture A 6 volt battery, car
mnduction coil, flex and switch complete the outfit 1! This will
convince the most sceptical surgeon of the inadvisability of using
the diathermy on the air passages of a patient an<esthetized with
cyclopropane

P
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Fio 46 Mortons g
pparatus for testing expl
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The non flammable inhalation anzsthetics are mitrous oxide,
xenon 40 trchlorethylene chloroform and halothane 3

Doubts have recently been cast on the safety of trichlorethylene
and 1t may be wise to enlarge on the facts Mixed with asr the drug
1s completely safe from igmition nisks  1f muxed with arr enriched
with oxygen or with pure oxygen at a temperature exceeding 78° F
(25 5° C) a concentration of over 10 per cent trichlorethylene has
anigmtion temperature of 786° F (419° C) 1t 1s extremely unlikely
that these conditions would occur n anzsthetic practice 38

Lastly we have to consider inflammable gases generated within
the body It 1s well known that flatus in the Iower bowel can burn
or explode and several such accidents have been reported when the
diathermic cautery was used n the absence of inhalational anzs
thesia 2 One means of avoiding this accrdent when the diathermy
15 used through a sigmosdoscope 15 to insufflate carbon dioxide
down the barrel of the mstrument through a fine tube carried toits
distal end It has also been established that mn certain patients
(particularly those with pylonc obstruction) the stomach gases
contain enough methane and hydrogen to be combustible ®
Furthermore if diathermy 1s used incorrectly and arcing 1s pernutted
nflammable gases due to the decomposition of tissue are hiberated
and may collect 1n a confined space such as the mouth Explosions
have almost certainly been due to this cause also 14

The Source of Igmtion

The probable sources of 1gmtion 1n an operating theatre are —

(a) Static electncity (¢) Other sources of heat

() Non static electncty (d) Spontaneous 1gnition

Static electniaaty In general 1t can be stated that the drer the
atmosphere the more likely are static sparks to occur It 1s a wise
precaution to nstall hygrometers 1n ansthetic rooms and operating
theatres so that a check can be kept on the atmospheric conditions
Hygrometers depending on the length of a human hair are suttable
for this purpose as the relative humdity can be read off from a dial
They must however be kept 1n one position and recalibrated fairly
frequently The wet and dry bulb thermometer type of hygrometer
1s more accurate but requires tables to convert the readings imto
humudity percentages It was ongmally held that there was no risk
of static sparks 1f the relative humidity exceeded 54 per cent ** but
more recently the higher imit of 60 per cent has been accepted 16
It would seem clear that an obvious way to avoid static charges
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would be to tncrease the relatne humidity and this 1s often done
unsntentionally by steam escaping from the sterilizing plant Unfor
tunately however a high humidity leads to stuffy and unpleasant
working condtions and 1n practice de hunudification 1s more hkely
to be attempted than the reverse!

A slight romzation of the theatre atmosphere with 8 rays allows
static charges to leak away rapudly as can be demonstrated by
approaching a charged object with a small quantity of radio actine
matenal It has been suggested that a slight 1on1zation of the intake
of air-condstioning systems mught be a practical proposition

The voltage of statie charges 18 tmportant as sparks are unlikely
unless the difference in potential ¢xceeds 350 volts!? and even then
they are less than a5 1n long and incapable of sgniting an inflam
mable vapour Voltages of 5000 to 15,000 however, have been
recorded n operating theatres and the resulting sparks are extremely
dangerous ** In general static sparks are of very short duration
¢ g one millonth of a second and the discharge 1s oscillatory 1n
character 1* A portable mstrument known as 2 statigun  can be
used to record the potential gradient 1n volts per foot and 1if held
one foot from a charged object will record the voltage of the charge ©
Another mstrument known as a  statometer’ or staticater has

FiG 47 The Baldwn Dunlop statrgun
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been developed 1n Amenica to record dangerous static charges
One model of this apparatus emits a buzzing sound when a charged
object 1s within a certain distance of 1t ¢

The mcidence of explosions from static sparks vanes so much
with climatic conditions that actual figures are of httle value
Until farrly recently Great Brtan was regarded as almost immune
from the danger but unfortunately several accidents have shown
that this 1s not the case *! and recently 1t has even been suggested
that most explosions 1n operating theatres are due to this cause 3%

The factors leading to the generation of static charges 1n operating
theatres are vanied some of the commonest being the passage of
gases through rubber pipes, the motion of rebreathing bags the
drawing of blankets over rubber topped trolleys etc As regards
textiles, woollen blankets and silk or nylon underwear pillow cases,
aprons and gowns are the worst offenders and cotton hnen or
viscose rayon should be substituted wherever possible

A great deal of attention has been patd to the dispersal of static
charges before they assume dangerous dimensions The original
dea of an ntercoupler device connecting electrically all persons
and objects to a common earth onginated 1n America but has never
found favour 1n this country 2° One of the reasons for this 1s that
if a patient connected directly te earth comes nto accrdental contact
with a mains current (e g 240 volts A C) he 1s more likely to be
sertously 1mjured or illed than otherwise The modern practice 1s
to have all relevant objects connected to earth through a moderate
reststance In actual fact this means the use of suitable floonng for
anzsthetic rooms and theatres and the substitution of anti static
rubber for the ordinary variety

Most modern operating theatres have floors of the terrazzo
type 1n which a matnx of marble chips 1s made solid with magnesium
oxychloride and then ground smooth Such floors have sufficient
conductivity to prevent the accumulation of dangerous static charges
if all the equipment 1s fitted with chains which trail for a few
inches or with wheels on which are antistatic tyres Non
conducting rubber flooring lnoleum cork carpet and wood blocks
on the other hand, have a high resistance and unless metal strips
are sunk every few inches 1t 1s impossible for earthing devices
to disperse charges effectively ® A committee was recently set
up 1 Amenca to make recommendations for theatre floors m
Governmental hospitals 2 It recommended inter ala that floors
should have a resistance of less than 500000 ohms as measured
between two electrodes 3 ft apart The resistance should also be more
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than 25,000 ohms as mcasurcd between two clectrodes placed 3 ft
apart at any location on the floor and more than 3 ft from any
earthed object In this country the Minstry of Health regulations call
for reststance dry not greater than 2 nullion ohms and when wet not
less than 100000 ohms The mopping of high fesistance fioors
wath soapy water the laymg down of damp sheets or polishing them
with antr static carbowaxes will increase their conductivity appree:
ably for some time ® This practice might well be considered for
temporary operating theatres
The 1mportant question of rubber must now be considered  Until
fanly recently ordinary red or black rubber was used for many
purposes 1n anesthetic apparatus and theatre furniture  Rubber of
this variety has two dangers It can itself generate hugh static charges
on movement, ¢ g the emptying and filling of rebreathing bags, and
1t prevents charges from escaping by 1ts wnsulating properties The
1dea of producing conductive rubber 1s not a new one as a British
patent for its manufacture with graphte was granted i 1882%
The matter was not pursued however until the danger of charges
on awcraft forced the development of anti static tyres for landing
wheels Conductivity 15 achieved by adding finely divided carbon
to the rubber mix 22 This addition 1s known as carbon black’ the
purest vanety bemng acetylene black contaming 99 per cent
carbon This substance 1s usually made by the continuous decom
position of acetylene at a temperature of over 1500° C (CH,——
2C + H, + heat) The light fibrous matenal thus formed 1s com
pressed 1nto one of two bulk densities weighing 6 25 )b per cu ft
(50 per cent ) or 12 51b (100 per cent compressed black) A typrcal
formula for anti static Tubber mix 15 S rubber 60§ sulphur 2 25
2inc oxide 4 5, stearic acid 20 paraffin wax 20 anti oxidant 05'
mercaptobenzothiazele 075 acetylene black 280 The usual resist
ance of anti static rubber hies within the range of 10°-10% ohms
(1-100 megohms) Ths 1s sufficient to act as an nsulator for mayns
circuts of 240 volts but disperses static charges 2* The term “con
ductive rubber 15 properly applied to ntatenal with a resistance of
less than 105 ohms During the past few years ant; static bic
has been substituted for the ordinary vartety mn an-sthet cqum
ment and theatre furniture such as mattresses troll hlclcqum‘
gohosh;s e:’c N 'I'husdslanc charges tend to leak .'n\a;'y‘::l !cl:c 2(‘;;;
and 1t has been found that anty static tyres are much more eflisent
than the trailing chains which they have largely replaced and whh

* 1t ts worth noting that if the (h
catre stafl are pot e
rubber shoes leather soles are considerably safec than sgﬂidmm‘;\wr?:: ': "
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been developed in America to record dangerous statte charges
One model of this apparatus emits a buzzing sound when a charged
object 1s within a certain distance of 1t 3°

The meidence of explosions from static sparks vanes so much
with chmatic conditions that actual figures are of little value
Until fairly recently Great Britamn was regarded as almost immune
from the danger but unfortunately several accidents have shown
that this 1s not the case,?! and recently 1t has even been suggested
that most explosions in operating theatres are due to this cause 3¢

The factors leading to the generation of static charges in operating
theatres are varied some of the commonest being the passage of
gases through rubber pipes, the motion of rebreathing bags the
drawing of blankets over rubber topped trolleys etc As regards
textiles, woollen blankets and silk or nylon underwear, pilow cases
aprons and gowns are the worst offenders and cotton, Iinen or
viscose rayon should be substituted wherever possible

A great deal of attention has been paid to the dispersal of static
charges before they assume dangerous dimensions The onginal
1dea of an intercoupler device connecting electrically all persons
and objects to a common earth originated in America but has never
found favour 1n this country 2° One of the reasons for this 1s that
if a patient connected directly te earth comes into accidental contact
with a mains current (e g 240 volts A C) he 1s more likely to be
seriously imured or killed than otherwsse The modern practice 1s
to have all relevant objects connected to earth through a moderate
resistance In actual fact this means the use of suitable floonng for
an®sthetic rooms and theatres and the substitution of ant1 static
rubber for the ordinary variety

Most modern operating theatres have floors of the terrazzo
type 1n which a matnix of marble chips 1s made solid with magoesium
oxychloride and then ground smooth Such floors have suffictent
conductivity to prevent the accumulation of dangerous static charges
if all the equipment 1s fitted with chains which trail for a few
mnches or with wheels on which are antistatic tyres Non
conducting rubber flooring linoleum cork carpet and wood blocks
on the other hand have a high resistance and unless metal strips
are sunk every few inches 1t 1s impossible for earthing devices
to disperse charges effectively ®* A commuttee was recently set
up 1 America to make recommendations for theatre floors 1n
Governmental hospatals It recommended mrer alia that floors
should have a resstance of less than 500 000 chms as measured
between two electrodes 3 ft apart The reststance should also be more
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The use of endoscopes fitted wath electnic lamps calls for care
In order to prowide maximum illumination such lamps arc often
grossly overloaded with conscquent nisc of their outside tempera
ture 1t 1s recommended that such lamps should always be It from
batteries whose maxtmum voltage does not exceed the rated voltage
of the lamps by more than 25 per cent 7 This 1s very much safer
than obtaming the current from A C mams with 1 transformer
It 15 most important that all electrical wiring of endoscopes should
be regularly inspected for short ts and poor 1on!

Electrical apparatus some way from the site of operation must be
sparh proof as n certain circumstances flammable vapours can
travel for a considerable distance The armatures of electric motors
driving suction pumps or bone saws are not always above suspicion,
nor are the spark gap interrupters of some diathermy apparatus
Although modern X ray apparatus 1s said to be spark-proof 1t 1s
unwise to use an inflammable vapour while the plant 15 working
Many explosions have occurred with obsolete plant 32

In modern operating theatres the electrical switchgear should
be laid out with a view to rendering sparks impossible Not only
should the switches themselves be spark proof but they should be
fitted with interlocking adapters so that the flexible leads cannot
be removed with the current on The switches should be at least
3 ft from floor level to avord contact with heavy layers of mflam
mable vapour

It1s not generally recognized that an incredibly small spark energy
can 1gmte gas mixtures For example 10 ergs can igmte cyclo
propane or ether air mixtures and 1if converted mto heat this
amount of energy would only suffice to raise the temperature of
I'ml of water by one five millionth of a degree Centigrade!?®

Other Sources of Heat When operations are to be performed
in private houses 1t 15 necessary to make sure that the heating of
the rooms 1s not effected by means of open fires gas stoves or
electtic radrators with erposed clements  Sowme old fashioned

sterilizers are still operated by naked flames from spint stoves or
gas rings In dental practice the operator sometimes dries a cavity
by blowing hot aw 1nto 1t and this has resulted 1 an explosion of
ether vapour m the mouth Small sparks are occasionally visible
when dental forceps slip on the enamel of teeth and 1t has been
proved that these can ignite di ethyl ether, divinyl ether and
cyclopropane 2°
m;{)‘t;ng;:om Igmtton 1If o1l or grease comes mto contact with
pressed oxygen a spontaneous fire may start which may




80 THE EXPLOSION RISk IN ANASTHISIA

gradually acquired an nsulating coating of dust, grease etc It 15
worth noting that the painting of ordinary rubber with a lugh grade
aluminium paint gives a temporary surface of farly huigh conduc
tuvity  Another way of aclueving greater safety in anwesthetic
apparatus fitted with ordinary rubber components 1s to use the CO,
absorption technique In a short time the saturation of the respired
gases with water vapour will cover the mside of the corrugated
tubing and rebreathing bag with a conductive layer of moisture
which should do much to avord dangerous local charges of static
electricity from being built up  Even this ts not a surc safeguard as
one of the authors has seen an explosion which proved fatal to the
patient due to the generation of static electricity 1n a circutt which
had been closed for over an hour, cyclopropane being the anas
thetic 1 use  1f an apparatus has been unused for some time 1t 1s
wise to ninse out the tubing and rebreathing bag with soapy water
before the induction of anzsthesia I 1t becomes necessary to make
or unmake metallic connections during narcosis a change over 1o a
non inflammable agent should be made some 1ime before the event
Unfortunately anti static rubber 1s considerably less flexible than
the ordinary vanety and ths 1s particularly disadvantageous n the
case of rebreathing bags 1n which dangerous pressures can readily
be attamned 27 The latest products of manufacturers however show
some mmprovement 1n this respect In this country ant:static
rubber 1s black with distinctive red or yellow markings

Non static clectnaity  Certain operitive procedures such as use
of the diathermic cautery unavoidably provide a source of 1gnition,
and 1n such cases 1t 1s the anzsthetist s duty to avord any possibility
of inflammable vapours coming mto contact with 1t At one time 1t
was thought to be an adequate precaution if inflammable vapours
were confined to a closed circust provided that the surgeon was
using the diathermy at some point remote from the face prece and
not 1n contwct with the patients respiratory passages This 1s
defimitely not the case as 1f an imperfect earth 1s provided by the
ndifferent electrode e g by nsufficient wetting 1t 1s quite possible
for a current to pass through an alternattve path such as an earth via
the face ptece and anwesthetic apparatus Many surgeons and
anzsthetists do not realize that diathermy currents are often at a
voltage of 4000 and are at radio-frequency consequently they do
not behave like comparatively low voltage D C or A C currents ¢
There 1s no doubt that surgical diathermy 1s a potentrally dangerous
proceeding which while 1t may be extremely valuable in certain
cases, 18 often used unnecessanly and with little justification
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The use of endoscopes fitted with clectnic lamps calls for care
In order to provide maximum illumination such lamps are often
grossly overloaded with consequent nisc of their outside tempera
ture It 1s recommended that such lamps should always be lit from
batterzes whose maximum yvoltage docs not exceed the rated voltage
of the lamps by more than 25 per cent* This 1s very much safer
than obtaming the current from A C mamns with a transformer
It 1s most important that all electnical wining of endoscopes should
be regularly inspected for short circuits and poor connections

Electrical apparatus some way from the site of operation must be
spark proof as 1n certain circumstances inflammable vapours can
travel for a considerable distance The armatures of electric motors
dniving suction pumps of bone saws are not always abowve suspicion
nor are the spark gap interrupters of some diathermy apparatus
Although modern X ray apparatus 1s said to be spark proof it 1s
unwise to use an imflammable vapour while the plant 1s working
Many explostons have occurred with obsolete plant 3

In modemn operating theatres the electnical switchgear should
be laid out with a view to rendening sparks impossible Not only
should the switches themselves be spark proof, but they should be
fitted with interlocking adapters so that the flexible leads cannot
be removed with the current on  The switches should be at least
3 ft from floor level to avoid contact with heavy layers of inflam-
mable vapour

It 1s not generally recognized that an incredibly small spark energy
can rgnite gas muxtures For example 10 ergs can igmte cyclo
propane or ether air mixtures, and if converted into heat this
amount of energy would only suffice to raise the temperature of
1 ml of water by one five millionth of a degree Centigrade??

Other Sources of Heat When operations are to be performed
I private houses 1t 15 necessary to make sure that the heating of
the rooms 1s not effected by means of open fires gas stoves or
electne radiators with exposed clements Some old fashioned
sterilizers are still operated by naked flames from spinit stoves or
gas nings  In dental practice the operator sometimes dries a cavity
by blowmng hot air 1nto 1t and this has resulted 1 an explosion of
ether vapour 1n the mouth Small sparks are occasionally visible
when dental forceps slip on the enamel of teeth and 1t has been
proved that these can ignite di ethyl ether divinyl ether and
cyclopropane 3¢
hlgs‘st;maneous Igiu:)mn If ol or grease comes mnto contact with

Xygen a sp fire may start which may
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prove impossible to extingush  For this reason the greatest care
must be taken to ensure that the screw threads and washers of
oxygen cyhnders are dry Leather washers should never be used
as 1t 15 difficult to free them entirely from grease Fibre washers
are safe, but so hard that gas tight joints are sometimes difficult to
secure The most satisfactory washer to date 15 constructed of
lead 1n a brass casing which prevents spreading of the soft metal

Reducing valves are a potential source of danger, one of the
writers having had a narrow escape when a valve blew to pieces
The following precautions are wise when dealing with these fittings

(1) they should be so positioned that they posnt at the floor or
a blank wail,

(2) they should be fitted with some type of safety blow off,

(3) any tap or finc adjustment valve should not be ngdly
connected to the outlet but at the distal end of a length of rubber
pressure tubing,

(4) cylinders should be turned on gently with the outlet taps open
(f fitted),

(5) separate reducing valves should be kept for different gases,
eg a vale used on a mitrous oxide cylinder should never subse-
quently be used for oxygen

Separation of the Explosive Mixture from the Source of Jgmtion

As a general principle 1t 15 sound practice to avoid explosive
anzsthetic mixtures if there 1s any source of ignition present  This
will exclude the use of ethyl chlonde the ethers and the hydro-
carbon gases It has been estimated that a shght leah of an inflam
mable mixture 1n a closed system will not result 1n an explosive r1sk
at a distance exceeding 1 ft. from the leak 3t If the leak 1s extremely
small e g. round the joint between the corrugated breathing tube
and s metal connection the gas may burn without explosion On
the other hand gas mixtures escaping from quite small holes less
than 1 square mitimetre n area may 1gmite and light back toa
closed or semi-closed cireutt causing a disastrous explosion with
grave yury to the patient.??

The modern practice of using a closed circuit with fairly high gas
flows and an intentronal leak can be used without increased risk 1f
the excess gases are led off through a pipe terminating outside the
theatre A special tap and T prece have been designed for this
purpose and these are equally suitable for a semi-closed circunt if
the expiratory valve 1s kept shut and the distension of the rebreathing
bag 15 controlled by means of the t2p
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1t nced hardly be said that diathermy of lung tissue or indeed
anywhere mnside the pleural cavity 1s not permissible 1f an inflammable
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respirator 1s effictent for a short time, but for prolonged penods a
larger container such as a Waters canister 1s necessary 3

Explosions have occurred when the anesthetist has imagined
that he was administering a non inflammable vapour eg mitrous
oxide oxygen-chloroform Such accidents are invariably due to
faulty apparatus, as 1t 1s possible 1n some cases for an explosive
muxture contaimng ether to be delivered although the indicator
18 set at chloroform’ 3% This may be due to positive pressure
in the ether bottle from a hot water jacket or to a partial vacuum
occurning from the gases passing over 1t3¢ If there 1s any doubt
of the correct functioning of such apparatus the ether bottle should
be removed entirely when an 1gmtion sk 1s present

All sorts of unlikely circumstances have actually caused fires and
explosions 1n operating theatres !* and this chapter must not be
taken as a comprehensive survey of the subject

Finally 1t 1s necessary to keep a sense of proportion Explosions
are spectacular and give rise to much publiaity but actually they are
rare and many other factors affecting the safety of the patient may
have much more importance 1n any given case

References

1 Pmsov K B 1930 Brit med J 2 312
2  WoobnerinGE, P D, 1939 J Amer med Ass Dec 23 2308
3 New Engl med J 1933 May 4 949
4 MorGaN J P 1931 Proc R Soc Med (An Sec) N
5 H A Stationery Office Memo 191 Med and 191 \I:d (Rcvlscd)
6 THORNTON W M 1939 Proc Instn Elect Engrs Feb
7 SwanNy H W 1938 Brit med J July 30 234
8 RAYY\FX,EH 1928 Proc Instn Elect Engrs Feb
JaARMAN R 1948 Proc R Soc Med (An Sec) March 5§
10 UL, J W eral 1949 Anesthesiology July 479
11 _MortoN H J V 1951 Brir med J "Feb lO 298
LiserMaN W 1944 Rey Gustroent 2 259
MarcHAND J H 1946 Arch Mal Appar Dig 35 240
MOUTER.F Arch Mal Appar Dig 35 242
13 "East T 1934 Lancer 2 252
14 HAMBLETON B S etal 1935 J Amer med An 105 645
Gattey A H., 1954 Brit J Anasth May |
15 Rovenstivg, E- A 1936 Amer J Surg Dec 460
16 BuwGtw D eral 1949 Lancet 1 789
17 Susee, F B, 1942 U.S Standards Bureau Cire € 438 36
18 Tuomas C J 1950 Amer Soc Anesth Aeu:lenn No 8
19 Low W A 1950 Proc R Soc Med (An Sec) Dec 1
20 BRACKEN A 1952 Mfed Hllus Dec 643
Ixo\smE,R., 1935 Proc R Soc Med (An Sec) March 1
21 Crnvexs E. M 1943 Loncer April 24 §
Rep Cte on It} Hospnal (‘ Swuites 1950 Jan 1
Washin, D
2 BS&:,S of%“fs'es Rc;; of Imestigation 4833 1952, Jan




RETCRENCES 85

23 Bnush Patent 6767
24 Annotation 1947 Lancet April 5 469
25 ManTeLL, C. L. 1946 Industrial Carbon 2nd ¢d New York
26 Woobtanp P C and ZitGLer L. £ Modern Plastics 28 95
27 Rosson ) G 1954 Brit med J May 1 1040
28 GREENt, B A 1952 Anesthesiology March 203
29 Roserts J E. and HEwer A J H 1953 Anasthesia Apnl 79
30 JBOURNE J G 1954 Bnt med J Apnl 17 937
Bourne, ] G and MortoN H J 1955 Lancet Jan 1
31 "HortoN J W 1941 Anesthesiology March 122
32 SHEWER, C. L. 1930 Proc R Soc Med (An Scc) Apnl
GREene, B A 1941 Amer J Roentgenol 45 137
33 "ButtoucH } 1954 Lancer Apni 37 798
34 ErsteNn H G 1944 Lancer Jan 22,114
35 Fratuerstone, H W 1931 Proc R Soc Med (An Scc) Nov 6
36 PrivrosE, W B 1939 Brit med J Feb 4 215
37 M of Health Rep 1954 PartIl 168 HM.SO
38 Report of Working Party on Anxsthetic Explosions 1956 HM SO
39 Krantz, J C. eral 1953 J Pharmacol Aug 488
40 BRACKEN A etal 1956 Anasthesia Jan 40



84 THE EXPLOSION RISKh IN ANASTHESIA

resprrator 1s efficient for a short time, but for prolonged periods a
larger container such as a Waters camster 1s necessary 3

Explosions have occurred when the anmsthetist has imagined
that he was ad 1ng a non infla ble vapour, e g mitrous
oxide oxygen chloroform Such accidents are invanably due to
faulty apparatus, as 1t 1s posstble 1n some cases for an explosive
mixture contamung ether to be delivered although the indicator
15 set at ‘chloroform 3% This may be due to positive pressure
1n the ether bottle from a hot water jacket or to a partial vacuum
occurring from the gases passing over 1t 3¢ If there 1s any doubt
of the correct functioning of such apparatus, the ether bottle should
be removed entirely when an 1gmtion risk 1s present

All sorts of unltkely circumstances have actually caused fires and
explosions 1n operating theatres !* and this chapter must not be
taken as a comprehenstve survey of the subject

Finally, 1t 1s necessary to keep a sense of proportion Explosions
are spectacular and give rise to much publicity but actually they are
rare and many other factors affecting the safety of the patient may
have much more importance 1n any given case
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galtamine and d tubocuranne  Injections consist of 15mg TFollow-
ng injection the amplitude of respiration 1s reduced, but1f the dose s
Lept small no alteration in blood pressure 15 noticed  Each 15 mg
dose tasts about 15 mmnutes The author concludes that although
the drug 15 satisfactory it has no advantage over pethsdine used 1
a ssular way

Vanious dnps contamming wntravenous barbiturates and relaxants
have been used, one such being that desenbed by Lvans and Gray 2
These authors report these expeticnce 1 120 major abdommal cases
15 which the techmque of mamicnance was by intravenous dnp,
ofa of thiop gnd gall Their method provides
a patient who 1s anxsthetzed throughout the operation with no
fear of stands of returning conscrousness It provides abdominal
relaxation, obwiates the nish of explosion, while the return of con
sciousness 15 not delayed As 1t 15 the aim to have the patient
breathing throughout adequately, he 1s not returned to his bedin a
state of hypo ventlation After routine pre medication induction 1s
by thiopentone 500 mg and gallamine 80 mg mnjected either mixed
together or separately There follows positive pressure inflation,
local analgesta of the cords and trachea, and endotrachealintubation
Respiration 1s assisted, ustng trous oxde and oxygen in the propor-
tion of 5 to 2} untl a reasonable tidal volume returns  The drp
contang thiopentone 1 g and gallamune 240 mg 1 480 m! of
solution 1s set going and when the respiration s agamn adequate 15
run at 60 drops a minute until abdominal relaxation 1s procured,
after wiuch 1t 1s reduced to 32 drops a minute  Sufficient relaxation
can be d with full abd 1 respiration, but should
this not be the case resprration 18 of course assisted At 32 drops a
mmute with a standard M R C guing set the patent recerves
250 mg of thiopentone an hour and 1 mg of gallamine each minute
Recovery of reflexes tn the theatre 15 usual and the post operative
findings are smd to be better than average

Aunother method of using the continucus disp to produce anes
thesia and selaxayon has been described® and utilizes the short-
acting relaxant suxamethomun chlonide and the analgesic hgnocaine
induction 1s by thiopentone 500 mg and suxamethonum chlonide
50 mg gwen wtravenously from separate synnges  After hyper
venulation with oxygen a Magtl cuffed tube previously lubricated
with 5 per cent hgnocasne omtment 15 mserted into the trachea
Venuilation 1s by mtrous oxide and oxygen m the praportion of
S 2 A conunuous dnp of suxamethomum chiorde 0 1 per cent
(500 mg 1 500 m! of 5 per cent dextrose) and another of 0 5 per




CHAPTER 6
INTRAVENOUS ANASTHESIA

Intra-arterial  Ijection—Extrarvascular  Infection—Intravenous
Codein—Tluopentone and Gallamine Drip—Lignocaine and
Suxamethonum Drip—Barbuurate Narcosts and Porplyria—
Thiamy lal—Sodium Seconal—Buthal Sod: Hjdroxydione
(Viadridy~Tlalbarbitone—Pharmacology ~ of  Thiopentone—
Nusentil—Intravenous Bromethol—Sodwum Succinate—Procaine—
New Apparatus

INTRAVENOUS anasthesia maintains 1its place in modern anasthesia
and no very startling changes have taken place during the past few
years Hexobarbitone 13 more popular than 1t once was, especally
for the induction of anasthesia 1t 1s less of a respiratory depressant
than 1s thiopentone and does not cause cough and laryngeal spasm
so readily It 1s very useful when 1t 1s desired to have a patient who
has received a regional block asleep during the operation Occa
stonally 1t causes muscular twitching but small doses of pethidine
gtven 1ntravenously will usually control this complication

Anasthetists are becoming more and more aware of the great
dangers which may follow the intra-artenal mjection of thiopentone
and some workers of experience teach that vemns near the bend of
the elbow should always be avoided If 1n spite of every care some
of the drug 1s accidentally injected into an artery the needle should
be left in the lumen of the vessel and used for intra artenal injection
of procaine papavenne or tolazoline (priscol) 5 ml of a 1 per cent
solution 3* One of these drugs can also be 1jected 1nto the subclavian
artery following the mjection to produce a block of the brachial
plexus or the stellate ganghon

Extravascular mjection of thiopentone 1s always less sertous if a
25 per cent solution 1s routinely substituted for the customary
5 per cent solution A sterile gallipot and some normal saline or
distilled water are the only additions to the an®sthetist s armamen
tarum for routine use A muxture of procamne and hyaluromdase
mto the area will reduce post operative pain and discomfort by
diluting the 1rritant alkaline thiopentone solution

Intravenous codein Thus has been mnvestigated by A- K Brown!
who recalls that 1t was first used by Meals who preferred it to
pethidine as a supplement to mitrous oxide oxygen thiopentone and
relaxant, 120 mg dissolved i 2 ml of water 1s used The solution
forms a preciptate with thiopentone but 1s compatible with
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gallamine and d tubocuranine  Injections consist of 15 mg Follow-
ing imection the amphtude of respiration 1s reduced, but1f the doscis
kept small no alteration 1 blood pressurc 1s noticed  Each 15 mg
dose lasts about 15 minutes The author concludes that although
the drug 1s satisfactory 1t has no advantage over pethidine used 1n
a stmilar way

Various drips containing 1ntravenous barbiturates and relaxants
have been used, one such being that described by Evans and Gray 3
These authors report their experience tn 120 major abdominal cases
n which the techmque of maintenance was by intravenous drip,
of a muxture of thiopentone and gallamine Their method provides
a patient who 15 anasthetized throughout the operation with no
fear of 1slands of returming consciousness It provides abdominal
relaxation, obviates the risk of explosion while the return of con-
sciousness 1s not delayed As 1t 1s the aim to have the patient
breathing throughout adequately heis not returned to his bed in a
state of hypo ventilation  After routine pre medication mduction 1s
by thiopentone 500 mg and gallamine 80 mg njected either mixed
together or separately There follows positive pressure inflation,
local analgesia of the cords and trachea and endotracheal intubation
Resprration 1s assisted using nitrous oxide and oxygen 1n the propor
tion of 5 to 2} until a reasonable tidal volume returns The drnip
contaimng thiopentone 1 g and gallamine 240 mg 1n 480 ml of
solution 15 set going and when the respiration 1s again adequate 1s
run at 60 drops 2 minute until abdominal relaxation 1s procured
after which 1t 15 reduced to 32 drops a minute Sufficient relaxation
can be mamtained with full abdominal respiration but should
this not be the case respiration 1s of course assisted At 32 drops a
minute with a standard MR C giving set the patient receives
250 mg of thiopentone an hour and 1 mg of gallamne each minute
Recovery of reflexes 1n the theatre 1s usual and the post operative
findings are said to be better than average

Another method of using the continuous drip to produce an<es
thesia and relaxation has been described® and utilizes the short
acting relaxant suxamethomum chloride and the analgesic hignocame
Induction 1s by thiopentone 500 mg and suxamethonum chlonde
50 mg given ntravenously from separate synnges After hyper
ventilation with oxygen a Magill cuffed tube previously lubricated
with 5 per cent hignocaine omntment 1s nserted 1nto the trachea
\Slen;laxo: 1s by mitrous oxide and oxygen in the proportion of

ontinuous drp of suxamethonum chionde 01 per cent

(500 mg 1n 500 ml of 5 per cent dextrose) and another of 0 5 per
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INTRAVENOUS AN/ASTHESIA

Intra-arterial  Injection—Extrasascular  Infection—Intravenous
Codein—Thiop and Gall: Drip—Li; and
S h ip—B: Narcosis and Porphyria—
Thiamy lal—Sodium Seconal—Buthalitone Sodum— Hy droxy dione
(Viadrily—Tlualbarbitone—Pharmacology ~ of  Thiopentone—
Nisentil—Intrarenous Bromethol—Sodium Succinate—Procaime—
New Apparatus

INTRAVENOUS anazsthesia maintatns 1ts place 1n modern an@sthesia
and no very starthing changes have taken place durning the past few
years Hexobarbitone 1s more popular than 1t once was especially
for the induction of anasthessa It 1s less of a respiratory depressant
than 1s thiopentone and does not cause cough and laryngeal spasm
so readily It 1s very useful when 1t ts desired to have a patient who
has received a regional block asleep duning the operation  Occa
stonally 1t causes muscular twitching but small doses of pethidme
given mtravenously will usually control this complication

Anzsthetists are becoming more and more aware of the great
dangers which may follow the mtra-artenal mjectton of thiopentone
and some workers of experience teach that veins near the bend of
the elbow should always be avoided I 1n spite of every care some
of the drug 1s accidentally mjected into an artery the needle should
be left 1n the lumen of the vessel and used for ntra arterial injection
of procaine, papavenne or tolazoline (priscol) 5§ ml of a I per cent
solution #* One of these drugs can also be injected mto the subclavian
artery following the imjection to produce a block of the brachial
plexus or the stellate ganglon

Extravascular injection of thiopentone 1s always less serious if a
25 per cent sol 1 b d for the
5 per cent solution A stenle gallipot and some normal salme or
distilled water are the only additions to the anzsthetist s armamen
tanum for routine use A mixture of procaine and hyaluromdase
into the area will reduce post operative pain and discomfort by
diluting the 1rmtant alkaline thiopentone solution

Intravenous codexn This has been mnvestigated by A K Brown!
who recalls that it was first used by Meals? who preferred 1t to
pethidine as a supplement to nutrous oxide oxygen thiopentone and
relaxant 120 mg dissolved 10 2 ml of water 1s used The solution
forms a precipiate with thiopentone but 1s compatible with
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more potent than an cqual dose of thapentone  On the ather hind
a2 blind studg™ smolung 1098 thiopentone and 1245 thamylal
anwsthestas 1 humans, under routine conditions, subjected to
statistical analysis of the effects of the drugs showed that with
regard to potency, cardiotoxicity, respiratory depression, merdence
of laryngospasm and rocorery time no statistically sigmificant
differences existed. Dundee and Riding'? reported ther observations
on 1750 patents who recenned the drug and concluded that it 1s a
safe ntravenous anesthete very symilar to thiopentone but of
shightly greater potency and with less tend to cause fation
A farther report on this drug 1s that of Lund,' who used it 1 no
less than 6000 consecutnve cases  His conclusion cotncides with that
of the other authors and he regards 1t as a safe and effective mntra-
venous agent for anmsthesia  This opimion has been corroborated
by Phillips** who states that st 35 more rapidly detoxicated than
thiopentone
Sodm seconal has been used by Bryce Smth and Hingson ¥
and these wnters conclude that st ss an cffective sedative to use in
all forms of regional analgesia provided that panful impulses are
pletely blocked B of its longer and less intense action
1t 35 useful for mduction of anmsthesin of patients in bed  When
carefully given 11 can be used m subjects with heart hver and Lidney
disease  These authors think well of it as an agent m endotracheal
o when panied b deq topical laryngeat
analgesta ¥ts somewhat prolonged action makes ¥ unswtable for
ambulatory patients, while 1ts analgesc effects are almost ml Uscd
alone 1n labour 1t 15 unsatisfactory, but when combined with scopola-
mune pethidine etc 1t s a useful drug
Buthal sodm (i hal, baytenal, ulbreval, thinlbutone) 15
a short acting barbiturate having the chenucal constitution sodum
5 allyl S-so butylthiobarbiturate It was first synthesized some years
ago by Mifler and hus colleagues,t but mterest was recently revived
111t by Weese and hoose 3 It 15 designed for intravenous wyection
2s a 5 per cent or 10 per cent solution and remams stable for
36 hours in solutton 1t contams 6 per cent sodum carbonate to
enhance 11s stability 1n solution The first report of 115 use in Britam
was that by Nobes in 1955 * Its sedative effects do not last as long
a5 those of thiopentone so that it 1s espeaaily recommended together
with £a5 and oxygen for operations which are not expected to fast for
longer than 30 minutes Soon after 1ts effects have worn off the
patient ss elear headed frec from drowsimess and 15 able to look after
Tumsell safely A total dose greater than 1 g 1s seldom necessary,
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respirator 1s efficient for a short time, but for prolonged periods a
larger container such as a Waters camister 1s necessary

Explosions have occurred when the anmsthetist has imagined
that he was administering a non inflammable vapour eg mitrous
oxide oxygen chloroform  Such accidents are invanably due to
faulty apparatus as 1t 15 possible 1n some cases for an explosive
mixture containing ether to be delivered although the indicator
15 set at  chloroform* % This may be due to positive pressure
1n the ether bottle from a hot water jacket or to a partial vacuum
occurning from the gases passing over 1t ¢ If there 1s any doubt
of the correct functioning of such apparatus the ether bottle should
be removed entirely when an 1gnition nisk 1s present

All sorts of unlikely circumstances have actually caused fires and
explosions 1n operating theatres,)® and thus chapter must not be
taken as a comprehensive survey of the subject

Finally, 1t 1s necessary to keep a sense of proportion Explosions
are spectacular and give rise to much pubheity but actually they are
rare and many other factors affecting the safety of the patient may
have much more importance 1n any given case
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CHAPTER 6
INTRAVENOUS AN/ASTHESIA

Intra-arterial  Iyection—Extravascular  Imjection—Intravenous
Code Thiop and  Gall, Drip—Lignocaine and

S\ h Drip—Barb Narcosts and Porphynia—
Thiamy lal—Sodium Seconal—Buthal, Sod, Hydroxydione
(Viadril}—Tualbarbitone—Pharmacology ~ of  Thiopentone—
Nisentl—Intravenous Bromethol—Sodium Succinate—Procaine—
New Apparatus

INTRAVENOUS anzsthesia mamtams 1ts place in modern anzsthesia
and no very starthng changes have taken place duning the past few
years Hexobarbitone 1s more popular than 1t once was, especially
for the induction of anzsthesia 1t 1s less of a respiratory depressant
than 1s thiopentone and does not cause cough and laryngeal spasm
so readily It 1s very useful when 1t 1s desired to have a patient who
has recenved a regional block asleep dunng the operation  Occa
stonally 1t causes muscular twitclung but small doses of pethudine
given 1ntravenously will usually control this complication

Anzsthetists are becoming more and more aware of the great
dangers which may follow the mntra-artenal injection of thiopentone
and some workers of expenence teach that veins near the bend of
the elbow should always be avorded If in spite of every care some
of the drug 15 accidentally 1njected 1nto an artery the needle should
be left 1n the lumen of the vessel and used for intra artenal injection
of procaine, papaverme or tolazoline (priscol) 5 ml of a 1 per cent
solution ** One of these drugs can also be mjected into the subclavian
artery following the mmjection to produce a block of the brachial
plexus or the stellate ganglion

Extravascular mjectron of thiopentone 1s always less serious if a
25 per cent solution 15 routinely substituted for the customary
5 per cent solution A stenle gallipot and some normat salme or
distilled water are the only additions to the anasthetist s armamen
tanum for routine use A muxture of procamne and hyaluromdase
into the area will reduce post operative pain and discomfort by
diluting the 1rritant alkahine thiopentone solution

Intravenous codein. This has been mnvestigated by A K Brown?
who recalls that st was first used by Meals who preferred 1t to
pethudine as a supplement to nutrous oxide oxygen, thiopentone and
relaxant 120 mg dissolved in 2 m! of water 1s used The solution
forms a preaipitate with thiopentone but 1s compatible with

86
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gallamne and d tubocuranme  Injections consist of 15 mg Tollow-
Ing injection the amphitude of respiration 1s reduced, but ifthe dosc s
hept smll no alteration 1n blood pressure 1s noticed Each 15 mg
dose lasts about 15 munutes The author concludes that although
the drug 15 satisfactory 1t has no advantage over pethidine used 1n
a simular way

Various drips containing intravenous barbiturates and relaxants
have been used one such beng that described by Evans and Gray ®
These authors report their expenence 1 120 major abdominal cases
1 which the techmque of mamntenance was by intravenous dnp,
of 2 mixture of thiopentone and gallammne Their method provides
a patient who 1s anmsthetized throughout the operation with no
fear of 1slands of returning consciousness It provides abdomunal
relaxation obwviates the nish of explosion while the return of con
sciousness 15 not delayed As 1t 1s the aim to have the patient
breathing throughout adequately, he s not returned to his bed n a
state of hypo ventilation  After routine pre medication mnduction 1s
by thiopentone 500 mg and gallamine 80 mg 1njected esther mixed
together or separately There follows positive pressure inflation
Tocal analgesia of the cords and trachea and endotracheal intubation
Resprration 1s assisted using mtrous oxide and oxygen 1n the propor
tion of 5 to 2} until a reasonable tidal volume returns The dnp
cC thiopentone 1 g and gall 240 mg 1n 480 m! of
solution 15 set gomng and when the respiration 15 agan adequate 15
run at 60 drops a munute until abdominal relaxation 1s procured
after whuch 1t 15 reduced to 32 drops a munute Suffictent relaxation
can be maintamed with full abdominal respiration, but should
this not be the case respiration 15 of course assisted At 32 drops a
minute with a standard MR C giving set the patient recewves
250 mg of thiopentone an hour and 1 mg of gallamine each minute
Recovery of reflexes 1n the theatre 15 usual and the post operative
findings are sard to be better than average

Another method of using the continuous drip to produce anwes
thesia and relaxation has been described® and utihizes the short
acting relaxant suxamethomum chloride and the analgesic hgnocane
Induction 15 by thiopentone 500 mg and suxamethonum chloride
50 mg given intravenously from separate syringes After hyper
ventilation with oxygen a Magill cuffed tube previously lubncated
with § per cent lignocamne omtment 1s mserted 1nto the trachea
Ventilation 15 by mitrous oxide and oxygen 1n the proportion of
5 2 A contmuous dnp of suxamethomum chlonde 0 1 per cent
(500 mg 1 500 m! of 5 per cent dextrose) and another of 0 5 per
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cent lignocaine 1sotomic with sahne 1s prepared and run into one
needle 1n a vein by means of a Y piece, enabling the rates to be
controlled independently  To begin with, 60 drops a minute for
3 minutes and then 40 drops a minute are run 10 which 1s about
12 5 mg a minute or 750 mg an hour of lignocarne  After 40 minutes
the dosage 1s reduced to 20 drops a munute and afterwards 1f
necessary to 10 drops a munute  Suxamethomum chlonde 1s run
1s 1 fast drip until the patient ceases to breathe when controlled
respiration 1s established  After the imtial exploration of the
abdomen the rate 1s reduced to allow relaxation 1n the presence of
normal respiration  The results reported were good and nesther
the blood pressure nor the pulse rate tended to alter Post operative
analgestn was a marked feature, but very occasionally a convulsion
occurred duc to overdosage Although both drugs appear to be
hydrolysed by pseudo cholinesterase no prolonged apneea was seen
while the lignocaine scemed to potentiate the relaxant properties of
suxamethomum Return of reflexes and consciousness was rapid
The authors warn against the combination of hexamethonum and
lig as the hyp produced by the former 1s likely to
be prolonged Nausea and vomiting were reduced and 1t 1s suggested
that mtravenous lignocaine may have a useful place 1n the manage
ment of such cases as severe burns

The problem of large scale sterihzation of syringes has been
solved mn various ways Burns® described an mmproved syringe
contuner It 1s a glass tube for the sterihzation of a syninge with its
ncedle, and 1s procurable from Down Brothers London

Intravenous Barbiturates
Substitutes for thropentone appear from time to time one of the
1 T e 1

latest being thiamylal (thiog bitone  sodium,

sodiom, suntal sodium) In this drug the allyl group replaces the
ethyl group of the thiopentone molecule It 1s chemically and
physteally very similar to thiopentone and bears the same relation
ship to qumalbarbitone (seconal) that thiopentone does to pento-
barbitone (nembutal) It was described by Volwiler and Tabern 1n
1935 A companson of the potencies of thiamylal and thiopentone
has been reported by Mushin and his colleagues® who found 1t to
be shghtly more potent than the older drug Jolly and Lederer’®
found thramylal to be superior to thropentone as 1t scemed to cause
less respiratory depressiont and interference with the peripheral
arculation Laryngeal spasm and gagging were less noticeable and
recovery more rapid than after thiopentone They found the drug
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more potent than an equal dosc of thiopentone  On the other hand
a2 blind study’ mvolvng 1098 thiopentone and 1245 thramylal
antsthesias 1n humans under routine conditions, subjected to
statistical analysts of the cffects of the drugs, showed that with
regard to potency, cardiotoxicity tespiratory depresston, incidence
of laryngospasm and recovery time no statistically sigmficant
differences existed  Dundece and Riding'? reported their obsenvations
on 1750 patients who recenved the drug and concluded that it 1s a
safe intravenous anwesthetic very similar to thiopentone but of
shightly greater potency and with less tendency to cause cumulation
A further report on this drug 1s that of Lund,'® who used 1t 1n no
less than 6000 consecutive cases  His concluston coincides with that
of the other authors and he regards 1t as a safe and effective mtra-
venous agent for anzsthesia  This opinion has been corroborated
by Phillips™ who states that 1t 1s more rapidly detoxicated than
thiopentone

Sodium seconal has been used by Bryce Smith and Hingson s
and these wnters conclude that 1t 1s an effectrve sedative to use in
all forms of regional analgesia provided that panful impulses are
completely bloched Because of 1ts longer and less intense action
it 1s useful for induction of anzsthesia of patients 11 bed When
carefully grven 1t can be used 1n subjects with heart liver and hidney
disease  These authors think well of 1t as an agent n endotracheal
mtubation when accompanmied by adequate topical laryngeal
analgesia  Its somewhat prolonged action makes 1t unsutable for
ambulatory patients whle 1ts analgesic effects are almost ml  Used
alone 1n labour 1t 1 unsatisfactory, but when combined with scopola-
mine, petludine etc 1t 1s a useful drug

Buthal sodinm (tr hal, baytenal, ul , thualt ) 15
a short acting barbuturate having the chemucal constitution sodium
5 allyl 5 150 butylthiobarbiturate It was first synthesized some years
ago by Miller and tus colleagues # but interest was recently revived
m 1t by Weese and Koss It 15 designed for intravenous injection
as a5 per cent or 10 per cent solution and remains stable for
36 hours 1n solution It contams 6 per cent sodum carbonate to
enhance 1ts stability 1n solution The first report of its use in Britain
was that by Nobes 1n 1955 3 Its sedative effects do not last as long
as those of thiopentone so that 1t 1s especially recommended together
with gas and oxygen for operations which are not expected to last for
longer than 30 munutes Soon after its effects have worn off the
pauent ss clear headed free from drowsimess and 1s able to 1ook after
himself safely A total dose greater than 1 g 1s seldom necessary
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cent lignocaine tsotome with saline 1s prepared and run mnto one
needle 1n a vein by means of a Y piece, enabling the rates to be
controlled sndependently To begin wath, 60 drops a minute for
3 munutes and then 40 drops a minute are run in, which 1s about
12 5mg aminute or 750 mg an hour of lignocaine  After 40 mnutes
the dosage 1s reduced to 20 drops a munute and afterwards if
necessary to 10 drops a minute Suxamecthomum chlonide 1s run
as a fast donp until the patsent ceases 1o breathe, when controlled
respiration 1s established  After the nial exploration of the
abdomen the rate 15 reduced to allow relaxation in the presence of
normal respiration  The results reported were good and nesther
the blood pressure nor the pulse rate tended to alter Post-operative
analgesia was a marked feature, but very occasionally a convulsion
occurred due to overdosage Although both drugs appear to be
hydrolysed by pseudo-cholinesterase no prolonged apneea was seen
while the ignocaine seemed to potentiate the relaxant properties of
suxamethonium  Return of reflexes and consciousness was rapid
The authors warn aganst the comt of t homum and
Iig: as the hyp on produced by the former 15 likely to
be prolonged Nausea and vomiting were reduced and 1t 1s suggested
that intravenous lignocaine may have a useful place mn the manage
ment of such cases as severe burns

The problem of large-scale stenlization of synnges has been
solved n various ways Burns® described an mmproved syrnge
contamner It s a glass tube for the stenlization of a synnge withats
needle and s procurable from Down Brothers, London

Intravenous Barbiturates

Substitutes for thiopentone appear from time to time one of the
latest bemng thiamylal (thioquinalbarbitone sodm, thiosecopal
sodim, suntal sodium) In this drug the allyl group replaces the
ethyl group of the thiopentone molecule It 1s chemically and
physically very similar to thiopentone and bears the same relation
ship to q harbitone ) that thiop does to pento-
barbitone (nembutal) It was descnibed by Volwiler and Tabern mn
1935 A comparison of the potencies of thiamylal and thiopentone
has been reported by Mushin and hus colleagues® who found 1t to
be shghtly more potent than the older drug. Jolly and Lederer'®
found thiamylal to be superior to thiopentone as 1t seemed to cause
less respiratory depression and interference with the peripheral
arculation. Laryngeal spasm and gagging were less noticeable and
recovery more rapid than after thiopentone  They found the drug
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oxygenand pethidine ns the muntenance agents, 1 smooth an-esthesin
results and pharyngeal and laryngeal reflexes are depressed and the
mctdence of laryngeal spasm lessened  Laryngoscopy 15 not ctively
ressted enther by the larynx of by the muscles of the patient’s body
oncesleepisinduced 1¢ after S00-700 mg has beennfused  Its fate
1n the body 15 not known When slowly mjected 05 g causes
drowsiness while 1 g usually produces deep unconscousness which
may persist for 1 to 2 hours It 1s more of a hypnotic than an
anzsthetic, and causes verv hittle abdominal relaxation Tt gives nise
to simular clectro-encephalographic patterns as such barbiturites as
pentobarbitone, hexobarbitone and thiamylal4® Occasionally 1t
resultsin a steep fallin the blood pressure but no cardrac arthythmia
has been observed 91 Hy potension 1s readily resersed by a small dose
of a vasopressor drug 1t produces less respiratory depression than
thiopentone and gives nse 1o no parenchymatous changes Post
operatine \omiting 1s rare and a feeling of well being rather than a
hangover 1s expenenced 1n the hours immediately afier an-esthesia ¢7
The low blood pressure may be due to inhibiton of the vasocon
strictor centre, coupled with a penpheral vasodilauon ® The drug
may also directly depress the myocardium It often gives nise to a
tachycardia 4 50

Side effects include twatching® and venous thrombosis which 1s not
uncommon It may prove useful i laryngoscopy and 1n broncho
scopy n association with topical analgesia, but the slow onset
of anzsthesia and the prolonged recovery period are definite
disadvantages

Thialbarbitone (kemithal) has been reported by Harrison'® as
producing arrhythmia to a greater extent than thiopentone She
mvestigated a large number of cases and took careful ECG s n
a senes of them

Many newer ntravenous barbiturates are described but so far
1n this country none has yet displaced that old trusty thiopentone
Inactin (sod 5 ethyl 5 methyl propyl 2 thilbarbitone) 15 simlar to
thiopentone and was described by Tabern and Volwiler 1n 1935
Thionarcex (sod 5 ethyl 5 butyl ethyl 2 thiobarbitrate) also known
as JL1014 1s shghtly more potent than thiopentone with a shightly
more rapid recovery time Thiogenal {neraval sodim) 1s sodym
methyl thicethyl 2 pentyl thiobarbiturate another new short
acting drug It 1s said to have slightly greater parasympathomimetic
properties and 1s more rapid 1n sts action than thiopentone 5t &
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while less than 05 ¢ 15 likely to be mnsufficient 1n a healthy adult
For dental extractions a suitable dose 1s 06 g for a man and
04 ¢ forawoman together with gas and oxygen The drug closely
resembles hexobarbitone 1n 1ts effects but1s more rapidly destroyed,
probablyintheliver It1ssaid to be useful in the casualty department
and 1n the out patient clinic, 1n the dental chair and 1n obstetrics for
delivery of the head  Its solutions are readily muscible with gallamune
and with suxamethonium hahides, but 1 the latter case injection
must immediately follow preparation of the muxture Like thio-
pentone 1t 1s occasionally followed by side effects such as coughing
hiccough, apneea, clonus and hypotension 5
Hydroxydione (wadnl) 15 a non barbituric anwsthetic for intra

venous use, which has the chemical composiion 21 hydroxy-
pregnane-3 20-dione sodium succinate  The an@sthetic potency of
a senes of steroid compounds was demonstrated by Selye 1n 1941
but 1t was not until 1955 that Laubach, P an and Rudel 1n the
United States advocated the use of hydroxydione as an ansthetic 4

H,C—0=-C—CHz-CR-C—0-Na
1! # 2 B
€=0 0

Hydroxydione

Its first climcal employment was described by Murphy and his
colleagues of the Unnersity of Califormia® Hydroxydione 1s a
non volatile but readily soluble crystalline sohid Its solution 15
mcorapatible with d tubocuranne suxamethontum and pethidine *°
A0 5percent solutionin 5 percent dextrose hasa pH of 7 but even
1n this strength 1t tends to wrntate the walls of veins It has neither
androgemic nor estrogemic properties and the LD 50 1n mice 15 three
times that of thiopentone It 1s supplied 1n 05 g ampoules and 1s
probably best given as a 05 per cent solution in dextrose mto a
mayor imb vein  The smaller vens should be avoided because of its
tendency to cause thrombophlebitis  The drip-rate for induction of
anesthesia 1s about 150 per minute and 1 g lasts about two and a
half hours ¢ After injection the full effects are not seen for 10 to 20
mmunutes  The drug 1s not suitable as the sole anmsthetic but with
pethidine and scopolamune as the premedication and with gas and
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body weight 1s a factor, though not a striking one, n determining
the dosage required 1n healthy adult patients  Males are found to
be more tolerant than females to the drug  Requirements of thio
pentone are farrly constant i middle age but arc mcreased 1n those
less than 25 and decreased 1n those more than 46 years of age

The cumulative action of thiopentone has been myvestigated® in
a careful climeat and laboratory study and 1t 1s emphasized that the
drug 1s slowly de toxicated 1n the body 1ts short duration of action
after small doses being due mainly to its rapid diffusion to the non
nervous tissues Gradual saturation of the body s fatty deposits
takes place next untl finally there 15 complete body equilibrium
Lowenng the pH of the plasma prolongs the time taken to saturate
the fatty tissues This 15 well seen after hypoventilation Evidence
has been produced that there remains 1n the body for 24 to 30 hours
after the mjection of a small amount of thiopentone sufficient of the
drug to affect the duration of a subsequent dose so that extreme
care to avord over dosage 15 necessary 1f thiopentone 1s administered
within a short time of a previous mnjection

Hamodynamic studies during anzsthesia with thiopentone and
gas and oxygen have been made <* These studies were conducted
In patients 1n whom the depth of anwsthesia was carefully controlled
by EEG momttoning It was found that cardiac output decreased
with increasing depth of an@®sthesia and that return to normal values
was slow As would be expected a decrease in blood pressure
occurred duning mnduction and was greater after rapid than after
slow induction A method of reversing the myocardial depression
caused by thiopentone 1s said to be the mntravenous injection of
5-10 m! of 10 per cent calcium chloride solution, given slowly
This while preventing a fall 1n blood pressure does not nterfere
with the duration or depth of anzsthesia 5 A decrease 1n arterial
oxygen saturation was observed during induction with the patient

breathing room air but 1f he breathed 100 per cent oxygen this did
not occur

Barhiturate Narcosis m Porphyna

Dundee and Riding” 1n an ongnal article pomnt out the harmful
effects of barbiturates especially thiopentone on porphyria and
the advice 15 given that 1n patients suffering from any manifestation
of this disease thiopentone 1s absolutely contra indicated They note
that the disease may be congenital or farmbial with photo sensitivity
and pigmentation of bone and teeth It may be confined to the
skin with photo sensitivsty and recurrent bullous lesions due to
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The Pharmacology of Thiopentone

Much work has been done on the pharmacology of thiopentone
and the reader 1s referred to the excellent and comprehensive mono
graphbyJ W Dundee on Thiopentone and other Thiobarbiturates 57
Myers and lus colleagues'? on expeniments with dogs, ligated the
portal vein to the hepatic artery 1n animals with an Eck fistula, so
chimuinating liver function It was shown that the liver 1s by far the
most important tissue 1n the detoxication of thiopentone 1n the dog
The effect of azotzmua on barbiturate anzsthesta has been nvestt
gated by Dundee and Roberts 1* They remark that there 1s evidence
to show that the kidneys possess some ability to detoxicate thio
pent n exper 1 Is with azotzmia Longer narcosts
1s produced by a given dose of thiopentone than 1n ammals with a
normal blood urea Hexobarbitone shows this change to a lesser
degree From clinical observations they state that uremic patients
require less thiopentone than do normal patients, and on the other
hand normal patients who are caused to have a high blood urea
level also requure less thiopentone than the same patients when their
blood urea 15 normat  The effect of thiopentone on the blood sugar
1s stated to be mimimal provided the dosage 1s less than 1 5 g**

Thiopentone as a factor 1n the production of liver dysfunction
has been nvestigated © There 1s strong evidence that the hver 15
the main site of detoxication of thiopentone both 1n amimals and
man 10 to 15 per cent of the drug in the body being metabolized
each hour In the light of this investigation 1t would appear that liver
dysfunction occurs 1n an appreciable number of patients when doses
of thiopentone exceeding 750 mg are given and the mcidence of
liver damage 1s related to the dose of thiopentone  1t1s recommended
that minimal doses should always be employed n known cases of
Tiver dysfunction and 1n cases with thyrotoxicosis acute intestinal
obstruction pulmonary tuberculosts or when a fall in blood pressure
during the operation s expected In a later paper 2 1t 1s shown that
1 the dog 1in 2 condition resembling ur®mia 1n man nascosts
,with thiopentone and other medium acting barbiturates 1s pro
longed

1§undccz has also mvestigated the relationship of the patient s
weight sex and age to thiopentone dosage He starts out by
enumerating those pathological factors which influence the dosage
of thiopentone, which nclude the unusual sensitivity to the drug
shown by patients with hver damage severe anzma malana shock
and urzmta and \ m those r g large daily
doses of sedatives or analgesic drugs  His investigations showed that
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morphune giddiness bemng that most frequently seen  1ts respiratory
depressant properties are counteracted by nalorphine

Siker Foldes and their colleagues™ used misentil to supplement
thiopentone nitrous oxide oxygen anasthesia 1 750 cases, using
600 patients given pethidine as a control group for comparnson
When the msentil was used tn reasonably small amounts 1t enabled
calm conditions to be mamtamed with smaller doses of thiopentone
More patients responded to stimulation at the end of the operation
and depth of anwmsthesta was more controllable, without undue
depression of respiration, than when pethidine was used In larger
doses respiratory depression became an undesirable factor The
mitial dose was usually between 7} and 15 mg, the safety interval
between doses being 8 to 20 minutes

Pethodine and pallamine alone have been used to facbitate the
reduction of a fractured mandible The difficulties and dangers
and disadvantages of blind nasal intubation are well known and an
alternative techmique has been desenbed ® After premedication the
anesthetist explains to the patient that he will feel sleepy but will
not lose conscrousness and his co operation 1s expected With a
suitable signalling guide to indicate lis respiratory difficulty,
pethidine 1s 1njected intravenously 1n fractional dosage using an
m-dwelling needle Usually 50 to 100 mg are required Gallamine
15 at first given 1n 20 mg doses unul the patient can no longer raise
tus head from the pillow Additional doses of the two drugs are
given as required, neostigmine and oxygen being readily available

Bromethol 1s not in fashion these days, but Dwyer and his
colleagues have reported thetr results following intravenous myec~
tion 27 Bromethol 1s well known to produce certain effects useful to
the anmsthetist It causes sleep without restlessness, reduces the
likelihood of vomuting, depresses upper respiratory tract reflexes
and dilates the bronch:  On the other hand 1t causes hypotension
respiratory depression, testinal stasis and hyperglycamia 1t 15
contra indicated 1n patients with liver and kidney dysfunction and
severe cardiac and pulmonary disorder etc For ntravenous work
a 1 per cent solution 1n 5 per cent dextrose 1s employed and 1s
tested with Congo Red  The drip 15 allowed to run rapidly until the
patient 15 asleep and the rate 1s then suitably adjusted 75 to 100 m)
is the average amount required to produce sleep but up to 300 m}
1s sometimes required  Some anzsthetists prefer to use thiopentone
or hexobarbitone for induction of anzsthesia The authors recom-
mend the dnp method for mduction of anzsthesia especially 1n
asthmatic patients and to quieten Ppatients during spinal analgesia
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local trauma Finally, acute attacks may occur, which may send
the patient to the operating theatre as an acute abdominal emergency
There may be a history of passing red urine and of paralysis following
previous operations of shin lesions, etc  If thiopentone 15 used 1n
these cases a lower motor neurone paralysis 1s likely to develop after
wards Patients suffering from this disorder of metabolism are said
1o tolerate cther quite well and for pre and post operative sedation
opiates, chloral hydrate, and paraldehyde are said to have no 1ll

effects -

Bemegnde (megimide) would appear to be a useful antidote to the
narcotic and respiratory depressant actions of thiopentone® and
a safe means of terminating thiobarbiturate anwesthesia  The dosage
15 25 mg intravenously repeated two or three times at short intervals
if necessary Thus agent reverses the E E G patterns of deep depres
sion due to barbiturates and thiobarbiturates, but not those caused
by non barbiturate sedatives This reversal 1s greater than that
produced by other analeptics

It 1s well known that intravenous injection of pethudine will
produce a transient weal should the vein be obstructed or super
fial This phenomenon 1s probably due to the lhberation of
luistamine 1n the skin overlying the vern following permeation of
the vein wall by pethudine It 1s recommended 4 that the drug should
be used in a diluted form for example 1 per cent and in those
patients who show a tendency to thrombosts 1t should be diluted
with procaine 025 per cent which releases spasm 1n the vemn and
15 an anti histamime drug  Substitutes for pethiding have been
sought to supplement gas oxygen thiopentone anzsthesia and one
of these 1s Nisentil (alphaprodine)

Nisentil (alphaprodine) This drug 1-3  diamethyl-4 phenol-4
propionxy piperidine was first synthesized by Lee in 1947 It s
similar both chemically and pharmacologically to pethidmne but
acts for a shorter time and shows 1ts effects more quickly If can
be used to replace pethidine 1n the thiopentone gas oxygen relaxant
intravenous techmique using either repeated fractional doses of
5t0 10 mg or as a dnp of 0 0l per cent solution Success has been
claimed® for a method which uses nisentil together with suxa
methonium 1n a continuous drip of 0 01 per cent and 0 1 per cent
respectively One must however question the wisdom of using two
drugs of different type 1n a fixed proportion

It has been successfully used to relieve the pain of first stage
labour and the action of 2 dose of 40 to 60 mg lasts about 45
mnutes Untoward effects are similar to those of petludine and
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lutrayenous Procame Tlus docs not seem to have gamned many
habitual users in recent years The vaso dilntation that 1t etuses
1ncreases the surgeon s difficulties by accentuating oozing  In dogs
1t would seem to increase the excretron of sodium when added to
1ntravenous saline, an effect possibly accounted for by dimimshed
renal tubular reabsorption of sodum Procaine and morphine too,
intibit water diuresis 55 although an ncrease of diuresis following
the admimistration of normal saline containing procaine 1s reported 58

New Apparatus A simple intravenous drip adaptor has been
described by Green 3! This enables drugs to be injected nto the drip
close to the needle with the arm at the side of the patient

A simular piece of apparatus has been described by Lee This
consists of a length of neoplex plastic tubing 1nto one end of which
fits a transfusion needle minus 1ts hub and into the other end of
which 15 nserted another needle attached toa3way B D tap A
20-ml syringe contamnmg saline 15 used to wash through the drug
njected 1mto the third arm of the 3 way tap By the use of these
pieces of apparatus more room 1s given to the surgical assistants
and the patient does not run the nisk of brachral plexus paralysis
which somettmes occurs when the arm 1s abducted from the side

Fic 51 The Lee tel for 1nt; njectrons
with the patients arm at his side
{Southend Hospital Department of Photography )

In this age of electromcs 1t 15 not surprising that automatic
electroencephalographic control of anasthesia 15 1n vogue 1n certain
centres ¢ As a logical sequence 1n the development of automatically
controlled anzsthesia with ether 1s the extension of chinical nvestiga
tion to include thiopentone anesthesia and an apparatus has been
X A anassne
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It may be used as a basal hypnotic together with Iocal or topical
analgesia for endoscopy, and 1s uscful for oral and facio maxillary
operations It works well also 1n status asthmaticus and n some
cases of tetanus Post operative sleep lasts rather longer than after
comparible doses of thiopentone The maimn drawback 1s the
thrombophlebitis which 1s sometimes scen It comes on within the
first week after operation and occurs 1n about 6 per cent of cases
More dilute solutions are not practicable as too large volumes of
flnd would thereby be required This high ncrdence of thrombo
phlebitis may be a sound reason for avoiding the techmque

The effects of sodim on thiop angesthesia 1s
discussed from time to time In the opimion of Gairman et al ,*®
1t seems that the analeptic effects of this salt and its dervatives
reported a decade ago do not 1n fact occur  These workers state that
on the contrary 1t has a potentiating effect on thiopentone anasthesia
This work 15 confirmed by Larsen and his colleagues * On the
other hand, i wtro experiments®® show that pentobarbitone
depresses the oxygen consumption of bramn shces and that this
depression 1s prevented by sodium succinate a clear difference
between 1 vitro results and chinical anwsthetic expertence

Fra SO Apparatus for mntravenous injection (Green Brit J Anesth)
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designed which performs this function Its behaviour 1s not nflu
enced by the simultancous injectton of tubocurarine  Is automation
peeping round the door of the operating theatre?

An electrical dnip recorder has been described?® which enables 2
nurse 1n a darkened room to observe the rate of transfusion at a
glance A modification®? consists of a specially sensitive spring
loaded switch which 1lluminates a steady warmng light when the

rv e

'3
i - ¢ i

FiG 52 The Frankis Evans dnip recorder modified by Zuck (Lancet)

weight of the bottle and 1ts contents falls to a predetermned level
The warning device can be used alone if required and 1t 1s set 1n
action simply by hanging 1t from a support and suspending the
bottle from the hook underneath It uses a high tension battery
and a neon bulb so current consumption 1s neghigible Another drip
alarm has been described by Bottoms 32
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myoneural junction, acetyicholine 15 released from the nenve ending
and depotarizes (or renders electrically negatsy ¢) the muscle end plate,
1e1tcausesan end platepotential  This currentof depolanization’
excites the adjoining muscle fibre (or evokes an action potential )
and propagation of this excitatson wave along the membrane of
the muscle fibre causes contraction of the contractile clerments Inthe
meantime the released acetylcholine has been hvdrolysed by the
enzyme cholinesterase always present m tissues nto relatively
wactive cholne and acetic acd

CH,CO0CH CH,N(CHy),+H, 0~
OHCH,CH,N(CH,),+CH,CO0H

so that when the muscle fibre emerges from sts refractory penod, 1t
will ot become excited agam untd a fresh nerve smpulse armves

If curare or a ssmilar drug is given mtravenously, no muscular
contraction follows motor nerve sumulatton It 1s supposed that
the<e drugs are suffictently like acetylcholne to have some affimty
for 1ts receptor sites but sufficiently unlike 1t to be unable to imtiate
the process of depolanizatton  They thus compete for receptor sites
with acetylcholine and reduce the activity of 2 goven quantity of the
fatter compound They are therefore known as competitne netro-
wauscular blochers or non-depolanizers

A second type of muscle relaxant 15 known and these drugs
resemble acetylcholme so closely that they not only have an affimity
for the same receptor sites but may imtuate mmpulses by causing
depolanzanon  This 1s often seen in fibnillary twitching of the nech
muscles soon after the mntravenous injection of the relaxant It
has been proved that the subsequent block 1s due to depolanzation
as 1t can be removed electncally by applying an anede to the end
plate  These drugs have therefore been termed depolanzing blockers

Although 1t 15 useful to make a ngd subdivision of blockers as
described above some drugs are known (such as mytolon) which
appeat to possess both actions, while the occasional prolonged
actiont of h 15 thought to be due 1o ns
depolanizing effect giving place to a non-depolanzing one, re 1t
may be a mixed blocking agent

Antidotes 1o competitnve relaxants exist 1n the anticholinesterases
the one generally used bewg neostigrune  Thewr action 15 manly
that of neutralizing cholinesterase so that the acetylcholine can
build up sufliciently to break through the barner to the receptor
sttes ¥ Neostugmune can also however sumulate muscle end plates
directly ¥ Anudotes are considesed . dctaﬂlalcr m this chapter

P
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MUSCLL RELAXANTS

Muscre tone is probably due to a slow asynchronous discharge
of mmpulses from anterior horn cells producing a partial tetanus
Abolition of this tone or muscular relaxation can be brought about
dumng anmsthesia i three ways

(1) By profound general narcosis Thus ss a central effect probably
asstécxated with depression of the anterior horn cclls 1t the spal
cor

(2) By 1solaing muscles or groups of muscles from all impulses
by blocking therr nerve supply by local analgesics

{(3) By blockmng mmpulses to alt les at the my
by certan drugs mven mtravenously This 1s a p:nphcm] effect
and the drugs concerned are known as specific muscle refaxants

MOTOR MERVE
ENDINGS

“PALISADE”
STRUCTURE

RRANRIIID

MUSCLE FIBRE

GLIAL TISSUE

Fic 53 Dragram of myoneural junction  (Paton Anesthesia )

Theary of Action
The current theory of normal striped muscle contraction s that
when an ampulse travelling along a motor nerve armves at the
100
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mxtures of athalowds but even as carly as 1858-1861, Spencer Wetls
advocated the use of “woorara™ for the treatment of tetanic spasms
and 1n 1878 defimite success 1 this ficld was claimed ®

At last n 1935 a pure alkalod was

wsolated 1 England by H hang of The CH,0,
National Institute of Medical Research ’ {/ /\N(CH,),CI
~

and named d tubocuranne chioride * o

This was found to be a quaternary ({ \(’:H

ammomum compound (It might be ’

noted 1n passing that the corresponding

1 alhaloid has only ¥ of the physiolog:

cal acuvity } \
Smce that date progress has been é OH g

ramd. In August, 1939, the drug was Hy

first used 1n London at the Middlesex >\ /
Hospital to lessen the risk of trauma  CHCHMLN

from electro-convulsive therapy an men \/ ocH,
tal patients 7 It was then tned out with

great success as a muscle relaxant dunng hght general anzsthesia
the first large senes of cases being descnbed tn Canada by Gniffith
and Johnson® and 1 England by Gray and Haiton *

Actios (1) On Nersous and Muscular Systems  Tubocuratine
has neghgble Iipord solubility so that it probably does not penetrate
cells 1* When curare 53 mjected ntravenously it takes about
90 seconds ta act This 1s greater than the ‘arm bran crculation
time” and would i stself suggest a penpheral rather than a central
effect  The mode of action of curare i paralysing striped muscle
has already been discussed

All voluntary muscles are affected by large doses of curare,
becomng paralysed and flaccid but they are not all acted upon to
the same extent for example those of the eyes are particularly
susceptible

Curare also paralyses sympathetic gangha and 1t 15 possibly this
acuon which munmizes traumanc shock even if a severe stimulus
13 taflicted on a lightly anwmsthetized patient

When used 1n very small dosage to conscions patients, 1t 1s saxd
that curare and some other relaxants have a hissive effect This
means that they dimintsh muscle spasm without smpairing voluntary
muscle power Thus action may be explotted 1 the treatment of
spastic states, often combined with physiotherapy

In ordinary dosage curare has no effect on the cerebral cortext?
and as no anxsthetsc or analgesic action s present a hght general
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The relaxants in use can be classified asn the following
table —
T} pe of Relaxant Duati 1 of single de
1 Long (30 60 tmnty Bhedd (530 ST Short (o3 mine)

Non d tubocuranne gatiamune triethiod de
depolarizing chloride (wubarine) (Naxedul)
(compentrve) | d methylether of

blockers ubocuranne

chloride (mecoston}

bromude (diamethune)

iod de (DM E.)

tauderium methyl
sulphate (taudolissin)

Depolanining <10 i
blochers dibronuds (syncumne)| dicholine)
duodide (eulissin) chionde (scoline)
bromide (brevidil B powder)
10d de {celocunse)
suxethomum

londe
bromide (brevidil E. powder)
jodide (LS 362 Bovel)

The individual drugs must now be considered separately

CURARE

History Curare also known as wourant wourah uran and
unirarery was first described as an arrow poison by Sir Walter
Raleigh to Queen Elzabeth on s return to England from s
voyage to the Onnoco 1n 1584

In 1800 Humboldt found that certam Indian tribes 1n South
Amenica were smeartng on therr arrow heads and blow pipe darts
a syrup obtamed from a creeper which was later named strychnos
toxtfera

In 1812 Charles Waterton 1n his book Wanderings m South
America gave a detailed description of the paralysis which ensued
when an ammal was hut by an arrow poisoned with curare as the
concoction was now called and in 1814 he and Brodie stated that
the paralysis was probably due to a toxic action on the neuro
muscular mechanism

The first scientific research work on the substance was carried out
about fifty years later by the French physiologist Claude Bernard®
who 1n his classical series of experniments proved that the poisen
acted on the myoneural junction

Therapeutic use of curare m the human subject was then held up
for a long time owng to the towc effects notably bronchospasm *
which occurred fairly frequently when using unknown and differing
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a valve which tends to obstruct the passage of fluds, from the
pharynx to the esophagus but not in the reverse duirection
(4) On Cardiotascular System In normal dosage curare has hittle
effect on the blood pressure of antsthetized patients but shight falls
are not uncommon (86 per cent 1n one sertes)  The cause 1s probably
sympathetic gangha paralysts or lustamine release or both factors
In expentmental artenial mjection this effect 15 eastly demonstrated #
On the other hand, nses 1n blood pressure occasionally occur and
may be spectacular2* The onginal suggestion that the reason 1s
mcreased carbon dioxide tension from depressed respiration 1s
unlikely to be true as forced hyperventilation with an absorber does
not bring the pressure down to 1ts original level No chinical changes
1n the cardiac rhythm and no typical electro cardiographic changes
have been noted Curare does not appear to afford any protection
against vaga! inhibition of the heart during anzsthesia 22 The 1njec
tion of large doses of the alkalord mto the curcuit of the heart lung
preparation tn the dog has no effect on cardiac output, arterial
pressure or coronary flow It does however cause a slight fall in
venous pressure which would indicate an improvement of the cardiac
condition 2
Increased bleeding from wounds 1s occasionally observed n
curanzed patients Tlus has been ascribed to the release of heparm
Ehmmation Curare 1s elmmnated farly rapidly, partly by
destruction 1n the liver and partly by being passed unchanged 1n
the urine It seems to be established, however, that patients with
gross hver damage usually show a resistance to the normal effects
of curare ** One explanation of this phenomenon 1s that 1n hepatic
damage the serum pseudo cholinesterase 1s lowered and this might
lead to an ncreased sensitivity to acetylcholine at the end plates 25
In ordmary dosage, curare does not appear to pass the placental
barner to any significant extent and thus the feetus 1s unaffected by 1t
Preparations and Dosage Crude curare 15 classified quite
tfically by the c s in which 1t 1s packed Thus three
vaneties are recogmzed (1) Calabash or gourd curare (2) pot or
Jar curare and (3) tube curare which 1s placed 1n bamboo tubes
It has been said that these vareties of crude curare contain differing
proportions of curanine and allied alkaloids such as protocurarine,
protocurine and curine  As however the properties and even the
wdentities of these substances are uncertam 1t 15 unprofitable to
pursue the subject further

ere are several therapeutic preparations available ai
present ime prep the
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narcosis must be mamntamned In this connection a case has been
reported of a curarized patient regatning consciousness and sensitivity
to pamn during the course of an abdominal operation but being quite
unable to indicate the fact?* In very large doses, curare has a
central as well as a penipheral action and consciousness may be
lost

(2) On Respiratory System It has already been stated that
curare does not affect all muscles to the same ¢xtent I sufficient
dosage 15 given for abdominal relaxation the intercostal muscles
will almost certainly be paralysed and the breathing will become
draphragmatic  Direct recordings of the effect of a given dose of
curare on the contractions of the diaphragm and of a voluntary
muscle have shown that the former 1s less susceptible than the
latter whether stimulated naturally or artificially through the
phrenic nerve The therapeutic index’ of curare ¥ 1e the ratio
of the dose required to arrest breathing to that needed to abolish
muscle tone has been estimated at about 1 4 1t 1s therefore obvious
that 1t may prove impossible to secure complete relaxation with
effictent natural breathing and 1f curare 1s used the anesthetist must
be prepared to use assisted or controlled respiration

The opimion 1s now held by some anzsthetists that complete
apneea 18 not only innocuous but actually desirable’® It might
perhaps be pomted out that controlled respiration carned out
either by intermittent hand pressure on a reservoir bag or by
elaborate mechanical respiration by no means simulates natural
breathing 1n the differential pressures obtamned and under certain
conditions may prove detrimental

Bronchospasm although rare does occur even with pure prepara
tions of tubocurarine It 18 probably due to hstamune release'?
and 1n the authors opinion 1s practically never encountered unless
thiopentone 1s being admunistered at the same time or has recently
been 1njected and unless an@sthesia 1s too ight

(3) On Gastro intestinal Tract  Although 1t 1s usually stated that
curare has no effect on smooth muscle 1t would seem Iikely that
since the intestinal musculature contracts by acetylchole action
1t would be affected by the drug In most ammals curare inhibits
intestinaL peristalsis'® but 1n man the effect 1s varrable The stomach
and gut are usually quiescent but occasionally they exhibit mcreased
movements ® The intestines are rarely contracted as often seen
duning spmnal block Contrary to previous behef the cardiac
sphincter does not seem to be relaxed with full doses of myoneural
blockers The cnicothyroid sphincter 15 said to be converted into
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facthitate controlled respiration and to avoid the cough reflex which
may be so troublesome when the surgeon 15 working near the nlum
of the lung If short periods of relaxation only are required, ¢ g
for bronchoscopy or 1 electro convulsive therapy, 1t 1s preferable
to substitute a shorter acting agent such as gallamine or suxa-
methomum for curare

Contra-indicattion  Curare should be avoided 1n patients suffering
from myasthema gravis except for the minute test dose sometimes
used for diagnosing thus condition

Techmque of Admunstration  Curare has no effect by mouth and
1s usually given intravenously, but when this 1s impossible the
tramedullary or 1ntr lar route can be used For a very
prolonged effect, € g for controlling the spasms ©f tetanus, curare
can be given intramuscularly dissolved 1n wax and peanut o1l

The onginal and still sound method of giving curare for the
average long abdominal operation 1s to establish the patient 1n a
steady but Light plane of general narcosts and then to give an
1mtial intravenous dose of (say) 10 mg If relaxation 1s msufficient
1 three mimnutes a supplementary dose of 5 mg 1s given  When the
respiratory exchange becomes insufficient, assisted or fully con-
trolled respiration 1s mstituted No curare should be given within
30 mnutes of the completion of the operation and 1f the muscles
tighten during pentoneal closure a small dose of intravenous
thiopentone will always relax them temporanly In the wrters
opmion this 1s preferable to using a short acting relaxant such as
suxamethomum as sometimes prolonged apneea follows this
sequence the reason for wluch 1s not entirely clear In many cases
an intravenous dnp will be set up and the injection can convemently
be made into the rubber tubing as near the needle as possible
Otherwise a Gordh s needle (qv) or one of its modifications 1s
satisfactory  As a general rule endotracheal anasthesia 1s desirable
with curare not so much for fear of laryngospasm or bronchospasm
but as a safeguard against gastric regurgitation A cuff or pack 1s,
of course, essentsal for this purpose

It 15 not always easy to decide when an additional dose of curare
1s mndicated and 1t 1s worth noting that an increase 1n the tidal
respiratory volume generally occurs just before the return of muscle
tone

An alternative techmque which has become popular 1s to gwe
2 preliminary dose of § mg curare to the conscious patient This
should produce no obvious effect beyond a mild ptosis but occasion-
ally patients are met with who appear to have a true 1diosyncrasy
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(a) ““Tubarine’® (B W) 1s most commonly used in Great Britamn
and 1s claimed to be identical with the pure alkalomid 1solated by
King It replaced the former product “‘curanme chlonde” (BW)
which was a white powder which had to be dissolved and sterihized
Tubanne 15 a stenle solution contaming 10 mg per ml and 15
supplied 1n 15 ml ampoules and 5 ml rubber capped bottles
The ordinary preparation forms an insoluble precipitate when
mixed with thiopentone but “tubarine miscible™ 15 also avalable
for mixed 1njections

(b) d-tubocuranine chlonide (Duncan) 1s a solution of the same
potency as tubarine It contamns glycernine and alcohol and can be
muxed with thiopentone

(c) “Myostatin® 1s a stmlar preparation to tubarine

(d) ““Intocostnin®® (Squibb) 1s an Amenican preparation of a yellow
sterile solution contaming 20 mg of * curare extract per ml with
05 per cent chlorbutanol added as a preservative 1t 1s supphed
in rubber capped bottles of 5 m! and 10 ml capacity and 15 2
punfied extract from the plant chondodendron tamentosum As this
1s not a pure solution of d tubocurarine chlonde 1its action 15
more varable than that of the British product® and the dosage 15
higher 2 to 3 m! (40 to 60 mg) being an average 1utial dose,
1¢ 1t has about one fourth the potency of tubarne 26

It 15 unfortunate that no international agreement has yet been
reached to standardize the potency of curare preparations and 1t 1S
at present imperative to distingwsh between them

All curare solutions keep best 1n a refnigerator but if they become
cloudy they should be discarded

{(e) *“Tubod:]’’ 15 a suspension of tubocurarne chlonde 1n a mixture
of peanut o011 oxycholesterol denvatives and beeswax 1n a concentra
tion of 25 mg of the alkaloid 1n I ml A dose of from 1 to 3 ml
intramuscularly 1s said to give rehef for up to 24 hours from the
pain of muscle spasm from any cause

Indications Curare can be given in most cases where complete
muscular relaxation 1s required for some time The most obvious
scope for 1ts use 15 1n upper abdomunal or thoraco abdominal
surgery where there 1s a remarkable absence of shock from severe
trauma such as pentoneal traction A possible reason for this has
already been mentioned Curare appears to cross the placental
barner from mother to feetus very slowly if at all 10 although 1t has
been shown 1n ammals to pass in the reverse direction 7 There
therefore seems no reason to withhold 1ts use 1n obstetrics e g mn
Cxsarean section Curare 15 also useful during thoracotomies to
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paralysis and lustanune release are no greater in spite of the
creased potency

DME 1s avalable 1n 3 ml am
poules coptaning 6 mg of the drug

After considerable clinical use 1t 15 the CHO /\
general opmion that DME has a CH,0! NCU
shghtly shorter persod of causing \g
diaphragmatic paralysis than curare and o H,

that the inflation of collapsed luags

and lobes 1s slightly easter dunng

thoracotomy this effect being probably

due to less histamine release with (J: OCH’\O
correspondingly less bronchiole con H,

stuction It would seem therefore that >\

DME may have a shight advantage KCH,),N

over curare but owing to the fact that och,
the complicated molecule has four

optical 1somers 1t 15 difficult to be Dla,u‘;tezhyl ether of
certain that all samples are identical ** ocurarine todide

DI METHYL ETHER OF D TUBOCURARINE BROMIDE
This preparation also known as diamethine has a simiar action
to the 1odide and 1s supphied 1n 15 ml ampoules contaimng 6 mg
and 1n rubber capped bottles of 20 mg
DI METHYL ETHER OF D TUBOCURARINE CHILORIDE
Thus 1s a stmilar compound also known as mecostrin (hondrocurare)
LAUDEXIUM METHYLSULPHATE

Tlus drug 15 one of the heterocyclic decamethylene bis quaternary
ammonium compounds and 1s also known as landolissin and as

el ree:

: CH, cf, CH,
CH, HC

o g@é’."—'——(cu.\.a : \iﬁ ocw,

s OCH,

CH, SO, CH,50;
Structural formula of
laudextum methylsulphate
““compound 20 It 15 a competitive blocker and 1s consequently

antagomzed by neostigmmne but not to the same extent as 1s
d tubocuranne  Its potency 1s about half that of tubocuranne but
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to the drug 2lthough not suffering from myasthenia gravis Should
a normal response occur, a further 10 mg 1s given followed 1mmed;
ately by a suitable dose of thiopentone Complete relaxation uncon
sciousness and depression of respiration will follow An artificial
arrway or tracheal tube 1s then passed and an®sthesta maintamed
with the desired method accompamed at first by assisted or con
trolled respiration ** This technique collogually termed a ‘crash
mduction  1s spectacular and rapid, but 1s not devoid of risk In
the first place 1t 1s possible for the needle to shp out of the vein
before the thropentone has been given, and 1f difficulty 1n retnsertion
15 expertenced the patient will have the unpleasant sensation of
becoming curanzed without losing consciousness  Secondly the
anzsthetist must be sure that the stomach 1s empty or regurgitation
may occur before tracheal intubation can be carried out This
danger1s of course, aggravated in such conditions as acute mtestinal
obstruction 2° unless the mnduction of anasthesia 1s carried out with
the patient in a steep head up slope

The nature of the general narcosts accompanying curanzation
varies to some extent with the operation The author prefers
nitrous oxide and oxygen (about 70/30) with muute additions of
ether tnichlorethylene or cyclopropane If a non volatde agent 15
required pethidine seems preferable to thiopentone except for
closing the abdomen at the end of the operation If the latter drug
15 employed for long there 1s 2 tendency towards jerky respiration
and hiccough and the blood pressure curve seems to show greater
deviation from normal Whatever method 1s used adequate
oxygenation and removal of carbon dioxide are of paramount
umportance

After-effects The only after effects attnbutable to curare so far
reported are paresss of some of the ocular muscles which may persist
for a few days? Further information on curare will be found
under abdomunal surgery

DI METHYL ETHER OF D TUBOCURARINE IODIDE
The preparation of the di methyl ether derivative of tubocurarine
chlonide (D M E ) was first described by H King 1n 1935 30 and uts
pharmacology has now been worked out 1n amimals 3! and jn man ?
It has been established that DM E acts 1n the same way as the
parent drug and 1s d by the antichol ases such as

neostigmine
The chief differences between the two preparations are that

DME 15 2 to 2} times as potent and that sympathetic gangha




GALLAMINE i

For this reason gallamne 15 useful for operations lasting for
20 to 30 minutes which require muscular relaxation for most of the
tine The drug appears to have less effect than curare on paralysing
sympathetic gangla but it tends to cause tachycarda due to a
sagolyticaction It should therefore protect the heart (o some extent
from the effects of vagal actwity during anzsthesa  In the presence
of carbon dioude retention, however, st 1s said that gallamine can
cause ventocular acchythmea It 1s antagonized by neostigmine
and should not be used on patients suffening from myasthemsa gravis
or from greatly reduced renal function as eltmnation occurs by the
Jidneys Gallamine appears to pass the placental barmer with some
case and should therefore not be used i obstetres

DECAMETHONIUM YODIDE

Decamethonsum  (“‘C10”%) 15 bistnmethylammomum  decane
[N(CHy){CH,);sN(CH);)21  The dibromude 1s also knmown as
syncunne and the duodide as euhssin  Both salts are supplied as
solutions contauung 2 mg per ml Its effects were studied by the
Anasthetics Commuttee of the Royal Society of Medicine and
Medical Research Councit and 1t was found te be a stable non-
imitating solntion muscible wath thiopentone  lts potency (by
weght) 15 about five tumes that of d tubocurarine 3 mg usually

productag a short perrod of complete muscular relaxation 1n the fit
adult 32

Unlike curare d homum 1s a depolastzing relaxant {see
earher] and consequently the antichohnesterases such as neostigmine
have Inttle antagonizing action although they are, m fact, used by
some workers A further difference 1 that patients with myasthenta
gravis have an increased tolerance for decamethonum 3* although
severe cases apparently are hypersensitive to3t  In the latter circum-
stances the block produced 1s a non-depolarizing one so that deca
methonium can evoke a dual response *¢ Tt was at first thought that
lower members of the same senes (eg pentamethomumum and
hexamethonium) could be used as antidotes to decamethomum
It was soon realized however that m effective doses these drugs
caused profound falls m blood pressure from therr action of
blocking autonomic gangha and were useless for the purpose (see
Chapter 10)

Decamethoniom has about the same length of action as gallamine

and can be used for the same purposes The authors have not
found 3t as rehable while undestrable side effects are common,
¢ g bradycardia and fall in blood pressure 10
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its duration of action s shightly longer  On the other hand a Jonger
time elapses between an intravenous injection and the full relaxant
effect It cannot be mixed 1n the same solution with either thio
pentone  atropmne, gallamine or pethidine®* It has no obvious
side effects except the possible liberation of lustamine and like
tubocuranne affords no protection aganst vagal mhibition of the
heart 22 Laudexium was synthesized by Collier and Taylor 1n 1951
and 1s usually supplied 1n 15 ml ampoules containing 30 mg

GALLAMINE TRICTHIODIDE
Gall triethiodide (Raxedil, ia and “R P.3697") 15
tr1 (B dicthylaminocthoxy) benzene triethyliodide, and was first
synthesized 1n France in 194733 1t 1s a white amorphous powder
with a melting point of 145-150° C and a molecular weight of 891
It 1s supplied 1n a 4 per cent solution 1n water for intravenous
injection (1¢ 40 mg per ml) This 1s miscible with thiopentone

_ -0 CH, CH. N [GUAN
Gallamne triethiodide -0 CH, CH, N{CGH,), 31

0 CH, CH,N(CHY,

The first long series of cases with gallamine was reported 1n
this country®® 1n 1949 and 1t has now been shown that 1n general
1t has a curare like effect but 15 about one fifth as potent 80 mg
being equivalent to about 15 mg curare The duration of action
1s about half that of curare as 1s well shown 1n the accompanying
graph 37

FLAXEDIL -
- TUBARINE

Height of gastrocnemiys jerk
mm,

10 20 30 0
Minutes after ijection of refaxant.

hart comparing duration of action of gallamme (ﬂnxednl)
Fio 54 nndccurarc (Doughty and Wylie Proc R Soc Med
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For this reason gallimine 15 useful for operations lasting for
20 to 30 minutes which require muscular relaxation for most of the
time The drug appears 1o have less effect than curarc on paralysing
sympathetic gangha but 1t tends to cause tachycardia due to a
vagolyticaction It should therefore protect the heart to some extent
from the effects of vagal activity dunng anzsthesia In the presence
of carbon dioxide retention, however, 1t 1s said that gallamine can
cause ventncular arrhythmiaz It 1s antagomzed by neostigmine
and should not be used on patients suffening from myasthema gravis
or from greatly reduced renal function as ehmination occurs by the
Jadneys Gallamine appears to pass the placental barner with some
case and should therefore not be used 1n obstetrics

DECAMETHONIUM 10DIDE

Decamethontum  (**C 10”) 15 bistnmethylammonium  decane
[N(CH,)j(CHp),,N(CH,);J21 The dibromde 1s also known as
syncunne and the duodide as eubissin  Both salts are supphied as
solutions contammng 2 mg per ml Tts effects were studied by the
Anasthetics Commutiee of the Royal Society of Medicine and
Medical Research Council and 1t was found to be a stable non
imitating solutton muscible with thiopentone Its potency (by
weight) 15 about five imes that of & tubocuranine, 3 mg usually
producing a short period of complete muscular relaxation in the fit
adult **

Unlike curare, decamethomum 1s a depolanizing relaxant [see
earlier] and consequently the antichohinesterases such as neostigmine,
have little antagomzing action although they are, 1n fact, used by
some workers A further difference 1s that patients with myasthema
gravis have an wncreased tolerance for decamethomum,?® although
severe cases apparently are hypersensitive to it In the latter circum
stances the block produced 1s a non depolanzing one so that deca
methontum can evoke a dual response 76 It was at first thought that
lower members of the same senes (eg pentamethomum and
hexamethonum) could be used as antidotes to decamethomum
It was soon realized, however, that i effective doses these drugs
caused profound falls 1n blood pressure from their action of
blocking autonomic gangha and were useless for the purpose (see
Chapter 10)

Decamethonium has about the same Iength of action as gallamine
and can be used for the same purposes The authors have not
found 1t as reliable while undesirable side effects are common,
¢ g bradycardia and fall 1n blood pressure 4©
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SUNAMETHONIUM CHLORIDE
{Succinyldichokne chloride, scoline, suximyl, anectine, lysthenon
pantolax, brendil M solutton ] Suxamethontum chloride 15 the most
generally used short acting relaxant and has the structural formula

CH,COOCH,CH,N(CH,)Cl

CH,COOCH,CH,N(CH,),C!

The solutton contains 50 mg per ml and the dose vanes from
2 ml 1n a large muscular adult to 0 5 m! 1n a child (or about 0 5 mg
per b for intubation or other short procedures)

The action of suxamethonum 1s that of depolarnization and 1t can
be regarded as a short acting decamethomum (g v) Itsshort effect1s
due to the fact that 1t 1s hydrolysed by pseudo-cholinesterase instead
of being excreted by the hidneys as 1s C 10 Neostigmne should
therefore nor be used as an antidote 57

Although the drug 1s hydrolysed by alkalis 1t can be mixed with
thiopentone 1f the mixture 1s mjected immediately It 1s, however,
a poor techmque as the prel y wave of far confraction
15 parnful and may occur before cc 15 lost  Incidentall
generalized muscle pains or sore throat® due to stiffness of the
pharyngeal muscles may persist for several days afterwards m
ambulant patients Those confined to bed apparently complan less
of this complication #* A better method 1s to start with a  sleep-
dose of thiopentone and then to inject suxamethomum The lungs
should be rhythmucally inflated with oxygen as spontaneous respira
tion will probably cease for some minutes Itis however essentialto

ber that suxameth may permit the passive regurgitation
of stomach contents 1f the patient 1s lying flat  Much caution should
therefore be exercised when using the drug on outpatients or when
there 1s any reason to believe that the stomach may not be qute
empty Since 1ts mtroduction it has been used with great success for
such short procedures s mtubation examinations under anzsthesia,
ECT* and pulations 4 Suxamett 1s thought to cause
less cardiovascular changes during laryngeal intubation than other
relaxants but 1t may have a muscarine like action causing brady
cardia This 1s abolished by a preltmmary injection of atropme

In a few patients the action of suxamethomum 1s considerably
prolonged over the usual 3 to 4 minutes 4 The most likely explana
tion of this phenomenon 1s that such patients have an abnormally
low level of plasma pseudo cholimesterase and thus the suxa
methonium 1s only slowly converted nto succinic acid and choline 4
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It has been observed that most of such patients are il chinically
and may be suffening from severe anxmia, liver disease, starvation,
thyrotouicosts or electrolyte imbalance It 15 thought that some
times the depolarizing block 1s replaced by a non depolanzing one
[dual response) and this may prolong the effect** Intravenous
procaine also prolongs the action of suxamethonum probably
because both are hydrolysed by pseudo cholmesteraset? (which may
be 1dentical with the enzyme known as procaine esterase) Other
causes of prolonged apneea includ dose of the relaxant pro
longed adminstration of a dilute solution (see next paragraph),
reflex laryngeal spasm and too much or too little carbon dioxide
w the blood stream

The drug has also been given in diluted form*® (e g 0 15 per cent
or 750 mg 1n 500 ml normal saline)*® as an intravenous drip duning
prolonged operations with the 1dea of mawntamming a constant
degree of relaxation There are several drawbacks to this technique
In the first place any method of anw®sthesia which depends on the
correct functioning of a dnp infusion tends to be unrehable
Secondly in order to obtamn a sufficient degree of relaxation 1t
may be necessary to overload the patient s circulation with flud
Lastly 2 few patients exhubit prolonged apneea after cessation of the
dnp This 15 thought to be due to an accumulation of succinyl
monocholine®® which 1s an intermediate product 1n the breakdown
of suxamethomum In vitro at any rate 1t has a weaker but much
more prolonged effect than the parent drug A prolonged dnp
mfusion of suxamethontum has been used with success mn the
treatment of tetanic spasms 5

SHORT ACTING DEPOLARIZING RELAXANTS

Active Cation Inactne Synonyms
Anson
anectne
brevidil M solution
chlonde { lysthenon

. pantolax
scoline
bromide “brevidil M powder
celocurine
1odide curacit

scy

chlonde
suxethonium {bmmxdc brevidil E powder
sodide 1S 362 Bovet
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The chemical relationship of most of the short acting relaxants
which have been used 1n anzsthesia are summanzed 1n the table on
p 113% but in practice suxamethonmum chlonde 1s almost always
used 1n this country

It should be noted that the methonium cation 15 about 2} times
as potent as the ethonium one Scientifically the dosage should
really be calculated 1 milligrams of active cation but 1n practice
this has proved to be too complicated As an example 50 mg
suxamethonium chlonde contain 40 mg active cation whereas
60 mg of the bromide are required

MISCELLANEOUS RELAXANTS
There remam a few muscle relaxants which for one reason or
another do not fit into the classification already given

Mephenesin
Meph (atensin, lissep m)anesn, relaxar)is B-dihydroxy -
(2 methyl phenoxy) propane and consists of colourless crystals with
a melung pomt of 70° C It 1s put up as a JO per cent solution
(1 g 1n 10 ml ) which 1s miscible with thiopentone

O CH,CHOH CH, OH
CH,

Strychnne and picrotoxin anfagonize mephenesin to some extent
and 1t was at first thought to act as a depressant on the spinal cord %
As however it relieves pain of thalamic ongin 1t seems more
probable that ts effect 1s on the basal gangla ** Mephenesin has been
obsenved to check epileptic fits 1n 30 seconds so that 1t almost
certainly has a central rather than a penpheral effect® (cf curare s
time of 90 secs )

An intravenous tnjection of from 5 to 10 ml 1n the average fit
adult usually produces muscular relaxation with little intercostal or
diaphragmatic impatrment ** Mephenesin has however lost popu
lanty owng to varous complications which may occur such as
thrombophlebitis 37 hzmolysis followed by hamoglobinuria 5 and
renal failure 3° It may be that the hypertonicity of the solution or
the composition of the solvent may play a part tn these sequele
but however this may be the use of the drug 15 now practically

fined to oral ad ration (as an elxir) or an ntravenous drip
nfusion of about 4 g per htre for spastic states such as tetanus ®°
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Dihydro-B-crythroldime

This substance has been extracted from the sub tropical tree

Flame of the Forest® and has been used for some time in the
treatment of spastic conditions®! and for preventng fractures 1n
leptazol convulsive therapy

It appears to act like curare on the myoneural junction but differs
1n that 1t 15 effective when taken by mouth and that it causes a fall
1 blood pressure

In a senes of 215 admimstrations dihydro § erythroidine gave
good muscular relaxation for operations with an average total
ntravenous dose of 240 mg *2

Prestonal (Geigy 25178)

This was selected by R Domenjoz from a number of compounds
prepared by Girod and Haeflinger in the Geigy Laboratortes and
has been clinically tested by Rudolf Frey of Heidelberg Chemically
it s N, N, N, N-tetramethyl N, N bis (carbopropoxymethyl) 3,
14 dioxahexadecane 1, 16 dia bromide

1t appears that the drug should be classed as a neuromuscular
blocking agent of the muxed type as it 1s not reversed by either
neostignune or tensilon, nor on the other hand does 1t cause muscular
twitches and after pain like the suxamethonwum haldes It 1s a
powerful inhibitor of the cholinesterases It requires two minutes
to reach its maximal effects after intravenous injection which
should be at a rather slow rate to prevent flushing of the face and
tachycardia dunng wmjection Its effects last from four to seven
minutes ®

Prestonal has proved useful for obtaiming muscular relaxation
for short periods for example before endotracheal ntubation, for
bronchoscopy and for the closure of the peritoneum A dose of
2 mg/kg will give complete relaxation for approximately five
minutes It appears to have a pronounced relaxant effect on the
muscles of the pharynx without depressing spontaneous respiration

It 1s put up 1n 10 ml ampoules of 1 per cent solution, the pH

of which 1s 32 In this form 1t 15 stable It does not mix with
barbrturates

Benzoquinomum Chlonde
This compound also known as mytolon and WIN 2747 1s

2 5 bis{3 diethylamino  propylamino) benzoquinone bis benzyl
chlonde was synthesized 1 Amenica® and some chmieal work
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suggested that 1t might be useful as a muscle relaxant 1n man
The solution 15 coloured red
o]

" - § T
iy & H _@»N-cn,cu,cu,—u’c' s

— —_ AN
e /'I( CH,CH, CH—N c{‘+ CH,
the] <)

el

Two investigations 1n ammals and man 1 Great Bntain have
shown that benzoquinontum chlonde 15 undoubtedly an effective
relaxant acting for a rather shorter time than curare but that 1t
has various unpleasant side-effects chiefly of a vago mimetic type
such as salivation colic, bradycardia and extra systoles *¢ Occa
sional bronchospasm occurs probably due to histamune release®
The drug was at first thought to act both as a competitive and as
a depolanzing blocker but recent work suggests that the latter
effect 1s shght

Confusion may be caused mn the readers mind by the large
number of relaxants descnbed In the wnters opon all reason
able needs can be met by using tubocuranne for prolonged relaxation
(usually 1n divided doses), gallamime for shorter cases and suxa
methomum for procedures lasting for a few munutes only

ANTIDOTES
Farly efficient antidotes exist which reverse the effects of the
competitive blockers  Most of these belong to the anticholinesterases
The same cannot however, be said for depolanizing blockers but
since most of these are short acting antidotes are rarely necessary
Neostigmine methylsnlphate (prostigmne) has the structural
formula —

0 CON(CH,),

N (CH,); SO,CH,

and appears to act not only by its anticholnesterase effect of
increaswng the t of acetylchohne reaching the end plate but
also by increasing the responsiveness of the end plate to the small




NEOSTIGMINE 17

amount of this substance which can pass the barnier created by the
blocker 7 Unfortunately neostigmune has unwanted parasympa
thormmetic {muscanmic) side-efects such as bradycardia salnvation,
pulmonary edema and diarthea  These can be largely avorded by
giving two munutes previously a large sntravenous dose (about
g %) of atropue  The drugs should preferably not be gunen
simultancously from the same synnge as, at any rate in theory,
ventrnicular fibnllation mught occur % Some workers, however,
discount this danger 77 The pulse rate should be watched for at
teast 10 munutes after neostigmine has been given and if 1t slows
excessively, a further dose of atropine should be injected to guard
aganst possible cardiac standstill from mhbition ¢* Neostigmne
usually produces quite a dramatic effect at the time but patents
may later relapse 1nto a state of mefficient respiration ** For this
and other reasons 1t 1s better practice to ensure that relaxants have
fost therr effect before the patient 18 returmned to bed than to gve
an antdote If thus1s y, however neost eg 25mg
should be well diluted and given intravenously tn divided doses after
the prelminary ijection of atropine  In addition to its anticholin-
esterase activity 1t 1s thought that neostignune may have a C 10-hke
effect on the end plate and that a large dose may cause a neuro-
muscular block

Pyndostigoune (mestmon) 1s the dimethylcarbamuc ester of
N methyl pyndium bromide and 1s an analogue of neostigmine
with about half 1ts potency On 1nvestigation 1t 1s sad to bave a
less rehable effect agamnst competitive blockers than the better-

O C O N(cH,),

N CH,

known drug 7 The micotime effect of pyndostigmine on voluntary
muscle 15 more prolonged and its muscarinic effect on viscera 1s
weaker than s the case with neostigmine

Edrophomum (tensilon) 15 3 hydroxyphenyldimethylethyl ammo-
nwm chlonide and 1s put up m a solution of 10 mg per ml In
ammals the drug appears to have a complete antagonistic action
to the competitne blockers with neghgible side effects af atropine
1s given beforchand In man however, edrophomum 1s more un-
certam and evanescent than neostigmune but 1t still has some voguen
America ? Asa derable part of the phar 1 action of

edrophonium ts to tncrease the sensitivity of the muscle end plate to
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acetylcholine 1t does have some slight effect in reversing the paralysis
caused by depolanizing blockers The muscaninic effects are not as
marked as with neostigmine

Other Antidotes

True antidotes to depolanzing blockers are known and have a
similar chemical constitution, e g both hexa- and pentamethomum
reverse the action of decamethontum but unfortunately they are not
practicable because of varous other effects such as hypotenston
Agamn acompound knownas 51-212 antagomizes both competitive
and depolanzing blocks but 1n this case its use 1n man 15 debarred
owing to 1ts depressor effects ¢7

MORTALITY

A short time ago some concern was felt by the publication of 2
paper 1n Amenca concerned with the anmsthetic mortality of
599,548 operations covering a 4-year period m 10 hospitals 2 It
appeared from the figures given that 1n 266 deaths where no muscle
relaxants had been given the mortality rate was 1 tn 2100, while
1n 118 deaths when a relaxant had been included 1n the technique
the rate was 1 n 370 1e nearly six tsmes as lugh Furthermore,
74 of these relaxant deaths were attributed to respiratory failure
(hypoxia) It 1s difficult to avord the conclusion that the prevention
of hypoxia and hypercarbia 1s perhaps not regarded as of the para
mount 1mportance 1t 15 on this side of the Atlantic Whatever
the reason of these alarming statistics may be, the opmion of
responsible ansthetists in Great Britain 1s that the mntroduction of
specific muscle relaxants has proved one of the greatest advances
of the past twenty years and 1f properly used the nisk of the an@sthetic
techmque 18 not increased thereby
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CHAPTIR 8
LOCAL ANALGLSIA

Toxic Effects of Local Analgesic Drugs—Some Newer Local
Analgesic Drugs—Hyaluromdase—Drugs Used Jor Vasoconstnie
tton—Some Newer Pressor Drugs

Untoward Reactions to Local Analgesia Drugs

THESE were formerly divided into those affecting the nervous system
which resulted 1n death from convulsions and from respiratory
failure the result of muscular inco ordination, and those causing
acute circulatory collapse Recently a more detailed classification
has been made into toxic manifestations 1 normal wndividuals,
abnormal responses and effects not directly due to the local analgesic
drug itself ! Included 1n the first group are central nervous system
effects such as stimulation of the cortex and depression of the
respiratory and vasomotor mechamsms and cardiovascular effects
such as direct action on the heart and action on the vascular bed
Abnormal responses include allergy hypersensitivity and 1dio

syncrasy The associated reactions are likely to be due to fear and
anxiety or to the effects of the pressor amne used to promote vaso

constniction  Any of these may occur singly or they may be combined

Some Newer Local Analgesic Drugs

Lignocame (xylocawe, xylotox, lidocaine, lastracaine) This 1s
diethylamino 2 6 dimethylacetamilide hydrochlonde

CH, G,
NH— (l'.— CH;—N HCe
CH, o C;Hy

1t was synthesized 1n 1943 by Locefgren and Lundqust Tt differs in
1its chemucal structure from cocatne and procaine being a denvative
of acetamilide It 1s the best all purpose locat analgesic drug 1n use
at the present time for infiltration nerve block and surface analgesia
Is toxicity 15 greater than that of procaine n the stronger solutions
but 1t ts more potent so that its therapeutic index 1s higher It 1s
extremely stable, 1s not decomposed by alkalis or acids will with
stand repeated autoclaving 15 a rapidly spreading and diffusing drug
121
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and produces most cffective analgesia It can be successfully used
for all types of patn rehef spinal extradural nerve block, infiltration
and topical It s without effect on the calibre of small blood vessels
being neither a vasodilator nor a vasoconstrictor It can be used mn
those patients who react badly to procaine and 1ts congeners The
drug 1s probably excreted by the hidneys after hydrolysis by a plasma
esterase, but this occurs less rapidly than 1s the case with procaine

Fornfiltration 0 5 per cent solution 1s adequate, with 2 maximum
dose of 100 ml (500 mg) In extenstve cases, half this concentration
has been used with success  The strength for application to the cornea
18 2 per cent and that for topical anal of the b
of the upper air passages 1s 2 per cent to 4 per cent In dentistry
2 per cent solution with1 50000 or 1 80 000 adrenaline 1s used
Lignocaine, and other local analgesics put up with adrenaline, must
be made acid (pH 4) 1n order to remarn stable and this acid reactton
may have a harmful effect on the metal of synnges so that the
solution should not be stored 1n a syringe or metal container, but
should be used immediately and the syringe (or container) afterwards
carefully washed Xylodase 1s 5 per cent lignocamne in a water
soluble base of carbowax to which 1s added hyaluronidase to promote
rapid action and depth of penetration It 1s a useful Iubricant for
endotracheal tubes and serves to deaden the patn of dental injections
of local analgesic drugs 1f rubbed on to the gum Xylocaine Viscous
contams 2 per cent of the analgesic 1n a palatable base which pro
duces when swallowed a degree of analgesia of the mouth pharynx
and ceesophagus prior to laryngoscopy csophagoscopy and gastro
scopy when these examnations are to be made without general
anasthesta  Its lugh viscosity and low surface tension enable 1t to
have a prolonged and useful effect on mucosal surfaces ncluding
that of the imtestine 1n patients who complain of dumping syndrome
after gastrectomy The dose varies from a teaspoonful to a table
spoonful Xylocaine Gel contains 2 per cent of the drug and 15 a
safe and efficient agent for the production of analgesia 1n urethral
instrumentation

Hexylcame (cyclame)

o —_—
It e
Oc—o—cu—cuz—nu—cu
] S
CH

3

This 1s 1 cyclohexylamino 2 propylbenzoate hydrochlonide and
was synthesized by Cope and Hancock® in 1944 The 1 per cent
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solution can be autoclaved and has 1 low tovicity relative to procaine
and surface effects sirmlar to cocamne 1t combrnes the long duratton
of action of amethocame with moderate chemucal stabilty  For
mfiltration 1 per cent solution can be used while 5 per cent solution
gnes good toprcal analgesia  For subarachnoid block, 15 per cent
solution made hyperbanc with 10 per cent glucose has been success-
fully used The pH of a 1 per cent solution 15 39 ¢t Jtsuse as a
topical analgesic apphed to the larynts satd to reduce the incidence
of arthythmia assoctated with Jaryngoscopy and intubation R
cocane and other topreal analgesics make these arrhythmias worse
Other investigators have found the agent causes irritation and some
residual soreness when used for infiltration,® but on the whole this
new drug has been found to be a useful addition to the range of
local analgesics ?
Ravocmne (pravocame)

NH,

OCH,CH, CH,

C.4
7 2tls
COOCH,CH,NT ™ ey

C.Hs

Ths 1s procame with two propoxy groups and 1s a white crystalline
solid melting at 148° C, readily soluble 1n water with analgesic
activity half way between that of procane and cocamne The pH
of a1 percent solutionis 55 Its topical activity 1s greater than that
of cocaine, whale its toxicity 1s comparable to that of amethocame
For mfiltration 0 1 per cent solution and for nerve block 05 per
cent solution s sutable For subarachnoid block 03 per cent

with 10 per cent glucose has been used,* and good analgesia has
been reported ® Dental surgeons have had good results following
the mjection of 0 4 per cent solution *

2-Chloroprocame This 1s a white amorphous powder with mole

cular weight 307 21 and a melting point of 170° C 1t was described
by Foldes 1n 19521° The salt dissolves fasrly well 1n water and the 1

per cent sofution has a pH of 49 Tt 1s moderately stable at room
temperature and has a hugh therapeutic index Itis rapidly hydrolysed
by the pseudocholinesterase of plasma the rate being four times that
of procatne It has been successfully employed spinal analgesiamn
which the successful results are higher and the onset more rapid than
when procaine 15 used 1t 15 reported to have a greater penetrating
power than procawne It 1s sold commercially as nesacamne
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and produces most effective analgessa It can be successfully used
for all types of pain relief spmnal extradural, nerve block, infiliration
and toprcal It 1s without effect on the calibre of small blood vessels
being neither a vasodilator nor a vasoconstrictor It can be used 1n
those patients who react badly to procane and its congeners The
drug 15 probably excreted by the kidneys after hydrolys:s by a plasma
esterase but this occurs less rapidly than 1s the case with procame

Formfiltratton 0 5 per cent solution 1s adequate with a maximum
dose of 100 ml (500 mg) Inextensivecases half this concentration
has been used with success The strength for application to the comea
15 2 per cent and that for topical anal of the
of the upper air passages 1s 2 per cent to 4 per cent In dentistry
2 per cent solution, with 1 50000 or 1 80 000 adrenaline 1s used
Lignocaine, and other local analgesics put up with adrenaline, must
be made acid (pH 4) 1 order to remain stable, and this acid reaction
may have a harmful effect on the metal of syringes so that the
solution should not be stored 1n a syringe or metal contamer, but
should be used immediately and the syninge (or contamer) afterwards
carefully washed Xylodase 1s 5 per cent lignocamne m a water
soluble base of carbowax to which 1s added hyaluron:dase to promote
rapid action and depth of penetratton It 1s a useful lubricant for
endotracheal tubes and serves to deaden the pain of dental ipjections
of local analgesic drugs if rubbed on to the gum Xylocaine Viscous
contains 2 per cent of the analgesic 1n a palatable base which pro
duces when swallowed a dcgrec of analgesia of the mouth pharynx
and e@soph prior to lary py cesoph: y and gastro
scopy, when these examunations are to be made without general
anzsthesia Its hugh viscosity and low surface tension enable 1t to
have a prolonged and useful effect on mucosal surfaces mcludmg
that of the intestine 1n patients who complaimn of d
after gastrectomy The dose varies from a teaspoonful to a table
spoonful Xylocaine Gel contains 2 per cent of the drug and 1s a
safe and efficient agent for the production of analgesia mn urethral
mstrumentation

Hexylcane (cyclaine)

o : M
i € N
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This 15 hexyl 2 propylt te hydrochlonde and

was symhesnzed by Cope and Hancock® 1n 1944 The 1 per cent.
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test of time and expenience, 1s scrious neurological sequelt have
been reported after its use One patient developed transverse
myehts following the mjection of a small volume nto the nter-
costal nerve 31n from the midline  Other workers have scen cases
of toxic neuritis 1 Experimental work has shown that the propylenc
glycol 15 largely responsible for the destruction of nerve tissue, and
medentally for the analgesic action 23 The drug must therefore
be used, 1f at all with the very greatest care

The Use of Hyaluromdase with Local Analgesics

Hjyaluromdase (hyalase, rondase, hydase, wydasc, diffusin) 1s 2
mucolytic enzyme which hydrolyses or depolymenzes hyalurontc
aad It increases the area of the distribution of drugs 1n the tissue
spaces and therefore aids their absorption and so 1s uscful for
hypodermoclysis 1 infants and children In local analgesia 1t
facilitates penetration of solution into nerve fibres and causes a
speedier onset and a larger area of analgesta with the use of a
smaller volume of solutton With these good points are some bad
ones 1t results 1n a shorter duration of analgesia and perhaps an
ereased toxicity of the drug used  As a mucolytic agent 1t reduces
the time of onset of analgesia if incorporated 1n an analgesic cream
for topical use, as in xylodase Vasoconstrictors increase the
spreading effect by delaying the absorption of the enzyme The
usual dose employed 15 one turbidity reducing umt (TR U) for
each 1 ml of analgesic solution It finds 1ts greatest use 1n extensive
infiltration analgesia and 1n internal pudendal block and blocks for
fractures such as Colles fracture For lumbar extradural block 1t
should be avoided Successful nerve blocks are better obtaned by a
knowledge of anatomy than by the indiscriminate use of this enzyme
An mternational hyalurondase standard has now been defined by
the World Health Orgamization at Geneva (1955) so for example
3 mg of rondase equals 1000 international unsts One thousand
Benger units roughly equal 450 turbidity reducing wmits or 200
viscosity reducing umits  For hypodermoclyss, 1000 units of hyalase
are sufficient for the absorption of 500-1000 ml of flud

Drugs Used for Vasoconstriction 1 Local Analgesia
In addition to adrenaline and cobefrm, phenylephrime (neo-
synephring) has been successfully used to prevent the too rapid
absorption of local analgesic solutions 1t differs from adrenaline
chemically 1n that 1t has one instead of two hydroxyl groups on the
benzene ring—~in the meta position  Synephnine an older drug had
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Fic 55 Extreme dissociatton in the nerve fibres 11 days after
intraneural injection of Efocaine  (Mannheimer ef al J.A M.A., 1954)

P ras ey

FiG 56 Degeneration and necrosis of the muscle 48 hours after
mjection of Efocaine (Mannheimer er al JAMA 1954)

Efocame Tlus contains 1 per cent procame base 025 per cent
procame hydrochlonde 5 per cent butyl para ammobenzoate
dissolved 1 polyethylene glycol 300 and 2 per cent propylene glycol
(78 per cent 1n water) It was mtroduced as a long acting local
analgesic solution free from toxicity but has not withstood the
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pressure following bromethol administration When added (0 25—
05 ml) to a solution of spinal analgesic, 1t increases the duration of
pain relief, as does adrenaline (0 25 ml of 1 1000 solution)
Methoxamme (vasoxine, vasoxyl, vasylox) This chemically 1s
8 hydroxy 8 (2, 5 dimethoxyphenyl) 1sopropylamine and 1s 1 very
promising new drug A vasopressor by virtue of its action on vessels,
1t influences netther the heart rate and output nor the cerebral cortex
1t can be used on patients under the influence of cyclopropane
without the risk of precipitating an attack of ventricular fibrillation
Bradycardia from aorticocarotid sinus reflexes, accompanies the rise
1n pressure which comes on very soon after intravenous mjection of
2-4 mg which can be repeated The intramuscular dose 15 5-10mg ,
the onset occurring 1n fifteen minutes, and the duration of action,
one hour It has no effect on the bronchial musculature, but causes
pilomotor stmulation It as put upan 1 per cent solutson
Mephentersmine suolphate (wyamine, mepline) Chemically this
1s N methylphenyl tertiary butylamme It 1s mactive optically The
drug has been studied by Brotman?® who found 1t to be a vasopressor
acting on the vessels In the dog 1t has been shown to exert
a posttive motropic and chronotropic effect 1 1t 15 a long acting
drug both after intravenous and intramuscular injection It has no
antianorevc or cerebral sttmulating effects The mtravenous dose
1s 15 mg gven slowly and repeated 1f necessary It 1s put up in
15 per cent solution and also as an mhalant to reduce nasal conges
tion and hyperemia It can be given as an wtravenous drip, and has
achieved success in the immediate treatment of some cases of hypo
tension assoctated with coromary occlusion It 1s reported that
mephenteramine protects against ventricular fibrillatton—though not
against tachycardia hypertension or extrasystoles—1in ammals under
cyclopropane anzsthesia who receive an otherwise fatal dose of
adrenahne
These drugs are all useful to reverse the hypotension produced by
spmal or extradural analgesta and to combat certamn cases of shock
when given together with blood plasma or plasma volume expanders
Isopropylnoradrenaline (i P , 1soprenal 1S0pr 1,
1sopropyInorarterenol, aleudrine, 1suprel, nonsodrine) T drug
although a congener of adrenaline 1s not used as a vasoconstrictor
It has its effects largely on the bronchi and so 15 useful 1n the relief of
bronchospasm On intravenous njection 1t causes vasodilatation
with consequent hypotension an effect lasting from five to fifteen
minutes It reduces the peripheral resistance mn the renal and
splanchnic regions while its cardiac effects are similar to those of
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the hydroxyl group in the para position It produces good vaso
constriction and has no effects on esther the cerebral cortex or the
heart and thus causes neither excitement nor tachycardia ¥t 1s put
up m | per cent solution and s used 1n a final strength of 1 2000
orl 2500

Some Newer Pressor Drugs

TABLE SHOWING CHIMICAL RILATIONSHIP OF SOML VASOCONSTRICTORS

HeonoC oeo—-NH

o) H OH ll, CH, Adrenahine

OH OH OH H, H Noradrenaline
O OH OH H, CH(CH,), Isorg‘r)?%:cmhne
H OH OH H; CH, Phenylephnine
H H OH HCH, CH, Ephedrine

H H H HCH, CH, fo‘rnyp]h:lamme
H H H (CH,), CH, Mephenteramne

The table gives the chemical relationships of some commonly
used vasoconstrictor drugs

Phenylephrine (neosynephnine, 1sophryn, neophryn, metasympatol)
This 1s an optically active pressor amune differing only shghtly
from adrenaline chemically (see above) and pharmacologically Its
chref effect 1s on the cireulatory system and the intravenous mnjection
of 08 mg ntravenously or of 5 mg intramuscularly causes a rise
first 1n diastolic then 1n systolic blood pressure which lasts for twenty
to sixty minutes  With the hypertension 1s associated bradycardia
which 15 probably a reflex effect from the baroceptors in the aortico
carotid sinuses but may be a direct cholmergic effect on the S A
node 1t It does not canse many cardiac irregulanties with cyclo
propane and can be given in an intravenous dup  Ttisissued in 1 per
cent sterile solution each ml containing 10 mg It produces no
tachyphylaxss and does not stimulate the central cortex Tt has been
used to combat paroxysmal aunicular or nodal tachycardia in normo
tensive patients and 1s accompanted by a mintmum of side actions It
can be used as an inhalation 1n asthma and serves to raise the blood
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ml of solution are added to 500 ml of saline, dextrose solution or
plasma expander, the resulting strength will be 4 pg per Itre  The
solution 1s employed as a continuous intravenous drip, the rate being
regulated according to blood pressure readings

Tt has been successfully used 1n the treatment of peripheral circula
tory failure, together with blood or plasma cxpanders n surgical
shock, and 1n airculatory failure consequent on coronary occlusion
after pulmonary embolism removal of chromaffin cell tumours,
and after certain cases of bilateral adrenalectomy It can rase the
lowered blood pressure of patients i whom other hypertensive
drugs such as methoxamine, phenylephnine and methylamphetamine
have falled It decreases the renal blood flow, unlike methednine
which mcreases 1t 1 and also reduces the blood flow through the
liver and bram

Antagomsts to toxic doses of adrenaline and noradrenaline (and
05 mg of the former injected subcutaneously has proved fatal)
include the following group of drugs The ergot alkalowds, the
benzyl chloroethylamines such as dibenamine, the imidazolines e g
tolazoline (priscol), the phentolamine group eg regitine and the
benzodioxanes e g piperoxan Of these the most useful 1n clintcal
work are likely to be piperoxan 15 mg 1ntravenously or phentol
amine, 5-10 mg Chohnergic compounds the pharmacological
antidotes, may also be helpful, e g carbachol or mecholyl
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adrenaline that 1s 1t has a positive notrophic and chronotropic
effect 17 Its chief clinical use 1s to dilate the bronchi in bronchial
asthma, while 1t also inhubits penstalsis and ntestinal tone It has a
mildly stimulating effect on the cortex It 1s probably oxidized by an
enzyme similar to amine oxidase It 1s prepared m 5 and 10 mg
tablets for sublingual use and sn 05 and 1 per cent solution for
inhalation as an aerosol While cardiovascular side effects are not
wnfrequent after sts sublingual administration these are rare after
mhalation

Noradrenaline (l-arterenol, levophed) This new drug, lke
adrenaline, a catechol amine, was synthesized i 1904 by Stolz. It
15 probably the chemical mediator of sympathetic nerve impulses
Chemically 1t i1s simular to adrenaline, only the methyl radical
attached to the nitrogen atom 1n the former drug has disappeared in
noradrenaline, hence the term nor (mtrogen ohne radikal) It was
first used clincally in 1949 by Goldenberg and Ius colleagues!® who
employed 1t 1n states of hypotension and shock It 1s a regular
constituent of the post ganglionic sympathetic nerves and 1s found
1 all organs supphed by such nerves  It1s also present tn the adrenal
medulla It raises both the systolic and diastolic blood pressure
dilates the coronary artenes ** and this effect, together with the
ncrease 1 aortic pressure which 1t produces enables 1t to act as a
potent heart sumulant © While adrenaline acts as the fight flight
and fright hormone and 1s concerned with alterations in metabolism
noradrenaline 15 the pressor hormone contracting not only the
vessels 1n the skin and subcutaneous tissues but also those 1n muscle
but causes a bradycardia reflexly from the aortic and carotid sinuses
It directly increases the contractile force of the myocardum but
may make it more irntable 2 It 1s oxidized by amine oxidase rather
more quickly than 1s adrenahne and so 15 not very satisfactory when
added to solutions of local analgesic and when myected with saline to
produce localized 1schzmia  Extravenous leakage of a drip infusion
1nto small peripheral veins has been known 1o canse tissne Decrosis
so 1t should be run into the proximal and larger veins or carried up
to them through a plastic cannula  Although less Likely to imtiate
ventncular arrhythmuas than 1s adrenaline its use in comunction
with cyclopropane 15 probably unwise  Vessels gradually lose their
responsiveness to physiologically released and artifierally inyected
noradrenaline during prolonged low blood pressure states so active
resuscitation with this drug must be started eatly ¢

‘Noradrenaline 1s put up commercially as the brtartrate 1n ampoules
of 1 1000 solution each ml contaimng 1 mg of the drug If two
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As the method 15 not very extensively employed, recent advances
are few, and at present this 1s not one of the fastest growing pomts
1n our specralty -

The effects of spmal analgesta on the circulation have been care
fully studied and 1t has been shown that there 1s reduction 1n stroke
volume and cardiac output, and reduction in nght auncular,
pulmonary artenal and brachial artenal pressures, a decrease 1n
penpheral resistance, rate of oxygen consumption and heart rate, a
fall in the oxygen content 1n the pulmonary artery and the brichal
artery There 1s no decrease 1n the artenal blood oxygen saturation
and the artenovenous oxygen difference 1s increased  All these
changes are more marked 1n high than in low block and are due to
vasomotor paralysis

The estimation of the specific grawity of cerebrospinal flmd 13 more
comphieated than would appear Water chlonde, sodiwm and carbon
diowide affect density to the fourth or less place of decimals whereas
albumen and globulin affect 1t only to the fifth place 1If a solution
to be injected 1nto the theca has a density at 37° C pgreater than
10022 ¢, per ml 1t can be regarded as hyperbaric and 1f 1t 15 less
than 09998 g per ml 1t can be treated as hypobaric At 37°C
human cerebrospinal flud 1s said to have a density of 10010
400003 g perml or1 0040 300004 g perm! at25° C?® Cerebro-
spinal flud contams small quantittes of cholesterase but this
probably does not cause appreciable hydrolysis of agents such as
procaine lighocaine and amethocame and so does not make
analgesia less intense when these agents are used

HIGH (TOTAL) SPINAL BLOChK

High spinal block still retains 1ts popularity 1n some centres as a
ready means of ensuning relasauon analgesia and 1schemia White
procamne was used ongnally by Gniffiths and Gillies * hyperbanc
nupercaine or other drugs can be used With this techmque
scrupulous attention must be paid to the ventilation of the patient
an endotracheal tube being used 1f necessary, and the condition of
the circulation must be constantly under review Intravenous mjec-
tion of a pressor drug may be needed if there 1s alteration of the
depth or thythm of respiration prolongation of capillary filltng time
Cyanosis 1n the presence of a good airway and oxygen tension 1n the
tnspyred atmosphere a sudden fall 1n the blood pressure after its
tmitial stabilization and gross alteration 1n the rate or rhythm of
the pulse The techmique 15 probably contra indicated 1 patients
with coronary disease severe artenosclerosis aortitis and aortic
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.

THE PRLSENT POSITION OF
SUBARACHNOID AND IATRADURAL ANALGESIA

In the Unsted hangdom there 1s at the ime of wirting & cloud over
spinal analgess:a Thisis not b 15 an1 factory method
of pain rehief, while the fact that 1t 13 often accompansed by hypo
tension 15 now regarded as one of its advantages when formerly this
was Jooked on as an undesirable event It 1s the newrologieal
complicattons of which anwsthetists are afrasd and ths fears pantly
due to the increase in hisgation since 1948 and to some recent
decisions sn the High Court eg the Woolley and Roe case®
Uneasiness 15 made worse by the fact that the cause of senous
neurological complications 1s not fully understood While neuro
fogists tend to blame susceptibility of the nervous tissue of certattt

10 the drugs injected susgeons think first of mfection as the
cause and anesthetsts—or some of them—have suggested that
munute flaws in the glass ampoules the local anal
solution have allowed strong antiseptic 1n which stosage has taken
place to seep 1n and be mjected intrathecally Ser Franas Walsh
states categoncally®® that the cause 1s the local analgesic drug and
quite rightly points out that the mmmersion of ampoules i o3¢
solutions for purposes of sterilization 1s by no means a constant
factor i the recorded cases of post spinal neurological complications
There may welf be more than one cause for this most graye comphea
tion and research nto thas matter ss urgently necessary Added to
s the missionary work of Massey Dawlkins Bromage and others
n popularizing lumbar extradural analgesta has focused attentron
away from spmal block  Thay have shown that their method gives
most of the ad of spinal analg without prod the
occastonal untow ard result assocrated with 1t Clouds pass however
and 1t 15 possible that the method will once agam enjoy at least some
of the warm rays of populanity The dangers and management of
hypotenson are now better understood than they were whde aute
claving of the entire armamentarium should avord chermcal and
bactertological adulteratson of the injected solution  The favourable
report of Dripps and Vandam {see later) 1s perhaps the first move i
thus direction

3o
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As the method 15 not very extensively employed recent advarces
are few, and at present this 1s not one of the fastest growing points
w our specialt

The c‘f;’cccclts 3{ spinal analgessa on the circulation have been care
fulls studied? and 1t has been shown that there 1s reduction in stroke
volume and cardiac output and reduction 1n nght auncular
pulmonany artenal and brachial artenal pressures a deerease 1n
penipheral resistance rate of oxvgen consumption and heart mite, a
fall 1n the oxvgen content in the pulmonary artery and the brachal
artern  There 1s no deerease sn the artersal blood oxygen saturation
and the artenorvenous ovvgen difference 15 anereased AUl these
changes are more marked tn high than s low block and arc due to
vasomotor paralysts

The estimation of the speaific gravits of cerebrospinal fluid 15 more
complicated than would appear  Water chionde sodium and carbon
dioude affect density to the fourth or less place of decimals whereas
albumen and globulin affect 1t only to the fifth place I a solution
to be mpected into the theea has a density at 37° C greater than
10022 ¢ per ml 1t can be regarded as hyperbane and f it 1s less
than 09998 ¢ per ml 1t can be treated as hypobanc At 37°C
human cerebrospinal fluid 15 said to have a density of 10010
200003 g perm! or 1-0040 £-0-0004 g perm) at 25°C3 Cercbro-
spinal fld contains small quantities of cholinesterase but this
probably does not cause appreciable hydrolysis of agents such as
procaine hignocaine and amethocaine and so does not make
analgesia less intense when these agents are used

HIGH (TOTAL) SPINAL BLOCh

High spmal block sull retains 1ts populanty 1n some centres as a
ready mezans of ensunng relaxation analgesia and ischemia While
procamne was used ongmally by Gnffiths and Gillies ¢ hyperbanc
nupercaine or other drugs can be used With this technique
scrupulous attention must be paid to the ventlation of the patient
an endotracheal tube being used 1f necessary and the condition of
the circulation must be constantly under review Intravenous mjec-
tion of a pressor drug may be needed® if there 1s alteration of the
depth or rhythm of respirationt prolongation of captlfary filling time
€yanosis 1n the presence of a good airway and oxygen tenston 1n the
inspired atmosphere a sudden fall 1n the blood pressure after 1ts
1mual stabibzation and gross alteration 1 the rate or rhythm of
the pulse The techmque 15 probably contra indicated m patients
with coronary disease severe artenosclerosts, aortttis and aortic
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THE PRESENT POSITION OF
SUBARACHNOID AND LXTRADURAL ANALGESIA

IN the United Kingdom there 15 at the time of writing a cloud over
spinal analgesia  This 15 not because 1t 1s an unsatisfactory method
of pain relief, while the fact that 1t 1s often accompanied by hypo
tension 1s now regarded as one of 1ts advantages when formerly this
was looked on as an undesirable event It 1s the neurological
complications of which anwesthetssts are afraid, and this fear 1s partly
due to the increase mn Iitsgation since 1948 and to some recent
decisions 1n the High Court, eg the Woolley and Roe case?
Uneasmess 1s made worse by the fact that the cause of sernous
neurological complications 1s not fully understood While neuro

logists tend to blame susceptibility of the nervous tissue of certain
patients to the drugs mjected surgeons think first of mfection as the
cause and anzsthetists—or some of them—have suggested that
minute flaws 1n the glass ampoules contaiming the local analgesic
solution have allowed strong antiseptic 1n which storage has taken
place to seep m and be myected ntrathecally Sir Francis Walsh
states categorically!® that the cause 1s the local analgesic drug and
quite rightly poimnts out that the smmersion of ampoules 1n toxic
solutions for purposes of sterihzation 1s by no means a constant
factorn the recorded cases of post spinal neurological complications

There may well be more than one cause for this most grave complica

tion and research 1nto this matter 1s urgently necessary Added to
this the mussionary work of Massey Dawhins Bromage and others
1n popularnzing lumbar extradural analgesia has focused attention
away from spimnal block They have shown that their method gives
most of the advantages of spinal analgesia without producing the
occasional untoward result associated with it Clouds pass however

and 1t 15 possible that the method will once again enjoy at least some
of the warm rays of populanty The dangers and management of
hypotension are now better understood than they were while auto

claving of the entire armamentarium should avoid chemical and
bacteriological adulteration of the mjected solution The favourable
report of Dripps and Vandam (see Iater) 1s perhaps the first move 1n

this direction
130
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the fifth lumbar vertebra and the sacrum nto the subarachnoid
space and through 1t supplementary doscs of local analgesie solution
are wnjected It scems doubtful 1f orthoprdic surgeons would
appreciate this new techmgue bang employed on their patients as
theoretically postenor protrusion of the disc might result
The complications of spinal analgesia prevent the method from
achicving real populanty and foremost among these s the post
spinal headache  Most worhers now behieve that this ss due to
tcakage of cerebrospinal fimd through the hofe in the dura into the
extradural space tn patients who are not able to scerete sufficient fresh
fluid to mawntain an adequate flwd buffer for the brain and cramal
nerves It appears that headaches of this type are more than twice
as common 1 females than males ¢ The usc of a penail pomnted
lumbar puncture needfe of small calibre with a lateral opeming near
the tp which has no cutting edge 1 15 saad to lessen the incidence
of headaches'® and the use of a fine gauge needle also has a beneficial
effect on the d of this compl 13 On the other hand
i a controlled series of 610 cascs 1t was not possible to show any
difference resulting from the use of a fine needle !t Post spinal
headaches are said 1o be reduced 1n frequency if the needle 1s inserted
nto an unflexed back, so that the hole made 1n the dura when
slack 1s smaller than if the dura 1s stretched ¢
Paralysis of the sixth nene may well have a similar eause to post
spmnal headache and the condition 1s probably always preceded by
headache For this reason post spinal headache should be treated
seriously and the patient must be put to bed and nursed supine
without piffows  Flwds should be gnen 1n large amounts either by
mouth or intravenously until the headache goes Postenor pituitary
extract | ml should be injected intramuscularly thrnice daily for s
antidretic effect 1
Senous Neurological Complications  These have been reported all
too frequently after spinal analgesia but 1f scrupulous care 1s taken
over cleanlness and stenlization of equipment and 1if only well
established drugs are employed then they should be rare Chemical
meningitis can be provoked by the smallest trace of lysol mtroduced
by a needle,?s winle minute quantities of detergent used for cleaning
synnges and needles before autoclaving are believed to be capable
of causing adhesive arachnowditis}? All are agreed that o safe
mcthod 1s to autoclave synnges and needles at 115° C which equals
101b for 30 minutes but repeated autoclaving of ampoules of drugs
may n the case of procaine amethocaine and cinchocaine, Jead to
some loss of strength, although no toxic decomposition products
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valvular disease, congental heart disease, severe anzmia, poly
cythema, and m conditions resulting 1n inadequate respiration,
decreased cerebral blood flow and penipheral vascular collapse To
these must be added those conditions 1n which subarachnoid block
of ail kinds 15 thought to be inadvisable

The idications for spinal block are non existent 1n some quarters,
and very wide in others In an able discussion dealing with this
matter at the Royal Society of Medicine 1n 1954 the following opera
tions were mentioned as bemng bly sutable —abd
perineal resection of the rectum, prostatectomy and amputation of
the leg 1n certain old, artenosclerotic or diabetic patients In
operative obstetrics the method 1s perhaps shown at its best Itis
well known that aspiration of gastnic contents by women 1n labour
accounts for many deaths each year and of a general anesthetic 18
gven 1t s difficult to prevent this n every case  The patient who
recetves a low spinal such as 08 ml of hyperbanic cinchocane
solution for forceps delivery, remans 1 full control of her cough
reflex throughout the proceeding, even should vomiting occur A
higher block can be successfully used n Cmsarean section (€2
14101 6ml of the same solution) and provided the blood pressure
1s maintained at a figure above 90 mm of mercury, good results are
the rule In Thorne s series of 500 cases of operative delwvery® the
method has gnen every satisfaction fo patient obstetncian and
anesthetist  In a senes of 1236 patients who undenwent Cesarean
section 1n San Francisco de Carle” was impressed with the advan
tages of the method of analgesia—lack of aspiration of gastnc
contents, bemgn effect on the fetus especially 1f premature and
good relaxation and relef from pain  He never gave more than
50 mg of procaine with 10 mg of amethocaine and all hus pattents
had from the outset an open vein readily available for injection of
fimd oxytocics pressor drugs blood or itravenous anasthetics
He warns agamst gving ergometrine te 3 patient who has just
recewved ephedrine because of the very steep nse m blood pressure
which may sometimes result from a combmation of the two drugs
The patient who 1s having an operation under spinal analgesta may
retch ot vomut especially 1f the blood pressure 15 aliowed to fall too
low but the distressing symptoms may sometimes be prevented by
sntravenous ingection of chlorpromazine before the spinal injection
15 given ¢ A new method has been described for prolonging the
effects of subarachnoid block ® With the abdomen open and the
pauent 1 a steep Trendelenburg position 2 fine needie 15 inserted
directly backwards through the intervertebral fibrocartilage between
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It 1s an mfcresting fact that neurological sequelr to surgical
aperations are not confined to those done under spimal anaigesia
A long lasting case_of diplopia followed thiopentone  curire
and cyclopropanc?! and a case of ascending spinal paralysis which
ended fatally came on after 1n operation performed under thio
peatone, gas oxygen cther and gallimine 2 Parilysis of the
peroncal nenve 1s not very rare after general an-esthesia while
1t 1s not always easy to explain some cases of brachni plexus
palsy after general anwsthesia  Additional reports on the safety
and satisfaction associated with spma) nalgesia come from
Scandinavia™® and the United States ¢ These must however be set
aganst a further serses of 12,000 cases of saddle block analgesia used
for delnery tn obstetrics 2% Over a three year period 1 5t Lows,
Mo , 6 cases of adhesnve arachnoiditss were discovered—an incidence
of 047 per cent. It would scem that 1n all these cases the analgesic
was quite properly admimsstered the drugs used being 0 25 per cent
cinchocaine 1n 5 per cent dextrose and [ 5 per cent, and 3 per cent
piperocaine (metycaine) There was no hospital mortality i these
cases and the alarming fact appeared that neurological symptoms
did not occur until at least six weeks after discharge from hospital
With such results 1t 1s not surpnistng that saddle block analgesia 1n
obstetrics has now been given up mn the hosptals concerned

A case of paraplegra comung on seven days after spinal analgesia
has recently been reported 20 ml of hypobanc cinchocaine, the
pH of which1s 4 5 or less wasnjected One cause of the arachnord
1tis present 1n this case might have been the acidity of the solution,
or the body s inability to neutrahize this acidity ¢?

The therapentic uses of spinal analgesia are now almost confined
to the long term destruction of afferent nerve fibres in patients with
ncurable pain While absolute alcohol was formerly the drug most
frequently used phenol dissolved 1n glycerine has been used
recently #¢ 110 17 ml of a solution contaning one part of phenol
1n 18-20 parts of glycering with 0 1 ml of distilled water to each mi
of solution 15 satisfactory It destroys the small non medullated C
fibres, the larger A proprioceptive fibres being undamaged  The solu
tion 1s strongly hyperbanc the specific gravity of glycerine being
1250 After lumbar puncture m the lateral position with the painful
side downwards the patient 1s rotated backwards so that the posterior
root gangha will be bathed 1n solution  The location of the needle 1s
checked by mjection of hyperbanic cinchocane solution and 1if this
causes localized analgesia of the pamful area 1t 1s followed by the

injection of the glycerine-phenol solution The needle 1s left 1n situ
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have been demonstrated Lignocaine tolerates repeated autoclaving
well When autoclaved at 250° C at 201b pressure for thirty mnutes
on five separate occasions, changes took place 1n soluttons as follows
procaine 200 mg 1in 10 per cent solution became 1962 mg,
amethocaine 20 mg 1 per cent solution became 19 6 mg , ametho
caine crystals 20 mg became 19 45 mg and piperocame 150 mg 1n
5 per cent solution became 149 7 mg 8 Thefe 1s not much loss of
strength here Tlus severe heat treatment produced some carameliza
tion 1n glucose solutions, but so far no harmful effects have resulted
from their intrathecal injection '8 A recent observer, stimulated by
the Woolley and Roe case autoclaved batches of ampoules at 10 Ib
pressure for one to six hours, and later examined samples of each
batch for appearance, content of active constituent, pH toxicity,
and analgesic potency !? It 1s concluded from these experiments
that lignocamne 1s a very stable compound whereas cinchocaine
undergoes shight, and amethocaine considerable decomposition
on prolonged stertization Heavy cinchocaine commenced to
deteriorate 1n the fourth hour and 1ts light solution 1n the second
hour No increase 1n toxicity was found with erther cinchocaine
or amethocaine Repeated or prolonged stenlization of ampoules
1s thus undesirable but if each ampoule 1s placed 1n a small screw
capped glass contamner before 1ts first autoclaving 1t can be kept
ready for use so that both wastage of ampoules and repeated
autoclaving can be avorded It has been suggested that exposure
to formaldehyde vapour 1s a safe method of stenilization 1f auto
claving 1s harmful but small cracks mn the glass may admit this
rntant mto the ampoule where 1ts vapour might dissolve 1n the
contents with grave results

A good word for spinal analgesia comes from a most carefully
followed up sertes of over 10 000 cases of block performed in Phila-
delphia 20 Minor neurologrcal sequele of sufficent frequency and
seventy to suggest strongly a causal relationship to spinal analgesia
were recorded These included backache pain and numbness 1n the
buttocks thighs, legs and feet and occasional weakness 1n the leg
muscles The majority of these minor complications were transient
and disappeared y with the p of ime A good
many of these findings could be related to the lumbar puncture In
the whole sertes of over 10000 cases no major complication was
found while the mmnor ones nstead of getting worse mproved
These 1nvestigators were of the opimon that mortality rates were
Jower after spinal analgesia than after general an®sthesia in com
parable patients and operations
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It 35 an nteresting fact that ncurological <cquelt to surgical
operations are not confined to those done under spinal analgesta
A long lasing case of diplopia followed thiopentone  curare
and cyclopropanc * and a case of ascending spinal pinlysts which
ended fatally came on after an operition performed under thio
pentone gas oxygen cther and gillimune 3 Paralyas of the
peroneal nene 1s not very rare afier generl anesthesin while
1t 1s not always casy to explun some cases of brachinl plexus
palsy after genertl antsthesa  Additional reports on the <afety
and satsfaction associated with spinal analgesin come from
Scandinavia+! and the United States #* These must however be <t
against a further senies of 12 000 cases of saddlc block analgesia used
for delivery 1n obstetnics 2 Over a three year peniod ain St Lows
Mo , 6 cases of adhesine arachnowditis were discor ered—an incidence
of 047 per cent. It would seem that 1n all these cases the analgesic
was quite properly admmstered the drups used being 0 25 per cent
cinchocaine 1n S per cent dextrose and § 5 percent and 3 per cent
piperocaune (metycane)  There was no hospital mortahity in these
cases and the alarming fact appeared that neurological symptoms
did not occur unul at least six weeks after discharge from hospital
With such results 1t 1s not surpnising that saddle block analgesia in
obstetnes has now been given up in the hospitals concerned

A case of paraplegta coming on seven days after spinal analgesia
has recently been reporied 20 mi of hypobanc cinchocaine, the
PH ol which1s 4 5 orless wasinjected  One cause of the arichnoid
sts present in this case might hase been the acidity of the solution
or the body s nability to neutralize this acidity ¢*

The therapeutic uses of spinal analgesia arc now almost confined
10 the long term destruction of afferent nerve fibres 1n patients with
incurabie pan While absolute alcohol was formerly the drug most
frequently used phenol dissolved 1 ghycerine has been used
recently *¢ {10 17 ml of a solution containing one part of phenol
I:r 138;2‘0 parts of glycerine with 0 1 ml of distilled water to cach ml
ﬁbmﬁs u‘ t::rllalrs ::xSfactory 1t destroys the small non medullated C
tion 15 Stro Sl 4 pro}l\)nocephveﬁbrcsbmng undamnged The sole

125 AR ngly hyperbanic the speaific grawity of glycerine being
sided er lumbar puncture in the lateral position with the painful
ro0t f;WHIWBrds the patient 1s rotated backwards so that the posterior
. eckgﬂ;l%)xa will be bathed 1n solution  The location of the needle 15
causes Io Yllnjzchon of hyperbaric cinchocaine solution and if ths
et calized analgesia of the paimful area 1t 15 followed by the

Jection of the glycerine phenol solution The needle 1s left 1 sitw
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for onc hour so that additional injections can be made 1f necessary
Should the selution fail to produce the desired result 1t can be
replaced with 1 ml of glycerine containing 0 6 mg of silver mitrate

For pun of petvic ongin the needle should tap the subarachnoid
space between the twelfth thoracic and first lumbar vertebrz  Pam
1n the scratic distribution should be attacked from the second lumbar
interspace and sacral pain from the fourth Pamn in the abdomen
and 1n the chest can be dealt with from higher levels Paralysis of
the legs 1nd 1 rectal cases, incontinence, are occasional complica

tions, but 1n spite of these the method 1s considered a useful means
of dealing with a grave problem Spinal analgesia has been used
with success in the treatment of the thyrowd crisis, the aim being
to denervate the suprarenal glands and so remove the dnving force
from the thyrord

LUMBAR AND SACRAL CXTRADURAL ANALGESIA

Onc of the most sigmficant changes 1n the climate of opimion
within recent years has been the decrease in favour of subarachnotd
block, but along with this has been a revival of interest in extradural

1 Many anasthetists who formerly used spinal analgesia

have now discarded 1t 1n favour of extradural block, therr reasons
being three in number  First and foremost, several cases in the High
Court have drawn attention to the small but defimte nsk of neuro
logical complications after the most carefully given spinal mjections
Secondly the increasing use of hignocane (xylocatne) with its reputa
tion for solid rchability has made the techmique so much more
certain than was the case when procaine was used Lastly the shght
technical difficulty of making a successful extradural block has acted
as a stimulus and has aroused not only interest but enthusiasmin
the minds of many ansthetists i recent years Lumbar extradural
block 1s very satisfying to perform Add to this profound analgesia,
excellent muscular relaxation adequate spontaneous breathing and
a definite, albeit uncertain degree of hyp on and almost pl
absence of sequelz and 1t 1s obvious why the method has become
popular In the Umted Kingdom the writings of Massey Dawkins 27
Bromage ® and others have stimulated interest and added to our
knowledge of the method The solution of local analgesia exerts s
effect 1n one or all of three situations, on the anterior and posterior
nerve roots 1n the extradural space on the nerve roots in the para
vertebral spaces after they have left behind their dural sheaths and
on the nerve roots 1 the subarachnord space following diffusion of
the solution through the dura and arachnoid
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Methods of Identifying the Extradural Space

In the opinion of the writers, the loss of resistance test, populanized
by Dogliotts 1s the surest means of sdentifying the extradural space
Loss of resistance 1o myection of liquid or air 15 most casily appre
cated 1f @ wide bore needle s used, e g 18 or 19 BW G andaf thus
has a short bevel and 1s blunt, then dural puncture becomes less
Ishely Through a weal of local analgesic solutton the needle 1s
pushed forwards between two casily palpable spinous processes,
until 1t 1s held firmly 1n the nterspinous hgament  Thercafler
advancement 1s mull e b il , with freq pauses to
test the resistance to mjection When the blunt short bevelled point
enters the extradural space from the dense yellow clastic igamentum
flavum resistance to injection dramatically and suddenly disappears
If in addition rotation of the needle coughing by the pauent and
aspuation all fal to d ate the ¢ of cerchrospinal
fluid 1t can fairly safely be assumed that the needle has found its
marh A test myection of 5-10 ml of analgesic solution 15 an addi
tional safeguard The distance between the skin and the extradural
space averages 3 to S em The lateral position 1s satisfactory for
most patients the situng position for the obese and those with
lordosis

The hanging drop sign of Gutierrez,?® depending as 1t docs on the
demonstration of the negative pressure tn the extradural space 15
not sufliciently reliable for routine use Anyone doubting this
should try to ehcit 1t every ime he does a subarachnoid block
Odom s 1ndicator®® has 1ts advocates, while several other cleverly
designed picces of apparatus have beensnvented to helpthe an-esthetist
to know when he 1s safely home 3! 3 The IkI¢* spring loaded
syninge automatically mnjects some of 1ts contamned solution when
the needle enters the space  The negate pressure n the extradural
space 1s greater at ligh thoracic than at Jow lumbar levels and while
n the former case 1t 15 probably due to the negative ntrathoracic
pressure 1n the latter 1t 1s accounted for by the dimpling of the dura
by the advancing needle It 1s important to choose 1 palpable and
well defined lumbar interspace  Its site high or low ts relatively
umimportant and can be compensated for by a ittle more or a hittle
less solution 1njected Insertion of the needle 1n the thoracie region
18 more eritical than 1t1s 1n the Jumbar regton and a negative pressure
sign (e g Odom s indicator) should be used rather than the lack of
resistance test while the patient should be siting up In this regron
the dura 15 closer to the hgamentum flavum than 1t 1s lower down
and njury to the dura and even to the cord will occur if great
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delicacy of touch 1s not used  Mid thoracic puncture 1s difficult and
15 perhaps better 1vorded  If the dura 1s perforated, some worhers
adwvise trying agun 1n an adjacent interspace® but others abandon
the method or give an ordary spinal ainjection

The commonly used local analgesic drugs can be employed but
lignocune 1s rapidly establishing itself s a firm favourite for this
as for many other purposes The solutton 1s stable and can be
autoclaved repeatedly Its effects are rapid 1n onset—about five to
ten munutes—and reasonably prolonged in duration—2-2} hours
using the [ 5 per cent solution It takes a firm ¢ bite  on the nerve
roots, causcs some somnolence following its absorption into the
generalerrculation and is not very often guilty of causing toxic effects
under ordinary chinical conditions  Bromage?® believes 1n the ability
of a | 2 per cent solution to give a dilferential block 1¢ a sensory
analgesta with reflex motor atony but without direct muscular
paralysis such as intercostal block In the wnters' opinion 15 per
cent solution nilows very good respiration to tahe place, whie 1t 1§
rather more certatn 1nd sure 1n action than the weaker solution A
2 per cent solution seems unnecessanly strong  When a longer
period of Analgesta 1s required because of the expected duration of
the operation or becwse prolonged post operative analgesia 15
thought to be destrable, amethocaine hydrochloride can be added
to the lignocune solutton A convenient way of doing this 1s to add
half the contents of one 100 mg tmpoule of erystals to 50 m! of
solutton, gtving a final strength of 0 1 per cent  Adrenaline 15 alw1ys
used with sol d into the extradural space, both to reduce
toxicity from raptd absorption into the blood stream and to prolong
the effect of the analgesic 0 25 m! can be added to 50 m! of solution
gwving a final strength of 1 200 000 Thus can be doubled for opera
tions on the backbone  Adrenaline can be autoclaved at least once 50

The extent to which a volume of analg; solution mjected mto
the extradural space will spread 1s one of the great uncertaintics of
anesthesia and because of this 1t has been suggested that only the
sernl or continuous injectton by means of an indwelling plastic
tube, should be employed 35 The spread depends on 2 number of
variables some of them controllable, others not It 1s related to the
size of the space and this depends somewhat on the build of the
patient and on the patency or otherwise of the exits from 1t, that
1s from the intervertebral and sacral foramina It 1s also related to
the rate of absorption of the drug into the blood stream It 1s affected
by gravity and by the site and speed of mmjection  The old require
less than the young because of the relative impermeability of their




EATRADURAL PUNCTURE 139

interertebral foramina  Occasionlly the njection of quite a small
volume of solution will cause an uncxpeetedly high block with severe
hyPOLEnsIon 50 1t 15 unwise 1o use the method unless the patent 1s
Judged to be tolerant to moderate hypotenston
The volume of solution lnjected vanes with dafferent workers  For
gastrectomy, a tall, fit young man wall probably take no harmf
50 ml arc mjected while 15 ml may well be suflicient for a perineal
reparr 1 a small old woman  For a lower abdommnal operation,
30-35 ml 1s an average dosc  Each anwestheust wall armse at what
he regards as a proper dosage by experience  One amms not only to
get adequate analgesia and relaxation but also to get some hypo
tension and consequent 1schzmia  An mjection of 12-15 mt of
solution can be said to affect four scgments on cach side of the
pomnt of injection A rough guide to the average dose may be as
follows for hxmorrthoidectomy 15-20 ml, for penineal repair
25-35 ml —hypotension causing 1schrema ts often uscful in these
operations for hermtorraphy 25-35 mt  for hysterectomy 30-35ml ,
for prostatectomy 15-35 ml  for Crsarcan section 25 ml  and for
upper abdominal operations 35-50 ml  The addition of onc ampoule
of hyaluronidase powder to the lignocaine solution ts said to hasten
the onset of analges:a 1n sacral extradurl blocks, but docs not have
much effect when the solution 1s injected from the lumbar area 4*
Some attention has been given recently to the techmque of senial

or continuous extradural block, a methed first desenibed by Curbelo
of Havana 1in 1949 3¢ He modified Tuohy s technique for continuous
spinal analgesia using the latter s needle with a slightly curved pont
which makes 1t possible to direct a length of 1 mm bore polysvinyl
plastic tubing esther upwards or downwards 1n the extradural space
Through this tubing analgesic sotution can be 1njected at will and so
the duration of analgesta can be more or less indefimitely prolonged
The Tuohy needle 15 rather a spihe and because of its size the con
tinuous techmque should not be used unnecessanily but in fact,
dural puncture with so big a needle rarely happens as with 1t the
loss of resistance test 15 made very easy and obvious The tubing
should have two or three ik marks made on 1t with a ball pont pen
corresponding to the length of the needle It can be stenihized by
botling and dunng the process can be hept reasonably free from
kinks and bends 1f 1t 1s threaded 1nto a length of polythene tubing
When the Tuohy needle 1s safely in the space the polyvinyl plastic
tube 15 threaded through 1t so that at least one and 2 half necdle
lengths are 1n the space The needle and tubing are now withdrawn
together and an inch or two of tubing 1s left 1n the space Whether
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delicacy of touch 1s not used  Mid thoracic puncture 1s difficult and
1s perhaps better avoided If the dura 1s perforated some workers
adwise trymg agan i 1 adjacent mterspace but others abandon
the method or give an ordinary spinal injection

The commonly used local analgesic drugs can be employed but
hgnocame 1s rapudly establishing stself as a firm favourste for this
as for many other purposes The solution 1s stable and can be
autoclaved repeatedly  Its effects are rapid 1 onset—about five to
ten nd bly prolonged 1n duration—2-2% hours
using the 1 5 per cent solution It takes 2 firm ‘hite  on the nerve
toots causes some somnolence following 1ts absorption into the
general cirenlation, and 1s not very often gty of causing toxic effects
under ordinary chimcal conditions  Bromage?® behieves in the ability
of a 12 per cent solution to give a differential block e a sensory
analgesta with reflex motor atony but without direct muscular
paralysis such as mtercostal block In the writers opinton 15 per
cent solution allows very good respiration to take place, while st 1s
rather more certain and sure 1n action than the weaker solutton A
2 per cent solution seems unnecessanly strong When a longer
pertod of analgesia 1s required because of the expected duration of
the aperation or because prolonged post operative analgesia 15
thought to be destrable amethocame hydrochlonde can be added
to the lignocame solution A convenient way of domg this ss to add
haif the contents of one 100 mg ampoule of crystals to 50 ml of
solution gving a final strength of 0 1 per cent  Adrenaline 1s always
used with solutions mjected 1nto the extradural space, both to reduce
toxicity from rapid absorption into the blood stream and to prolong
the effect of the analgesic 0 25 ml can be added to 50 ml of solution
gving a final strength of 1 200000 Thas can be doubled for opera
tions on the backbone  Adrenaline can be autoclaved at least once

The extent to which a volume of analgesic solution tyected 1nto
the extradural space will spread 15 one of the great uncertainties of
anesthesia and because of this 1t has been suggested that only the
serial or contmuous imection by means of an mndwelling plastic
tube should be employed ® The spread depends on a number of
varables some of them controllable others not 1t 15 related to the
size of the space and this depends somewhat on the build of the
patient and on the patency or otherwise of the exts from it that
1s from the mntervertebral and sacral foramina It 1s also related t0
the rate of absorption of the drug 1nto the blood stream It as affected
by gravity and by the site and speed of imjection  The old require
fess than the young because of the relative impermeabihity of thewr
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sntennertebral foramina  Oceastonally the njection of quite a smail
volume of solution wall cause an unexpectedly hugh block with severe
hypotension S0 1t 1S UNWIse to use the method unless the patient 1s
judged to be tolerant to moderate hypotension
The volume of solution injected vanies with different workers  For
gastrectomy  a tall, fit young man will probably take no harm s
50 ml are injected while 1S ml may well be sufficient for a perineal
reparr m a small old woman For a lower abdominal operation,
30-35 m! 15 an average dose  Each anasthetist will arnve at what
he regards as a proper dosage by experience One aims not only to
get adequate analgesia and relaxation, but also to get some hypo-
tension and consequent 1schzmia  An myectton of 12-15 ml of
solution can be said to affect four segments on cach side of the
pomt of injection A rough gwde to the average dose may be as
follows for hzmorrhoidectomy 15-20 ml, for penncal repair
25-35 ml —hypotension causing 1schemia 1s often useful 1 these
operations for herniorraphy 25-35 ml , for hysterectomy 30-35ml ,
for prostatectomy 15-35 ml , for Cesarean section 25 ml, and for
upper abdominal operations 35-50 ml  The additton of one ampoule
of hyaluronsdase powder to the hignocaine solution 15 said to hasten
the onset of analgesia 1n sacral extradural blocks but does not have
much effect when the solution 1s injected from the lumbar area 4
Some attention has been given recently to the technique of serial
or continuous extradural block, a method first described by Curbelo
of Havana 1n 1949 3* He modified Tuohy s technique for continuous
spinal analgesia using the latter s needle wath a shightly curved point
which makes 1t possible to direct a length of 1 mm bore polyvinyl
plastic tubing exther upwards or downwards 1n the extradural space
Through this tubing analgesic solution can be injected at will and so
the duration of analgesta can be more or less indefinitely prolonged.
The Tuohy needle 15 rather a spihe and because of its size the con
tinuous techmque should not be used unnecessarly but in fact
dural puncture with so big a needle rarely happens as with 1t the
loss of resistance test 15 made very easy and abvious The tubing
should have two or three ink marks made on 1t with a ball pomnt pen
corresponding to the length of the needle It can be sterilized by~
boiling and duning the process can be kept reasonably free from
kinks and bends if 1t 1s threaded 1nto a length of polythene tubmg
When the Tuchy needle 15 safely 1n the space the polyvinyl plastic
tube 15 threaded through 1t so that at least one and a half needle
lengths are 1n the space’ The needle and tubing are now withdrawn
together and an 1nch or two of tubing 1s left 1 the space  Whether



140  SUBARACHNOID AND EXTRADURAL ANALGESIA

this 1s above or below the pomt of puncture depends on the direction
of the curve of the needle Some workers prefer to have a greater
length of tubing inside the space but kinking and curling up of the
tubing make this an uncertain manceuvre and st should be reserved
for attempts at true segmentaf bloch The tubing should never be
withdrawn through the needle otherwise the distal portion may be
sheared off by the sharp edge of the point and left 1n the extradural
space  Solution 1s then injected from a 5 or 10 ml syninge and a fine
needle 1nserted 1nto the tubing The synnge 1s placed 1n a stenle
dressing near the head of the patient and each fresh injection carried
out with due regard to asepsis The method 15 useful for the mamn
tenance of prolonged sympathetic block eg in the lower limbs
following 1njury, operation or thrombosis Very fine bore neoplex
ureteric catheters can be substituted for the polyvinyl plastic tubmng

Conduct of the Anxsthesia

During the operation the patient may be awake and aware of his
surroundings, he may be under the influence of an oprate or barbi
turate and be sleepy and content he may be unconscious following
the 1nhalation of gas and oxygen preceded by a small dose of thio
pentone or hexobarbitone or he may be lightly anmsthetized with
perhaps an endotracheal tube 1n place  Which of these methods 1s
used depends on the judgement of the an®sthetist and the washes of
the surgeon A continuous intravenous dnp of 500 mi of saline
containing pethidine 100 mg and scopolarmine 04 mg (gr sds)1sa
useful method of sedation In upper abdommnal operations para
esophageal vagal block by the surgeon 1s a useful additional
measure 1t reduces the frequency of vagal reflexes of which hiccough
may be one of the more troublesome

The mamtenance of blood pressure comes second only to the
maintenance of proper ventilation and 1t should be an mvanable
rule to have an open vein before the block 1s mduced For tlus
purpose a Mitchell a Gordh a Frankis Evans needle or a Guest
cannula can be nserted 1nto a surtable vein or a dnip can be set up
With this direct and rapid route to the circulation always available
arculatory collapse can almost always be reversed Breathing 1s
exceptionally easy and free from all trace of bronchospasm during
gh blocks This may be due to stmulation of baroceptors 1n the
aorticocarotid siuses by hypotension which results in reflex
bronchodilatation 37

The ndications vary of course with the expenence of the anes
thetist and with the preferences of the surgeon and with other
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factors All who usc the technique are agreed that the fit patient
undergoimng an operatton below the umbilicus 1s the most smitable
case for the block 1t has been successfully used for thoracoplasty®®
and recently workers 1n Canada have been using the method 1n
infants,?® myeccing 5-6 ml of 1 per cent hgnocamne  Massey
Dawlins® advocates the continuous techmique 1n geniatric patients
undergoing  such operations as hemicolectomy, gastrectomy,
Wertheim s hysterectomy and herma repairs  He also reports good
results an radical mastectomes, injecting 8-10 ml of lignocaine
solution between the seventh cervical and the first thoracic spines,
with the patient in the lateral position, affected side downwards  In
this situation, however, extradural block 1s not a techmique for the
beginner

In therapy, extradural lumbar blocks can be used to casc the
severe pain of acute pancreatins  The rehef may be due to relaxaton
of the sphincter of Oddi  Acute cholecysitis may be sumlarly
treated the afferent impulses from these viscera entering the cord
i the seventh eighth and minth postenior roots Ihofemoral
thrombosis has been treated by a continuous block, the catheter
remamng 1n the space up to three days In such long stay cases
peneillin can be added to the solution to reduce the nisk of nfec-
tion *° Pregnancy toxemia can be successfully reheved,* ¢ although
the sacral route has certain advantages as well as disadvantages ir
the treatment of thus disorder Hypertensive heart failure \\1lh~aa.!:
pulmonary cedema 1s an acute medical condition which has yieldsz
successfully to extradural block ¢

EXTRADURAL SACRAL (CAUDAL) BLOCh

Although anzsthetists i Britain have not used this 1ateceiine
techmque with the frequency of their Unuted States colleagres == o=
slowly gained adherents 1n recent years surgery, obstac=iss :_:'.
therapy Now that polyvinyl plastic tubing of 0015 = Fme—
diameter and neoplex uretertc catheters can be obtarre = iy
unuous techmque has been more frequently used thae w = 7 seegem. -
the case o

The dangers and hmitations of the use of the cont.mm
1 obstetrics have recently been stressed by Hingsor & -
pnmary intra uterine feetal anoxia when the mata—=
drops below 80 mm of mercury This 1s sho'a:'
bradycardia 1ncrease 1n feetal m i
hquor amnu A most carefut
blood pressure and pressor d;

——
ovements and me=-v;
watch must be o o 4
Tugs must be gax ~ = .
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thus 15 above or below the point of puncture depends on the direction
of the curve of the needle Some workers prefer to have a greater
length of tubing inside the space but hanking and curling up of the
tubing make thus an uncertain manceuvre and 1t should be reserved
for attempts at true segmental block The tubing should never be
withdrawn through the needle, otherwise the distal portion may be
sheared off by the sharp edge of the pont and left in the extradural
space  Solution 1s then injected from a 5 or 10 ml syringe and a fine
needle inserted nto the tubing The syninge 1s placed in a stenle
dressing near the head of the patient and each fresh injection carned
out with due regard to asepsts The method 1s useful for the mamn
tenance of prolonged sympathetic block, e g in the lower hmbs
following injury, operation or thrombosis Very fine bore neoplex
ureteric catheters can be substituted for the polyvinyl plastic tubing

Conduct of the Anxzsthesia

During the operation the pattent may be awake and aware of his
surroundings, he may be under the influence of an opiate or barby
turate and be sleepy and content, he may be unconscious following
the inhalation of gas and oxygen preceded by a small dose of thio
pentone or hexobarbitone, or he may be Lightly anzsthetized with
perhaps an endotracheal tube 1n place Which of these methods 15
used depends on the judgement of the anmsthetist and the wishes of
the surgeon A continuous mtravenous drp of 500 ml of salme
containing pethidine 100 mg and scopolamine 0 4 mg (gr tho) 152
useful method of sedation In upper abdominal operations para
cesophageal vagal block by the surgeon 1s a useful additional
measure It reduces the frequency of vagal reflexes of which ccough
may be one of the more troublesome

The mamtenance of blood pressure comes second only to the
maintenance of proper ventilation and 1t should be an invariable
rule to have an open vein before the block 1s induced For this
purpose a Mitchell a Gordh a Frankis Evans needle or a Guest
cannula can be mserted 1nto a swtable vem or a dnp can be set up
Wath ths direct and rapid route to the circulation always available
circulatory collapse can almost always be reversed Breathing 1s
exceptionally easy and free from all trace of bronchospasm durng
high blocks This may be due to siumulation of baroceptors 1n the
aorticocarotid smuses by hypotension which results in reflex
bronchodilatation 37

The ndications vary of course with the experience of the anzs
thetist and with the preferences of the surgeon and with other
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the bowel, interruption of afferent impulscs from the pelvicand Jower
abdominal viscera including the uterus, the birth canal, and denerva
tion of the suprarenal glands

The techmgque of extradural sacral block 1s farly standardized
As 1n extradural lumbar block, the availability of polyvinyl plastic
tubing which can be boiled makes the continuous techmque safe
and simple  Duning msertion of the needle into the sacral cannl, the
gluteal muscles can be put at rest fairly casily in a tense nervous
patient if he 15 told 1o approximate the big toes wiile separating the
heels as widely as possible Tius obliterates the gluteal eleft and
makes locatton of the sacral huatus casier  In the United kangdom
hignocaine has almost completely displaced procaine, cinchocaine
and prperocarne as the analgesic solution of chorce  For longer action
1t can be fortified with amethocaine hydrochlonide the 100-mg
ampoule of crystals being convement for tiis purpose and a strength
of 015 to 0 2 per cent bemng suitable
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they are indicated  Autotransfusion of maternal blood by elevation
of her legs 1s a uscful auxiliary measure If the block 15 commenced
too early labour may be interrupted or prolonged The posterior
position becomes frequent while the forceps rate increases The
block should not ordinarly be commenced until the end of stage I
when the cervix 1s 5 cm dilated 1n pnnmiparae, and 3 em 1n multt
parae, with effacement of the canal In labours which are expected
to be prolonged 0 15 per cent amethocame solution by intermittent
injection through a plastic catheter 1s advocated while 1n rapidly
progressing labours 1 5 per cent hignocaine or piperocaine through
a needle 15 advised While the permeum 1s completely relaxed
allowing manual rotation and easy forceps delivery, the tone of the
abdominal muscles 1s not so deficient that the patients cannot bear
down usefully Loss of blood 1n the third stage 1s mummized

Extradural sacral block 1s not so useful for general surgery as the
block given from the lumbar region as more of a potentially toxic
agent must be mnjected to get a comparable result It 1s however
very useful for operations on the anus and perineum and for tysto
scopy In the first two conditions post operative pamn can be
completely relieved 1If a plastic tube 1s 1nserted 1nto the sacral canal
through which 10-15 ml of analgesic solution 1s 1njected at switable
intervals when the patient 1s back in bed

In therapeutics the block can give very useful results Obstetrt
cians attest to 1ts usefulness 1n eclampsta and convulstons can be
stopped and the blood pressure lowered to normal Irmuts ¢ In
1schzmic discase of the lower imbs the vascular bed 1n the adult 1s
expanded by an additional 600-800 ml during a caudal block*® so
that good results are obtained 1n cases of diabetic-gangrene 1mmer
sion foot and 1n acute and chronic thrombo embolic conditions  The
effects of temporary denervation of the vascular supply of the feet
and legs can more surely be appreciated after extradural block than
after lumbar paravertebral block This 1s because a bad result after
the latter block may be due to failure to deposit the solutron near
the second and third lumbar paravertebral gangha whereas uncer
tamnty as to the position of the needle point 1s rare 1 sacral blocks

The effects of an extradural sacral or extradural lumbar block up
to the eighth thoracic segment are as follows Skin analgesia from
the toes to the costal margin absence of sweating and increase of
temperature over the same area due to sympathetic paralysis and
dilatation of artertes and veins of the lower imbs muscular relaxa
tion 1nvolving the sphuncter ami the lower limbs the penneal
muscles and anterior abdonmunal wall muscles hyperpenstalsts of
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REDUCTION OF H/AMORRHAGE DURING
OPLRATION

Loss of blood during operation 1s not only a source of danger to the
patient but 1s a major inconvenience to the surgeon 1t will therefore
be agreed that a bloodless field 1s desirable 1f 1t can be obtamned
without added risk

LOCAL METHODS

Local methods of attaming 1schema have been employed for
many years and nclude the use of rubber bandages and tourniquets
to limbs and the infiltration of the operative field with vaso-
constrictive solutions such as 1 1 500 000 adrenahne

Postural 1schamia can sometimes be invoked to provide a dry
wound The principle 1s a simple one If a patient 15 not lying
in a perfectly flat and level posture the blood pressure will vary
m different parts of his body depending upon the hydrostatic
pressure of a column of blood whose length equals the vertical
distance between the relevant part and the heart  For example, at
heart level the pressure remains constant i any position but else
where 1t will vary on the basis of 2 mm Hg for every inch above or
below the heart ! It 15 then possible to drop the systolic pressure 1n
the fingers by 40 mm Hg 1f the arm 1s elevated to a vertical positton
{1e 20 mches above heart level) and this 1 itself may diminish
bleeding to a very marked extent In certamn parts of the body,

postural ischzmia can be used as an adjunct to a very mild degree
of induced general hypotension

INDUCED HYPOTENSION

In pre anzsthetie days, the excessive psychuic and traumatic
shock frequently caused famnting at the beginning of an operation
This was welcomed not only by the patient whose agony ceased
but also by the surgeon as bleeding was greatly reduced

The sdea of purposely producing a low blood pressure with a
view to reducing bleeding from wounds has been developed inten
swely duning the past few years Tt has been found that a systolic
blood pressure of about 60 mm Hg will assure a practically bloodless
field and usually appears to maintain a capillary ercculation sufficient
for the tissues provided that the blood 15 fully oxygenated and that
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Arterfotomy

This techmique 1s founded on experimental work 1n ammals 1n
which the cffects of bleeding through an artenal cannula were
studied ¢ It was found that 1t was possible to maintan a statc of
extreme hypotenston for 135 minutes and 1f at the end of this time
the blood was returned through the same cannula, recovery was
more rapid than if an ntravenous re transfusion was given  The
method was first used 1n man to control blood loss 1n cerebral
surgery,® and various types of apparatus have been dewised for the
purpose ¢ The one illustrated has proved most successful mn the
neurosurgical department of St Bartholomew s Hospital 7 Tt 1s
clear that this method 1s stmply one of inducing a controlled degrec
of hzmorrhagic shock and 1s accompanied by vasoconstriction
This may be so severe that a brachial plexus block may be necessary
to mhibit the arteriospasm and enable the ready withdrawal and
return of blood to continue # In view of the importance which has
been attached to vaso dilatation 1n conjunction with hypotension 1t
1s curious that such good results have been obtamed with arterio-
tomy However the techmical difficulties and complications
separable from this method have led to its virtual abandonment tn
this country and 1t will not be discussed further

Drugs which Block Auteromic Gangha

The autonomic gangha can be blocked by various drugs those
which have been investigated most fully being tetraethylammonium
chloride and the methonum and thiophanium compounds Since
these drugs have an unselective action, the effect produced 1s that of
sympathetic and parasympathetic paralysis unlike the mainly
sympathetic paralysis produced by spinal blocks The chief side
actions on conscious patients are dryness of the mouth paralysis of
accommodation gut d n (¢ lly prog g to paralytic
tleus) and difficulty 1n micturition Since the blood pressure can be
controlled to an appreciable extent by posture, 1t 1s practically
certain that the hypotension 1s caused by loss of vasomotor tone ®
Although the hyp effect of tetraethylammonum chioride
was first described 1n 1914 2° 1t has never been popular owing to
1ts transient effects and various side actrons

The methonum compounds are quaternary ammonmum substances
with very low lipoid solubility so that they probably become attached
1o the surface of the cells upon which they act but do not actually

enter them  Their common formula 15 (CH,), N
the n bemng the vanable (CHo, N (CHy) » (Clias



146 REDUCTION OF HAMORRHAGE

vaso dilatation 1s ensured How far this assumption 1s justified 1s
considered later 1n the chapter So far, three methods of inducing
hypotension have been employed -

Spinal Block

Total spinal block (intrathecal) 1s considered in Chapter 9
As most of the sympathetic system 1s paralysed the blood pressure
1s largely dependent on the patient s posttion and thus constitutes
the basis of control 2

Iigh extradural block If 2 block 1s carried up to the level of T 3
the systolic pressure usually falls to between 60 and 80 mm Hg
whatever was the wtial pressure 3 This effect 1s agam caused by
pre ganghonic sympathetic paralysis and 1s accompanted by vaso-
dilatation  Sce also Chapter 9

CI"R/TE EEPARIX
8OLYTION 8OLYTION
ooy
MERCURY WANOMETER PASK DI
RECORDING FRE.SURE CHAMBERS
I¥ BOTTLES  ——m—dp I
— FILTER

Fio 57 Jackson s apparatus for arteriotomy  (Auasthesia )
(Modufied from original design by P L F Mortimer )
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resulted 1 a 12 per cent reduction of cercbral blood flow while the
oxygen consumption remamed unaltered  This resulted 1n symptoms
of hypoxia ¥ Under general an-esthesia, however, there s dimimshed
cerebral oxygen consumption so that there 1s less nisk of hypoxia
with mild degrees of hypotension If there 15 any atheromatous
change 1n the carotid arteries 1t 15 said that any severe fall 1n systohic
pressure 15 likely 10 produce a catastrophic necrosis of a large part
of the area supphied by the middle cercbral artery !* A death from
this cause following hypc duced by p
bromide has been described 1* Hypoglycemia tends to follow the
ad ration of the meth compounds and st has been shown
that the bran 15 very intolerant of this condition 1f hypotension 1s
present 20 In diabetics, the blood sugar, already reduced by the
methomum compounds, may fall still lower when msulin 15 given 4
Severe hypoglycema may result and this may be indicated dunng
anzsthesia by a progressive tachycardia  Sudden death has occurred
dunng :induced hypotenston and 1s usually due to coronary nsuffi-
ciency Itis unfortunate that coronary disease occurs with mcreasing
frequency 1n young patients who are apparently healthy and show
normal E C Gs The condition may therefore be virtually impossible
to detect!! and 1t 15 1n patients suffering from 1t that the chuef danger
Lies The coronary blood flow 1s determined mamnly by the aortic
pressure,'® so that severe hypotension may reduce the flow to the
point at wiuch cardiac failure occurs 4

Opimions still differ as to the relationshup of induced hypotension
and shock It has been stated that since 1t 1s difficult to produce
wrreversible shock 1n sympathectomized dogs autonomic block with
the methomum drugs will afford similar protectton In the writers’
optuon this argument 1s unsound and 1n practice severe hamorrhage
occurning 1m 2 hypotensive patient can very rapidly cause death
On the other hand 1n established shock which has not responded to
efficient treatment, the mjection of a methomum compound might
possibly cause a more favourable distribution of the blood without
lowenng the pressure much further * and by relieving vaso spasm
mught enable a rapid fluid 1nfuston to be given

The excretion of penta and hexa methonrum halides seems to be
almost entirely through the kidneys the actual mechanism being
mamly glomerular filiration with mummal tubular excretion 2
While 2 moderate degree of induced hypotension with the methontum
drugs 2<3ot:s not appear to impair renal function to an appreciable
;xtcnt yet n volunteers the glomerular filtration rate and urine

ow dropped sharply and this prolongs the action of the drugs %

h
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bromde (lytensiom)
Pentamethomum (C 5){|od|dc (antilusin)
duced as an antidote to the muscle relaxant decamethonium (q v)
but was soon found to cause a marked fall 1n blood pressure It 1s
put upin 2 5 ml ampoules containing 50 mg of the drug
bromde (vegolysen)

Hexamethonum (C 6){“)(1"'e (hexathide) }has a very similar
action to pentamethomum but 1s thought by some observers to have
a more constant effect 1

Vanous techmques have been used, an imtial intravenous dose
of 20 mg of ether drug being common, subsequent injections, after
a wait of at least three minutes, bemng grven to maintam the systolic
pressure at about 60 mm Hg If possible, a head up ult 1s main
tamned It has been ponted out that young healthy adults tend to
develop tachycardia with Intle hypotension and thus require a
larger dose and steeper anti-Trendelenburg tilt than older ones,
especially those with arteriosclerosis who show little change m pulse
rate but marked hypotension! Some workers believe 1n giving the
comparatively large titial dose of 50 mg to healthy adults, but the
techmique cannot be regarded as safe If a reasonable dose of a
methomum drug does not produce sufficient effect, a supplementary
mtravenous injection of from 0 2to 1 g procaine amude hydrochlorde
(procardy), pronestyl) can be given slowly This drug not only
mncreases the hypotension but usually slows the pulse * A Gordh
needle or one of 1ts many modifications 15 useful for these multiple
mjections

A great deal of work has been carried out recently on the effects
of the methontum drugs on the brain  The recovery of consciousness
15 shghtly delayed and study of electro-encephalograms suggest that
this 1s probably due to stagnant hypoxia of the cerebral cortex u
It 15 likely that the hypoxra may be partially compensated for by
the mcreased oxygen extraction (A-V O, difference) which occurs
when the blood flow 1s slowed down® Fifteen patients m whom
hyp had been induced by hexameth were 1nvestigated
post operatively and six showed a positive flicker fusion mtensity
test 16 This was probably due to hypoxia which could undoubtedly
lead to irreversible damage 17 Although expenmental work on the

cerebral blood flow 1s complicated by the vaned oxygen consumption
1n the conscious and an®sthetized states 1t seems probable that from
55 to 60 mm Hg 15 the cnitical blood pressure in healthy patients
and 1t should not be allowed to fall below this point In conscious
hypertensives a 26 per cent reduction 1in mean arterzal pressure

}was onginally intro-




LFFECTS OF HYPOTENSION 149

resulted 1 a 12 per cent reduction of cerebral blood flow wihile the
oxygen consumption rematned unaltered  This resulted in symptoms
of hypoxia ** Under general anesthesia, however, there 1s dimimshed
cerebral oxygen consumption so that there 15 fess nisk of hypoxia
with muld degrees of hypotension If there 1s any athcromatous
change 1n the carotid artenics 1t 1s sard that any schere fall 1n systohc
pressure 15 likely to produce a catastrophic necrosis of a large part
of the area supphied by the middle cerebral artery ** A death from
this cause following hypotension induced by pentamecthomum
bromide has been described 1* Hypoglyczmua tends to follow the

d ration of the mcth compounds and st has been shown
that the brain 15 very intolerant of this condition if hypotension 1s
present © In diabetics, the blood sugar, alrcady reduced by the
methonum compounds, may falf still lower when snsulin 1s given 8
Severe hypoglycemia may result and this may be indicated during
anasthesia by a progressive tachycardia  Sudden death has occurred
dunng induced hypotension and 1s usually due to coronary mnsuffi-
ciency Itis unfortunate that coronary disease occurs with increasing
frequency 1n young patients who are apparently healthy and show
normal E C Gs The condition may therefore be vartually impossible
to detect'! and 1t 15 1n patients suffering from 1t that the chief danger
lies The coronary blood flow 1s determined mainly by the aortic
pressure ° so that severe hypotension may reduce the flow to the
pont at which cardiac fallure occurs 4

Opinions still duffer as to the relationstup of induced hypotension

and shock It has been stated that since 1t 15 difficult to produce
wreversible shock 1 sympathectomized dogs, autonomic block with
the methomum drugs will afford similar protection In the writers
opmion this argument 15 unsound and 1a practice severe hemorrhage
occurning m a hypotensive patient can very rapidly cause death
On the other hand 1n established shock which has not responded to
efficient treatment, the mjection of a methonium compound might
possibly cause a more favourable distnbution of the blood without
lowermng the pressure much further?* and by relieving vaso spasm
mght enable a rapid flwd 1nfusion to be given

a The excretion of penta and hexa methonum halides seems to be

most entirely through the kidneys, the actual mechamsm being

mamly glomerular filtration with nummal tubular excretion %
Whule a moderate degree of induced hypot with the meth

drugs does not appear to impair renal function to an appreciable
extent™ yet i volunteers the glomerular fltration rate and unne
flow dropped sharply and this prolongs the action of the drugs ¢
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In patients with diseased kidneys, methomum hypotension may
accelerate the nise 1n blood urea and precipitate urema.®® Even
1f this does not occur the renal function may be further impared.?$

Effects on the Iiver have not yet been fully worked out, but 1t has
been obsenved that if the blood pressure drops below-60 mm Hg,
this organ becomes cyanosed, turgid and rubbery, mdicating some
degree of anoxia.?” It seems certamn that occult Iiver damage can
result as the abiity to clear bromsulphalein may be mmpatred,®*
and fatal necrosts has been reported.?®

Pentolmum tartrate The drug known as pentohmum tarirate
(ansolvsen, M and B 20504) 1s pentamethylene 15 bis (1 methyl
pyrrobdinium) hydrogen tartrate  Although not a methonium

CH,, CHyCH
>NCHzCH: CH,CH, CH, ﬁ( ’ ' ’
ch,| | “engcu,
CH, cH,
Pentohinium

compound 1ts pharmacological effects seem sumlar It has been
used as a 0-5 per cent. aqueous solution 10 to 20 mg. bemng given
1ntravenously to fit adults below 50 years of age 3 to 5 minutes before
operation  The maximum fall 1 blood pressure occurs 1n about
3 munutes and the operatng table tidt 15 then adjusted until the
systolic pressure measured at heart level 1s stabilized at about
65 mm Hg** Tachycardia 1s said to be rare unless chlorpromazine
has been included in the an®sthetic technique

i
CH;-

A b bromide (pendiomude, p b Ciba 9295)
5P hy1 diethy] 3-azap 1-5-d dib d;
C.H, C,H;

(cH)— I;J——(CH,),—T—(CH, ),—N—(CcH,),
Br CH, Br

1t appears to be more controllable than the methonium compounds
but lass so than tnmetaphan. The average dose necessary les
between 50 and 100 mg gnen at the rate of 10 mg. per mmnute
The drug has had some vogue n Germany **

Tr phan camph (arfonad, RO-2-2222) 1s a thio-
phanum denvatne bemng d 34 (1 3-dibenzyl 2-keto-1mdazolido)
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1 2 tnmethylene thiophamum-d-camphor sulphonate ?* It differs
from the methomum compounds 1 being climinated rapidly and this
enablesat to be given 4s a 0 1 per cent imtrnenous dnp infuston In
childrena 0 2 percent solution may be advisable to minimaze the sk
of overloading the crreulation 3 I ven stronger soluttons are possible
if alarge electncally dnven synnge s employed but thisss sl in the
expenimental stage *  1f the usual 0 1 per cent tnmetaphan solution
tsused an mitial rate of 50 to 60 drops per minute 1s tnied and then
adjusted to gne the required blood pressure  Discontinuance of the
infusion should result i the speedy restoration of the pressure to ats
previous fevel  This techmque is certatnly more controllable than
single mjections of the methonum drugs and has been used success
fully 1n neurosurgery® If for any reason a drip mnfuston 15 1m
practicable trimetaphan can be given in fractional doses through a
Gordh's needle using the 50 mg per ml solution supplied
ampoules > An mitial adult dose of from 10 to 50 mg followed by
repeated doses of from 10 to 30 mg at 10- to 15 minute intenvals can
be employed 1o maintam the systolic pressure at between 60 and
80 mm Hg but the pressure chart will of course be much more
trregular than with a dop infusion

Trmetaphan forms a white precipitate with thiopentone 1nd with
gallamine and 1s incompatible with bromides and 1odides It may
like pethidine produce weals There 1s some evidence that 1t has a
local dilating action on vessel walls 1n addition to its ganglion
bloching effects 1Its hypotensie action 1s potentiated by deep
narcosis and by cther  About one third of the drug 1nfused 1s
recoverable from the unne within a few hours, but the fate of the
remainder 15 at present unknown The bref duration of activity 1s
also unexplamed  Qceastonal renal farlure some days after operation
1s a disquieting sequela and the drug 1s said to liberate histamine

Negative Pressure to Limbs

ha?n ingentous adjunct to any method of controlled hypotension
recently been evolved It 1s well known that compression of the
legs and thighs eg by tight band g rases the sy blood
gres;ure and conversely the application of negative pressure lowers
the - metal cyhinder encloses each of the patient’s legs, a seql at
d l:ip of each thigh being made with a rubber diaphragm  After
3on;o zr(;ue fall of pressure has been induced a vacuum of from
sucu% : mm Hg 15 applied to the legs by means of a powerful
ot (g)ump and this usually ensures a further pressure drop of
mm Hg irrespective of posture  As the air pressure can be
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METAL
MANOMETER CYLINDER RUBBER DIAPHRAGHM

SPONGE RUBBER

7 i
Fic 58 Negative pressure device showang application of cyhoders
to patient s Jeg, (J W Saunders Lancer)
varied at will between wide imits this techmque probably reduces
some of the nisks of induced hypotension **
A senies of 150 neurosurgical operations has been reported using
the modified apparatus shown 3¢

o

1P FASTENER

AADJUSTABLE FOOT REST

1 a2 Ii‘.
T TTTT T Iﬂ'
@ HINGED
10 PUNP THUMBSCREWS
LEATHER DIAPHRAGM

TO MANOMETER
DETALHED

FiG 59 Negative-p dified for neurosurgery
(A JYames ef al., Lancer)
Anzsthetic Techmque
YWhen using induced hypotenston the an@sthetist must remember
that he has comverted a comparatvely fit patient mnto a temporarnly
shocked one and he will consequently require a greatly reduced
dosage of narcotic drugs  Furthermore the reduced blood flow
m:oﬁgh vatal organs makes 1t imperative that full oxygenation be
ensured or some degree of hypoxia will occur Controlled breathing
and an open pemoneal cavity both increase the hypotension to a
shight degree Measurement of the blood pressure by means of an
oscillometer 1s Highly recommended by anasthetists who are
experienced i hypotensive techmques
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Great care 15 necessasy o cuffed tracheal tubes are used as the
pressure wathin them may exceed the reduced systolic pressure with
comegquent neerosts of ulcesation of the mucosa a7

Post-operatne Care

At the end of operation with the table level the patient s systolic
pressure should be about 100 mm Hg If much below ths figure a
head down it should be adopted and f necessary « pressor drug
should be pnen  Methednne 10 mg 15 probably as effective 55 any
other but unfortunately its effect 15 evancscent and 1t may cause
restlessness during the reconery stage It 1s most important that the
patient s head should not be raised in transit 1o the ward and 2
tiling trolley s ymatuable  Constant superviston s essential until
the biood pressure has become stabehzed at a sausfactory Jevel

Morbidity and Mortality

Sudden death occurnng dunng an operation conducted under
nduced hypotenston 3s usually due to cardiac farlure from the fall
of pressure i the y artenes as d d under the acvon of
the methomum compounds Delayed deaths may occur from
cerchbral thrombosis and renal faure

In an endeavour to assess the nisk to hife assocated with mduced
hypotension a questionnasre was sent to 602 anesthetsts in Great
Brtam ¢ 21 000 cases were reported with 46 deaths a mortalty
rate of 1 n 459
The mam non fatal complications seem to be assomated with
cerebral hypoxia and, apart from obvious disasters such as occastonal
bitnd % are ch ized by changed mental attstude and
detenoration of abiily of the patient

It 1s possible that of the metabolic needs of the vital organs can be
dimimshed without added nisk by methods such as nduced hypo-
thermia (see Chapter 12) hypotension deliberately produced would
have a matenally lessened morbdity

In op ducted under mduced hyp nitis 1
for the surgeon ta secure even the smallest blood vessels  Otherwise

themcidence of reactionary hemorrhage when the pressure becomes
normal will be mncreased

Intications

From a consideranon of the preceding facts 1t must b
e mferred
that at the present time mduced hypotension shonld be reserved for
patieats sufferaing from a fatal disease or some gross disability for



154 REDUCTION OF HEMORRHAGE

the relief of which an operation 1s necessary which cannot be
undertaken unless a bloodless field 1s provided

In the wnters opinton the techmque 1s unjustified 1f 1t merely
renders a surgeon s work easier 1n an elective operation  On the
other hand, 1t may happen that an anzsthetist 1s urged by lus
surgeon to reduce the pattent s blood pressure during such operatrons
as fenestration, dacryorhinostomy, mammaplasty, etc, and if the
greatest possible care 15 taken the operating conditions can be very
rewarding -

Contra-indications

Induced hypotension appears to be specially dangerous in the
following conditions -

Angina and any state suggestive of coronary insufficiency

Previous cerebral thrombosis

Addison s disease and cachectic shocked and aged patients
(but see above)

Duabetes 1n which condition severe hypoglycemia may occur °

Chronic hypertension associated with pulmonary or renal
disease

Late stages of pregnancy 1n which feetal hypoxia may ensue

It 1s quite remarkable how bleeding can be reduced 1f proper
attention 1s paid to the principles of good anzsthesia These wall
include a smooth induction maintenance of a perfect amrway
avoidance of coughing and stramning appropriate posture adequate
ventilation with the avordance of hypercarbia and hypoxia the use
of non rebreathing valves open circusts etc
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CHAPTER 11
THE PHENOTHIAZINE DERIVATIVES

A GREAT deal of interest has been shown recently 1n the derivalives
of phenothiazine which has the structural formula —

N

H

These compounds were originally termed antihistammes but
since chlorpromazine one of the most useful members has httle
antihistaminic action the term should be avoided They mostly
belong to a somewhat vague group of drugs known as chemucal
tranquillizers  The most familiar phenothiazine denvatives are the
five hsted below  Therr structural formulae are shown opposite~

Pacatal (P 391) N methyl pipendyl 3 methylphenothiazine

Ethopropazine hydrochloride (lysivane)

Dicthazine hydrochloride (antipar, diparcol, latibon, R P 2987)
3 diethy laminoethyl N phenothiazine HCI

Promethazine hydrochloride (atesil, fargan, phenergan) Avomne 1s
promethazine 8 chlorothiophyllinate) N 2 dimethylammo-N pro-
pylphenothiazine HCI

Chlorpromazine hydrochloride (ampliactil, amplictill, hibernal,
largactil, M & B 2378, megaphen, RP 4560, thorazine, 2601A
SKF) 3chloro 10 (3 dimethylammopropyl) phenothiazine HCI

A brief summary of some of the pharmacological actions of four
of these compounds 1s grven 1n the appended table 18

P D Chlor Pacatal
Antihistamnic ++4 + + ++
Parasympatheticalytic ++ + + S+
Sympatbeticolytic + +++ +++ ++
Hypotensive + + + R
Hypothermic + ++ +++ +

Since chlorpromazine seems to be the drug of most interest to
anasthetists a short account must be given of 1ts effects It should
156 N P
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rs since 1t was first
be admitted honever, that afthough st 15 some yea

descnbed by l‘n:nch‘:,orkcrs 145 pharmacology stll remains obscure
Thas may be due to the fact that the action ony arymals and man 18
by no means wdentical

CH,
HCH,
Pacatal
s
oo Q0
by
by cH,
o, QHN (C M), Hee
CH,N{C,H ), HCR cH,
Ethopropazine Diethanne
OO
y S8e
G N
CH, C.H,
cH, CH N(CH,), HCE
N = Het !:‘H,
Chlospromanine Promethanne

Cardiovascular System  There 15 intle effect on blood pressure
although 1t tends to falt shightly and to become orthostatic If
hypotension should occur 1t 18 probably due to penpheral vaso-
dilatation and the correct treatment ss by adopting a head-down
it and not by the admimstration of pressor amunes as their effects
may be wverted? The pulse vate tends to nse but there 1s no
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significant change i the clectrocardiogram except occasional sinus
arthythmia  In artenal blood there 1s no change 1n the pH, sodium
potassium chlonde, or phosphate levels, nor 1n the oxygen, carbon
dioxide hemoglobin or hazmatocnt values The blood sugar tends
to nise and the urea nitrogen to fall  After prolonged admmistration
agranulocytosis can occur sometimes vath fatal results ? and myo-
cardial depression esentually takes place

Central and Autonomic Nersous Systems Chlorpromazine 1s not
a true analgesic but seems to render patients more different to
pain which they tend to regard objectively  On the other hand the
statement that the drug  disconnects the cortex from the dienceph
alon thus producing a chemical leucotomy  does not appear to rest
on any solid foundation It would probably be nearer the mark to
say that chlorpromazine appears to act in a considerable degree on
the d phalon so that 1t ind a parual ch ! hypothalam
ectomy ¢ The drug shows a2 powerful antagomsm to adrenaline®
but less to noradrenaline ¢ histamme acetylcholine or cholinesteras~?
It was ongmally stated to produce a complete autonomic block,
1e that st was a “ganghoplégique * but later work has shosn st
to possess ittle 1f any ganglion blocking activity ® Tt thus rescmbles
dibenamine  phentolamine and other adrenolytic compounds ®
The fall in body temperature which may take place after chlor
promazine has been gnen was at first thought to be due to
autonomic block but 1s now considered to be partly the effect of 2
depressant action on s¥eletal muscle  The specific adrenolytic action
of chlorpromazine probably accounts for its ability to protect to 2
certain ertent against traumatic shock. The theory that this effect
vasduetothepreventionof A C T H release has now been disproved
50 that the 1dea of the drug za ch I adrenal y or

chemical hypophysectomy’ would stem to be a fallacy¥® A
French biochemust™t has studied the effects of chlorpromazine on
many species of vegetables and amimals and regards it as having 2
unmque mode of action which he has named “narcobrotique  In
small doses the cerebral action of the compound closely resembles
that of general anzsthetics but larger doses do not produce anzsthesa,
and furthermore, chlorpromazine does not appear to affect oxsdative
processes directly as anacrobic orgamsms are susceptible to tts action
It 15 suggested that 1t prevents the effects of sympathetic srritation
which normally set in motion the ‘ pitustary-adrenal mechamsm 2
by a depressant action on the reticular formations of the brain
combined with penipheral antagomsm to adrenaline  These reticular
formations are brlieved to contain centres which control yomting,
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heat regulation, wakefulness, muscle and vasomotor tone and the
secrction of the anterior lobe of the pituttary gland  The general
depression of these functions might explain the diversity of actions
clatmed for chlorpromazine 1 The clectro-encephalogram usually
shows a normal sleep pattern 1

Respiratory System The tidal volume 15 lessened owing to central
depression although the respiratory rate is sometimes raised  In
spite of this depressed ventilation the oxygen consumplion tends to
be raised

Gastro wtestinal System  Chlorpromazine reduces gastric secre
tions and has an ant1 spasmodic effect on the small intestine  Post-
operative nausca and vomting appear to be significantly reduced

The Lner Chlorpromazine has a defimtely toxic action on the
liver®s and frequently causes sight Jaundice which 1s of the obstruc
twe type  If given over a prolonged period, ¢ g 1n psychiatry, this
effect may be serious

Excretion The excretion of the drug 1s slow, only a small amount
being recoverable from the urine No effective antagonist 1s known
at the time of wniting

Phystcal Properties  Chlorpromazine 1s a white crystalline powder
witha shght smell Its molecular weight 1s 355 3 and 1ts melting pont
195°C It 1s readily soluble mn water and 1s usually put up in
ampoules of either 1 per cent or 2 5 per cent solution The pH of
the latter solution 1s about 55 and the addition of alkaline fluids
(such as sodium barbiturates) will cause precipstation The acidity
of chlorpromazine solution makes 1t irntating and consequently 1t
should never be given subcutancously and intravenous imjections
should be well diluted It 15 possible to give the drug by decp
intramuscular 1njection but 1t should be kept well away from any
smportant nerve  Skin sensitization occurs rapidly in some people 1n
which case irntating rashes can develop Chlorpromazine can also

be supplied as sugar-coated tablets of 25 mg. and 10 mg for oral
use and rectal 1es can be ob d

Climical Uses  In anzsthetic practice chlorpromazine can usefully
be employed for the following purposes —Firstly, before and after
operation 1t 13 a sedative 10 the sense that 1t produces a feeling of
del:tchmem and ndifference to pain although 1t 1s not a ftrue

dly, st POSt operative vomiting n
mechanical causes 17 Thirdly, it yrobgbly affords somi porzfelclfxgg
aganst the onset of shock 1n prolonged and traumatic opera2tions.
Tt1s however, doubtful sf 1t does more good than harm tn extzb ched

12b ¢
shock owing to penpheral vaso-dilatation Foorthh ¢ demprmgeex

\
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significant change 1n the electrocardiogram except occasional sinus
arthythmia  In artenal blood there 1s no change n the pH, sodium
potassum chloride, or phosphate levels, nor 1n the oxygen catbon
dioxtde, hemoglobin or hematocrit values  The blood sugar tends
to rise and the urea mitrogen to fall After prolonged admmstration
agranulocytosis can occur sometimes with fatal results * and myo-
cardial depresston eventually takes place
Central and Autonomic Nervous Systems Chlorpromazine ts not
a true analgesic but seems to render patients more ndifferent to
patn which they tend to regard objectively On the other hand the
statement that the drug ““disconnects the cortex from the dienceph
alon thus producing a chemucal leucotomy does not appear to rest
on any solid foundation It would probably be nearer the mark to
say that chlorpromazine appears to act in a constderable degree on
the diencephalon so that 1t induces a partial chemical hypothalam
ectomy 4 The drug shows a powerful antagomsm to adrenaline’®
but less to noradrenaline 8 lustamine acetylcholine or cholinesterase
It was ongmnally stated to produce a complete autonomic block,
te that 1t was a ganghoplégique but later work has shown 1t
to possess little 1f any ganglion blocking activity ® It thus resembles
dibenamine phentolamine and other adrenolytic compounds®
The fall in body temperature which may take place after chlor
promazine has been given was at first thought to be due to
autonomic block but 1s now considered to be partly the effect of a
depressant action on skeletal muscle The specific adrenolytic action
of chlorpromazine probably accounts for 1ts ability to protect to a
certain extent agamst traumatic shock The theory that ths effect
was due to the prevention of A C T H release has now been disproved
so that the rdea of the drug a ch 1 adrenalectomy or
chermcal hypophysectomy would seem to be a fallacy ™ A
French brochermist®® has studied the effects of chlorpromazine on
many spectes of vegetables and anymals and regards 1t as having a
umque mode of action which he has named parcobiotique  In
small doses the cerebral action of the compound closely resembles
that of general anasthetics but larger doses do not produce anzsthesta,
and furthermore, chlorpromazine does not appear to affect oxidative
processes directly as anaerobic orgamsms are susceptible to its action
1t 1s suggested that 1t prevents the effects of sympathetic wrritation
which normally set :n motion the  piturtary-adrenal mechamism #
by a depressant action on the reticular formations of the bramn
combined with peripheral antagonism 1o adrenaline  These reticular
formations are believed to contain centres which control vomiting




RLFIRENCTS 161

lluu)umo 1.,19% drch tn1 pharmacodin 98 0%
ARO~ L ctal 1953 Bull Acal nat M4 FParis 137 $17
Drcourt ' L. 1953 Thérapic & B46
Syt H 1952 The Story of the Adaptation Svadrome €% (Montreal)
Horhin D A B 1955 Lancer March 19 (05
BeARD A J W 1983 Proc R S Med (An Sec) Dec 4
Annotation, 1955 Brit med J teb ¢ 318
Auusuvr R 1952, Anédsth & Anal:rl‘ 9 20y
Bouiron T 1955 Anrstheua July 233
Davirs J 1 Hucerns I HO A and Warkesstiy € 1946 Cana /)
Anesth Soc J July 223

R A ANATSTH



160 THE PHENOTHIAZINE DERIVATIVES

resprratory reflexes facilitating intubation and often terminating an
attack of huiccups  Lastly, by the prevention of shivering it facihitates
the induction of hypothermia (Qv) if this 1s considered to be
desirable

Admunstration and Dosage  Chlorpromazine can be given by
mouth in doses of about 50 mg the night before operation and again
i the last dnnk  Alternatively, for premedication a rectal
supposttory mncorporating about 200 mg can be used tn a fairly fit
adult If a more rapid effect 1s desired, about 50 mg can be given by
miravenous iajection but 1t 1s essential that a diluted solution should
be used e g the contents of an onginal ampoule should be diluted
to at least 20 ml and injected very slowly either directly nto a vein
or preferably nto the tubing of a drip mfusion 1f such s already set
up It will be found that a reduction 1n dosage of subsequent
wnhalatson or intravenous anesthetics and muscle relaxants can be
effected but 1t 15 still uncertan whether true potentiatton  or
‘synergism  occurs or whether the effect 1s one of simple summation
of the actrons of chlorpromazine with those of the other drugs If
small amounts of chlorpromazine are given after operation the
usual post operative analgesic drugs can be drastically curtailed or
even omitted altogether It 1s wise to substitute petiudine and
scopolamine for the more usual omnopon-scopolamine as 2
premedication njection 1f chlorpromazine 1s 1 use owing to the
risk of increasing the ant1 diuretic effect of morplune and 1ts various
dernivatives 14

All kinds of combinations of chlorpromazine with other drugs
have been described somewhat unscientifically as  cocktails,

mélanges® and ‘soups and 1t 1s quite impossible even to
enumerate these The most popular  Iytic cochtail at the time of
wrting 1s a mixture of petiidine 100 mg 1n 2 ml chlorpromazine
50mg in2ml promethazine 50 mg 1 2ml Ths 1s exther diluted
and injected very slowly into a vern until the desired effect 1s obtained,
ot 115 pven a5 a dnp infusion
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wats shown 1n Edinburgh i 1947 3 Tollowing ths lead, surgeons
and physiologsts throughout the world embarked on a new sca of
adventure, and reports followed from Labont and Huguenard, 1951,%
who used therr Iytic cocktail to produce some hypothermia, from
Juvenelle, 1952,% Delorme, 1952,7 Lewis and Taufic, 1953%, Swan
et ol , 1953, Dundee, Gray and thair colleagues 1953 2¢ Boerema
etal 1951 ™ and from Ross, 1954 12 and Scurr 1n 1955 3° The chuef’
surgeal uses of hypothermra are for interruption of the circulation
1n operations on the brain the heart and the abdominal aorta
Clinical hypothermua has been classified nto light mtermediate
and deep by Delorme® Light hypothermia with temperaturcs
between 35 and 30° C has been employed in asphyxia neonatorum,*!
acute poliomyehtis assocrated with hyperpyrexia and  bulbar
paralysis 26 post partum hremorrhage with rreversible shock <3 to
increase the safety of hypotenston during operations on the brain,
and later as a therapeutic measure to allow the brain to survive with
alowered metabolism *? acute hyperthyroidism tetanus and follow-
mg acute hypoxic episodes Light anmsthesia with the use of
relaxants to prevent shivening, together with exposure to a cold
environment are all that 1s required although chlorpromazine has
been used by some workers because 1t too inhibits shivering and ards
vaso-dilatation  Intermediate hypatherma in which the temperature
15 lowered to 28 to 25° C 1s the method used for interrupting the
blood flow to the bran heart hver or kidneys for periods varying
from five 1o fifieen munutes Deep hypothermia with temperatures
between 20 and 15° C 1s still a laboratory adventure It has been
possible to cool dogs to the level of spontaneous arrest of the heart
(18-12° C) and to resuscitate them successfully by rewarming

Effects of Hypothermua

These are most ably dealt with by Delorme, 1955 and by
Churctull Davidson ™ In experiments on dogs 1t has been shown
that coohng and rewarmung between 38°C and 25°C by the
pervascular or extracdrporeal method 1s harmless but that ventrcular
fibrllation 15 a real danger if the heart 15 mampulated or incised
under hypothermic conditions and moreover only two thirds of
such cases of fibnillation can be reversed by electrical means Oxygen
consumption may show an nitial rise even while the temperature 1s
falling but soon decreases proportionally to the fall 1n temperature
Renal 1schemia for four or five hours under hypothermia does
not lead to urema although the mean effective renat blood flow
decreases to approximately half of normal at a temperature of



CHAPTER 12
INDUCED HYPOTHERMIA

History—Effects of H)ypothermia—>Methods of Producing Hypo
thermia—Re war Meihods of A h during Hypo
thermia—Complications—Uses of Induced Hypotherma

IN an effort to decrease the demand for oxygen by the cardiac and
cerebral cells during periods of decreased blood flow 1n surgical
operations resort has to be made to artificial cooling and the
hypometabolism which results from 1t Cooling enables the cells of
the brain, parenchymatous organs and myocardum to wathstand
periods of hypoxia duning failure of oxygen supply which mn its
absence would prove injurious and might end fatally It also prevents
hypoxia from wrecking the maclunery by postponing the secondary
enzymatic changes which 1n normal subjects accompany this msult
It has been said that penvascular cooling slows the machine by
easing up on the throttle and not by increasing the load ¥ Foriatra
cardiac operations the adult patient must be cooled to approximately
30-28°C, the child patient to 26-24° C and at this temperature
both heart and brain can be excluded from the circulation for about
ten minutes

History While cooling for purposes of anasthesia has been 1n
vogue at least since the Napoleomie era cooling for use mn cardiac
surgery to provide hypometabolssm dates from the work of
Bigelow of Toronto 1 1950 * ** His predecessors in expertments on
cooling 1included Simpson and Hernng in 1905 who comed the term
so unfortunately used in recent years—artificial ubernation—and
stated that cold narcosis relieved pain like ether and chloroform
narcosts, but that 1ts use was not unattended by danger to hfe In
1938 Temple Fay and Henry? tried the effect of local cold on tumour
growth, while 1 1941 the term hypothermua was first used by
Talbott ¢

Bigelow and his colleagues showed that with progressive cooling
the rectal temperature and oxygen consumption show an almost
linear relationship  They also stressed the fundamental mmportance
of controlling shivenng, as even shght shivering doubles oxygen
consumption They finally pomted out that no oxygen debt was
incurred by the tissues  The fact that hemorrhagic shock was better
toler «ed by hypothermuc dogs than by dogs at normal temperatures

162
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respiration rate 1s reduced  There 55 a reduction in brain volume
and cerebrospinal flurd pressure and 1n cercbral metabolism ¥ The
viscosity of the blood imereases  The oxygen dissocintion curve 1s
shnfted 10 the Jeft and oxygen hiberation to the tissuesis tundered The
younger the patient the greater the safety, but the rectal temperature
should not be allowed to fall below 26° C - Post operitive pulmonary
complications are ncreased while injury to local areas due 1o cotd
has been reported At a temperature of 30° C (86° T') oxygen con-
sumption 15 70 per cent of normal and at 27° C 1t 15 50 per cent
of normal

Some attention has recently been devoted to the study of the
effects of hypothermia snduced by surfice cooling on the lustopathe
logy of vitat organs (knocker 1955) *® Changes are scen even when
the expenimental ammals 1 this case dogs, are not cooled beyond
the point generally regarded as 1deal for surgery The structural
changes seen 1n the liver, hidneys and suprarenal glands are such as
to make 1t questionable whether hypothermia by surface cooling
ought to be used as a means of enabling patients to withstand aircula
tory arrest duning operations on the heart The cell changes resulting
{rom hypothermia closely resemble thase reported by ather workers
as resulting from vartous forms of stress and are perhaps due to tissue
hypoxta The unexplained deaths of animals duning experimental
hypothermia which have been reported may be due to these uissue
changes becoming trreversible 2 On the other hand the supporters
of blood stream cooling have failed to produce these changes 1n their
ammals and suggest that the cold stress and the reflexes associated

with surface cooling are the causes of the tissue changes and not the
low temperature 1tself

Methods of Producing Hypothermia

Cooling should be for as short a time as is necessary for the
sticcessful completion of the proposed operation while rewarming
should begin as soon as possible after the conclusion of the period
when the heart1s excludedfrom the circulation 4 There are, hovever,
wotkers of experience who have seen bad results from too rapid
rewarmiig ©* Techmques of hypothermia are not yet stabilized

Surface Cooling Ths 15 the sumplest method and 15 that used by
Bigelow ! The patient, after being anmsthetized 1s 1mmersed 1o 2
cold bath surrounded by ice bags placed on a refriperated mattresst?
or wrapped 1n a refrigerated blanket 28 The time taken to reduce
the temperature to 27-26° C varies from one to three hours, but
the rate and extent of cooling are difficult to control The 5o called
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29°C3* The usual post operative oliguria does not occur under
hypotherrua while hypoxic damage to the fiver 1s less serous
than at normal temperatures The myocardium 1s likely to go into
a state of ventricular fibnillation at temperatures below 25°C and
this fact not the effect on the brain limtts the extent of hypotherma
This may be because during an operation the braimn 1s at rest whie
the heart 1s sull actively at work The onset of fibnliation 1s mflu
enced by the temperature direct handling of the heart hypoxia
increase 1n the central venous pressure and disturbances in the
intraceliular electrolytic ratios especially of potassium and caleum

Two new methods have been tried experimentally 1n an effort to
provide a quiescent heart for intracardiac surgery  The first 15 to cool
the heart locally to 7-10° C after the rest of the body has been cooled
to 25° C and the inflow to the heart occluded The second 1s the
mjection of neostigmne 1nto the coronary circulation to produce a
prolonged acetylcholine block which can be reversed at any time
by atropimne™  Another approach to the problem 1s that of
Melrose and his co workers® who have suggested the injection
of potassium citrate nto the coronary circulation of the hypothermic
dog to produce a temporary circulatory standstill The normal beat
1s restored after a pertod of asystole of fifteen minutes at 26° C
by perfusion of the coronary circulation with fresh blood

Climcal effects include a d hed oxygen req an
absence of permanent damage due to enzymes which ordinanly
accompantes periods of hypoxia a reduction 1n the work of the heart,
a prolongation of the coagulation time of the blood and a reductton
1n the amount of anzsthetic required A lowenng of the pH of the
blood 15 a feature of hypothermia and must be counteracted by
hyperventilation It1s due to an increased amount of carbon dioxide
dissolved 1n the plasma  On the other hand the addition of 5 to 10
per cent carbon dioxide to the mnspired atmosphere during cooling
unexpectedly reduces the incidence of arrhythmia and permuts
reversible cooling of experimental animals to 20 C3 There 15
nterference with the renal and hepatc function which may retard
excretion of anzstheticagents hepaninand glucose astherenal blood
flow and glomernlar filtration rate are reduced Cardiac arrhythmia
15 seen 1n 70 per cent of patients who are cooled to 24° C or less and
the EC G changes include increase 1n the contraction ttme pro
longation of the PR interval wideming of the QRS complex
flattening and deep mversion of the T waves and depression of the
ST segment The blood pressure nises at first then falls gradually
the pulse rate falls a direct effect on the pacemaker while the
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this method 1 about forty fisc mmutes and the blood pressuse
15 sustamed by 1 noradrenatine dnip, 15 ot temperatures below
28° C the cardiac output 1s 5o low that coronary flow might other
wise be tnadequate  Tlus also slows the heart rate The paticnt 1s
renarmed to 35° C or until consciousness 1s reguned before beng
returncd 10 s bed  The danger of ventncular fibnihtion 15 ever
present and 1f 1t occurs, cooling 1s stopped while massage to restore
tone, warming and clectnical defibnllation of the myocardiym are
set 1n operation 1f these measuses do not restart a normal heart
beat, the heart 1s again warmed with saline and intracardiac adrena
line or caleium chlonide injected  No drugs arc used to help cooling
by this method but a search 1s being made for pharmacological
agents which will make ventricular fibrillation less of a danger
Thermometers used are cithet of the glass mercury type or else
employ special electnical components A uscful heat measunng
device has been descnibed*® which uses an clectncal cirewit worhing
on the principle of measunng the differcnce between a hnown
predetermined clectric current and the varying current passed by a
thermistor By this means the temperatures between 20 1nd 40° C
can be read on a scale discriminaung to 01°C The element 1n
contact with the patient can cither be a soft plastic tube or a necdle
for measuning tramuscular temperatures A reading mn the
cesophagus gives a fair 1dea of the temperature of the heart, while

one from the pharynx approximates to the temperature of the blood
returning from the bram
B

Re-warming
This can be achieved by immersion 1n warm water by wripping
in warm blankets or can be allowed to occur spontaneously Burns
must be avorded and the skin should not be rassed above 40-45° C
Short wave diathermy can also be used the patient being pliced 1n
a high frequency field between two large electrodes In pervascular
cooling the blood 15 warmed directly

Methods of Anmsthesta During Hypothermia
Destruction of drugs 1n the tissues and therr elimmation by the
kidneys 15 mnterfered with by hypothernua and this necessitates the
use of short acting and volatile drugs mcluding that useful all
purpose agent ether Below 27°C, hypothermia itself causes

unconsciousness  Small doses of intravenous barbsturate, gas
c}fygen anc‘l_ a relaxant to discourage shivering form a good anves
thetic

Chiorpr 15 the only drug with the dual
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after cooling of 2 to 3°C takes place when surface cooling has
stopped and 1s saud to be due to the rehief of the intense vasoconstric-
tion which follows removal of the cold environment and the resulung
perfusion of the cold surface tissues This may cause severe mcon
vemence in cases in which the cooling has to be stopped suddenly
Surface cooling has been used with most success 1n infants and
young children

Body Cawty Cooling In this method, chilled saline may be
petfused into the pleural cavaty after the thoracotomy,!® or cooling
flmd may be circulated 1n a balloon placed 1n the stomach **

Blood Stream Cooling (pervascular) This method obwiates
many of the complications such as reflex effects, tissue necrosts, etc
which may be seen after surface cooling and 15 used for itrathoracic
operations  No after-cooling 1s seen once the procedure 1s stopped
1t may imvolve carrying blood from an artery through a cooling coil
and returning 1t to a vein,'* 7 st may also be carned out by passig
blood from a vein through a cooling conl and returning 1t to another
vem—veno venows cooling This latter method avoids mnjury to a
major artery <° 2 A refrigerating unit 1s placed outside the theatre
winle the blood cooling corl and pump are assembled near the patient
Simpler methods have been described® 27 1n which venous blood 15
made to arculate by a hand roller transfusion pump®® through
16 feet of 4-mm Portex tubing coiled inside a 3 1b glass jar contamn
ing a muxture of sold carbon dioxide alcohol and saline For
rewarming this mixture 1s replaced by molten sod tt {ph
which remarms for a long period at a temperature of 46°C Coh
tinuous EC G tracings are taken throughout the penod of cooling
and of operation and a glass or other thermometer placed 1n the
pharvnx or aesophagus records the temperature  After mduction of
anasthesia the shternai saphenous vein on the front of the thigh
1s cannulated and connected to the return end of a cooling cod
while the other end of the coil leads to an ordinary saline mfusion
set The decision to cool 1s delayed until the chest 1s opened and
an accurate assessment for its need 1s made If the techmque 1s
required then the afferent imb of the cooling conl 15 disconnected
from the dnp and pushed through a small opemng 1n the right
auncular appendage into the supenior vena cava The pump s
set 1n motion and thus withdraws warm blood from the supentor
vena cava cools it and returns 1t to the mnfenor vena cava via the
internal saphenous vein A recent improvement 15 the cannulation
of both ven® cave via the nght auncular appendage’? mstead of
using the saphenous e A uscful temperature 15 obtamned by
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imjection of SO per cent plucose solution, imechion of neoshigmine
perhaps accompanmied by the bloching by hgnocane of the sino
auncular node and the juncuional arca and the mhahtion of
5-10percent carbondioude  Theanduction of deliberate ventncular
fibnllation to facilitate the surgcon s work has been desenibed -2
On dogs defibnillation of the ventricles has followed the mjection
1nto the coronary artery of potasssum chlonide  This causes asystole
which 1s then converted to normal contractile actimity by massage
and the intracoronary mjection of calcium chlonde ¢ Rheumatic
heart discase favours the occurrence of arrhythmias and mny contra-
indicate hypothermia ** Hamorrhage 1s more hkely 1n cooled than
n normal patients because of the increase in the blood coagulation
tme Pulmonary edema and atelectasis have also been encountered
dunng hypothermia  Shinvering must be prevented by the use of
adequate anesthesia together with muscle relaxants and some
worhers also employ chlorpromazine for this purpose It appears
that shivenng 1s mitiated from a centre in the thalamus and the
autonomic response to cold 1s controlled from a centre 1 the
postertor hypothalamus ~ Surface cooling may cause frost bite
tissue necrosts and nene inyury  effects not seen after blood stream
cooling Infection and also long term cercbral degencration have
been reported Intravenous agents 1ncluding an-westheties and

sedatnes must be given n very small amounts as their excretion 1s
greatly delayed at low temperatures

The Uses of Induced Hypothermia

Whle the main use of this technique 1s to allow the heart and the
bram to be safely deprived of oxygenated blood for periods up to
ten mimnutes or a little longer so as to allow operations on the bram
the heart and great vessels to be completed 1t has also been used 1n
the treatment of various conditions 1n which 1t was considered that
hypometabolism would benefit the patient It may be that in the
future hypothermia will be used exclustvely 1n neurosurgery
ischemia bemng provided 1n the surgery of the heart by an art:ificial
heart lung technique At the time of writing (Sept  1956) a mechani
(f:al pump oxygenator of the Gibbon type has already been success
l_ully used 1n 40 human cases 1n which the heart has been excluded

rom the circulation for as long as 45 minutes In the last fourteen
:peratxons n this series, only one patient died ** The danger of
s{:lt:netaneous ventncular fibnllation precludes 1ts use 1n general
mcg Ty e;cept at such high temperatures that the beneficial effects

m doubt 1e above 28° C  With ncreasing  knowledge
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action of mhubiting slivering and promoting vaso-dilatation™ and
s0 may be used duning the operation or i the premedication, but _
1t 15 not obligatory It does not present the release of ACTH‘by
traumatic stress® and has Iittle effect on coolmg It may even
mcrease oxygen consumplion  Glucose 1s metabolized more sfowly
1n cold than 1n normal patients and so must be given by intravenous
dnip 1n reduced quantity To combat respiratory acidosis which 1s
Likely to be present 1n cooled patients, the anzsthetist must hyper
ventilate the patsent, except when the heart 1s 1solated from the
circulation then breathing 1s abolished

In a method recently described 2° the patient 1s given chiorproma
zine 50-100 mg by mouth the might before the operation, and one
and a half hours before cooling 1s to commence, 50 mg of chlor
promazine 1s injected with hyalase intramuscularly To this either
pethudine or promethazine 50 mg may be added f the patient 15
anxious Onc and a half hours later anzsthesia 15 1nduced with
thiopentone 150-200 mg and d tubocurarne chloride 30 mg  After
intubation maintenance 15 by gas and oxygen Now a cooled
blanket or ice bags are applied to the patient, to his dorsal as
well as to his ventral aspect and small additional doses of chlor
promazine are difs riction 1s pro d. To prevent
pooling of the blood 1n any one part of the body the position of the
patient 1s changed every fifteen munutes

Complications

Cardiac srregulanties are seen with icreasing frequency below 2
temperature of 33° C (91 4° F ) and at 25° C ventnicular fibnliation
may be encountered Many workers regard the safe lower imit as
30° to 28° C m adults and 28 to 25° C in children Fibrillation 1s
more common 1n old than in young subjects and 1s not always
reversible by electrical defibrillatory technmiques It 1s most dangerous
when 1t comes on before the cooling has reached the desired Ievel
Continuous electrocardiographic monitoring s an essential part of
the procedure If the ventricles fibnllate cooling 15 terminated the
heart massaged to restore tone and the electric defibrillator applied
Should this grave complication make 1ts appearance at a temperature
Jow enough to allow the circulation to be interrupted or during the
actual cardiotomy 1t 1s 1 the hands of some workers sgnored as 1t
prevents embolism and provides a quiet operating site  After the
cardiac reconstruction 1s completed massage and electrical stimula
tion are employed to get spontaneous contractions gomg again
Other measures which may aid defibrillation 1nclude the intravenous
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however, the onset of ventricular fibnllation may be less alarming
and may come to be merely a cosmetic defect n the electrocardio
gram ¢

The tentative suggestion has been put forward by Gray?? that by
hypothermic an-westhesia we are preserving the adrenocortical
responses to stress for the recovery period, and not depleting the
reserve of the patient duning the operation

Excellent recent articles on induced hypothermia are those by
C F Scurr,’ Lucus 3 Brock3? and Delorme 22 Hypothermia 15
evolving rapidly and changes 1n outlook and techmques are
occurning constantly
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CHAPTER 13
COLLAPSE, SHOCK AND RESUSCITATION

Causes of sudd.n cardiae standstill—Tj pes of cardiac standstili—
Transthoracic and bdominal cardiac Artificial
clrculation — Electrical defibrillation—Use of stimulant drugs—
;n: vention of c,tn'bral @dema—Shock—Plasma Expanders—Blood

7
terial

CARDIAC RESUSCITATION

SoMe real advances have been made 1n this subject within recent
years, and sudden cardiac arrest 1n the operating theatre, and even
1n the ward and the out patient department, 1s no longer the certan
fatality that it was not very long ago It 1s now realized that sudden
cessation of the heart beat may be due either to asystole (cardiac
standsull) or to ventncular fibnilation, the former being the more
common This distinction 1s hughly smportant as the treatment of
the two conditions differs fundamentally, asystole requires cardiac
pumping, misnamed cardiac massage, and ventncular fibnllation
may demand clectrical defibrillation m addition  The use of drugs
1n the treatment of cardiac standstill 1s also becomng better under
stood In asystole, no observable mo t of the my
takes place, but 1 ventnicular fibrillation uncoordinated muscular
contractions are present which from the functional point of view are
totally useless as a means of expelling blood 1nto the aorta

The most common cause of cardiac arrest 1s hypoxia and this may
result from too low an oxygen tension in the mspired gas mixture
respiratory obstruction due to one of its very numerous causes,
underventilation  respiratory  paralysis—central or penipheral,
hzmorrhage or gross hypotension A combination of two or more
of these causes 1s 1o be especially feared as for example a period of
apneea occurring 1n 2 patient with a very low blood pressure
Reflex cardiac arrest may be caused by certan drugs such as
chloroform, ethyl chlonde or cyclopropanc procamne amde
neostigmine, quimdine or adrenaline It may also result from
physical 1ntation of the heart during ntrathoracic operations and
during cardiac catheterization while a heart cooled to a temperature
below about 25° C may spontancously develop ventricular fibrilla
tion Finally 2 heart subjected to gross pathological change such
as coronary pul 'y or air bol may very
soon cease to beat Reflex cardiac standstill from peripheral
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sumulation such as vagal intubition 1s undoubtedly a cause, though
a rare one, m chmeal antsthesia—and Johnstone® gives fresh
evidence for the view that cardiac arrest can be caused not only by
vagal overaction but also by sympathetic oseractivity and by a
third mechamsm  that of hyperkaltmia ** In this carbon dioxide
retention causes a nise in the plasma potassium content to cardiotouc
levels while a sudden fall tn carbon diouide in the plasma after a
prolonged hypercarbia s followed by a still further sncrease in the
plasma p with the possibility of the imuiation of ventricular
fibnllation  Johnstone makes a powerful plea for constant EC G
monitoning dunng major operations as only by this means can a
timely warning of impending trouble be received by the anasthetist
Early diagnosts 1s smperatne 1f the patient 1s to sunvive forif a
period greater than four minutes intenencs between cardiac arrest
and the commencement of an adequate artfical circulation
wrreversible brain changes are ikely even af cardiac action 15 restored
The urgent need therefore 15 to nstitute and mamntain a sufficient
blood supply to the brain to prevent these irreversible changes
The myocardium itself 1s very resistant to periods of hypovia an
Interesting contrast to ats behaviour under hypothermia where 1t
ceases to function at temperatures which leave the brain apparently
unharmed
The anzsthetist 15 sometimes faced with an apneec patient whose
blood pressure 15 unrecordable whose precordium transmits no
sound to the ear and whose peripheral arteries perhaps due to
obesity are impalpable There may come a time when he just does
not know whether a patient 1s alive or dead At this moment of
‘g:‘xmmly 1t 1s hus immediate duty to inform the surgeon who may
. llm a position to palpate a large visceral artery If all the evidence
als to confirm a beating heart massage must be commenced
without further delay and 15 usually undertaken by a member of the
:}l:;gtlc:‘l)ll team The anzsthetist meanwhile will lower the head of
oy af e and see that efficient artificial respiration with oxygen or
en 1f necessary with air by means of mouth to mouth breathing 1s
::?};?Tned He must not be tempted to waste time over a possibly
o b:; r:r:_teubau:ln as thus can be performed later when the circulation
blood andSt]?re He wll also try to get a needle into a vein so that
well howey ypertensive drugs can be later admumistered 1t 1s
myocardmy:r 1(1(1) bﬁmember that drugs designed to act on the
will not am\:vat l}: useless if njected 1nto a peripheral vern as they
directly 1t the heae:‘: zl:sl?f action Such drugs should be injected
y or 1f the descending aorta 1s clamped,
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into 1ts lumen, so that they may be carned towards the opemings of
the coronary arteres

It 15 sometimes a difficult matter to decide whether cardiac
massage should take place through the abdomen or through the
chest, but n recent years opsnion has come down greatly 1 favour
of the latter route (McMullan, 1955) ! If however an upper abdom:
nal ncision 1s already present, the aorta can be readily palpated and
the heart atself felt through the draphragm If 1t 1s 1nactwve 1t can be
compressed between the hand and the chest wall—subdiaphragmatic
massage—or by retracting the left lobe of the liver and mcising the
diaphragm behind the sternum? the heart can be compressed dixectly
from within the pericardial cavity If an effective heart beat results
quickly from this method of resuscitation well and good but no
more than thirty seconds should be spent on 1t and a transthoracic
approach should be made forthwith Compresston of the heart from
within the chest 1s the method of choice, as 1t not only enables a more
efictent artificial circulation to be maintained and 1s less tinog but
1t 1s the only way, other than by electrocardiography, of differentiat
ng between asystole and ventricular fibrilation  Without bothenng
about aseptic precautions, an imnciston 1s made 1n the left fourth or
fifth intercostal space from a point near the sternal border, avoiding
the internal mammary artery to the mid axillary line  The lung 15
retracted and the heart examined and frequent regular compresston
1s at once started whatever the condition found The ventricles
must be squeezed empty and allowed to refill before the next com
pression the rate being about fifty or sixty each minute  Elevation of
the legs and intravenous infusion may aid refiling The operators
fingertips must not be used during the compression for fear of
rupturing the flabby myocardium but the whole heart should be
Lifted up 1n the hand and compressed against the sternum ¢

Once oxygenated blood has been squeezed out of the heart into
the aorta and so continued for a short time, certain refinements and
nicettes of technique can be employed A mnb spreader such as
Finochuetto s can be put 1n place or one or more costal cartilages
incised to allow the hands more room The pericardial sac can be
meised longitudinally and somebody to assist the surgeon n hus
truly exhausting work can be summoned After further pumping
the heart can be examined to see 1f 1t 15 1n asystole or ventricular
fibrllation. Asystole demands more compression until normal
contractions are vesumed Should these return 1 a weak and
inadequate form the myocardium should be stimulated by njection
into the left auricle (or the thoracic aorta proximal to a clamp) of
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3105 ml of a mixture of noradrenahine 1 sahme (3 m) of 1 1000
solution to 10 ml1)? Rasing the pressure of blood supplied to
the coronary artenes and the braw can be helped by compresung the
aerta yust distal to the ongin of the left subclavian artery? if the
transthoracic approach 1s being used or by occludsng it 1n the region
of the cochac axts artery when abdommal massage 15 taking place
“This artifical circulation should produce a systohic blood pressure
of 40 to 60 mm of mercury® 1f after some minutes of massage the
normal heart beat does not appear, then drugs may be brought in
as remnforcements and the first mection which should again be into
the left auncle or into the aorta proxumal to a elamp can well be
072 mi of 1 1000 adrenaline well diluted with salme or 35 mi of
110000 noradrenaline These drugs cxert their action on the
myocardium wia the coronary arteries A second drug which has
proved vseful 15 10 per cent cedowm chlonde € 3 to 4 mi of which
should be ssmilarly mjected  This restores the tone of the heart
muscle and may stmulate spontancous contractions Pumping 15
contimued between injections which may have to be repeated but
no case 15 to be regarded as hopeless untsl r 1on has been
continued for a long penod Drug injechion may cause ventnicular
fibnilation by starting up multiple pacemakers This demands the
appropriate treatment by defibriliation
The most effective way to abobsh ventncular fibnllaton s
electrical defibnflation! 3 7 ¢ ¥ which was suggested as long ago
a3 1899 % The aim 15 to pass an electne current through the heart
strong enough to cause all its muscle fibres to have thesr refractory
penod simultaneously and then to smtiate normal heart beats by
massage and compression  After the arcufation has been restored
artificrally two electrodes are applied to the heart so that a current
passes between thert  One shock may convert ventnicular fibnliation
to asystole or a rapid successton of shocks, each lasting 0 5 to one
second may be d at ltages up 10 250 v A
pertod of compression 1s of course interposed between these attempts
at electnieal defibnlation One example of 2 defibriiiating apparatus
15 described by McMillan * and another (Stanley Cox Ltd —Stanco)
gwves a shock range from 100-350 volts of 2 dusation of } second
A large type of electrode should be used preferably covered with
gauze moistened with saline, so that good contact with the myocar-
dum 15 made to reduce the nsk of bums to the heart The
operating team should wear rubber gloves to avord electric shocks
External electrodes have been successfully used without opemng
the chest to regulanze 2 fibrillating heartt using electneal impulses
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as an external cardic pacemaler to mamtain adequate cardiac
contraction until spontancous ventricular contractions reappear
For a successful result they must be apphied within five minutes of
the onset of fibrllation The external defibrillator 1s similar 1n
design to the direct defibrillator but the shock 1t delivers 1s much
greater, the voltage used being 200-700 volts instead of the 120-
250 volts which 15 usually adequate 1n the latter machine Large
copper electrodes covered with electrode paste are held by their
insulated handles, firmly against the chest wall one to the left of
the sternum  the other on the anterior axillary line  Each shock lasts
0 15second and 1s repeated at frequent intervals until a normal beat
results An electrocardiogram is necessary for the diagnosis of fibnilla
tion to be made 1n the first place and also for the results of the shocks
1o be followed 27 This form of treatment 1s safe and 1t 1s easily applied
but precious time must not be wasted, and 1f successful cardiac action
1s not soon seen the thorax must be opened without delay

If electrical methods fai! potassium should be available for tral
w the form of 5 ml of 4 per cent potasstum chlonnde This has
recently been successfully used to defibrillate the heart mn induced
hypothermia! but at a'normal temperature s Iikely to be followed
by difficulty n restarting the asystole which results from its mjection
even using calcium chlonide and adrenaline Intracardiac procamne
10 ml of I per cent solutton has been advocated > but 1t, like
potassium may make the resulting asystole difficult to reverse
Procamne amide has also been fully used R 10n may
be unsuccessful 1n the presence of degenerative heart disease
hypoxa from any cause low bloodvolume toxemaorbram trauma

Once the circulation has been restored 1t may require augmentation
and support by intravenous intra artenal or intra aortic transfusion
of blood 1n the case of hemorrhage or of mtravenous noradrenaline
or other hypertensive drug  The chest should not be closed until
spontancous heart beats have been present for some mmnutes
Bleeding points must be secured paying particular attention to the
internal mammary artery while the perrcardium should be sutured
with interrupted stitches, not too tightly so that pericardial effusion
can drain into the pleural cavtity The costal cartilages are then
sutured 1f they have been divided and the chest closed using an
underwater seal

If effective artficial circulation 1s not estabhished wathin three
or four mnutes of the cardiac arrest prophylactic treatment for
possible cerebral cedema the result of hypoxia should be given
Thus may consist of the intravenous injection of 100 ml of triple
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strength plasma—made from dned phsma-—or of 50 per cent
sucrose solution and such wagecttons may be repeated  four hourly
mtenals  The miraacnous sngectson of @1 per cent procaine
tydrachlonde solution once or twice duly has been recommended*t
10 rehieve the Vasoconstriction of the cesebral vesscls associated with
cerebral hypoxa

For further detaals about thus 1mmensely smportant subject the
reader 15 referred 1o articles by MceMillan Cochett and Styles® and
McMillan * and also to the book by R M Hosler Cardme
Resusatation , 1954 {C € Thomas Sprnpfield US)

SHOCK

This rather vague bur highly wnportant condition includes at
least three patholoptcal states The first 45 not often seen by
anesthensts and 15 the reaction wiich sometimes resufts from
emotion or other muid stress It 15 characterized by bradyecardia a
fow blood pressure and a cold clammy shin It ss known as a
vasovagal syncopal or famnting attack and treatment rarely presents
any great difficulties

Wount shock 15 hypovolemic shoch and 15 uswally due 1o acute
hemorrhage The patient becomes pale cold and clammy s pulse
rate nses and hus cardie output 15 reduced  The trestment s

d blood repl t or i its temporary ab
or plasma expander wnfuston  In the absence of treatment, the
patient may be able 1o rehydrate lnmself spontaneously so that hus
cardiac output bload pressure and venous pressure return apam
towards pormal values  He will howenver be acutely anemic and tus
blood as an oxygen carrier will be greatly handicapped so that his
hypoxic myecardium may not be able to tolerate tapid transfusion
Thas 15 the so ¢alled hyperkinetic phase of wound shock and shoutd
be treated by the slow transfusion of packed red cells If on the
other hand the patient ts not able to rehydrate lumself and remvins
untreated peripheral errculatory fmlure foliows and this may not
sespond to fransfuston This s the state of wreversible shoek
Sympathomsmetic agems have a place m the treatment of shock
but thesr employment can be carned too far so that tissue hypoxz
increased capiifary permeabilty and plasma leak has resulted from
sheir continuows admmstrauon by miravenous drp  In small
amounts however noradrenaline may redistribute avaslable bloed
to é:;ttcr advantage
anges in the treatment of shock have not been num

recent years Wihale st was formerly the practice to wart: r\?;sﬂl:;

plasma
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shocked patient this 1s now no longer so and some workers have
deliberately cooled their shocked patients ! A new approach to the
treatment of the condition, at least from the point of view of the anxs
thetist 15 1ts reversal by the intravenous injection of Quabaine 2?4
QOuabae 15 strophanthin G, a digitalis like glycoside with a rapid
action and a short duration of effect It should not be gmven to a
patient who has recently been treated with digitalis or one of 1its
congeners The intravenous dose 15 0 5 mg 2 and 1ts primary actions
are to stimulate the myocardium and raise the penipheral resistance
and hence the blood pressure It may be grven erther on its own or
n addition to transfusion and may be specially useful 1n patients
who have cold and blue extremities or tachycardia when the
sympathomimetic amines might be contra indicated Horton and
Armstrong Davison® report good results in 84 per cent of their
patients and strongly recommend 1ts use in ali patients with shock
who do not improve after intravenous fluid has been given before,
during or after operation They report no harmful results 1n their
sertes of patients receiving this treatment

Plasma Expanders

These agents are a useful means of temporanly restoring the
volume of circulating flnd provided the blood lost has not exceeded
20 per cent of the total blood volume Dextran (intradex, gentran,
macrodex, plavolex, expandex) and polyvidone (periston, plasmosan,
subtosan, polyvinyl pyrollidone) are popular members of this
group and expenments are taking place with gelatin Plasma
expanders remain 1n the circulation longer than dextrose or saline
because their molecules approach the size of the molecules mn blood
plasma and they are not filtered off by the kidneys In passing 1t
should be emphasized that both dextrose and saline when given
mtravenously have an effect on the falling blood pressure which 1s
not to be despised at such times as longer acting agents are not
immediately to hand

Investigations have not yet been able to determine the ultimate
fate of polyvidone (plasmosan) 1n the body Approximately 50 per
cent 1s excreted through the kidneys within three days another
25 per cent 1s sumilarly excreted 1n the first ten days ® but the fate of
the remaimng 25 per cent 1s at present mysterious  There 15 evidence
that the matenal 1s depostted 1n the spleen Inver bone marrow and
Iymphatic glands ®

Reports of reactions to dextran come to hand from ume to time? #
and 1t would appear that this plasma expander can be antigente to
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man and can produce precipitins and also skin sensitivity The
degree of sensitivity as measured by shin tests scems to bear no
relationship to the systenmc reaction, while a sccond mfusion after
twenty one days does not enhance the seasitivity Thus a look out
should be hept for these reactions mn all patients who receve
dextran but as they are seldom scrious they 1n no way prectude the
use of this very useful agent Reactions are more frequent in non
an®sthetized than 1n anesthetized subjects, and take the form of the
usual allergic lesions such as urticana, shan rashes, cedema and
irnitation of the mucous membrane of the upper respiratory tract
They are often ameliorated by the ntravenous injection of anti-
hustamune drugs ®

After intravenous injection of dextran contaming radio active
C 14, 1n the dog the unine shows 65 per cent to 70 per cent of the
radioactivity with carbon diowude in the expired air showing a
further 4 per cent to 6 per cent After an interval of 74 hours,
3 percent to 5 per cent 1s present in the viscera  Thus leaves 25 per
cent. of the dextran unaccounted for !? The use of dextran 1s now
much preferred to that of polyvidone

Plasma 1s preferred to either dextran or polyvidone as a blood
volume restorer 1n conditions where a hypofibrinogenaemua 1s Iikely to

develop such as acaidental hemorrhage, a dead feetus 1n utero and
hydatiform mole 1

Blood Transfusion

Increasmg experience 1s causing some workers to take a less
serious view of icompatible blood transfusion than was formerly
the case and Discombe! believes that most patients who receive
wncompatible blood recover spontaneously if their kidneys have
not been damaged previously and if they have not been subjected to
such biochemical wsults as mtravenous njections of, for example,
sodium citrate sodium lactate or sodium sulphate  The treatment of
thus condition would now seem to be directed towards spanng the
kidneys and so preventing death from urzmia which mght result
from anoxia of the renal tubules consequent on blockage of ther
capillaries by clumps of red cells A litre of fluid should be gven
daily together with additional fluid equal to the volume, if any,
passed as urine  Sodtum chlonde and sodium bicarbonate shouid
be added to equal that lost and 1n addition dextrose and peanut o1l
should be given via an ntragastric tube to provide calories When
dwresis follows, a careful watch must be kept on the electrolyte
balance In the presence of any obgemic shock which results,
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transfusion of compatible blood, or the intravenous infusion of
noradrenaline or methyl amphetamine may be required

The best way to treat secondary anzmia n surgical patients
1s not by means of a blood transfusion just before or during an
operation but by 1ron salts given by mouth duning the days before
admisston to hospital This can 1n many cases be supervised from
an an‘esthetic out patient chme It has been shown?® that m blood
stared 1n an acid citrate dextrose medum, the oxygen dissoctation
curve 1s shufted to the left whle carbon dioxide transport 1s hand:
capped Such changes arc progressive with storage and the effects
last scveral hours after transfusion  As a result of this shift the
blood of a patient may for a few hours after transfusion be unable
to releasc as much oxygen as 1t did before

As a rough guide 1t would seem rational to use whole blood 1n
cases of acute hemorrhage 1n subacute hzmorrhage which has
caused anemia and n acute hemolytic erises  Fresh blood which
1s always preferable to stored blood, 1s needed tn cases of hemophilia
or of prothrombin defictency A transfuston of packed red cells,
which should be given within twenty four hours of preparation to
lessen the nish of bacterial growth consequent on the handling 1s
often useful 1n patients with chronic an@mia unresponsne to other
treatment before operatton It 1s also a useful means of treatment
of the patient with aplastic anemia  Small poo! plasma serum or
plasma expanders may be useful 1n patients with acute hamorrhage
before the arrival of blood or 1n patients who have suffered from
trauma operative or otherwise These agents are also useful mn the
treatment of burns Fresh plasma like fresh blood may be mndicated
1n hemophilia and 1n hypoprothrombinemia  Rapid transfuston of
1ce cold blood 1s harmful and ideally 1t should be heated to a
temperature not exceeding 98° F

Thrombophlebitis 1s a far too common sequel of intravenous
therapy but 1ts mncidence may be reduced 1f certain types of rubber
tubing are avoided 1n the apparatus or if plastic or latex tubing 15
used 1nstead and 1f no drip 1s allowed to run for a period greater
than eight hours The additzon of 0 75 to 1 ml of heparm (1 1000)
to each 500 ml of solution reduces the number of sore arms and 1n
this concentration the heparm 1s not sufficient to cause generalized
bleeding even if the transfusion 18 run 1n during the actual operation
The addition of 061 per cent (10 mg per litre) of hydrocortisone
to a dnp will prevent this complicatton and may even cure existing

thrombophlebitis **
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Intra-arterial Transfuslons

This as & means of treatment of severe shock s not new, and
wasadsocated by Crile fifty years age  The usual technique insolves
the insertion of a cannula mto the left radsal artery about 2 1
proximal to the radial stylosd process A solution of local analgesic
15 used for the shan nesion the artery 1s tied 1n contnuity and &
small 1aciston made nto the vessel proximal to the hgature  With
experience 1t 15 no more difficult 1o cannulate an artery than a vein,
while the nisk of gangrene s shight A source of pressure and a
device for measuning 1t must be wncorporated in the gving sct
the 1dea being to foree blood nto the coronary vessels to sumulate
the heart  Occasionally the femoral artery or the sorta may have to
be used Only blood must be used for ntra artenal transfusion
Some workers precede the transfusion with a stellate ganghon ora
brachial plexus block to reduce artersal spasm while for Joeal
spasm  gauze sozhed 1 2 per cent procamme or 25 per cent
papavenine may be used The method 1s stdl under taal but may
be ndscated™ in patents 1n severe shock who do not respond to
ntravenous transfuston 1n cases of very severe hemorrhage dunng
operation or when blood 1s 1 very short supply This subject 35
further discussed 1n the section on artenotomy

It 15 now well known that circulatory collapse may be seen after
selatnely minot operations m patients who hove recently been
treated with cortisone 1t appears to be a fact that the admumstration
of this hormone leads to physiological mactivity of the patients
suprarenal cortex and tius mactvity may be quute long tasting and
may lead to an madequate response to stress It 15 thus wise to
engure from all patsents before operation if they have been treated
recently with cortisone or ACTH If thus 15 indeed so then proper
replacement dosage of the hormone must be prescribed 1n the days
smmediately before and after the surgical wtervention Even
patients who have not been recently receving cortisone good results
have been ¢ &% for the ad ation of blood followed by
100 mg of hydrocortisone mn dextrose salne (see also Chapter 19}
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CuaprIr 14
ANASTHESIA FOR DIAGNOSTIC PROCEDURLS

Bronchoscopy — Bronchography — Lumbar Encephalography—
Veniriculography — Cardiac Catheteri ation — Angiocardio
graphy—Cerebral Angtography

Bronchoscopy

THIs investigation 1s better done under topical analgesia 1n tolerant
adult patients with large quantiies of pus or blood mn therr air
passages The retention of their ability to cough 1s a safety factor
1n the post operative period  Topical analgesia 1s 1lso needed even
when general anmsthesia 15 used 1n order to dampen down the
upper respiratory tract reflexes There 1s an increased tendency to
use general anzsthesia for bronchoscopy and this 1s due to the use
of short acting muscle relaxants  Examunation of the vocal cords can
be done in the anmsthetized patent as the bronchoscope 1s being
withdrawn, at a time when the patient s reflexes are returning to thetr
normal active state

One of the best methods of ansthesia for bronchoscopy 1s that
described by Macintosh 1 After the usual premedication, a Mitchell
needle 15 placed 1 a vein and thiopentone and suxamethonium
njected through it in doses averaging 300 mg and 80 mg respec
tively  After inflation of the lungs with oxygen the cords pharynx,
larynx and trachea and also the mucosa of the pyriform fosse are
carefully sprayed with 4 per cent cocaine solution after mnsertior? of
a laryngoscope, keeping the amount used 1 an adult to 200 mg or
5 ml of 4 per cent solution 1n children the maximum dose of
cocane 15 3 mg per kg of body weight Care 1s taken to get the
analgesic well down to the region of the carna  The lungs are again
flated until spontaneous breathing returns 1f indeed 1t has not
seturned at the conclusion of the spraymg and the surgeon 1s asked
to pass the bronchoscope on the sleeping breathing and quiescent
patient Addittonal thropentone 1s injected 1f the patient requires 1t
Thus techmque can be thoroughly recommended by the wnters as a
pleasant, safe and efficient one It 1s also very useful for examination
and biopsy of the vocal cords A somewhat similar method described

183
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by Churchill Davidson? requires the premedicated patient to be
given an ntrvenous barbiturate 1nd suxamethonium, followed by
oxygen infiation and topical laryngeal analgesia Add I rel
1s njected to heep the patient relaxed and apnecic and oxygen 15
gently forced down the bronchoscope pertodically, via an 8 or 10
Magill tube cut short, which snugly fits the Jumen of the broncho
scope The artificial rflation 1s continued until the return of normal
breathing and then the bronchoscope 1s withdrawn

A method of anwTsthesrr which makes usc of diffusion respiration
has been described * After induction of anxsthesi1 with thiopentone
and suxamethomum a portex tube with internal dirmeter of 3 mm
1s passed 1nto the trachea so that its end lies near the carma and the
body of the tube rests n the posterror commissure of the Iarynx
A flow of 3 litres of oxygen a minute 1s provided and bronchoscopy
commences Dunng relatively short periods of apneea the oxygen
enables the patient to remain 2 good colour and for these short
peniods the hypercapmia need not be a serious hazard  Another
variation of the same principle 1s the passage of a 16 FCG gum
clastic endobronchial suction catheter reduced 1n length from 25 to
14 1n with its distal end softened m hot water from the nose into
the trachea  Through this runs 2 flow of 10 Litres of N;O and 5 hitres
of O, a minute Bronchoscopy under thiopentone and suxa
methomum then proceeds ¢

An onginil method of making an apneeic patient breathe during
bronchoscopy by means of a cutrass respirator has been described ®
It employs heavy premedication ncluding petindine 50-100 mg
and chlorpromazine 25-50 mg no topical analgesia and thiopentone
(250-500 mg) The Monaghan type of cuirass ss fitted, strapped and
seal tested, a snug fit being necessary from the pelvis to the clavicles
Six sizes of plastic shell are avalible Suxamethonium 1s mjected
and when apneen results the respiratory pump 1s turned on The
cords and trachea are sprayed and additional barbiturate or relaxant
njected as required  After the bronchoscopic examimation 1n dry
cases the patient 1s allowed to regam lus tone and his reflexes, but
1n patients with much blood or pus in the air passages the broncho
scope 1s left 1n situ wlule aspirition 1s carried out until the reflexes
arc agamn active The Monaghan respirator® consists of a series of
graduated sizes of plastic chest shells, a respiratory pump unit a
battery pump umt, and a hand pump The pump when electrically
controlled works at 10-15 cycles a minute and the relationship of
insptration to exptration 1s controllable An air cushion of rubber
makes a seal between the shell and the patient
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There are paticnts i whom a local analgesic mught be desirable
but who arc not temperamentally fitted for it just as there are
surgcons who get their best results 1n unconscious patients

Bronchography

Nearly every anesthetst who regularly helps 1n thes diagnostic
procedure has Ius own particular set of parlour tricks whereby he
fielps hus radiological colleagues to get good pictures, while subject
mghist t01 of d fort and danger Ina method
recently deseribed for use sn chuldren? one mimm of the ampoute of
omnopon and scopolamine {gr § and vis) 15 given for each year of
ageand later anesthesia 1s tnduced with thiopentone (100-250 mg ),
or with nitrous onde and oxygen if no vemns are avaable  Suxa
methontum 7 mg fstone 15 wnjected  and later this can be repeated
if necessary  The lungs are inflated with oxygen and a broncho
scope 1s passed suction 1s carnied out and more oXygen 1s run into
the stde tube of the bronchoscope  After further inflation an endo
tracheal tube 1s passed to which 1s connected a Magilt or 2 Cobb
suction umon and through the tube, gas oxygen and, if necessary,
nlene are inhaled unt reflexes are controlled  After further oxygen
venttlation the c¢hld 15 placed on the X ray table the contrast
medium njected down the endotracheal tube and the pictures are
taken ofter suitable positroning  Grawity aspration and artifical
senttlation soon result in a return of active breathing through a clear
araay and the whole technique provides an absence of broncho
spasm strmning and hypoxia no psychic trauma and no nsh of
explosion The radiologcal results are usually good

Blind oral mtubation mn the consctous state has been used for
bronchography 1n adults ® Premedication consists of atropine and
6 250 mg capsules of methylpentynol Witk the panent siting
up a number 9 Jaques catheter lubricated with 2 per cent fignocane
omtment s gwded into the larynx while the patient pulls out
tus tongue with Jus chin forwards and pomnting shightly upwards
Coughing and straining soon cease and the contrast medium s then
injected down the tube and after the patient 13 posiioned, pictures
are tahen  Another method utihizing wdirect laryngoscopy® 15 a
modification of that described 1 the Umited States by Granturco
The patient sits facing the operator who applies topical anplgesia
to the larynx and visualizes the superior Jaryngeal aperture 1n his
laryngeal micror  The blade of the speesal snstrutoent 18 now passed
over the base of the tongue and by its means a catheter 15 guided
into the Iarynx and strapped to the side of the face
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Anzxsthesta for Radiological ¥ m Ni gery

General anzsthesia may be required sn children or 1n nervous or
uncooperative adults

For lumbar encephalography® induction may be by thiopentone
and gallamine 60 mg (! 5 ml) of the latter made up to 10 ml with
5 per cent thiopentone with 2 ml of this muxture per stone being
used The larynx1s exposed, sprayed with an analgesic solutionand a
non kinking flexo metallic tube 1s mserted 1nto the trachea If thisis
difficult, a nasotracheal tube 1s passed Acute flexion of the neck
will be necessary durning the examination so kinking of the arrway
must be prevented  In small children 1t may be necessary to induce
anxsthesia outside the X ray room with a volatile anzsthetic  The
patient 1s°then sat up and switably fixed, and mitrous oxide oxygen,
tnlene are given A lumbar puncture 1s performed and 30-40 ml
of air are injected 1n divided amounts The radiologist will want to
move the patient and this must be provided for Light anzsthesia
with absence of reflex response 1s aimed at  On return to the ward,
signs of raised ntracramal pressure must be looked for, such as
prolonged unconscrousness, and ventnicular tapping may become
necessary

For ventriculography, air 1s injected 1nto the ventricles 1n the
operating theatre and the patient then taken to the X ray depart
ment He 1s kept either prone or supine throughout the exammation

Cerebral angiography which 1s not done under local analgesia
requires a hght level of anzsthesta with absence of coughing A
suitable technique?®includes thiopentone gallamine, analgesic spray,
endotracheal mtubation and N,O O and trilene anasthesia, the
breathing tube being led over the patient s chest When the patient
has settled down the tissues round the common carotid and vertebral
arterses are infiltrated with Jocal analgesic solution to wiich has
been added 1 ml of 5 percent papaverine 1 and after a short pause
a needle 1s mserted into the artery and 8-10 ml of 35 per cent
uriodone 1njected  After minor fluctuations 1n blood pressure erther
an immediate fall of anything between 20 and 100 mm Hg ora
more gradual and less severe fall in pressure 1s seen ™* The first type
may last minutes or hours—occasionally pressor drugs are necessary
for its reversal It 1s most often seen in pauients with recently
ruptured aneurysms or in those who have sustained injury to the
pre optic portion of the hypothalamus or basal ganglia The second
type 1s perhaps due to cerebral cedema from damage by the contrast
medmum to the vascular endothellum In a recent series of 350
examinationst no serrous complications have arsen
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Anzsthesia for Cardiae Catheterization and Anglocardiography

Cardiac cathetenization 1s @ widely used diagnostic procedure
to select patients for the surgical reparr of acquired and congenital
heart discase The test imvolses the msertion of a urctenc type
catheter up a penpheral ven into the nght auncle and from there
1nto the supenor or infenor vena cava and across defects between
the cardiac chambers and the great vessels Gas analysis and
pressure tracings can be taken wia the catheter and from a needle
inserted mto an artery The addition of volatle anxsthetics or
anasthetic gases may invalidate the tests, while emotion, reflex
movements or other abnormal states due to the anesthetic are also
Iikely to be undestrable  The mnvestigation s a major rish but s not
a painful one, so that adults and older children can be controlled
by sedation  Younger children usually require light general anxs-
thesia  ‘The investigation 1s carnied out 1n the X ray room and may
take several hours The room will be dark for most of the time
The patient 15 often 1n poor condition, cyanosed perhaps with large
quantities of sputum  Reflex bronchospasm and coughing must be
prevented by the anzsthetic So that the anmsthetist can keep 1n
touch with the patients cardiac action Inglis has desenbed!- a
telephonic stethoscope which amplifies the heart sounds

Various methods of anzsthesia have been described. Under local

1 1n older child pl symptoms such as pam i the
arm vertigo vomuting coughing respiratory arrest of short duration
hypotension shock and even death have been reported Basal
narcosts forms part of several anzsthetic techniques ** 33 some
workers preferring rectal thiopentone ** others bromethol ¥ When
the patient 1s placed on the X ray table mtravenous thiopentone 15
given intermittently and 1s supplemented with 10-mg doses of
pethudine unul the resprration rate approaches that of normal sleep 1~
If there 1s no vein gas and oxygen are used for induction and when
the catheter 15 1n place 1t 1s used for intermuttent thiopentone 1njec-
lions ** The passage of an endotracheal tube 1s seldom necessary
but all facilities for urgent ntubation mn an emergency must be
available The catheter 1s inserted after thorough infiltration of the
vemn and its surrounding tissues with local analgesic solution to
prevent venous spasm  Some workers use a hepann saline drip to
keep the catheter patent  The anzsthetist should use special gloves
to protect humself against damage from X rays

For angocardiography when no blood sample 1s taken for
analysis gas oxygen and trilene can be given 1n addition to the
basal narcotic and thiopentone mtravenously
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CHAPTIR 15
ANASTHISIA FOR THORACIC SURGERY

Methods of Controling Secrctions—The Carlens Double Lumen
Catheter—The Vellacott Endobronchial Tube—The Stucrtzbecher
Tube—The Macintosh and Leatherdale Tubes—Repair of Cso
phageal Atresia {n the Newborn

DURING the decade beginning 1n 1946, anesthesia for intrathoracic
operations became relatively stabilized and now most workers
induce anasthesia with an travenous barbiturate, inflate the patient
with an oxygen and nitrous oxide mixture, intubate witlf the aid of
a relaxant assist or more usually control the respration while the
chest 1s open and maintain analgesia with small amounts of petht

dine  Cyclopropane 1s used less frequently than 1t was as apnecea
can now very readily be produced by the myoncural blocking drugs

and non explosive agents are preferred Similarly, the use of ether
1S not very common in Britain although 1t still has its warm advocates
who give good reasons for its continuance especially for induc

tion 1n order to relax bronchial muscle and show excellent results
from 1ts use! When the chest 1s open respiration must be erther
assisted or more usually controlled In assisted respiration, the
respiratory centre and muscles retain some activity and pressure on
the reservoir bag 15 synchronized with ispiration while 1t 1s com

pletely withdrawn to allow full passive expiration to take place In
controlled breathing either the respiratory centre or the respiratory
muscles or both are imnactive and artificial intermittent positive-
pressure breathing 1s taken over by the anasthetist who can control
1ts rate and depth  Full periodic nflation of the lung being operated
on 1s not necessary, but complete remnflation at the end of the
procedure 1simportant The whole lung should be carefully examimed
10 sce that 1t expands and if necessary 1t should be gently massaged

With the patient 1n the lateral position and one side of the chest
open an elevating mechamsm should be avoided to prevent the
lower lung being compressed between the elevating pad and the
mediasinum  The control of secretions and the prevention of
transbronchual spread during operation remain a problem although

the number of patients with copious secretion who come 10 operation

1s very much smaller than was the case before the introduction of
the newer chemotherapeutic and antibiotic drugs
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Transbronchial spread of secretion during lung resection @ has i
the past been prevented by endobronchial intubation usually of
the left maimn bronchus using an inflatable rubber cuff,” 3 by the use
of bronchial blockers 3 ¢ 8 by gauze packing of the affected bronchus
through a bronchoscope,® and by the adoption of the very steep
tilt with the patient in the lateral position? or with the patient lying
prone® so that secretions are carred 1nto the trachea where they
can be removed by suction rather than into the other parts of the
lung The prone position 1s not acceptable to all surgeons however
and s not advisable for resection of the nuddle lobe, lingula or an
antenior segment Moreover the lateral position has advantages
from the anasthetist s pomnt of view as duning a thoracotomy the
function of the lower lung 15 increased partly due to the gravity
shunt of blood into the lower lung ®

Much effort and mgenuity have been and continue to be employed
1n overcoming these difficulties  One result 15 the use of the Carlens
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double lumen cathetert® 1! which was ongmnatly used for differential
bronchospirometry n 1949, but has since then been employed
for differential endobronchial an-westhesia duning operations on
the lungs Thus double lumen catheter 1s made of rubber and 15
moderately nigid It 15 obtamnable m two or three sizes, the lumen
of each side being 7 or 6 mm 1n diameter and the outstde measure-
ment1s 13 or 11 mm according to size It1s provided with two nfiat-
able cuffs and has two built in curves A small solid rubber hook
15 placed just above the lower curnve and ensures correct posiioning
of the tube by engaging the carina  The portion of the catheter
below the lower curve consists of the channel for the left bronchus
and1s about 4 cm nlength Onitis annflatable cuff so constructed
that the left main bronchus can be made airtsight without obstruction
of the left upper lobe bronchus Just above the cannal hook there
15 a lateral opening which corresponds to the lumen of the nght
bronchus and above this opening 1s the second inflatable cuff on
the endotracheal portion of the tube The small inflating tubes
leading to the balloons have pilot bags at therr proximal ends In
addition to 1solating a healthy lung to prevent spread of disease,
the use of the Carlens tube enables the anwsthetist to aspirate pus
or blood from each lung without interrupting the anzsthesia, and
to nflate or deflate, temporanly or permanently, esther lung
This tube requires nesther fluoroscopy nor bronchoscopy for 1ts
1nsertion, but 1s accurately placed 1n the unconscious patient through
the ordinary laryngoscope It 1s also possible to intubate the
conscious patient under topical analgesia,'* in which case the patient
sits facang the anesthetist who uses a headhight and indirect laryngeal
murror and introduces the tube between the cords over a curved
metal stylet Some workers tie the rubber hook to the plane of
the tube with a mostened silk thread unul with a slight rotating
movement, the tube 1s passed through the larynx after which the
slip knot 15 untied  Other anesthetists omit thas  The catheter 15
gently pushed downwards and turns automatically to the Jeft when
the stylet 1s withdrawn The tip now enters the left main bronchus
and the hook engages the carna Once 1n position the cuffs are
inflated and their friction with the mucosa together with the carnal
hook keep the tube m posiion Dunng left pneumonectomies
closure of the left bronchus 1s carried out after deflating the balloons
and withdrawing the tube for 5 cm Left endobronchial suction
13 used as a prehmmary measure to remove secretions  Afterwards
the proximal cuff also 1s remnflated and the apparatus used as a single

lumen endotracheal tube  When the left main b
this e ppecheal tube ain bronchus 1s obstructed,
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Endobronchial anxsthesia may be specially useful m cases of
tuberoulosts with cavitation or secondary suppuration behind a
bronchual stenosts, i chronic lung abscess or n sccondary suppura
tion behind a bronchogenic neoplasm  In cases of sudden hemor
rhage the method may be most helpful

The special advantages of this method of endobronchial anzsthesia
are that once the chest 1s open, the discased Jung can be deflated to
provide greater space for operating cither fung can be inflated at
will, in cases requining frequent aspiration of secretions, one jung
1s always venuilated while the same plane of anasthesia can be castly
maintained  Carlens and his assoctates?? are of the opinton that
free passage and good ventlation to the healthy lung duning the
entire operation 1s provided more casily by endobronchial than by
endotracheal anmsthesia  They use a mechameal respirator, inspira
tion beng produced in the refaxed patient by mcercasing the pressure
to 15-20 em of water then suddenly dropping it 1o zcro allowsng
passie exprration 1o take place The exprratory phase 15 of course
longer than the mspiratory phase  When one lung has been clamped

Yo 61 The Vellacott endobronchial tube  {Bret J Anasth}
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off, the inflationary pressurc may have to be creased to 25 cm
of water because of the sncreased resistance, the result of the single
lumen In several thousand cases 1n wlich the Carlens tube has
been used 1t has been shown that the venous return and the minute
volume are not dimimished enough to decrease the bloed pressure
while blood gas analyscs hasc repeatedly proved the efficiency of the
method *  Considerable obstruction to respirition 15 however
experienced when spontancous respiration 1s allowed to persist

Vellacott has described an endobronchral tubett for use 1n cases
of night upper lobectomy with much sputum, 1n those patients in
whom 1t 15 1mpossible to place a short cufled Magill blocher 1n the
night upper lobe bronchus It 1s also recommended for the occasional
case of bronchopleural fistula and empyxma winch follows a nght
upper lobectomy When such a fistula has to be closed 1t may be
desirable to block off what 15 left of the nght upper lobe bronchus
to prevent entry of pus and blood nto the bronchial tree which may
collect while the surgeon 15 getting down to the fistula  An ordinary
blocker placed 1n the night mam bronchus occludes the right upper
lobe but in addition inactivates the mght lung, while the same
disadvantage 1s seen 1f an endobronchial cuffed tube 1s placed n the
left main bronchus The tube 1llustrated 1s a single lumen latex tube
reinforced by a spiral wire and stiffened with a malleable stylet
built into the wall of the tube It 1s provided with two inflatable
cuffs, one (A) being placed oppostte the right upper lobe bronchus
and occluding 1t the second (B) remaining 10 the trachea Between
the two cuffs 15 a deeply cut gap 1 inch long 1n the wall of the tube,
which allows aeration of the left lung through 1ts mam bronchus
A similar reinforced latex tube has been designed for the left main
bronchus for use during night pneumonectomy but employs only
the distal cuff and has no lateral gap These tubes must of course be
tnserted over a bronchoscope

The use of the combined endotracheal tube and bronchus blocker
of Stuertzbecher's has been described by Oecch® This tube 1s
manufactured 1n Western Germany 1n two lengths and a number
of sizes and the endobronchial blocker projects distal to the opening
of the tube For pneumonectomies 1n which only the main stem
bronchus need be occluded, the blocker extends 7 em beyond the
end of the endotracheal tube When lobectomy or segmental
;CSECUOH 1s planned the blocker 1s longer by 2 cm  for deeper endo
b{onﬁhml occlusion  There are two mflatable cuffs one on the

ocker with a rough outer surface to prevent displacement and the

other on the endotracheal part Each of these has an mflation tube
R A ANAESTH
7
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and pilot balloon, while a third small tube allows for aspiration from
the end of the blocker which takes the form of an olive shaped metal
up for X ray localization Before mnsertion through the laryngoscope
a cunved wire stylet 1s threaded 1nto the blocker tube to give stiffness
and to enable each matn bronchus to be entered blindly After the
bronchus has been entered, the stylet 1s withdrawn and the cuff
of the blocker inflated Proper posiioning can be checked by
radiography or by auscultation over the chest The use of this prece

FiG 62 The Stuertzbecher combined endotracheal ¢
and bronchus blocker

of apparatus allows either the entire lung or the !
to be 1solated from normal tissue  Secretion can
nterfering with ventifation n the remamnmg pt
aspiration or inflation the blocked off parts of
expanded or collapsed thus facilitating 1

Two carefully designed and manufacture
endobronchial blocker and endotracheal tt
Stuertzbecher tube and one endobronchial
by Macmtosh and Leatherdale 7 They -
advantages Once mn position the
bronchial blocker 1s not easily
closely to the line of the trachea and
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Fi6 63 (a}{f) Combmed endobronchial blocker and endobronch:al
tbe  (Macintosh and Leatherdale Brit J Anesth
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and pilot balloon while a third small tube allows for aspiration from
the end of the blocker which takes the form of an olive shaped metal
up for X ray focalization  Before insertion through the laryngoscope
a curved wire stylet 1s threaded 1nto the blocker tube to give stiffness
and to enable each main bronchus to be entered blindly  After the
bronchus has been entered, the stylet is withdrawn and the

of the blocker inflated Proper posmoning can be checked by
radiography or by auscultation over the chest The use of thus piece

Fic 62 The Stilerizbecher combined endotracheal tube
and bronchus blocker

of apparatus allows exnther the entire lung or the lobes to be resected
to be 1sofated from normal issue  Secretion can be aspirated without
interfering with ventdation 1n the remaiming pulmonary tissue By
asprration oranflation the blocked off parts of the lung can be exther
expanded or collapsed thus facilitating identsfication and dissection
Two carefully designed and ured tubes a combined
endobronchial blocker and endotracheal tube a development of the
Stuertzbecher tube and one endobronchial tube have been described
by Macintosh and Leatherdale !’ They are said to possess three
advantages Once 1n position the endobronchial tube or endo
bronchial blocker 15 nat easily dislodged as therr shape conforms
closely to the hine of the trachea and the left main bronchus Both
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oxygen 15 msufilated 1nto the tungs, 'nd a size 00 armourcd endo
tracheal tube 1s gently placed 1 the tracher A mixture of equal
parts of oxygen and mtrous oxide 1s gnen by controlled respiration
using 1 small to and fro absorber with 2 controllable leak ind a total
gas flow of 3 or 4 tre/min or other switable circurt which prevents
accumultion of carbon diouide It helps the surgeon 1f a fine
rubber catheter 1s passed from the nose 1nto the upper end of the
esophagus to help idennfy 1t The transpleural approach 1s the one
usually employed by the surgeon  When the operation 1s completed,
neostigmine 15 njected 1f 1t 15 ndicated using 003 mg /Ib wath
atropine gr =3y As carly as possible dunng the operaton the
surgeon should be ashed to close the tracheo asophageal fistula so
that anwesthetic gases do not pass into the alimentary tract causing
distension  Blood loss 1s repliced as necessary but should seldom
exceed 100 ml It 15 well to remember that in these small babies
the tidal volume may be as little as 20-25 ml  There are some workers
of expenence who use no anwesthetic agent whatever but rely solely
on a relaxant to produce apnea and oxygen inflation through an
endotracheal tube Their view 1s that the newborn child does not
really appreciate pain and so can be spared the mjection or inhala
tion of all potentially toxic agents Open ether induction, followed
by endotracheal ether oxygen by controlled respiration 1s another
safe techmque
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endobronchial tube and blocker can be passed blindly without the
ad of a bronchescope while a small tube (A 1n Fig 63 (a)~(e)) 15
tncorporated which can be used either to aspirate secretions from the
non functioning lung or to distend it to help the surgeon s dissection

When the left lung 15 1o be operated on, the cuffed tube and 1ts
mcorporated blocher 1s used The blocher 1s angulated so that 1t
enters the left main bronchus When the endebronchial cuff 15
mnflated the left lung 1s 1solated (Fig 63 (¢) ) so that when the resenoir
bag 1s compressed only the nght lung expands The blocker tube
can be used for suction or to supplv oxygen to the left Jung.

If the night lung 15 to be the site of the surgeon s attention the
endobronchial tube 1s passed 1nto the left main bronchus (Fig 63 (d))
under an intravenous barbiturate topical analgesia and a muscle
relaxant  Farst through a larvngoscope 1t 1s 1nserted into the trachea
and 1s then advanced blindly when because of ts shape 1t will
tend to enter the left bronchus coming to a stop when the angle of
the tube 1s halted at the canina The distal end of the tube now lies
just short of the upper lobe bronchus The endobronchal cuff 15
now 1nflated and the cuff surmountng the endotracheal portiontoo if
required Through a small tube(A Fig. 63(d))oxygencanbe supplied
to the night lung or secretions aspirated from 1t Should blnd
endobronchial mtubation prove difficult the tube should be with
drawn and eased over a firm rubber director the tip of which 15
gurded 1nto the left bronchus  After the tube has been pushed down
nto position the director can be withdrawn (Fig. 63 (f))

Blind methods of endobronchial anzsthesia are very attractive
but 1t has been pointed out by members of the anasthetic staff of the
Brompton Hosputal for Diseases of the Chest 1 L ondon that blind
bronchus-blocking should not displace direct vision placement of
blockers partly because in expert hands the latter method 15 more
accurate ' The word expert 1n this connection 1s very important

Repair of (Esophageal Atresia in the Newborn

Thus operation was first successfully recorded 1n 1943 by Haight
and Townley 1n the Umted States and the anzsthetic management
calls for a dehcate techmque and careful handling ® Before the
anasthetic 15 begun 2 fine polythene tube should be inserted to
the 1nternal saphenous sem and through 1t a dnp of fifth normal
saline apd 43 per cent. dextrose established Premedication 15
atropine gr —3g and for mduction thropentone 25t0 5mg /b of
body weight and d tubocuranne 1 mg per 5 Ib of body weight
are given mto the drp The larynx 1s asprrated free of secretions
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year ¢ ‘The operation of mitral vilvotomy as 1t 1s performed to dvy
dates from the report by Buley of Pluladelphia in 1949 *

The opening through the mutral valve 1n normat people measures
4'sq cm and great quantitics of blood ¢ flow through 1t with
only a small increase m left aunicular pressure  If through endo
carditis and fibrasss the size has contricted down to 1 sq cm, the
patient 15 delicately balanced on the brink of disaster and very shight
changes may upset his equilibrium with the production of hamoptysis
or acute pulmonary edema  Such paticnts have lutle cardiac reserve
and Iittle increase 3n cardiac output1s possible  Mitral stenosis delays
filing of the left ventncle and although filling continues durng
diastole 1f the cardiac rate 15 increased, diastole 15 shortened and
less tme for filling 1s allowed and stroke volume 1s decreased  Thus
tachycardia must be presented

The pre operatine preparation 1s 1n the hands of the cardiologist
and usually includes attention to the emotional as well as to the
physical needs of the pattent Electrolyte balance dimitalization,
dental sepsis, anzmia and nutntion are likely to be dealt with,
breathing exercises are taught and mnor ills remedied 1f possible
Blood must be prepared for transfusson 1n case tt should be needed

Premedication 1s very important as adequate sedation in severe
cases 15 a factor in the prevenuon of pulmonary edema  Secretions
from the upper resprratory tract must be suppressed and reflex tone
must be reduced Many workers employ atropine but others fear
its use as 1t may cause tachycardia ® Pentobarbstone in 100 mg
doses by mouth with morphine 10 mg (gr ) hypodermicaily, form
a good it 10n while pon and scopolamine® and peths
dine scopolamine have been favoured by others 1

The induction of anzsthesia takes place 1 that position which 15
most comfortable for the patient whether 1t be lying or sem: sitting
The whole procedure must be perfectly smooth and completely
devord of coughing and straming A stormy induction may readily
precipitate an attack of pulmonary edema Many workers? com
mence by allowing the patient to inhale pure oxygen for several
munutes and in severe cases topical laryngeal analgesia should be
applied before consciousness 13 lost so that the chance of laryngeal
spasm and cough 1s lessened To produce unconsciousness thio
pentone can be given mn 2 5 per cent solution (up to 150-500 mg )
and this can be followed by a relaxant such as d tubocurarine

15-30 mg followed by inflation with oxygen Some workers prefer
gallamune to d tubocuranine because of 1ts shorter action and more
complete reversal by neosugminel® and are prepared to overlook
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AN/ESTHESIA TOR OPERATIONS ON THL HLART
AND GRLAT VLSSELS

Classification of Ci ! Heart Di The Conduct of
Ancsthesia for Cardiac Operations

Tue following types of congenital heart disease have been descnbed
some of which may be suitable for operation® Cyanotic cases
include Fallot's tetralogy, when treatment may be an indect
operation such as Blalock s systemic pulmonary anastomosis of
Pott s aorto pulmonary 1nastomosis or by the direct operation of
pulmonary valvotomy Other types of discase in this group are
stmple pulmonary stenosis with nght to left ntra atrial shunt
(pulmonary valvotomy), pulmonary atresia tricuspid atresia (sub-
clavian pulmonary anastomosis) dextrocardia and 1solated laevo
cardin and other complex abnormalities  Acyanotic cases include
six different conditions, three with left to nght shunts and three
with vanous degrees of obstruction to blood flow The former
group includes atrial septal defect (the surgical management being
closure), ventnicular septal defect (closure) and patent ductus
(closure) The latter group ncludes simple pulmonary stenosis
(valvotomy), aortic stenosis (valvotomy) and coarctation of the
aorta (resection and anastomosis or grafting)

Acquired heart disease which may now or 1n the near future be
suitable for surgical treatment ncludes? wounds of the heart acute
pulmonary embolism (removal of clot) Picks disease (percardi
ectomy) 1schemic heart disease (vanous experimental operations
designed to direct a blood supply from the chest wall to the myo
cardium) mutral stenosis (mitral valvotomy) mtral incompetence
(expenmental operations) aortic stenosis (aortic valvotomy) aortic
ncompetence (insertion of a plastic valve mnto the descending aorta)®
and tricuspid stenosis (tricuspid valvotomy)

As mutral valvotomy 15 the commonest operation performed on
the heart to day the management of anzsthesia for this operation
will be described, but 1t does not differ greatly from that employed
for other cardiac procedures The modern attack on the diseased
heart commenced when Rehn of Frankfort was successful 1n suturing
a wound of the myocardum n 18971 Souttar at the London
Hospital successfully cured a case of mutral stenosis 1n 19255 and a
sumilar case by Pribram was reported from Germany in the following
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1t 15 sometimes a problem to know when to gne additional
relaxant or analgesic drugs but the signs do not differ i these
cardiac operations from those seen 1n other thoracic or abdominal
operations  More relaxant may be needed 1if the resistance to
inflation becomes greater 1f spontaneous resprration shows signs of
returming or 1f lung formerly out of sight, trespasses into the wound
More analgesia may be requircd if the patient shows movement
thiopentone for coarse mosement, pethidine for fine muscular
activity, a5 1o the face finger or pharynx  The nisk of displacement
of emboli from the left auncle or auncular appendage can be
reduced 1f the an®sthetist compresses the carotd arteries for a short
while dunng entical pentods of the operation as when the appendage
1s first palpated or when the valvotomy 15 being performed Occa
sionally torrential hemorrhage will temporanly defeat the surgeon
and at such times large volumes of blood must be rapidly transfused

The control of arrhythmias'® 15 an important part of the manage
ment of cardiac operattions and constant EC G momitoning 15
helpful Irregulanties of the heart may be due to the state of
anzsthesia to vagal sumult from the endotracheal tube to mb
spreading and to manipulation of the heart ¢ Multuple aunicular
extrasystoles nodal rhythm sipus bradycardia and heart block
are seen on occasion but are not of very serious importance  Muin
focal sentncular extrasystoles however which mav progress to
sentricular fibnllation must be regarded senously Intravenous
procaine has been used dunng the operation to reduce the incidence
of arrhythmia** *3 and other workers prefer intravenous mjection
of 100 mg doses of procame amude ! Procame in any form 1s
unfortunately a myocardsal depressant and 15 not used as frequently
now as it was a few years ago ® Should severe irregulanty develop
duning the spittting of the valve the surgeon 1s asked to rest awhile
untd the insulted myocardium has regained 1ts composure  Auricular
fibrliation before the operation does not appear to increase the risk 10
If the heart beat becomes weak during the operation the blood
pressure can be raised by an intravenous drip of noradrenaline!® oy
phenyl ephrine ** Since coronary flow depends on the pressure of
blood in the proximal aona an adequate blood pressure must be
mantained and deep anwesthesia avoided to ensure this Additonal
measures taken to control archythma include the pre operative oral

d ration of d 1pt gr 9 and the myection of
S ml of 4 per cent lignocane mto the pernicardial sac 1°

At the concluston of the cardiac part of the operation the lung
1s re expanded and when the chest wall 1s closed the penod of apneea
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the sncrease in heart rate of about 10 beats a munute, so caused
When relrxation of the cords 1s optimal a cuffed endotracheal tube
15 passed orally and 1s connected to a machine delivening a mitrous
oxide oxygen muxture which may vary from 50 per cent of each to
75 percent and 25 per cent A closed circust with a controlled leak
15 usually employed and controlled respiration 15 commenced
Some obsenvers prefer assisted breattung * 1t If the 1nitsal dose of
relaxant doces not cause apnara, additional amounts must be injected
While this rapid 1nduction with thiopentone and a relaxant has
been proved to be relatively safe 1n many hundreds of cascs there are
expenienced anwesthetists who prefer to use gas oxygen and ether®
for induction and intubation, afterwards runming on mnimal
amounts of ether with assisted breathing or on gas ovygen and a
relaxant This method of anasthesia 1s sometimes preferred when
the patient 1s a young chuld or when the operation 1s for relief of
constrictive penicarditss, as there 1s evidence® that severe circulatory
collapse may follow the tnjection of thiopentone n ths last condi
tion  Even when gas oxygen cther 1s used at the begmming the
mtubation can be made easy by mjection of a relaxant rather than
by 1ncreasing the cther concentration

At least one reliable intravenous dnp apparatus must be set up
so that large volumes of blood can be quickly transfused 1n those
rare conditions when 1t 1s needed

The of 1 d is above all else the provt
ston of an adequate tidal exchange and this 1s cffected erther by
manual bag pressure or by a mechanical respirator The greatest
depth of anasthesia of the whole operation 1s needed for intubation
so that straiming and hypoxia 1re avoided  All general anesthetics
cause vasodilation and a decrease in peripheral resistance propor
tional to depth This 1s normally p ted for b d
cardiac output but 1n matral stenosis the cardiac output 1s relatively
fixed The mimmal amount of 1nwesthetic which will abolish the
cough reflex 1s all that 1s required While some workers supplement
the drugs used for induction by intermuttent doses of pethidine
(20 mg), or thiopentone ° others use small quantities of ether 8!
To reduce reflex actiity durnng anesthesia and to relieve post
operative pain some workers favour a paravertebral block involving
two nerves above and below the interspace of the meision This
can be done ether by the surgeon or by the anmsthetist It 1s occa
sionally done at the conclusion of the operation to lessen post
operative pam ! whule other workers 1nject local analgesic solution
Into the periosteum of the excised b 1*
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It 1s sometimes a problem to know when to gne additional
relaxant or analgesic drugs but the signs do not differ 1n these
cardiac operations from those seen 1n other thoracic or abdominal
operations More refaxant may be needed if the resistance to
mflation becomes greater, 1f spontancous respiratton shows signs of
returmuing or1f lung formerly out of sight, trespasses into the wound
More a;mlgcsm may be required 1f the patient shows movement,
thiopentone for coarse movement pethidine for fine muscular
activity asn the face finger or pharynt  The nsk of displacement
of emboli from the left auncle or auncular appendage can be
reduced 1f the anzsthetist compresses the carotid arteries for a short
while duning entical periods of the operation as when the appendage
ts first palpated or when the valvotomy 15 being performed  Occa
swonally torrental hremorrhage will temporanly defeat the surgeon
and at such times large volumes of blood must be rapidly transfused

The control of arrhythmias!® 1s an important part of the manage
ment of cardiac operations and constant ECG monitoning s
helpful Irregulanties of the heart may be due to the state of
angsthes1a to vagal stmuh from the endotracheal tube to nb
spreading and to mampulation of the heart!® Muluple auricular
extrasystoles nodal rhythm smus bradycardia and heart block
are seen on occaston but are not of very sertous importance Mult
focal ventncular extrasystoles however which may progress to
sentncular fibnllation must be regarded senously  Intravenous
procaine has been used duning the operation to reduce the incidence
of arrhythmiat? ¥ and other workers prefer ttravenous injection
of 100 mg doses of procamne amide! Procane 1n any form 1s
unfortunately 2 myocardial depressant and 1s not used as frequently
now as 1t was a few years ago * Should severe iregulanty develop
dunng the sphtting of the valse the surgeon 15 ashed to rest awhile
until the 1nsulted myocardium has regained 1ts composure  Aurrcular
fibrillation before the operation does not appear to increase the rish 19
If the heart beat becomes weak duning the operation the blood
pressure can be rased by an ntravenous dop of noradrenaline!® or
phenyl ephnine 1 Since coronary flow depends on the pressure of
blood 1n the proumal aorta an adequate blood pressure must be
mamtained and decp anasthesia avoided 1o ensure this Additional

measures taken to control arrhythmsa include the pre operatne oral
admimstration of qumdine sulphate gr 9 and the ingection of
5 ml of 4 per cent lignocaine 1nto the pericardial sac 10

At the conclusion of the cardiac part of the operation the lung
1s re expanded and when the chest wallss closed the penod of apneea
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1s allowed to termnate It 1s frequently necessary to reverse the
residual action of the relaxant by the intravenous injection of atropmn
gr 1is 1o ¥ followed by neostigmimne 1-3 mg.

Hvpotensive anesthesta has a limited use 1 the surgery of the
heart and great vessels and 1s of most help 1n operations for the
relief of aortic coarctation  In these patients the chest wall bleeds
very freely unless the blood pressure 1s low and hypotenston also
facilitates the actual sutunng or grafung of the aorta  The pressure
should be on the way up when the aortic clamps are removed so
that the vascular bed in the abdomen and Iegs 15 not too large when
the blood flows mto 1t If this precaution 1s not taken profonnd
crculaton collapse may result.? Some workers prefer to use hexa
methomum to get their hypotension® while others use tnmetaphan
camphosulphonate (arfonad) !*

The very topical and ntnguing question of indoced hyvpotbermua
1s considered 1in Chapter 12.
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CHArTIR 17

AN/ESTHESIA AND ANALGLSIA TOR ABDOMINAL
SURGERY

IT 1s not proposed to discuss anesthetic techmiques for routine
operations upon the abdomen In Great Bntan the most usual
method 1s maimtenance of a hight level of narcosis remnforced by a
muscle relaxant The use of small doses of chlorpromazine {q v)
before and after operation seems to be beneficial 1n several respects
eg reduction of nausea and vomiting with little 1f any added risk
A considerable amount of work has been carned out recently on
several aspects of abdominal surgery and these will now be con-
sidered bnefly

Acute Intestinal Obstruction

Operations for the relief of acute intestinal obstruction are always
an anxiety to the anesthetist>  After premedication but before the
mduction of anesthesia the nose and throat should be cocainized
and the largest possible wsophageal tube passed down into the
stomach through the nose A determined effort should now be made
to empty the stomach by suction through this tube the position being
altered and partial rotation carried out to avoid blockage of the
distal end This tube should be kept in position throughout and
after operation suction being used intermittently as required If no
suction pump 1s available, an aural or bladder syringe or even a
20ml Record synnge can be pressed into service  Even after this
procedure has been carried out 1t 1s wise to assume that the stomach
15 still not empty and the question arises as to the safest techmque to
avoid the mhalation of regurgttated flind

Spinal analgesia was at one time popular as 1t provides excellent
relaxation and does not abolish the cough reflex It must however,
reach the level of T 5 and the muscle paralysis nvolved does imparr
the efficiency of coughing  Furthermore constderable circulatory
depression will occur and this may prove fatal 1n a patient with an
already low blood pressure due to imperfect filling of the heart
from pressure on the great vemns from abdominal distension

The same remarks apply to a rather lesser extent to extradural
block and this techmique may be extremely difficult 1n a patient
whose abdomen 15 greatly distended and who 1s 1n considerable pain
and distress

203
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Local analgesia compnsing mamly nfiltration of the abdomimnal
wall causes no appreciable fall of blood pressure nor does 1t imparr
coughing to any considerable extent but st 1s usually impracticable,
as on openming the pentoneum the distended intestines are forced
out and may be almost impossible to return Jater A combmation of
mfiltration with posterior splanchnic or posterior ntercostal blocks
may be feasible but a significant fall 1n blood pressure must be
expected

We are therefore led to the conclusion that for gravely 1ll patients
some type of general anasthesta should be employed  Until recently
1t was usually held that the induction of narcosis should be effected
by an nhalation techmque such as nitrous oxide-oxygen-ether, the
theory being that 1f regurgitation should occur 1t will do so when
the laryngeal reflex 1s still present so that rapid tilting of the patient
1nto the head down position and suction will avoid the aspiration of
intestinal contents When adequate relaxation had been attamed a
cuffed endotracheal tube should be passed

Recent work, however tends to show that 1t 1s safer to abolish
active vomiung drrectly unconsciousness supervenes and this can
be done by giving an ntravenous relaxant with, or immediately
before an intravenous injection of a rapidly acting barbiturate
(Hexobarbitone 1s possibly preferable to thiopentone n these
circumstances as 1t causes less fall in blood pressure) The origmnal
1dea that this procedure was hable to cause regurgitation owing to
the relaxation of the cardiac sphuncter 1s probably not entirely
correct?! as thus appears to act more as a valve than a sphincter and
to be practically unaffected by relaxants On the other hand if there
15 any obstruction to inspiration the cardiac valve becomes 1ncom
petent It 1s therefore suggested that a rapid induction of anesthesia
should be carried out with an intravenous barbiturate and a relaxant
with the patient 1n the greatest possible foot down tilt In this way
active vomuting 1s suppressed and the mntra gastric pressure will not
be hugh enough to force flud against gravity up to the level of the
pharynx unless extreme abdominal distension has occurred ! A cuffed

tube 15 then passed and inflated and the patient levelled out to avoid
a further fall 10 blood pressure Anzsthesia 1s then maintained
with nitrous oxide-oxygen and mummal ether or with cyclopropane
The mexperienced anesthetist 15 warned that this techmque of rapid
sntubation with a cuffed tube may present considerable difficulties 1n
practice A modification of the method has proved useful when the
patent 1s so il that an intravenous barbiturate might cause fatal
hypotension Anzsthesia 1s induced 1n the head up position by the
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mnhalation of a 50 per cent cyclopropanc-oxygen mixture Uncon-
sctousness supervenes in 4 few breaths, and after the mtrivenous
mjection of an approprate relaxant a cuffed endotracheal tube 1s
mserted

The question of fluid balance 1s always important when dealing
with cases of acute intestinal obstruction but cannot be fully discussed
here If the block 1s lugh vomiting occurs early and will lead to
dehydration loss of chlondes and alkalesis  This will ¢all for an
wteavenous drip wfusion of saline  Low obstruction on the other
hand 1s characterized by abdominat distension, deficient circulation
n the bowel wall and a low blood pressure

Upper Abdominal Surgery

When operating upon the upper abdomen many surgeons prefer
to have the patient s arms abducted on a double splint This 1s a
convenient position and does not mmpede respiration, but 1t 1s
necessary to observe three precautions The splint should not be
quite straight so that the arms are abducted to shightly less than a
night angle The splint should be padded with sorbo rubber two
mches thick except where 1t passes behind the mattress on the
operating table so that the patient s arms are not forced backwards
Finally the hands should be pronated rather than supinated and the
wrists sccured by a Joose bandage or by a rubber tube and artery for-
ceps In night handed patients an intravenous dnp can, 1f necessary
be set up mn the left forearm and the blood pressure recording cuff
fitted to the nghtarm  One of the writers has anzsthetized over 2000
patients 1n this posiion without neurological complications

Before operations on the stomach 1t 15 usual to pass a small
gastric tube through the nose and the an®sthetist can apply nter
mittent suction to this so that fluid or gas in the stomach will not
impede the surgeon s work

Traction on the viscera immediately below the diaphragm may
cause a fall in blood pressure and laryngeal spasm {the Brewer
Luckhardt reflex) and for this reason alone endotracheal anzsthesia
15 advantageous  An inflated cuff on the tube will also prevent any
possibility of the inhalation of gastric flurd and will factlitate assisted
or controlled respiration

Dunng operations on the biliary tract 1t 1s now becoming common
to take cholangiograms In this event natural respiration should be
entirely abolished and full control instituted so that during the

exposure the abdominal viscera are motionless and a clear picture
should result
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Removal of Pheochromocytomata and Bilateral Adrenalectomy

In the past few years considerable progress has becn made 1n the
diagnosis and removal of these tumours Several facts should be
borne 1n mind when considening the an-esthetic techmque to be used
In the first place when they are handled phrochromocytomata
release large quantities of sympathomimetic amines—mainly nor
adrenaline but to a lesser extent adrenaline—so that there may be
constderable hypertension during the initial stages of the operation ?
This can be controlled by the intravenous injection of successive
doses of from 3 to 5 mg of phentolamine (regitine rogitine

C 7337 ) which 1s an idrenolytic agent® with the following
chemical structure, 2 (N p tolyl N m hydroxypheny! amnomethyl}-
1midozol b Iphonate Secondly the excess of sympatho-
mimetic amunes 1n the circulation renders 1t inadwvisable to employ
anwesthetic agents capable of producing ventricular arrhythmias 1n
such circumstances, such as cyclopropane and chioroform Finally
when the venous return from these tumours has been cut off,
hypotension may desvelop and this appears to be combated most
efliciently by hydrocortisone or a noradrenaline drp infustion (4 mg
per litr 1n 5 per cent glucose) so regulated that the systolic pressure
1s hept above 100 mg Hg ¢ The drip may have to be continued after
the patient has been returned to bed and then gradually reduced

Bilateral adrenalectomy has recently become a farly common
operation for retarding the growth of metastatic tumours origmating
in the breast and prostate The blood pressure changes described
above are rarely noticeable on the operating table although marked
hypotension may be a feature of the post operative pertod The
chief hazard from the an-esthetic point of view 1s occastonal massive
hzmorrhage from an abnormal vessel which may prove difficult to
control For this reason 1t 1s always wise to set up an tntravenous
nfusion at the beginning so that blood can be given without delay

The Trendelenburg Position

The head down position 1n surgery was ornginally described by
W Meyer mn 1885° and 1t was not untill 5 years later that
Trendelenburg humself r ded a 45 slope 1n order to render
the nterior of the pelvis accessible to the surgeon ®  Since then the
Trendelenburg position has been in constant use 1n gynzcological
operations and 1t behoves the anesthetist to consider its implications

In a young healthy subject a head down tilt has little effect on the
blood pressure and cardiac output 7 Unfortunately many patients
are elderly and have some form of vascular disease so that their
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vasomotor control 1s impaired  Furthermore many drugs used n
the anasthetic techmque cause partial paralyss of the sympathetic
system For example this may occur 1n deep general narcosis, with
ganglion blocking agents such as the denvatives of methonum and
thiophamum, with chlorpromazine and with penidural and sub-
arachnoid blockhs Under these conditions vasomotor control wiil
be mefficient and smce 1n a head down nlt most of the capillary
blood 15 above mstead of below heart Jevel, increased cardiac filing
will occur with consequent nise in blood pressure venous pressure
and stroke volume ® For a short time these effects will be beneficial
to shocked patients but the duced hypertension may have serious
consequences such as retinal detachment® 1n patients whose normal
blood pressure 1s igh  In passing 1t should be noted that 1n a head
down tilt, the blood pressure will vary with the part of the body being
conswdered, being 2 mm Hg higher ot lower than that at heart level
for every vertical inch below or above that level 0

The Trendelenburg position affects the respiratory system mainly
by raising the diaphragm which not only has the movable contents
of the abdomen resting upon 1t but often an abdommal pack and
retractor as well As a result the vital capacity 1s constderably
fowered ! the decrease bemng proportional to the angle of tilt 12
1f natural breathing 1s allowed to persist increased resprratory efforts
will occur which tend to nullify the objects of the position from the
surgeon s standpomt Some degree of hypowa and hypercarba
will also develop which besides being unphysiologrcal will tend to
cause congestion and oozing from cut surfaces If muscle relaxants
are used the diaphragm will lose 1ts tone and will be pushed passively
still higher up the thorax On the other hand relaxants facilitate the
use of assisted or completely controlled respiration and are usually
mndrcated 1n long gynzcological operations Every effort must be
made to avord a build up of carbon dioxide, but some ncrease may
be mewitable especially 1n fugh degrees of ult 2

Two other details 1n the ansthetic techmique may be mentioned
It 15 often worth whule passing a small stomach tube and sucking out
any hqud or g; pastne ¢ A completely empty stomach
gives more room for the intestines packed 1nto the concavity of the
daphragm Secondly gastric jmice saliva and mucus tend to collect
1 the nasopharynx and should be removed by suction before the
operating table 1s straightened out at the end of the operation

The method of g the Trendelenburg position 1s a
matter of constderable concern to the anmsthetist One early
techmque was to bend the lower part of the operating table at the
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Ievel of the patient s knees and to strap the legs to the bent flaps
Considerable strain on the knee jornts ensued and the venous return
through the calves was impeded The ncidence of post operative
venous thrombosis and pulmonary embolism was almost certamnly
ncreased

Padded shoulder rests were next introduced and are stll m
common use However carefully they arc adjusted, the brachial
plexus can either be compressed or stretched with the nsk of
subsequent palsy This complication 1s usually transient but may be
permanent with the probability of future legal actions Cunved
shoulder rests padded with thickh sorbo rubber were designed to
spread the pressure over a wider arca but they were not entirely
satisfactory

Pelvic rests were next tried to take the patient s weight on the
brm of the pelvus  Two patterns were evolved 1n this country and
attaned some vogue, but they tend to impede the surgeon by bunch
1ng up the antenior abdorminal wall and are difficult to adjust so that
slipping 1s imposstble **

The problem remaned unsolved!s until advantage was taken of
skin friction spread over a very wide area of the patient s back and
legs 1* A sorbo rubber mattress ribbed on 1ts upper surface 1s lad
on the operating table and secured by wide metal hooks to the foot
end 7 Three movable ribbed bolsters are fitted into the concavittes
of the neck lumbar spine and Aclulles tendons!® as shown 1n the
illustrations When the table 15 tilted the corrugations of the
bolster fit 1nto those of the mattress giving an nterlocking and cog
wheel effect which holds the patient firmly m positton The centre
bolster 1s narrower than the other two and the patient s arms are
secured to 1t by straps  As the normal Jumbar curve s retained post
operative backache 1s considerably dimumshed The small bolster
under the Achilles tendons keeps weight off the calves and ths
should reduce the hikelthood of venous thrombosts It has been
found 1 practice that if this method 1s properly applied with no
clothing between the patient s shin and the rubber corrugations no
slip occurs even at the maximum tilt (50 ) possible with most
operation tables

Whatever method of maintaining the patient in position 1s used
the nummum tilt consistent with the surgeon s needs should not be
exceeded and 1t should be restricted to the shortest possible time
When the table 1s levelled out ths should always be done gradually
and a careful watch should be kept on the blood pressure and pulse

rate
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Synchronous-combined Abdomino-penineal Operations

Simultancous operations by two surgeons from abdomnal and
penncal incisions are often performed for removal of the rectum or
pelvic exenteration for malignant growths

The position of the patient 1san awyward one, being acombination
of the lithotomy and Trendelenburg postures The usual shoulder
rests on extensions can be dispensed with 1f the nbbed mattress
already descnibed 1s employed A short divided mattress 1s available
but a standard length one can be used of the superfluous Jength at
the ficad end of table 1s allowed to hang down towards the floor
(Fig: 66)

— -

Fic 66 Operating table 1n position for synchronous-<ombined
operation  1f 2 divided nbbed mattress 15 used the portson hanging
down s chminated  (Dept of Medical Photography St Bartholomew s

Hospital)

A pomt to observe 15 that the anzsthetist tends to be preoccupred
with the abdomnal wound which he can sec and does not realize
that much more bleeding 15 probably taking place from the perncal
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wound which 1s tnvisible to lum It 1s essential to sct up a satisfactory
blood transfusion at the beginmng of the operation and to replace
blood as 1t 1s lost The wnters have found that the forcarm 1s the
most satisfactory site for the infusions The patients wrists are
strapped to hus thighs and extra long tubing enables the dnip chamber
to be placed near the head of the table under the anxsthetist s control

‘Urethral Instrumentation

Although not, strictly speaking an abdominal operation local
analgesia for the passage of bougies and catheters and cystoscopy
can be convemently considered here Up to the present time very
idifferent results have occurred and much pain and distress have
been experienced by patients

A preparation of 2 per cent lignocaime Jelly known as “xylocaine
gel 15 most useful for urethral analgessa ° In males, the bakelite
nozzle supplied with each tube 1s 1nserted 1ato the meatus and the
contents expressed gently into the urethra  As the nozzle 1s removed
the pents 1s compressed with an elastic band to prevent leakage and
the jelly 1s then massaged into the posterior urethra  In from 10 to
15 minutes mnstrumentation can be started In females a throat
swab dipped 1n xylocamne gel 1s inserted into the urethra and kept

there for 10 minutes The results appear to be much better than those
obtained with traditional techmques

Relief of Pam after Abdominal Surgery

1t s often difficult to eshimate the amount of pain being expenenced
by a patient after an abdomunal operation and the effect of any
apalgesic drugs which may have been given It has recently been
pomnted out that under these conditions, pamn 1s more or less
proportional to the decreased vital capacity compared with that
before operation If therefore spirometry 1s carried out the effects

of analgesic:drugs or other pan relieving measures can be caleulated
with considerable accuracy **
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N CHAPTER 18
ANASTHESIA IN OBSTETRICS

Apparatus for Self-adnmstration of Trilene—Daungers of Vomiting
__Pudendal Block — Subarachnoid Bloch — Extradural Analgesia
— Caudal Block — Muscle Relaxants — Analgesic Drugs —
Eclampsta — Placental Transtsston — Phenotlua=ine Drugs —
Obstetric Shoch — Hypofibrinogenamma — Breech Delivery—
Infant Resuscitanon — Retrolental Fibroplasia

The Use of Trichlorethylene by Midwives

THe Mimster of Health has now authonzed the use by midwives of
tnchiorethylene and the Central Midwives Board has approved the
following machines for its admunmstration The Tecota Mark 6

made by Messts Cyprane Ltd and the Emotril Trichlorethylene
Automatic Inhaler made by Medical and Industnal Equipment Ltd

The Board stipulates that the apparatus shall be used by a midwife
on her own responsibility only 1f 3t has been inspected and approved
by the Board within the previous six months The apparatus must
be inspected pertodically by the manufacturers who will arrange
with the Board for the ssue of the requsite certificates Before
employing the apparatus each mudwife must satisfy the Board that
she 1s thoroughly proficient 1n 1ts use The new rules provide that
midwives shall from time to time attend refresher courses approved
by the Board Midwives are already allowed to use pethidine on
their own responsibility

The Dangers of Vomiting

The administration of general anxsthetics to patients 1n labour 1s
assoclated with a defimte mortality, the mechantsm of which 1s
usually the inhalation of stomach contents into the bronchial tree
Labouring women seldom have an empty stomach so that great care
1$ necessary during the stage of induction  They should only recewve
fluds and semn sohds dunng labour A sumple, though not a
foolproof method 15 to use mitrous oxide oxygen, trilene and ether
with the addition of a little carbon dioxide to provide the urge to
breathe and to help to carry the patient down nto the third stage as
rapidly as possible Induction of anwsthesia with the patient on her
side and the use of a transparent mask which 1s not strapped on
by a harness are additional helps Another techmque 1s to rase the
head and shoulders of the patient m order to prevent passive

213
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A labour ward bed for safer an-esthesia has been described by
Gibberd * 1t enables the head of the patient to be lowered immedi
ately vomiting takes place so that postural treatment can be adopted
before the vomit can be nhaled In this bed, the upper surface 1s
divided 1nto three cqual sections  One side of the middle section
prvots between the adjacent top and bottom scctions while the
other side of the middle section 1s free to fall below the Jevel of the
other two sections, thus giving the patient s whole trunk a head
down inclination when she 1s 1n the lithotomy positton across the
bed If 1t becomes necessary to tilt the paticnt, a sharp hick on the
prvoted leg sends 1t under the bed and the middle scctson immediately
drops 1nto a tilted position

A modification of the Oxford labour ward bed has been 1n use m
at least onc large hospital for over 1 year and has given great

Fia 68 Modified Oxford labour ward bed (Wylie Lancer)
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regurgitation of stomach contents and give a 50 per cent mixture
of cyclopropane 1n oxygen from the start  After twelve to twenty
breaths, when anwesthesia is present an intravenous smjection of
suxamecthomum s given and a cuffed endotracheal tube nserted and
the cuffl snflated ** Maintenance then presents no problem  The
nsertton of a 12 gauge eesophageal tube or a number 20 Wangensteen
stomach tube before induction of anwesthesia 1s a safety measure
but opimions vary as to the advisability of using 1t in every case
where 1 full stomach 1s suspected A stormy induction 1s, after a
full stomach, the most common cause of vomiting, and 1t may well
be that tnduction with an intravenous thiobarbrturate 1if the dose 15
not 1n excess of 250 mg , 1s the readiest means of securing a smooth
and undisturbed anzsthesia 7 Cyclopropane can then be used for
masntenance

=

Fic 67 A labour ward bed (Gibberd Lancer)
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satisfaction to all concerned ™ The whole bed can be tipped 20
degrees esther head down or foot down in three seconds The latter
position will help i the prevention of regurgitation before intubation
with a cuffed endotracheal tube during the apphication of the cyclo
propane, muscle relaxant techmque *

Parker has agam recently drawn attention to the dangers of
nhalation of vomit 1n obstetric cases? A syndrome desenbed by
Mendelsohn® may result from the aspiration of acid gastric contents
and may not show atsclf for several hours after the occurrence of the
accident  Then the onset of the iliness 1s dramatic and the patient
becomes extremely 11l with cyanosis, dyspneea and tachycardsa, and
shows the signs of acute pulmonary eedema with patchy consohda
tron seen on the skiagram and crepitations heard at the lung bases
Bronchospasm and asthma may or may not be seen ¢ This syndrome
appears to be confined to obstetric patients who inhale acid gastne
contents although surgical patients who are subjected to the same
mnsult do not seem to develop it Reasons have been givent for
assuming that the underlying cause 1s acute suprarenal insuffi
ciency associated with the state of parturstion and successful results
have followed the intrasenous ingectson of 100 mg. of hydrocortisone,
together with antbiotics and oxygen therapy That aspiration of
vomtus 1s a real danger 15 shown mn an analysis of a senes of
913 707 live births 3 In this large number, forty five deaths were
stated to be directly due 1o anzsthesta of which 29 per cent were
ascribed to snhalation of vomit and 25 per cent to spnal analgesia
Twenty two per cent of these anasthetic deaths could not be
accounted for This fear of inhalation of vomutus has Jed anzsthetists
to adopt other means of pain relief so that Jocal analgesia m one of
1ts many forms 1s becoming the routme followed 1n an increasing
number of clinics

Pudendal Block

Pudendal block with or without local mnfiltration of the vulva, 15
a sabisfactory form of analgesia for the outlet forceps operation and
also for many cases of normal delinvery ® 7 The indications are said
to mnclude”™ fetal distress delayed second stage assisted breech
delivery multiple pregnancy and reparr of severe lacerations  The
techmque docs not provide good relaxation 1if intra uterme manipu
lations become neccessaty Gate and Dutton® have used local
analgesia mn 62 per cent of a consecutive senies of forceps deliveries
some of them being mid forceps cases Nervousness alone was
not regarded by them as a defimte contra indication  but the
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nupercaine 1 2 ml of 10 per cent dextrose The block 1s not given
to patients with a systolic blood pressure of less than 100 mm of
mercury The blood pressure should be taken at five mmnute intervals
In this senes 81 per cent were totally effective and headache was
complained of 1 21 per cent of the patients, but in only 2 per cent
was 1t severe In Bntain a large serics was reported by Thorne!?
with excellent results and no neurological comphcations and this
has now been enlarged to cover over 800 cases 1 He uses hyperbarnic
nupercatne solution 08 ml for forceps delivery and 14 ml for
Camsarean section  Methylamphettmine 1s required by half the
patients 1n the latter group While the suspicion of spinal analgesia
focused by the Woolley and Roe casc't stll colours the view of
many people on this useful method 1t must also be recalled that so
expenienced an observer as Macintosh!® has said that he does not
believe a patient has any more tendency to develop paralysis after
spinal analgesia than she has to die say after thiopentone, provided
that all due care 1s taken

Many methods of treating post spmal headache have been
descnbed  Its incidence has been reduced from 9 per cent 1n a
control senes to 3 per cent 1n a serics treated by the injection of
15-20 ml of normal saline into the extradural space 1mmediately
following the subarachnoid block !¢ (See also Chapter 9)

Lumbar Extradural Block

Extradural analgesia has 1ts advocates for Casarean section In
a recent sertes of 200 successful cases!? the continuous techmque was
employed the catheter being 1nserted with the patient 1n the sitting
position  She 1s then lowered and a test dose of 2 ml of 2 per cent
hignocaine 15 injected and 1s followed by the maimn dose of 10-15 m!
of the same solution Occasionally an addiional 8 ml 1s needed
after fifteen minutes Theuse of 1 5 per cent solution would ncrease
the safety of this techmique The blood pressure 1s controlled by an
wtravenous drip of noradrenaline Another seres reports 246
successful casest® using 2 per cent cyclamne (hexylcaine) which 1s
said to be less toxic than lignocame of the same strength The
continuous technique 1s used 15 ml of solution being the 1mtial
tnjection  In this series of patients hypertension was not regarded
as ahccmra ndication nor was hypotension unless due to shock
or hzmorrhage The techmque was not employed mn severely

anzmic women Another
similar serie:
anemic wom s gave results of equal
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method was avoided when vaginal examination suggested that the
rotation of the occiput or the actual extraction of the head was likely
to be attended with considerable difficulty The method they
descibc 15 a combination of pudendal block and nfiltration
and gives satisfaction to the patient 1n 86 per cent of cases If the
method 1s imuted to low forceps delhiveres the success rate approaches
100 per cent  From a pont midway between the tschial tuberosity
and the anus and with one finger 1n the vagina or rectum, solution
cither 05 per cent procaine or 05 per cent hgnocame without
adrenaline, 1s depostted bilaterally in the following sites 1 the
vicimty of the pudendal nerve as 1t traverses Alcock's canal on
the lateral wall of the ischiorectal fossa, among the branches of the
nfenor hemorrhordal nerve which pass medially across the 1schio
rectal fossa to the external anal sphincter and the shin between the
anus and the sschial tuberosity  Solution 1s also deposited beneath
the shin covenng the lateral aspect of the labiym majus as far
antertorly as the pubis bencath the skin of the perineal body
ncluding the line of the epistotomy incision and beneath the mucosa
of the posterior and lateral walls of the vagina 1n its lower third
A lumbar puncture needle 12 ecm long 15 used for the deeper
jectrons and about 80 m! of solution arc used Hyalase may be
added to the solution but adrenaline sometumes nlubits labour
pains and s better avorded  An interval of five to ten minutes should
elapse between the finish of the mnjection and the application of the
obstetric forceps  The details of techmque are well set out in Gate
and Dutton s paper ® and also by Klink *

Subarachnoid Block

Spinal analgesia in obstetrics 1s still the subject of controversy It
has been recommended!? as the method of chorce 1n patients having
a full stomach 1n patients who are heavily sedated, for the delivery
of premature babies because of the absence of feetal respiratory
depression and the good penineal relaxation produced for patients
with heart discase, for Cesarean sections and for all patients who
wish to be awake during and share 1n the experience of parturition
Block of the sacral nerves 1s referred to 1n the United States as saddle
block and 1s there widely used In a series of 800 cases't recently
reported the results were good With the patient sitting 2ml 0f02
per cent amethocaine 1n 10 per cent dextrose solution were myected
through a small 22 or 24 gauge needle The patient was then placed
supine with a double pillow under the shoulders and the legs 1n
stirrups  Other worhers have used 30-50 mg of procaine or 3 mg of
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m any of these cases  In another group, gallamine was the refaxant
chosen™ for four hundred forceps delineries and two hundred
Casarean sections  For the former cases induction was by cyclo
propane or gas oxygen and tnlenc and yust before delnvery 100 mg of
callzmine was mjected and anwesthesia maintained with gas and
ongen For Camsarean secion imduction was by thiopentone
250 mg or hemmthal 500 mg, and maintenance by gas oxygen or
cyclopropane  Gallamine 100 mg maintained good relaxation
caused no depression of the baby or excessive bleeding gave good
operating conditions and caused no ncrease in utenne tone
Neostigmmne 25 mg and atropine were given 1f necessary at the
end of the operation while atropine alone was used for premedica
tion The techmque gives a quick pleasant induction with a safe
and qwet mantenance but does not abolish the nsk of aspiration
of stomach contents Thiopentone with suxamethomum or 100 mg
of gallamine 15 usually satisfactory for external version followed
by atropine and neostigmine 1f gallamine 15 employed

Analgesic Drugs

The search for new analgesic drugs 1s never ending one of the
more promising to have been developed 1n recent years being
Nsenti] (alphaprodine) It should only be given when labour pains
are well established and occumnng at regular mntervals The nstial
dose 15 40-80 mg with the majonty of pattents receving 60 mg ©
This causes warmth contentment and sleep for two to three hours
when the dose may have to be repeated Nausea giddiness and
yomiting are occasional complications 7 No interference with labour
has been reported It would appear that misentd relieves anxiety
and causes calmness and a relaxed mental state but amnesta 15 not
a feature It 1s more rapidly acting especially if injected ntra
senously ®® of shorter duration and less potency than pethidine and
1s especnaily useful 1n labours which are not expected to last long  Its
effects are ent d when 1t 1s combined with scopolamine 04 to
06 mg * but some degree of fcetal respiratory depression 1s assoct
ated with 1ts use varying from 5 per cent 26 to 16 per cent * No
feetal deaths have been reported as due to 1ts employment nor does
1t cause sertous undesirable side effects in the mother

Petludine erther alone or 1n combmation with scopolamine
femains one of the most useful drugs which the obstetncian has at
his disposal for the relief of pain 1n Iabour The drug can be given
by continuous intravenous dnp*® once active labour has started
and 5o far no feetal or maternal 1!l effects have come to hght In
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Continuous Caudal Block

Continuous caudal Ig m the m of d
utenne function 1n labour has been extensively used by Johnson 204
The 1det of the block 15 to paralyse both the motor and sensory
fibres of the pelvic floor 1nd the penineum together with the viscero-
motor parasympathetic connections to the cernvix  The upward
extension of analgesia to the upper border of the eleventh thoracic
scgment 1n the extradural space interrupts the sensory connections
of the fundus uters which enter the cord with the ram1 communicantes
at this level, so that the rhythmic pains of labour are not felt The
sympathetic motor fibres to the body of the uterus are given off from
the spinal cord above this level and so are not influenced by caudal
analgesia although the opposing parasympathetic fibres from the
sacral plexus are interrupted  Successful caudal block therefore
secures unopposed and painless contraction of the body and fundus
of the uterus acting upon a completely relaxed and imsensitive cervit
and lower birth canal and has been successfully used in dealing with
the problem of either utenine mnertia or cervical dystocia or a com
bination of these two conditions The techmque used n Johnson s
cases followed the early description of Hingson and Edwards® 1n
which I 5 per cent metycamne 1n Ringer s solution and a malleable
needle were employed 15 per cent xylocaine gives rather better
results The mtial dose of 40 ml 1s supplemented at about half
hourly mtervals by 15 ml imections In this senes continuous
caudal analgesta accelerated the progress of labour in a ligh propor
tion of cases and considerably decreased the feetal hazards of what
to the obstetrictan can be a perplexing problem

Aarad

Muscle Relaxants

Muscle relaxant drugs have been employed 1n obstetrics as in all
other branches of an@sthesia and with considerable benefit both
to the pattent and to her medical attendant They are used to provide
relaxation of the permneum and abdomrnal wall and to facilitate
intubation  There 15 evidence that d tubocuranne enters the feetal
arculation much less readily than does gallamne 7 Most of the
relaxants 1n common use have been successfully miven to labouring
patients and a series 0f 225 cases 1s described?® 1n which 2 mg of deca
methontum was 1njected, with the patient hghtly anzsthetized with
gas oxygen and trichlorethylene or with cyclopropane when the
feetal head distended the perineum  The enswing forceps delivery
was made easter by the relaxed penmeum Occasionally a second
dose of the relaxant was needed No effects on the baby were noted
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folléws delivery The method 15 not recommended for routine use
1 all cases of eclampsia,®® but for grave cases might well be tried
more often Heavy sedation 1s not required 1n patients so treated
and both maternal and feetal mortality are favourably influcnced

The pitoan drip and the use of this drug in any form n labour—
or 1n general surgery—carres a nisk 1f at the same time an-esthetics
are used which may cause irmitability of the automatic conductive
tissue of the heart  The death 1s reporied?® of a patient who received
a pitocin dnp before she had been allowed to rid herself of cyclo-
propane used for induction of anwsthesia

The So-called Placental Bartier

The barrier provided by the placenta to the transference of drugs
from the maternal to the feetal circulation has been the subject of
expenimental nvestigation 37 The ewidence for assuming the
placental transmission of muscle relaxants has been in the past
rather confusing Prttinger and Morns?®® were able to demonstrate
placental transmussion of tubocuranne following 1ts injection mnto
the uterine artery of dogs but were unable to show clinical curanza
tion 1n human babies delivered with the axd of therapeutic doses of
the relaxant Decamethomum was shown to cross the barrier
following the intravenous injection of large doses just before
delivery 3° Suxamethomum has been reported to pass the barrier
by one observer?® but this was not the opimon of another 4
ot 1 tr of gall and h has been
demonstrated 1n dogs®? by injection 1nto the uterine artery, whereas
decamethomum did not pass the barner when the same techmque
of mnjection was used In a recent series of cases? 1t was shown that
when equipotent doses of d tubocurarine and gallamine were used
before delivery the former appeared in the feetal serum 1 traces
only while gallamine was quite often found 1n readily detectable
and possibly significant amounts In spite of these conflicting reports
1t would seem a safe and reasonable thing to use therapeutic doses of
any of these relaxants other than perhaps gallamine as part of the
anzsthetic techmque for obstetrical delivery ¢ It has of course been
shown that anasthetic gases vapours barbiturates paraldehyde
chloral hydrate morphine and pethidine are all transmutted from
mother to feetus

The placental transmussion of thiopentone has been carefully
wvestigated by McKechme and Converset who found that thio
pentone administered to obstetrical patients immedately prior to
delivery crossed the placental barner rapidly appearing 1n the
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the early stages of labour a barbiturate will give relief and when
dilatation of the cervix 1s complete, pethidime 50 to 100 mg with
scopolamine gr thw to vz can be given intravenously slowly, and
1s smd* to be sufficient for forceps delivery and penneal repair

In a careful analysis of 7000 patients, Hingson and Hellman®
came to the conclusion that the most successful routmne for pam
relief 1n Jabour was 100 mg of pentobarbitone intravenously at the
beginning of active Jabour together with 100 mg of seconal by mouth
and 100 mg of pethidine intramuscularly with 02 mg of scopola
mine given with the petiidine and repeated two hourly

Chloral hydrate 15 stull a popular hypnotic 1n both institutional
and domestic midwifery It has recently been shown?® that soon
after the oral admimstration of 14 to 31 g 1ts presence can be
demonstrated 1n both the maternal and the feetal blood streams
while 1ts elimination takes esght hours Some of the drug 1s oxidized
to trichloracetic acd and some of 1t reduced to trichlorethanol No
1l effects on either mother or child werc demonstrated

Lelampsia

The anxsthetist 1s sometimes asked by his obstetrical colleagues
to advise and help 1 the treatment of eclampsia In a series of
130 cases recently reported® the eclamptic patient was given 4 m!
of bromethol 1n five ounces of distilled water by drp into the rectum
and when sedated one pint of 20 per cent dextrose was mfused
ntravenously To this drip were added 10 m! of 10 per cent calcium
gl and a ration of B and C vitamins The rectal
drip of bromethol was repeated 1n five hours and even a third time
if necessary and was found to be a reliable sedative and anty
convulsant 1n eclampsia  In this series the maternal mortafity was
54 per cent and the feetal mortality 11 2 per cent Continuous spinal
analgesta gives good results 3 the smtial imjection consisting of
05 ml of 15 per cent metycaine solution which 1s repeated each
fifteen minutes as required A catheter must be used and in most
cases the blood pressure drops satisfactonly after the first injection
Contimuous caudal analgesia 1s disappointing n the treatment of
eclampsta but continuous extradural block 1s a promising method
of management #* As the conduction block may have to be man
tained for scveral days at a time the methods taken to prevent
infection while the plastic tubing 1s 1 the extradural space must be
meticulous The blood pressure can be fairly well controlled and if
labour 1s retarded a pitocin dnp should be set up to stimulate
utenine contractions Ohguria 1s not directly relicved but a diurests
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25 mg doses by mouth or wtrmusculrly, repeated if necessary
once or twice daily chlorpromazine 1s of defimte value to the great
majonty of patients complamng of nausca and vomiting during
pregnancy ¢ Drowsiness may be a side effect but can be controlled
by dextroamphetamine sulphate 5-10 mg It has no harmful
actions on esther mother or chuld, used 1n this way It scems to give
excellent psychuc sedation when given intrasenously 1n 25 mg doses
to patients 1 labour causing them to slecp between pains but to be
rousable*s and free from apprehension The best results are likely
to follow admimistration of pethidine early n labour and chlor-
promazine just before full dilatation 1n primigravidae and at half
dilatation 1 muligravid®  For the actual delivery the need for
general anesthesia 1s reduced and gas and oxygen alone frequently
suffice 8 Vomuting during labour 1s relieved and no untoward effects
on esther mother or child have been noted  The use of the drug may
be indicated 1n premature delivery because of the absence of
narcotizing effect on the baby It 1s sard to produce a medical
leucotomy 5o that the patient bears pain better and 1s less worned
by it4® A shght fall in blood pressure usually follows ats myection 4°
On the other hand Savage®® showed 1n a series of 127 cases that the
drug gave no significant pain relief when compared with a control
group who did not recenve the drug  With increasing doses uterine
inertia was the price paid for better pain relief and an increase in
the forceps delivery rate and a prolongation of labour resulted
in pnmgravide He also found that mtrons oxide awr mixture
was not potentiated by chlorpromazine  The thard stape of labour
was not prolonged Savage as a result of hus investigations

advises against the routine use of this drug 1 labour (See also
Chapter 11)

While chlorpromazine 1s rather unpredictable 1n its actions,
promethazine used dunng labour together with pethidime 1s
reported® to offer the mother more effective sedation and her baby
less harm than any other combnation of drugs When the need
for sedation becomes apparent 25 mg of promethazine and 50 mg
of petiudine are injected intramuscularly and repeated 1f necessary
The patients become sleepy but remain mentally co operative and
alert while the duration of labour 1s shortened  No 1l effects on
either mother or chuld were seen 1 this group of 300 cases 5t

The phenothiazine drugs have been successfully wsed in the
management of eclampsia®  Diuresis 15 produced and the blood

pressure falls dunng treatment  Small doses of oxytocin prevent
uterine meria and delayed deflivery

A ANATSTH



224 ANASSTHESIA IN OBSTETRICS

muxed feetal cord blood 1n 45 seconds and reaching an equilibrium
with maternal venous blood m 3 mmutes It was unusual for
babies so delivered to suffer from respiratory depression No
correlation between the amount and depth of anmsthesta, feetal
responsiveness and thiopentone concentration 1 mixed umbikical
cord and maternal venous blood was evident 1n this series of expen
ments  The lack of correlation may be explained by postulating
that feetal hver tissue 15 more adept than adult Liver i detoxicating
thiopentone  More likely 1s 1t that thiopentone 1s distabuted from
the maternal blood stream to the maternal tissues so rapidly that
the actual quantity of drug reaching the infant 1s not enough to cause
cerebral depression  Over a longer period of time st seems probable
that 1f repeated injections of thiopentone are gnen, a greater
percentage of each succeeding dose will reach the infant as the
maternal tissues approach saturation level and narcosis of the infant
will result The authors thus recommend that for vagmal delivery,
thiopentone should be restricted to a single mummal sleep dose
given Just before delvery, while for Casarean section 1t should be
Limuted to the induction period

A similar conclusion has been reached bv Crawford ? who showed
that there 18 no appreciable placental barrier to thropentone and
that the feetal blood level of the drug 1s at a maximum at the onset
of anxsthesia and thereafter falls He found that the longer the
time 1nterval between the injection of thiopentone and the delivery
of the child the lower the feetal blood thiopentone level 1s likely to
be He regards 250 mg used for mnduction of an®sthesia but not
repeated to be reasonably safe

The passage of ether from mother to feetus 1 expenments on
ammals?*® was nvestigated and 1t was shown that ether concentra
tions were almost the same 1n the brain and Liver of the feetus as
the placenta, and considerably lower than n the artenial blood and
brain of the mother The ether concentration n the feetus rose at
approximately the same rate as that in the maternal muscles
Oxmetric studies of the blood of neonates during the first thurty
munutes of life show?*® that pethidine with scopolamune given to the
mother cause a shight depression 1n blood oxygen saturation but
are not hikely to be harmful A similar experiment using trichlor
ethylene showed 1t to have no measurable effect on the infants

The Phenothtazine Denvatives

In recent years the phenothiazine drugs have been extensively
used 1n the management of the obstetrical patient When given m
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an episiotomy under local analgesia with light general anxsthesia
duning delivery of the arms and head 1s satisfactory In extraction
great relaxation 1s required and deep cther 1s recommended *°

Infant Resusatation

A useful dassification of asphyxia neonatorum recogmzes three
stages ¢ Farst 1s the stage of depression when the baby does not
breathe well has 2 tendency to get attacks of cyanosis, but in spite
of all this 15 rousable The respiratory centre circulation muscle
tone and reflexes are all depressed from hypoxa but are capable of
being stimulated to normal activity Then comes the spastic stage
when breathing 1s 1irregular and gasping and cyanoss 1s the rule
there 1s however some reflex response to aspiration of mucus from
the larynx and pharynx Lastly comes the stage of flaccidity when
the chuld 15 blue or white and respiration 15 exther 1n abeyance or
occurs only at infrequent intervals No reflex response 1s present
and cifculatory falure 15 progressive

In a study of the human feetus 1n prolonged asphyxias? it has been
shown that there 1s a steady decline in blood pressure and heart
rate while the cardiac conduction tume 1s increased The blood
pressure drops further during gasping respiration  Oxygenated
hepanmized blood injected into the umbihical vein causes a rapid
and sharp nise 1n the heart rate and the blood pressure, and 1t seems
to reach the left ventricle and the coronary artenes very rapidly In
the gravest cases, the best results appear to follow 1njection of the
heparinized oxygenated blood 1nto the feetal umbtlical artery Infu
sion of citrated blood and of noradrenaline are apparently harmful

Asphyxia neonatorum 1s a chemical condition associated with a
decrease 1n oxygen content and oxygen saturanon a rise 1n carbon
dioxide tension and sometimes a fall 1n carbon dioxide content as a
result of 1ts displacement from base by the large increase m the
amount of factic acid present 1n the blood The pH of the blood 1s
very low 70

It has always been understood that high positive pressure apphed
from above to the bronchial tree of the atelectatc nfant 1s not very
suceessful 1 opeming up the alveol: but the author of a recent
paper®® gives good expenimental and clmical evidence for holding
the opposite view He believes that 1t 1s not only possible but also
beneficial to deliver a pressure necessary 1o expand the unexpanded
lung of the newborn and has used for this purpose the Goddard
Bennett Lovelace infant hand resuscitator with mask The resuscita
tion routine 1s to establish a good feetal arrway promote adequate
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The successful management of a case of post partum hzmorrhage
with 1rreversible shock by induced hypothermua 1s the subject of an
nteresting report #2 The patient bled heavily on several occasions
and as hysterectomy was considered necessary the operation was
undertaken after the intravenous mjection of chlorpromaze,
promethazine pethidine thiopentone, and suxamethonium with
gas and oxygen gnen through an endotracheal tube The rectal
temperature was tahen down to 35° C by means of surface cooling
with 1cebags, and the blood pressure was supported by a noradrena
line dnp Spontaneous re warming was not accompanied by
stabilization of the vasomotor system so that additional mnfusion of
phenothiazine drugs and surface cooling were required  The authors
of the report emphasize that every effort must be made to maintam
the circulating blood volume at an adequate level before the Iytic
cocktail contaimng chlorpromazine 1s myjected, because of the
danger of causing penipheral yvaso-dilatation when the circulating
volume 1s deficient

Hvpofibrinogenzma

The occurrence of a blood coagulation defect 1 certain obstetrical
emergencies 1s now well recognized and this has probably accounted
for some cases of death due to hemorrhage when good transfusion
treatment was carned out It 1s probable that an acquired Jack of
fibninogen 1s responsible for the coagulation defect™ and this may
occur n cases of accidental ante partum hemorrhage retention of 2
dead feetus mn utero and hydatiform mole Hypofibnnogenzmia can
be diagnosed by a simple thrombin coagulation test before clinical
signs have shown themselves so that patients who have a Schneider
titre of 1 100 or less should be treated as potential victums of 2
hazmorrhagic diathesis  If hemorrhage occurs the blood fibnnogen
level must be restored and this may be done by giving pure fibrinogen
or, more easdly by the intrasenous wnfusion of tnple or quadruple
strength plasma. One pint of the latter provides about 44 g of
fibnnogen.®* In addition blood must be given to replace any lost.
The use of plasma expanders bike polyvidone and dextran 1s not
desirable 1n these cases as such agents do not restore the coagulability
of the blood

Breech Delivery

Anasthesia for breech delivery may present some problems In
breech presentation the mnfant may be delivered 1n one of two ways
as assisted breech delnery orasa breech extraction In the former



INFANT RESUSCITATION 229

transparent plastic cyhinder 1t which the chuld 15 put, head and
body Ths 15 then closed and oxygen and arr arc introduced under
positine pressure at suitable ntervals and at sustable pressures It
1s provided with heat and hunuduty regulation and 15 said to give
useful help m the management of this problem
Obstetncrans are not yet all agreed that endotracheal atubation
15 justified 1 the treatment of asphyxsa neonatorym, but if the
techmique 15 employed 1t must be done carefully and correctly The
commonest mistahe s to lower the head over the edge of the table
to hyperextend 1t, but this 15 mcorrect  The cid should be flat
with its occput on the table  The tip of the wmfant laryngoscope 15
then nserted to the glottis and hited vertieally when the cords will
come into view and a number 00 Magill endotracheal tube on a
rigd stylet can be placed in the traches In the absence of anyone
shilled m direct laryngoscopy, good results can be obtained by the
gentle nsufflation of oxygen through a small double lumen catheter
nto the stomach 7 The second lumen prevents gastiie distension
Nalorplune has achieved some success n the prevention and
treatment of respiratory depression due to morphine or one of s
congeners in the fiewborn % *® The drug can be given sntravenously
1n 10-mg doses 1o the mother Just before deltvery if she has recently
fhiad a narcotic of the opium or pethidine group and this may enable
p to be p d d wath morphine before a planned
Casarean section It 15 probably better to give the drug n 01 to
05 mg doses mto the umbilical vern of the child if and when 1t 15
sndicated. In such cases prompt improvement 1 respiration usually
follows As the nalorphine 1s i 1ts own night a narcotic and a
depressant 1t must only be used in those babies depressed by an
opiate pethidine muadone dromoran ete The stmulating effect
of the drug on respiration usually subsides before the depressant
action of the morphine so the infant may become depressed again
The new drug amsphenazole (daptazole) would seem to have a
defimte place in the treatment of neonatal asphyxa dug to morphine
o1 1o one of 1ts congeners  After attention to the awway has been
gently and thoroughly carried out 3 mg of the drug are myected
dissolvedin 1 ml of sahine into the fant s urabilical vesn and mulked
towards the navel Gaspieg respirations appear s half to one
munute and saon give place to normal respiration ! Ariphenazole
can also be given imtravenously to the mother who has recewved
morphine just before the delivery of the child as 1t does not interfere
with ot prevent the analgesic properiies of this and simtlar sedatives
To both mother and child 1t 15 said to be harmless even 1 large doses
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drainage of the upper respiratory tract by posture and suction
expand the lungs by intermittent positive pressure, admimster
oxygen and such stimulants as nalerphine or caffeine sodwm
benzoate if they are indicated maintain temperature and humdity
and simulate the shin - Using the hand resuscrtator first at a pressure
of 50-60 cm of water twelve to twenty four impulses are given each
lasting 02 to 03 of a second allowing an intenval of 04 t0 08 of 2
second for expiration Suction 1s then applied and a senes of
mflations at a shghtly lower pressure follow Intubation s seldom
required and oxygen blown into the stomach 1s readily expelled by
manual epigastric pressure X ray studies of infants so treated have
failed to show any cvidence of pneumothorax or of other damage
Failure to respond to this vigorous treatment in twenty minutes 1s
said to be evidence in nearly every case of intracramal damage or of
congenital defects  The author concludes that patchy aeration of the
atelectatic neonatal lung 1s achiesed with a positive pressure of
30 cm of water and uniform expansion at pressures of 50-60 cm
of water 1n the closed chest Negative pressure 1s not required
Following the 1mitial expansion pressure must be reduced Further
expertmentation with this interesting techruque would seem to be
destrable

Another method of artificial respiration 1n the asphyxated mfant
1s the application of Eves rocking techmques? by the use of an
automatic electrically operated rocking bassinet *¢ Oxygen 1s added
to the air 1n the chamber n which the child ies which has an open
top In 4000 consecutive cases reported®® no other form of resusaita
tion was used and the results were excellent  An experrmental hugh
tension oxygen box incorporating cooling and humidifying devices
has been described ¢ In 1t the minimal concentration of oxygen 1s
92 per cent and carbon dioxide concentration does not exceed
1 per cent and so it 1s stated to be more efficient than the standard
oxygen tent for use tn the treatment of severe anoxia mn babies It
15 not intended as an incubator for premature babies A very simple
device for oxygen therapy 1n asphyxia neonatorum consists of a
glass funnel 3-41n in drameter with a length of rubber tubing fitting
snugly and protruding mto the bell ® The funnel 1s applied to the
baby s face so that the rubber tube 1s near 1ts upper ip A flow
of 3 or 4 litres of oxygen a mnute 1s directed through the rubber
tube and simultaneously stimulates nerve endings of the trigemunal
nerve and supplies oxygen mn fauly high concentration for the
resulting 1nspiration A posiuive pressure atr lock has been con
structed for the resuscitation of the newborn ¢ Tt consists of a
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Amiphenazole given to the mother 1 30 mg doses intramuscy
Iarly reduces the respiratory depressant cffect of morphine on the
faetus without greatly reducing its analgestc action on the mother
With this new drug to hand 1t would seem that morphine can now
be used much more frecly m hosputal obstetric practice than was
formerly desirable

Oxygen Therapy in Premature Babies

Premature bibies must not recenne pure oxygen for any length of
ume If they are cyanosed they may be given for a mimmal period
40 per cent oxygen I this rule 1s not followed retrolental fibro-
plasia may result ™

The Dangers of Cluldbirth

In considening this obstetnical and anesthetic problem 1t 15
interesting to remember thit Wilder Penficld beheves® that well
over half the patients on whom he operates for focal epilepsy would
never have had a seizure had 1t not been for brief anoxia or improper
head compression during chuldbirth
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CuarTir 19
COMPLICATIONS OF' AN/ESTHLSIA

Acute  adrenocortical  defictency—Pultmonary  complications—
Laryngeal complications — Vonuting — Surgtcal emplhysema —
Nene  palsies—Blindness—Toxic effects of carbon dioxide
accumulation—DPerforation of car drums—Explosion—Pneumo
thorax—Cerebrat hyponia

Tue complications of anesthesia are unfortunately rather numerous
50 that tao boaks published 10 recent months are devoted solely to
therr consideration  But when set against the total number of anzs-
thetics administered, the picture takes on a less gloomy appcarance
The complications which are considered 1n this chapter include only
those which have been brought to the attention of anzsthetsts

m recent years either for the first ime or for purposes of re-
emphasis

ACUTE ADRENOCORTICAL DEFICIENCY

1f a patient 1s treated with cortisone for any length of time his own
adrenal cortex may undergo atrophy through disuse and may not
regain 1ts normal activity for a considerable time after cessation of
cortisone treatment If now such a patient 1s to be subjected to
surgical operatton and an®sthesia, a true stress situation i cortex
may not be in a fit state to deal with 1t Any patient who has recerved
a substantial amount of cortisone within three or six months
should therefore receive prophylactic cortisone therapy before bemng
submitted to surgery An intense suprarenal sumulation occurs
shortly after the beginming of the operation and persists for one or
o days While acute post operative deficiency 18 rare a fise
us ncidence can be expected because of the ncreasing use of
cortisone  Patients should be asked before operation 1f they have
been ireated with cortisone recently 1t may well have been mven
to those suffering from rheumatoid arthriis ulcerative colitis lupus
erythematosus pers arternitis nodosa or status asthmaticus 8 Vanous
tests of the reaction of the suprarenal cortex to stress have been
descnbed ' while the eosinophil count 15 valuable 1n the immedsate
post operative period ® In the presence of shock a high count 1s
ndicative of suprarenal cortical deficiency and 1t may well be that
certain plained deaths foll g selatively mmor operations
have been due 1o this cause® 47 It has also been suggested that
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and on their return to the ward ace simlarly dealt with s soon as
they are 1ble to be moved about  Afier operation the treatment 15
continued until no more sputum can be coughed up

A method of scparating those patients who are likely to develop
chest complications after operation from the remaunder, 1s to ask
each patient to cough deeply before induction The wet cases will
need careful aspiration and physical therapy ® For those patients
who having sputum, are unable to cough 1t up after operation, the
intravenous injection of MLM%MS will often cause an
explosive cough with a clearance of the bronchual tree ® In bronchice-
tatic patients the treatment must be used carefully as 1t may result in
flooding of the bronchual tree with pus The severe coughing and
straming which accompanies any successful stir up treatment has
been known to lead to subarachnoid hmmorrhage ® Temporary
paralysis of the disphragm may be seen occastonally after laparatomy!®
and 1s likely to be mistaken for atelectasis Aspiration and broncho-
scopy are not the treatments of choice 1n this condition the possi
ity of whach should be borne in mind  In order to ease coughing
and to mncrease the amount of sputum expectorated use has been
made of alevaire, a detergent 1n sterile alkaline solution which can be
used alone or as a vehucle for antibiotics and bronchodilators 1t 1t
lowers the surface tension and liquefies mucopurulent secretton It
should be nebulized by compressed oxygen or air so that a fine mist 1s
mhaled 1nto the most distal alveolt  One to four periods of treatment,
each lasting twenty to ninety minutes are given each day and deep
breathing and coughing exercises follow the inhalation

Spontaneous atelectasis coming on dunng the course of an opera
tion would seem to be a genuine occurrence!® and has been observed
during a thoracotomy It may be due to imcreased vagal activity, a
fact supported by the success which has attended the injection of
a local analgesic solution mte the vagus below the ongin of the
recurrent laryngeal nerve Tension pneumothorax can complicate
undetected fracture of the mbs causing trauma to the underlying
lung * Jt 15 1mportant that X rays should be taken when 1 chest
mnjury 1s even remotely possible If a lung injury 1s suspected regional
analgesia might well be switable but pneumothorax may develop
even with spontancous respiration  Aspiration of atr or gas from
the thorax should be done before induction of anesthesta If the
condmon‘xs recogmized before operation then the msertion of an

d to an underwater seal, with controlled
breathung would be reasonable
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some cases of so-called status lymphaticus may be due to this
mechanism 3

Prophylactic therapy which should also be given to patients before
operation who have Addisons disease, pituitary ansufficency
suprarenal cortical tumours and those about to undergo hilateral
adrenalectoms might consist of 200 mg. of cortisone intramuscularly
forty-e:ght twenty four and two hours before operation  This 15
continued 1n a smaller dosage for three or four days or until their
condition warrants withdrawal#  All such patients should be
followed carefully 1n the immediate post-operatsne penod for fear
of the development of acute insufficiency and frequent estimations
of the blood pressure temperature and pulse rate should be mad~
They tolerate badly prolonged fasting morphune and barbiturates
and large volumes of mntravenous glucose Acute ipsufficiency
usuallv shows atself 1n the first twenty four hours after operation
and appears as acute airculatory collapse hypotension and tachy
cardia perhaps with fever and unconsciousness The treatment 1§
intravenous saline mtravenous hydrocortisone 100 mg gnen as 2
dnp and if necessany noradrenaline

CHEST COMPLICATIONS

The prevention of post-operatine chest morbidity 15 the subject of
a thoughtful paper by Palmer and Selick, Their method 1s based
on the hypothesis that if factors which favour the retention of
Sputum n pattents after operation can be overcome atelectasis
should seldom occur It consists of postural dramnage with vibratory
and clapping percussion following the mhalation of 1soprenaline
Thus drug 1s a powerful bronchodilator and yvasoconstrictor of the
bronchial mucosa It 1s given 1o overcome the spasm and congestion
of the bronchi which are thought to be responsible for the rhoncht
often heard 1 patients who develop atelectasts  Pre-operatnie treat-
ment consists of the oral tnhalation of 1 mL of 1 per cent 1soprenzlme

ph (neoer ) No 1 alendnne, isupren, peodrensl)
by means of a hand mhaler thnice daily followed by fifteen to
twenty minutes postural dramage with the foot of the patent s bed
raised, and percussion to the basal regrons m exprranon It 1s done
m the prone and in both lateral posinons If there 15 marhed
bronchitis two weehs of treatment along these lines 1s prescnibed and
1 Iess severe cases one weekh By adopting this method the incidence
of atelectasss after operation was reduced from 43 per cent to 9 per
cent. compared with a sumilar control series ? The patients are clapped
and gnen the treatment just before the premedication 1s 1myjected
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arytenoid and 1t has been nsserted® that careful inspection will
reveal signs and symptoms of laryngeal pathology 1n 50 per cent of
cases after endotracheal intubation  The prognosis of cascs of minor
trauma 1s good given early diagnosis and complete vocal rest The
granuloma once developed should be removed under direct laryngo
scopy and the results of this small operation are usually very good
It 15 1nteresting to realize that the autonomic movements of the cords
are not abolished during light anxsthesia® so that if a tube 1s 1
place the tips of the vocal processes are rubbed to and fro n close
contact with 1t, so that n fact the lesion may not be due to trauma
produced by the insertion or withdrawal of the tube at all 2%

Acute edematous stenosis 1s more usual 1n children than in aduits
because of the loose areolar tissue in the child's subglottic region and
the small lumen which 1s occluded by very hittle swelling  When the
acute eedema 1s caused by a tube the introduction of another tube 15
contra indicated and a low tracheotomy should be done Symptoms
of laryngeal obstruction 1nclude indrawing of any one or more of
the following locations—the suprasternal notch, the intercostal
spaces the areas round the clavicles or the epigastrium There 15
an ashy grey pallor cyanosis being a dangerously late sign, and
choking gagging and restlessness due to air hunger The chuld may
wake 1n terror and may fear the approach of suffocation Laryngeal
obstruction must of course never be treated by sedatives, 1t demands
immediate tracheotomy Avoidance of physical and chemical
trauma 15 of the greatest importance 1n prevention of this condition

In another series'” twelve adult cases of laryngeal lestons following
intubation were reported the majonty of them 1n women In some
cases symptoms were absent throughout while 1n others, complaints
arose long after the operation Hoarseness intermttent aphonia
continuous dyspneea pam hemoptysis and a feeling of a foreign
body 1n the throat have all been complained of The pathology
appears to be abrasion leading to infection ulceration, granuloma
formation and orgamization to a firm nodule Even an easy ntuba
tion and extubation with immediate post operative recovery has
been known to cause rapidly fatal asphyxia on the sccond day 18

Occastonally an an esthetist will experience difficulty 1n removing
a tube which gave no trouble on 1its mnsertion This of course 1s
more common when a cuffed tube 1s used If muscle spasm 1s the
cause of the difficulty the injection of a small dose of a relaxant will
remove 1t 1 In another case known to one of the authors the cuffed
tube held fastin spite of relaxants carbon dioxide, rotation, etc and
eventually was withdrawn only after the apphication of a frightening
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Surgical emphysema may be seen dunng the administration of an
an-esthetic or 1ts onsct may be delayed until the patient 15 back m
bed One theory of the mechanism of 1ts causatton® 1s that over
inflation of the alveol by hyperventilation causes alveolar distenston
and rupture resulting 1n pulmonary mterstitial emphysema The
gas then travels with the vessels to the lung hilum causing medt
astinal emphysema and this may spread up into the neck, down
with the cesophagus and aorta into the retropentoneal tissues or
1t may rupture into onc or both pleural cavities resulting n tenston
pneumothorax If there 1s 4 wound round about the base of the
neck air may be suched 1nto the mediastinum and there impnsoned
when the wound 1s closed Tlhis state of affairs 1s most hikely to
take place 1f the anesthetist has allowed respiratory obstruction to
persist with 1ts hyperpnea and increased intrathoracic negatine
pressure  Imjury to the mucosa of the upper resprratory tract
together with intermuttent positive pressure respiration may also
result 1n surgical emphysema, while 1t has been observed to oceur
spontaneously during normal labour If surgical emphysema
develops i the subcutancous tissues the onset of pneumothorax
must be watched for and if this 1s shown to be present 1t should
be treated by aspiration 1n the thyrd intercostal space i the mid
clavicular line and a water seal drain established 1€ the abdomen
becomes distended the flanks should be aspirated with a synnge
and large needle  Should respiratory difficulty not due to obstruction
develop then a collar mcision can be made, the mediastinum opened
up by blunt dissection and the impnisoned gas let out Emphysema
confined to the subcutaneous tissues 1s comparatively harmless but
should be aspirated repeatedly

LARYNGEAL COMPLICATIONS

Chevaher Jackson'® has reviewed 1n a masterly way the laryngeal
complications of endotracheal intubatton He pays particular
attention 10 contact ulcer granuloma and acute laryngeal wdema
requiring tracheotomy The former lesion not infrequently occurs
without intubation or other major trauma and 1s due to the wear
and tear of the vocal cords 1n spealing and coughing The hammer
1ng impact of the cartilaginous vocal process of one arytenoid agamnst
the opposite arytenoid 1s one such cause and 1t leads to myury of the
mucoperichondrium of one or both sides and the establishment of a
contact ulcer which may proceed to granuloma formation Abuse of
the voice 1s 2 second cause while persistent cough 1s a thurd The
usual site of the granuloma 1s the up of the vocal process of the
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N benzhydryl N methyl piperazine dihydrochlonide 1t has an
antihistamine effect and blocks parasympathetic gangha It has
been found experimentatly to reduce the incidence of vomiting n
dogs who have received apomorphine and 1n a controlled series 1n
man reduced vomuting by 23 9 per cent 3 Tt s said to cause no side
effects 1t may be imjected hypodermically half an hour before the
end of the operation and repeated once or twice after operation, the
dose being SO mg °

The prevention of the aspiration of stomach contents during
induction of anesthesia 15 one of the anwesthetists ever present
problems It can be dealt with 1 several ways no one of which 1s
universally applicable or absolutely safe One new method 15 to
nduce an-esthesia i the reverse Trendelenburg position to prevent
regurgitation with cyclopropane and oxygen, 50 per cent of each
and then suxamethonwm 1s given intravenously and a cuffed
endotracheal tube smoothly and rapidly mnserted and 1ts cuff
mflated 3¢ The cyclopropane 1s less likely to cause a serious fall in
blood pressure than an intravenous barbiturate and induction 1s
almost as rapd as by the intravenous method It has been reported®
that 1f a Miller Abbott tube 1s introduced 1nto the stomach and ats
cuff inflated with 30-60 ml of air and if 1t 1s then withdrawn until
the balloon 15 tightly impacted agatnst the wsophageal orifice
nothing will be able to leak past 1t into the cesophagus so that the

patient will be protected aganst aspiration  (See also under
Intestinal Obstruction )

COMPLICATIONS INVOLVING THE NERVOUS SYSTEM

The opponents of spinal analgesia are always willing to blame
this method for any case of third nerve palsy which anses during
the post operative period, providing of course that this block has
been used  Thurd nerve palsy can however show itself after opera
tions conducted with the patient under general anzsthesta and a
new case of this has recently been reported ® Horner’s syndrome 1s
a frequent munor complication of brachial plexus block and 15
expected after stellate ganglhon block but its presence has been
reported after block of the lumbar sympathetic gangha 3 Supra-
orbital neuropraxta as a comphication of anwsthesia should be
constantly borne 1 mind The patient afflicted with this disorder
will complain of pain in the eye headache photophobia and
numbness over one side of the forehead and scalp with edema of the
upper Ld and chemosts It 15 due to pressure on the supraorbital
nerve of a badly fitung mask or of a rubber or metal tube It 1s
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degree of force Three days later signs of laryngeal obstruction were
1n evidence so that tracheotomy became necessary The tracheotomy
tube was removed at the end of a week and the patient an old lady
of seventy, made a perfeet recovery

Obstruction of the larynx dunng anasthesia 1s usually due to
spasm of the cords but two other types have been observed *° In one
there 1s spasm of the false cords and aryepiglottic folds In the other
a condition has been observed where adduction of the true cords
comncides with inspiration and this leads to obstrucuion It would
seem to be a true mnco ordination of the cord mechamsm  Unusual
stenosis of the adult trachea has been described * 1t caused failure
to introduce an endotracheal tube of suitable size more than a short
distance beyond the cords and proved to be due to an unusual
narrowing of the trachea without any evidence of disease  Impaction
of the epiglottis duning anasthesia has again been described ™ It
seems that three factors must be present for this to happen first, an
anatomical abnormality the overhanging epiglottis then muscular
relaxation and finally the grawity effect consequent on the supine
positton (see also under Endotracheal Anwmsthesia )

YOMITING

One of the more useful pharmacological effects of chlorpromazine
1s 1ts ability to reduce the incidence of post operative vomiting 3 It
has been shown to be a valuable drug in the pre- and post operative
periods when given by mouth to patients undergoing major thoracic
procedures while for abdominal cases 300 mg rectal suppositories
are under trial 2! A suitable schedule for oral dosage 1s 25 mg gien
the might before operation and a simlar amount before operation
after operation and three imes during the first post operatinve day
It has been claimed 3 that the oral administration of 50 mg before
operation reduces the post operative vomiting rate by 50 per cent
Dimenhydninate (dramamine) has also achieved a usefu! reputatton
as an effective means of prevention of post operative vomiting
When gtven intramuscularly in 50 mg doses before operation
after operation and then 1n the immediate post operative perzod for
four doses 1t has been shown to reduce vomiting by 50 per cent ¢ On
the other hand when given by mouth dimenhydrinate 1s not very
effecttve 27 Promethazine when given parenterally sigmficantly
reduced the vomiting 1n general surgical cases and 1n obstetrical
patients wathout 1n the latter causing any feetal depression 27 Yet
another new drug used for the relief of this most uncomfortable
condition 1s cychzine (marzine, which «cb ly 1s
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anises 1n old people 1ts cause must be sought and the vicious circle
confuston hypnotics more confuston must not be allowed to occur
Some an-esthetists feel that in this article the picture has been over
drawn but 1t 15 a useful reminder that the stress of operatton and
an-esthiesta must niot be hightly inflicted on patients who are hands
capped either by old age or anything clse

Symptoms due to hemolysis have been reported dunng and after
the operation of transurethral prostatectorny®® and have been found
to be due 1o the presence 1n the blood stream of some of the flwd
used for bladder irngation  The patient complamns of lassitude and
chulls 1f he 1s under spinal analgesta and shows bronchospasm 1
clammy shin, a slowing of the pulse and a nse 1 blood pressure
It 1s recommended that 1sotonic solution should be used for irngation
n these cases

In recent years, a good deal of attention has been devoted to the
touc effects of carbon diovide accumulation’® and a considerible
amount of evidence has come to light pomnting to the grave harm
that may result from this form of physiological trespass  The use
of central respiratory depressants and relaxants will favour this
accumulation which may have bad or even lethal effects on both
the heart and circulation It may also cause further resprratory
depression which persists even after the body has got nd of other
depressants and relaxants 3 Artfictal hyperventilation would be
required before the respiratory centre recovered from this carbon
dioade induced depression  The toxic accumulation of carbon
dioxide leading to respurtory depression may follow a period of
respiratory atrest or hypoventilation and may well be 1 cause of
death w the immediate post operating period

EXPLOSIONS DURING OPERATIQNS

The use of conducting rubber 13 becoming widespread m our
operating theatres but the consistency of this matenal tends to be
hard and to lack elasticity It 1s to be hoped that the manufacturers
will overcome their present difficulties before very long ‘That
combustible and explosive material 15 not always brought into the
theatre by the anesthetist 1s shown 1n an acticle on the generation of
flammable gases 1n the patient s alimentary ¢ nal ¢ both in the lower
gut and also in the stomach as a result of fermentation when
emptytag 1s defayed  Oxygen swallowed or blown into the stomach
duning intermittent positive pressure respiration may add to the
tsh of explosion of gases already 1n the alimentary canal To prevent
explosion when the diathermy 15 used through a proctoscope or
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wise to protect this arca with etther sorbo rubber or gamgee tissue 3
Two cases of unilateral blmdness following hypotensive antsthesia
havc been described 3+ In each case there was 1n addition to a rather
low blood pressure some pressure on the eyeball The retinal
artery 1s an end artery and blood entering the eye through 1t does so
against the ntraocular pressure  If the blood pressure 1s reduced
and the intraocular pressure increased, disaster may result

Hypertension sometimes occurs during anxsthesia i pattents
with transection of the spinal cord at the fifth dorsal segment or
above 3* Massive effects on the autonomic nervous system oceur
when such stimuli as distension of the bladder or rectum anse *
The part of the cord below the Iesion not only recovers ats reflex
function but becomes highly excitable so that vartous stimuh may
lead to hypertension The 1de] treatment of thus qlteration m blood
pressure 1s of course to remove the stimulus causing 1t but the
tnigger mechanism 1s not always apparent so that in these cases a
ganglion blocking agent such as hexamethonium may be useful
Extradural or subarachnoid block also prevents the reflex A
raprdly fatal hyperpyrexia after the ad ration of thiop
gas oxygen and trichlorethylene to a fit young girl of thirteen has
been reported 4 Another unusual compheation of anwesthesia
which has been described s perforation of the cardrum 4 Inter
mittent positive pressure respiration was used and presumably this
compressed the arr and gases in the mouth and pharynx so that the
pressure 1n the eustaichian tubes was increased sufficiently to cause
rupture of a thin atrophic drum In the casc reported antibiotics
and cleanliness comprised the treatment and the patient made a
good recovery

An article published 1n the medical press on the adverse cerebral
effects of anxsthesia 1 old peoplet has caused a great deal of
discusston and some heart searching The author, a physician
particularly interested 1n old people made personal observations on
his own pauents before and after operation and came to the con
clusion that dementia 1n 1ts lesser degrees of seventy 1s not rare after
operation and anzesthesia while 1n addition severe dementia 15
described 1n eighteen of lus patients  As a result of this investigation
he feels th it operations on the elderly should be confined to necessary
cases and that sedative drugs and narcotics should be most carefully
admimstered Durning and after operation the blood pressure pulse
rate hemoglobin and oxygen level of the blood should be maintamned
at optimal levels while hypotensive anasthesia 1s absolutely contra-
sndicated 1n this type of patient When post operative confusion
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sigmoidoscope, a stream of carbon diouide should be directed into
the lumen of the instrument, both to dilute and to blow away the
flammable mixture of gases which might be present (See also
Chapter 5)

PROBLEMS OF AN/ESTHESIA IN ARTIFICIAL
PNEUMOTHORAM

Complications are apt to anse when ordinary an-esthetic techmques
are employed 1n patients who have exther an artificial pneumothorax
or a pneumoperitoneum 3 The first sign of trouble may be a nsmg
pulse rate an ncrease 1n the amount of venous bleeding tachypncea
and a falling blood pressure The cause of these troubles has been
shown to anse from an ncrease of gaseous pressure m the chest
which develops duning and after an-esthesia 4 When mtrous oxide
and oxygen are used for induction the tenston of the mtrogen in the
blood falls while that of nitrous oxide nises rapidly  The mitrogen in
the pneumothorix moves nto the blood stream more slowly than
the mtrous oxide diffuses 1nto the chest owing to the difference 1n
solubihity of the two gases and there 15 thus a marhed increase 1n the
total gas content 1n the space and hence an increase 1n pressure
It 1s this ise 1n intrathoracic pressure which causes increased venous
pressure and cardio respiratory embarrassment and care must be
taken to remove excess gas from air contatning body cavities before
or durning general anwesthesin

CEREBRAL HYPOXIA

Quite independently of cardiac arrest episodes of acute hypoua
may result 1n cerebral @dema The climcal signs may be complex
and may nclude coma convulsions hyperpyrexia restlessness and
choreoathetosts  If the condition 1s suspected 1t should be treated
by the mtravenous wnjection of 50 per cent sucrose Unlike glucose
sucrose does not pass 1nto the cerebrospinal fluid and raise 1ts osmotic
pressure It 1s excreted by the kidney causing a dwresis The 1mtial
mjection should be 40 ml which can be repeated once or twice at
intervals of 15 munutes It should be followed by 10 per cent
dextran grven at the rate of 50 ml per hour ¢
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after effects  The psychical part of post operitive vomiting, for
example, which 1s so marked 1n certain nervous and hysterical types
of patients can often be enticly eliminated by suitable suggestion
made dunng the mduction of anwesthesta with mitrous oxuide and
oxygen Itis even held by some authorities that a strong suggestton
of muscular relaxation made dunng the induction penod will mint
mize the dosage of anmsthetic subsequently neccessary to obtain
adequate relaxation * It need hardly be said that for suggestion to be
effectve an absolutely quict induction room 1s essential (see later) and
no mterference with the patient can be permutted by well meaning
nurses or others* As a matter of fact, a good anmsthetist does
actually employ suggestion, whether he conscrously realizes 1t or
not It has been aptly remarhed® that * personality (in the
an®sthetist) 15 non toxic and does not throw any stran on the
(patient s) heart, liver or kidney, nor does 1t depress respiration
This 15 more than can be smid of many types of premedication
Suggestion also plays a large part 1 operations performed under
lTocal analgesia only,® and in certmin countries the  psycho-
anzsthetist 1s a regular mstitution  For example Pithin describes
lis  auburn haired vamp who has the faculty of making a woman
forget that she 15 1n the operating room—and makes the men feel
that the operation could go on for ever 1f she would only remain
with them! 7 If pure local analgesta 15 to be used, the whole
operating team must co-operate wholeheartedly Even now 1t 1s
not very uncommon for the surgeon to make his incision at the
same time asking 1n a loud voice Do you feel that? There 1s
no doubt that local analgesia applied indiser ly and with no
attempt at suggestion does frequently result 1n psychic shock and
actual insanity has occurred as a result It 1s the duty of the psycho
anasthetist to prevent psychic trauma’ by suggestion by drugs
and 1f necessary, by nhalation of mtrous oxide or cyclopropane
In Amertca, earphones are often supplied to patients undergoing
operations under local analgesia so that they can listen to recorded
music.® Their tastes are ascertained beforehand and selections from

classical, semu classical and popular tunes* can be supplied ®
Apart from its psychological aspects, pre anasthetic fear has two
physical consequences Firstly, 1t increases the amount of adrenaline
1 the circulation and this 1s known to be a predisposing factor in the
causation of ventricular fibnllation Secondly the metabolic rate 15
ratsed which 15 the exact opposite to the 1deal condition 1f a mitrous
oxide-oxygen anzesthesia 1s to be superimposed 10

* Certain songs such as My Heart Stood Sull _are not recommended
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PSYCHOLOGICAL ASPECTS OF AN/ESTHESIA AND
ANALGLSIA

Suggestion—FH)y pnosis—Personal Factor—Anesthetic Outpatient
Clinies—Anasthefic Rooms—~—Recorvery Rooms

Tue psychological aspects of anzsthessa have not received much
attention in the past but in the last few years have come greatly
to the fore The patient nghtly regards a senous operation as one
of the most tmportant cvents 1n tus Iife and not only appreciates
real andness and sympathy from his anasthetist but 1s also m a
state wiich readily responds to suggestion

Suggestion

The late § R. Wilson did a great deal to demonstrate the
physiological basis of suggestion.? It has been shown? that there
1s Jocalizatton 1n depth as well as on the surface of the cortical
grey matter the three cell layers being (@) the supragranular or

ntelligence  layer, constituting the conscious brain and governed
by the laws of reason argument, etc  (b) the granular or  artistic’
layer concerned with subconscious memory, music etc  (c) the
nfragranular or instnctive  layer The two lower layers together
constitute the subconscious bramn and obey the laws of reflex
action which have been fully investigated by such workers as
Shernington and Pawlow It follows then that if interference from
the supragranular layer can be mhbited we are left with a sub-
conscious brain which will bhindly accept any suggestion made to it
The various means at our disposal for mhibiting the conscious brain
are

(1) Psychological methods eg by temporary distraction
(u) Certain drugs, ¢ g. barbiturates
(ni) Sub-anzsthetic concentrations of narcolic gases

In recent years adequate sedation has been used almost universally
before general anzsthesia for major surgery and thus the psycluc
factor has been largely eliminated (see Premedication) Even of
preliminary narcotics are not used the anzsthetist can still render the
nduction of anasthesia pleasant by suggestion and can even modify

244
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The advantages of the method are the abseace of tovie effects
from drugs ¢ g post anvstheiic vomsting the retention of protective
reflexes (e g coughing) 1nd m obstetrics the fict that the feetus 13
unaffected

The disadvantages are the uncertanty of results and the fact that
only 20 per cent of patients can be placed 1n a sufficiently deep
trance for magor surgical operations to be carried out  Nevertheless,
if 1n any goven case there 1s a definite contra indication to genertl
an-esthesta and if a focal method 1s 1mpossible 1t 15 worth havung a

tnal run  to ascertawn sf the patient 1 a good hypnotic subject ¥

The methods of induction of the hypnotic state witl depend largely
on the practice of the hypnotist but the o most successful are
(1) direct authontative suggestion and (2) cye fixation combined with
progressive suggestions of relaxation tiredness and sleep gnenmn a
monotonous and repetitive fashion  Any exotic techntques suggestive
of charlatanism must be ngidly eschewed The tune of taduction for
the first session ts usually about ten minutes and when the deepest
possible trance has been attaned, the patient s told that the whole
operative field (with a considerable margin) 15 completely nsensitive

Fi6 72 Inasion sn breast under hypnotic anmsthesia
{Mason Anexthesia’)
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Hypnosis

Deep hypnotic suggestion can not only be used to modify general
or local anxsthesia but can be used to produce analgesia stself
Hypnotism was practised by the Greeks 1n very early times and was
re introduced 1nto cavalization by Franz Anton Mesmer who renamed
1t mesmerism  About 120 years ago surgical operations were being
performed 1n large numbers under hypnoticanzsthesta For example,
n 1819 Cloquet performed a radical mastectomy with dissection of
the axillary glands In 1843, John Elliotson published a bookiet on
numerous surgical procedures he had performed under hypnosis and
1n consequence was obliged to resign from the stafl of Unversity
College Hospital In 1847, Squire Ward amputated a leg and pre

-sented the case to the Royal Medical and Chirurgical Society
James Esdaile working 1n Bengal, recorded no fewer than 300 major
and 2000 minor operations on Indians The term  hypnosis 15 said
to have been comned by John Brard of Manchester 2¢ When the
anzsthetic properties of mitrous oxide, chloroform and ether were
discovered they attracted the whole attention of the surgeons then
pracusing and hypnosis lapsed 1 This process was accelerated by
the fact that many quacks exploited the financial aspects of hypnotism
and hughly reputable medical men suffered from being associated
withit. Dunng the second World War interest in hy pnotic anzsthesia
revived For example, during the Jap pation of Singap
the stocks of anasthetic drugs became extremely low and mn the
begmning of 1945 some success was achieved with hypnosis 1n minor
surgery 12 After the war considerable work was done on the
subject and the technique can now be said to have attained complete
respectability since the Psychological Medicine Group of the Brtish
Medical Association produced a favourahle report on  The Medical
Uses of Hypnotism 12

The first matter to be considered before using hypnotic anzsthesta
1s the probability of the patient reacting favourably to 5t It 1s now
generally agreed that about 10 per cent of all patients are completely
unaffected that 35 per cent can be put into a light trance 35 per cent
into a medum trance and 20 per cent 1nto a deep trance The last
1s essential for major surgical procedures a medium trance will
suffice for munar operations while no analgesia 1s present mn a ight
trance, although this state may be useful to allay amuety before
operation The figures given above are almost unaffected by age
race and sex, although patients used to a Iife of discipline (e g service
personnel factory workers nurses etc) respond more readidy than

those with analytical minds (e g scientists)
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albuminunia and inemia - These should be referred to the appropnate
departments for treatment before admission  Pre operative breathing
exercises can be maugurated 1f desirable and there 1s a good deal to
be said for routine rdiography of the chest For cxample 1000
patients were radiographed at a chnic and 116 abnormalities were
detected  Upon further insestigation 29 operations were postponed !
Dental sepsis can be diagnosed and treated before operation a
specal diet prescribed for obesity, and 1in many other ways patients
can be made fitter and less likely to have post operative complications
Beds can frequently be saved by not admutting patients who for the
moment are unfit for operation

Apart from physical examunation, patients are encouraged to ask
questions at these clinics and the whole pre operative technique 1s
thoroughly explained tothem Therr preferences and past experiences
can be discussed with the anasthetist and the most suitable methods
of mduction and maintenance of narcosis can be scttled *2

Anzsthetic Rooms
Reference has already been made to anzsthetic rooms  Although

most hospitals are equipped with them, they usually fall far short
of the rdeal from the psychological pomnt of view
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It 15 usually wise to mark out the skin area with a pencil so that the
patient 1s left 1n no doubt as to its precise extent At the termination
of the required period the patsent must be definitely awakened from
his trance or unpleasant sequelr may occur

The Personal Factor

It1s, perhaps, nsufficiently appreciated how differently individuals
react to identical stimuli, and, indeed the same individual vares
from time to ttme For example, such factors as a delicate up
bringing culture education, artistic temperament fatigue and cold
will produce surprising variations 1 the response to suggestion and
the amount of anzsthetics required 1*

Dawkins has estimated that the average length of time necessary
to produce anasthesia with mtrous oxide in fair hared patients
was fifty two seconds and i red haired ones sixty eight seconds

Drug addiction affects the susceptibibity of patients to anzsthetics
The difficulty 1n inducing anzsthes:a 1n alcoholics 1s well known and
this has been quantitatively estimated 1n mice}* Addiction to
morphine and cocame however, wicreases the susceptibility of
animals to ether anzsthesia

It has been shown that while women are more lihely to vomit
after operation men are much more prone to the severe forms of
post operative complications 17

Special care should be taken with children as a badly given
anasthetic may affect their mental outlook for a very considerable
time Adequate premedication 1s most important wlile deception
and trickery of any kind should be eschewed 1%

The weather also has a marhed influence For example, the
Tower the relative humdity, the shorter 1s the induction time
Again, as the barometric pressure falls the induction time ncreases 1*

The extreme varnability of action of drugs such as the barbsturates
on patients who appear very sumtlar has alrcady been noted
Considerations such as these show the futility of any fixed techmque
or dosage

Anzsthetic Qutpatient Clinres

In busy hospital practice the preliminary mvestigation of the
patient from the anzsthetic aspect 1s often unsatisfactory and 1n
Great Britain the anasthetic outpatient clime has been started by
several hospitals with great success 20 A general check up 1s carned
out here including urme testing and hzmoglobin estimation
A certain number of patients will be found with glycosuna
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Induction of antsthesia having been attained by an ntravenous
barbiturate, the curtain ts then drawn back when the gas oxygen and
other apparatus becomes immediately available

Fig 75 Mural panting anzsthetic room
(Hewer Nursing Mirror)

Many other considerations enter mto the design of an 1deal
anzsthetic room apart from those features which affect the conscious
}f):mem Space 1s smportant many existing rooms being far too small

orcomfort 1t has been suggested that the mmum floor space for
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The two essential features 1n order to secure a reasonable environ
ment for the induction of anwesthesia are silence and an absence of
alarming objects  Quictness ts not always casy to attan but 1t may
help considerably to eliminate talking when a conscious patient 15
present, and to make sure that no electric bells, buzzers, telephones
or the clattering of instruments disturb the peace The approach to
visual sensations should be both negative and posttive  As regards
the former approach, all unpleasant sights should be prevented for
example 1t should be ympossible for a patient in the anwesthetic
room to sce Into the operating theatre even 1f the connecting door

[ R N - w

»
AN “ Ji

\),l

FiG 74 Photograph of ceiling, of the an®sthetic room
{Hewer Brit med

1sopen Furthermore all an-esthetic apparatus and equipment should
be kept out of the way until the patient 15 unconscious One way of
dong this 1s t0 divide the anasthetic room 1nto two compartments
by means of @ washable curtain runmng on a cetling rod (Fig 73)

The patient on lus trolley 15 wheeled 1nto the first compartment
which contains nothing except ordinary domestic furmiture 3 His
attention can be directed to-some pleasing object such as a painting *
As he will be Iying on his back pictures might be painted on the
ceihing and the upper part of the opposite wall (Figs 74 and 75)
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an anwesthetic room serving one theatre should be 196 sq ft and
that the corridor outside should be at least 7 ft wide so that trolleys
can be turned casily 1nto the door 2 Lighting 1s important and no
bright lamp should be placed 1n the ceilling where st shines mto the
pattents eyes An anglepoise or simular type of swinging bracket
attached to a wall provides good lighting for barbiturate mjections
or for the setting up of intravenous nfustons Ordinary electnc
bulbs are preferable to strip highting as however they are coloured
to simulate * daylight,’ 1n practice they distort colour values and
render the detection of shight cyanosis difficult I an outside
window exists a blind should be provided to facilitate difficult
laryngoscopies and bronchoscopies  The precautions aganst fires
and explostons mentioned 1n Chapter 5 should be apphed to
anasthetic rooms, e g the flooring should be of terrazzo or other
matenal of suitable clectrical resistance and all rubber components
should be made of the ant: static vanety Nitrous oxide oxygen and
suctton are most conveniently supplied from wall plugs by pipe line
the small cylinders on the anwsthetic trolley acting as an emergency
reserve  Full air conditioning 1s desirable so that the humidity and
temperature can be controlled Until recently st has not been
thought necessary 1n Great Britain to provide for temperatures lower
than the outside air but the advent of induced hypothermia has now
rendered essential the incorporation of a cooling umt 1 the air
control system

Post-operative Observation Rooms

Although recovery rooms hardly come under the heading of

psychological aspects their importance can be mentioned here
They should be sited close to the theatres so that patients whose
condition after operation 1s unsatisfactory can recenve skilled and
indvidual nursing attention under the immedsate supervision of the
surgeons and anzsthetists  Facilities for suction oxygen administra
tion bronchoscopy intravenous infusions etc should be provided
When the patients are fit for transference to the ward the trolleys
used should be of the tilting variety so that a suitable slope can be
mamtaned 1f hypotension still exasts "7
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spite of these draw backs, the system made progress and was adopted
1n some scctions of the US Atmy Medical Corps 2 More recently
it has been used as the anxsthetic record system in the Unnversity
of Wales® It 1s smd that the 1dea of punched cards occurred to
Hollenth when he was travelling by train and watched a uichet
collector punching the tichet margins 1n different posittons according
to the colour of the passengers’ eyes and hair ¢ The object of this
was to detect the transfer of tickets which was an illegal practice

In Great Brutain a simpler type of combined chart and card index
has been designed by Dr M D Nosworthy on the Copeland-
Chatterson system® and many teaching hospitals are now adopting
1t with a view to preventing the large mass of valuable data from
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ANASTHLTIC CHARTS AND RLCORDS

IN previous chapters, there have been many references to blood
pressure and pulse rate changes during ansthesta and charts are
usually kept during all prolonged operations The form of these
charts differs 1n vanous hospitals according to the type of case
commonly encountered and they incorporate a varymng amount of
muscellaneous nformation relative to the patient, the operation and
the anasthetic  As a general rule this amounts to the sum total of
anwsthetic records which are afterwards available for study

Progress mn anzsthesia 1s usually achreved either by the ntro-
duction of new agents or by improvements i techmque The
difficulty 15 to determine whether a particular change 1n method 15
an advance or a retrogresston  The only logical way to do so 1s to
compare a large number of cases 1n which the change has been made
with an equal number 1n which 1t has not, all other factors bemng
the same Under existing conditions ths 1s imposstble, and unless
a new drug or method 15 quite obviously good or bad 1t takes a
long time for anxsthetists generally to assess its value Many
nstances could be cited of so-called advances which have gradually
lapsed nto oblivion 1n spite of enthusiastic  write ups  which were
based more on wishful thinking than on hard facts Commercral
nterests have been known to impart a more roseate hue to direct
and indirect advertisements than has been subsequently found
justifiable by the results obtamed by the products concerned It 15
true that mndividual an@sthetists have made careful records of cases
done under new methods but a prolonged period must elapse before
the number of admunistrations becomes really convincing while 2t 1s
very difficult to compare the results with those of older techniques
owing to differences 1n other factors

The only way out of this impasse 1s for anzsthetists to keep
standardized records which can readily be sorted out afterwards
The necessity for some such system was recogmzed m America
some years ago and resulted 1n a modification of the Hollenith
punch card system by the Commttee of Records and Statistics of
the American Association of Anasthetists ! Unfortunately this
necessitated a complicated and rather fragile card the learning of
an arbitrary code and an expensive mechamucal sorting machune In
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spite of these drawbacks, the system made progress and was adopted
1n some sections of the US Army Medical Corps 2 More recently
it has been used as the anxsthetic record svstem 1n the Unnversity
of Wales ® It 1s sard that the 1dea of punched cards occurred to
Hollenith when he was travelling by train and watched a ticket
collector punching the ticket margins in different positions according
to the eolour of the passengers ¢yes and hair * The object of this
was to datect the transfer of tichets which was anllegal practice

In Great Britain a simpler tvpe of combined chart and card index
has been designed by Dr M D Nosworthy on the Copeland-
Chatterson system® and many teaching hosptals are now adopting
it with a view to preventing the large mass of valuable data from
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h

being wasted as has occurred 1n the past A second and third edition
of this card have now been 1ssued with munor modifications ¢

On refernng to the illustrations, 1t will be seen that on one side
of the card 1s a blood pressure and pulse chart specially adapted
for operation records The other side has a senes of positive
factors of all kinds each opposite 2 perforation near one edge of
the card At the time of operation the anzsthetist encircles the
relevant positive factors, preferably in ink  This system ehimmates
all unnecessary writing. Afier operation the cards are completed
and when the patient leaves hospital they are returned to the anzs
thetic department where each 15 1ssued with a senal number which
with the patient s name and operation performed, 1s entered 1n a
card index. The holes opposite the encircled positive factors are
then converted into V shaped slots with two cuts of 2 patr of sctssors
or with a special cipping device Fmally the corner of the card
marked with the diagonal Iine 1s smpped off and all 15 ready for
filing It will be obvious by looking at the cut off corers that the
cards are 1 proper order and not erther upside down or back to
front Sorting of a pack 15 done with great ease by means of a
knitting needle  For example suppose that 1t 1s desired to find the

d of major pul y complications after partial gastrec

tomy performed under (1) cyclopropane and (2) spinal block overa
year s period. The needle 15 first inserted nto the upper lapar
otomy hole and raised All cards now remamming 1n the pack will
refer to patients who have undergone an upper laparotomy These
can then be subdivided into cyclopropane and spnal cases
by needling the appropnate holes and finally each of the subdivisions
15 needled for major resprratory complications  The only hand
sorting required 1s to separate partial gastrectomies from other
upper laparotomies It will readily be seen that the number of
different snvestigations which can be carned out at any subsequent
date 1s almost 1nfinite

Apart from facilitating research the wniter has found the system
of marginal punched cards to be of great value for teaching purposes
If an anasthetic clerk has filled 1n a card correctly there 1s very little
that he does not know about the administration of the anasthetic
and 1ts immediate and remote effects upon the patent The system
also tends to focus attention upon the patient hymself rather than
upon anmsthetic apparatus and 1t 1s a certam prophylactic against
the msidious disease of mund wandening  Subsequently 1t may be
found that the card will furmsh more general information to an
nvestigator than the patient s bulky dosster of hospital notes
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The cards can be adapted for «pecial purpores compatatinehy
eastly For example, at the Brompton Chey Hoepital they Fave
been modified by pasting a printed slip of the commoner thotacic
operations over the general hist which w standard  Alterratnely
specal cards embodying the same prinople of sorting have bren
evolved for particular (¢ g thoracic) caves ?

In Amenca the Nosworthy card  hw been enlarped ard
ehborated into the Chicapo Ancathent Record which b ale
knownasa heysort Card*®

In the opinton of the wrters the unnenal adoption of wome such
system of anzsthetists would constitute onc of the most important

recent advances * 1n the speaalty, but 1t 15 a mutake to suppore
that standardized records by different an-esthetists can be compared
without resenie as 1t 15 impossible to ehminate the human fctor
completely

The cluef difficulty which has been encountered 1n practice has
been the lack of clenca) assistance  In busy hospitals, st may be
physically impossible for the anwsthetists to find tme to fill 1n the
Post operatne details of the records and to file and sort them One
solution 10 this problem 15 for the hospital statistical department
to be responsible for the clerical and mathematcal worh mvoled,
but it 15 essentsal that the co aperation of the ansthetc department

be obtained before any conclusions are dmwn or grive efrors ¢in
be perpetrated
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CHAPTER 22
OXYGEN THERAPY

Historical

PRiEsTLEY discovered oxygen in 1774 and soon afterwards suggested
that 1t might be “peculiarly salutary to the lungs in certain morbid
cases  Two years later John Hunter considered that inflation of
the lungs with oxygen would be a valuable procedure 1n resuscitation

In 1780, Chaussier admunistered oxygen for asphyxia in the newborn
infant and even devised a laryngeal tube for this purpose The
inhalation of oxygen for therapeutic purposes was popularized by
Thomas Beddoes who 1n 1799 opened a  Pneumatic Institute

at Bristol with Sir Humphry Davy as director The value of effective
oxygen therapy was demonstrated by Haldane in the 1914-18 war
and he developed 1t for the treatment of pulmonary edema from
gassing 1

Physiologieal Principles

Man normally breathes air contaiming 20 96 per cent oxygen,
and at sea level 95 per cent of lus arterial hemoglobin exists as
oxyhzmoglobin, whiist the dissolved oxygen mn the plasma amounts
to 024 per cent

If a normal individual nhales pure oxygen, alf the hzmoglobin
1s present as oxyhzmoglobin and the plasma oxygen reaches
22 per cent At rest the average adult requires about 300 ml
of oxygen per minute but in strenuous exercise this can reach
3000 ml At sea level this means that 90 Iitres of arr must be
passed through the lungs in each minute and 1n the same time the
lungs must be perfused with 25 litres of blood or nearly | pint per
second 47

It has been shown by arterial puncture and blood analyses that
m a great vanety of pathological conditions the oxygen saturation
of the blood 1s defimtely dimmnished and that if this can be restored
to normal, great improvement in the patients condition results
This, then 1s the object of oxygen therapy

Toxic Lflects
The next pont to decide 1s whether the inhalation of high
percentages of oxygen itself results n any harm Paul Bert
18782 and Lorrain Smuth n 1899° thought that the gas should not
260
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be given 1n concentrations higher than 60 per cent Tt was stated
that rabbuts subjected to neatly pure oxygen inhalation for some days
eventually succumbed to pulmonary wdema  This statement
retarded the development of cffective oxygen therapy, but it 1s now
recognized that 1t 1s fallacious to supposc that a hypoxie patient will
react 1n the same way as a normal rabit* Furthermore it now
seems doubtful whether the onpinal expenments were conclusne
In order to clucidate this point, rabhits guinca pips and its have
been exposed to pure oxypen for sixteen hours per day At the end
of fifty consccutive days no 1ll-cffects were obsernned  As repards
the effect of the gas on healthy human beings continuous inhalation
of 100 per eent under normal pressure for twenty four hours (no
mean feat') sometimes produces temporary substernal distress but
there 15 no significant change 1n pulse rate blood pressure or blood
counts * Tt can, therefore, be assumed that injury to the lungs from
oxygen wnhalation at atmospheric pressure 1s highly improbable
At lugh pressures, however the gas 1s not so innocuous  Paul
Bert showed 1n 1878 that convulsions may occur when oxygen 1s
breathed under hugh pressures This subject 18 of importance to
divers who can carry on much longer if oxygen 1s substituted for
compressed arr while a further advantage 1s that no bubbles of
mtrogen nse to the surface to betray therr presence to possible
enemy observers Tt has long been recogmzed in the Navy that 1t 1s
dangerous for divers to breathe pure oxygen at a pressure of three
atmospheres ¢ although many healthy men can submat to thus severe
test for three hours without distressing symptoms  After this
progressive contraction of the visual fields? and the onset of
convulsions may ensue As a result of repeated exposures to the
pure gas under high pressure some divers eventually develop an
Wiosyncrasy to 1t® The Admiralty Expenimental Diving Umit
carried out many experiments from 1942 to 1944 1n preparation for
attacks on enemy ships such as the Tirprrz It was found that there
Was extreme vanation n reactions and a much lower tolerance
l;nccder water than in compressed air  For example convulsions have
tha:ut';‘eed at a depth of only 40 ft * Later work on animals showed
and 1 g}?lsct of convuls:&:ns can be delayed by barbiturate narcosis
le:rs);he orprt;}mazmc While these observations do not assist
hugh Y may be of great use 1n deep X r1y therapy combined with
Eh pressure oxygen (see later)
. ;ln certain morbid conditions the inhalation of oxygen 1t atmo
Pheric pressure can gwve nise to toxic symptoms During some

phases of congestive heart failure due to chromc disease of the lungs
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cor pulmonale, oxygen therapy can cause a sharp rise i cerebro
spinal pressure occasionally with disastrous results The reason
for this 15 obscure
The prolonged nhafation of high percentages of oxygen by
premature 1afants 1s now thought to be unwise as 1t may tend to
lental fibropl with ul blindness} (see Chapter 18)

Indications

The chief indication for the adminsstration of oxygen 15 hypoxia

due 1o any irremovable cause

Hypoxia can be classified as follows 2

{a) Obstructive Mechanical respiratory obstruction may prevent
an adequate amount of air from entering or Jeaving the lungs or may
mmpede alveolar diffusion  This class will include such cases as
obstructive goitre, glottic edema and pneumonia

(b) Non obstructive

(1) Increased metabolic rate as in acute thyrotoxicosss 1

(2) Deficient crculation as in faithing heart, shock etc
(stagnant hypoxia)

(3) Deficient amount of oxygen in inspired air as at fugh
altitudes  In aviation 1t has been found that added
oxygen 15 benefictal even at such moderate heights as
10 000 ft 14 unless a pressurized cabin 15 used (see ater)
The hstory of the conquest of Everest has emphasized
the extreme tmportance of oxygen in high altitude

ing where the mvolved adds the
factor of ncreased oxygen consumption to a deficrent
mtake

(4) Decreased oxvgen carrying capacitv of the blood as

and 1 sulph de and carbon monoxide
powsoning (anzmic hypoxia)

{5) Decreased capacity for using oxygen by the tissues as m
extreme cachexia de p and rh
myocarditis® (fustotoxic hypoxia)

Decreased respiratory movements from centrai and penpheral
paralysis may cause hypoxia but here assisted or controlled respira
tion 15 indicated rather than an increase in the oxygen percentage of
the mnspired air

One of the less pleasing amenities promised during the next war
15 the employment of nerve gases They were discovered 1n 1935
by a German scieplist, Schrader and although not actually used 1n
the Second World War were found 1n the possession of the German
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army duning the Rhine crossing i 1944 For secunty reasons full
details of these compounds cinnot be piven but it can be stated
that at atmosphenc pressure they arc hquids with boiling points
between 150° C and 250° C The vapours arc colourless odourless
and undetectable by natural means—a new instrument has however,
been developed which appears to be a rehable detector Stapdard
Service respirators give protection agamnst these gases  These poisons
are absorbed readily by the nhalation of vapour or by contact of
the liqud with shin or mucosa They are mntensely toxic, and act by
the mMubttion of cholmesterase with conscquent accumulation of
acetylcholine  Acute poisoning leads to asphyxia with death from
anoxia The treatment 1s (1) large doses of atropine intramuscularly
(eg gr 1/32) and (2) immediate and prolonged artificial respiration
if the respiratory exchange s nefficient The Mintstry of Supply
advocates 2 hand bellows for this purpose!® but intermittent oxygen
snflation would be more efficient 1f the apparatus was available

Oxygen therapy has also been used successfully in the treatment
of such conditions as surgical emphysema, air embolism and acute
distension of the stomach and small intestine *? The rationale of
this procedure 15 as follows Collections of gas trapped 1n the body
consist chrefly of mtrogen If the patient breathes pure oxygen
for some time the partial pressure of mitrogen in the alveolar air
will fall The blood mtrogen concentration will also fall so that
this gas will pass from any trapped collections to the blood and will
be removed by the lungs

Recently 1t has been shown that the sensitivity of certain tumour
cells 1o arrachation 1s increased 3f the patient 1s breathing oxygen at
;ngh pressure 1® The technique for this procedure 15 mentioned
ater

Finally sf feetal distress 15 diagnosed (such as a feetal heart rate of
over 160 or below 100) the inhalation of high concentrations of
oxygen by the mother nearly always causes temporary improvement
m the condition of the fxtus  Incidentally the very suceess of this

treatment 15 a potential danger in that necessary action may be
delayed 5

Sources of Oxygen Supply
Medical oxygen 15 usually supphed 1n ¢
ylinders at a pressure of
about 2000 1b persq 1n Reduction of pressure may be affected mn
one or two stages In hospital practice a battery of large cylinders
1; often located 1n a special cylinder room and the gas 1s piped to
the wards or private rooms In any such system 1t 15 essential that
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the oxygen supply should be controllable by cut off valves situated
1 an accessible position outside the ward or room The fatlure to
observe this obvious precaution has resulted 1n many fatalities from
fire

Several modern hospitals in Great Britan now use liqud oxygen
for their supply The gas 1s hiquefied at the factory and transferred
to insulated globular tanks mounted on lorry chassis These tanks
are of about 14000 cu ft capacity and have a blow off valve at the
top so that as the temperature of the hquid (—183° C) gradually
r1ses  gascous oxygen escapes to some extent On arrval at the
hospital the hquid oxygen is siphoned out 1nto a large vaporizing
tank which must be housed 1n a scparate stngle storey building
with direct access to a road When the correct volume of liquid has
been transferred the escape valve 1s closed and the pressure gradually
rises the rate being controlled by immersion heaters n the watur
sacket of the vaporizer The high pressure oxygen gas 1s then used
to fill a battery of large cylinders which are permanently tstalled
The advantages of usmg liquid oxygen are the ehmumnation of noise
and the labour of off loading large cylinders from lornes and
transporting them to the battery The cost of the gas used 15 also
somewhat reduced

—

—
—
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Fic 79 Diagram showing principle of oxygen generator surtable
for hospital installation  (The Butterley Co Ltd )

A third source of oxygen supply 1s the manufacture of the gas on
the hospital premises  Oxygen generators abolish transport problems
and can be divided nto two marn types Large generators suitable
for providing gas for medical wards and operating theatres require
no chemical substances for their use and are merely dependent op
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elxtnual power The prnaple i 1 ample one 2 atme phene ary
Lyuelied by o powcrful compreweor and as then fractinaslly dithlled
Ntregen boaly off firnt the oavgen remuming 3t 1 hquid
Small portable pencrators are eatremely saluahle in warime and
1 places remate from cvhnder filhing plants They have bren ued
for some vears on submanines 1nd the phnaple of operition i the
1 ation of 1 mivture of chlorates with an iron catalystin 1 cloved
camber In practice the chemical  candles  are sgnited 1 the
paratus and the resulting oxvpen as punficd by passape throuph 1
solution of sodium hvdroxide 1nd hyposulplite Tor safety rersans
te generator should be placed outude the ward or operating theatre
& oxypen being led 10 the patient from a reduction sihe

Mcthods

Face-piece 1 4 patient his stopped brething, his chest must
be rhythmucally inflated by oxvgen under pressure The  emergency
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oxygen valves  on many types of anwxsthetic apparatus are 1deal
for this purpose Alternatively the special reducing valve shown
can be attached to an oxygen cyhinder The screw at the side of the
valve adjusts the pressure up to 45 mm Hg The face piece 15 held
firmly on the paticnts face and the lever above 1t 1s turned to

FiG 82 Emergency oxygen mhakr made from Government
respirator and football bladder  (Marriott Brit med J)

ON  When the chest 1s expanded 1t 15 turned back and the elastic
recoil of the thorax causes deflation ® This sequence can be pro
duced automaticnlly by an apparatus such as the pneumatic
balance resuscitator  which 1n effect provides intermittent positive
pressure **

If the patient 1s unconscious but still breatlung pure oxygen can
be supplied from any gas oxygen apparatus or from a simple
e =, ~ "  attachment to an oxygen cylin
der as shown (Fig 81)

In cases of emergency, an
efficient oxygen 1nhaler can be
made from a civihan or civihan
duty respirator and an Associa
tion football bladder size4 or§
A hole 1s cut n the latter oppo
site the nlet and 1s stretched so
that the bladder overlaps the
canister and 1s remnforced by a
i rubber band (Fig 82) The oxy-

gen flow 1s adjusted so that the
bladder 1s about half full at the
end of insprration ©

Fi6 ~83 Nasal}xygen nhaler
(Chnistie Lancet



OXYGEN INHALLRS

The face prece method 15 obviously un
sutable for prolonged admimstration and
1s not well tolerated by a conscious patient
Nasal Inhaler A nasalinhaler, such as
1s used for dental anwesthesia, can be em
ployed with anintermttent flowapparatus
A muxture containing from 60 per cent to
100 per cent oxygen can be mhaled con
tinzously provided that the patient keeps
his mouthshut The amount of rebreathing
must be adjusted according to the per

Fic 84 BLB ovwgen

(Oxygen Therapy Equipment Ltd )

centage of CO desirable which 1s usually

mntmal  This type of mhaler can

haler

be worn

might and day without much discomfort and even at high concen

trations the oxygen consum,
hour
A specrally modified nasal 1nhal

ption should not exceed 100 gallons per

er has been devised by R Christie
The extremely thin walled bag 1s
made of gold beater s skin Even
if no special effort 1s made to
breathe through the nose, good
results are clammed at a flow of 3
to 4 Iitres per minute !

The BLB inhaler 1s of
similar type and was widely used
during the late war  Exther a nasal
or oronasal mask can be used and
a vanable proportion of air 1s
admitted by rotating a sleeve
which uncovers one two or three
holes  Partial rebreathing takes
place nto a small rubber bag

Fi6 85  Polythene mask and latex
bagn position  (kent Lancet)

An oxygen flow of 3 litres per
minute with two air holes open
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DINCRAIY 0
Fir 86 Oxygeneconomizer < CONOIISER

for arcrafi palots o
(Whuungham Bros med J) 42, CRGS

should gie an alveolar con
centration of about 40 percent ,
while 1t should be possible to
step up the oxygen percentage
10 90 with a flow of 6 to 8 hitres
per mimte and all holes shut *
Unfortunately this apparatus
has sexeral dranbacks  Atlow
oxygen flows the resistance to
breathing 15 conuiderable and
the CO, concentration may ex
ceed 2 per cent Furthermore,
the vanation in oXygen concen
tration of the mspued air s as
high as {8 per cent  fluctuating
with the depth of respiration
Vanious modifications of the
B L B mhaler are i use? such
as the very hight plastic mask
developed  for  hugh altitude

Fic 87 Injector wnit to supply
adjustable romtures of oyygen and
ar(ME Co)
¥ Fine adsustment vaive F Control
dix D To humidifier (Cowan and
Mitchell Brie med 7}
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Fic 88

A
catheters

flytng and made of polythene

of oxygen by nasal

r the adi
(Mamo!l and Robson Brit med J)

(Alkathene TC1) (See Fig 85)

The actual lay out of a suitable oxygen system for aircraft pilots 1s
shown m Fig 86 This incorporates an economizer which shuts off

the supply dunng expiration &

In order to obviate the disad
vantages of flow meters an
myjector has been devised to fit
on to the oxygen cylinder so
that the desired mixture wath arr
1s obtamned at the source of
supply No flow meter 15 re
quired and valves are provided
so that no rebreathing occurs
the bag simply acting as a
reservorr °7 It seems probable

&

—— el
Fic 89 Spectacle type nasal catheter
camer (Tudor Edwards)
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conrrp,  RESULATOR £LONOMIsER.S
WILVE

DIHGRAIY 0r
Fic 86 Oxggeneconomuzer < COVOIISER

for aircraft piiots =
(Whntingham Brit med 1) 52 SRS

should gne an alveolar con
centration of about 40 percent ,
while 1t should be possible 1o
step up the oxygen percentage
to 90 with a flow of 6 1o 8 hitres
per miute and all holes shut **
Unferwnately this apparsatus
has seseral drawbacks  Atlow
oxygen flows the resistance to
breathing s considerable and
the CQ, concentration may £x
ceed 2 per cent Furthermore
the variation i oxygen concen-
tration of the msprred air 1s as
high as 18 per cent fluctuating
with the depth of respiratian *
Vanous modifications of the
B L B haler are n use * such
as the very light plastic mash
developed for Imgh alutude

Fic 87 lwyector unit to supply
adjustable muxtures of oxygen and
ar {MIE Coy
V Fine adpsiment valse F Control
disc D To hunudtier (Cowan and
Muchell Brir med Jy




NASAL CATHETERS an

considerably reduced by combmning a nasal catheter with a light
atuminium box mask, as shown in Fig 91

A combined reducing and finc adjustment valie R lcads the
oxygen through a bobbin type flow meter F and humidifier W to
the catheter which may be placed either 3 1n inside the nose or
outside 1t and directed agamst the middle of the top of the mask

B .

4)
3}

c 4

Fic 91 Nasal catheter combimed with mask (Campbell Brit med J)

The opening for the nose and mouth 1s shown at C  The lower part
of the mask 1s open When the catheter 15 intranasal the alveolar
oxygen at 4 5 6 and 7 litres per minute 1s given at 40 per cent
50 per cent, 60 per cent and 70 per cent respectively If the
catheter 15 ontside the nose the system 1s not quite so efficient 3
In an emergency a mask can be constructed quickly from light
cardboard The most recent type has the shoulders of the mask
rounded off thus im,

proving vision and making the apparatus more
comfortable 1o wear ®
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that some such arrangement will soon become standard practice

Nasal Catheter The simplest techmque for effectine oxygen
therapy 1s undoubtedly by means of nasal catheters *® Good results
are obtamed by using two small lubnicated rubber catheters A
(Fig 88) passed about 3 1n inside the nose These are connected
to the catheter carner B fixed by a head band or a spectacle frame

1
L \\'Ea ‘;‘iﬁ

)
< g
Fic 90 Sagttal section showing currect position for naso-pharyngeal
catheter {(after Waters)

(Fig 89) Thck walled pressure tubing C conveys the oxygen from
a reducing vahve E via 2 combmned flow meter and humidifier D
Gas flows of 4 to 16 litres per muinute are stated to gne oxygen
percentages 1n the alveolar air of about 30 to 60 respectrvely and
Iittle difference 1s noted whether the mouth 1s open or shut 2?

A more efficient techmque 1s to use a single nasal catheter whose
up 1s 1 the oro pharynx. The appropnate length of imsertron 1s
the distance between the mostril and the tragus of the ear The
catheter should be mserted while the oxygen 1s flowing to just
beyond the estimated distance It 15 then withdrawn until swallow
g no longer occurs3® The rather large oxygen flow can be
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considerably reduced by combining a nasal catheter with a hght
alumintum box mask, as shownn big 91

A combimed reducing and fine adjustment valse R leads the
oxygen through a bobbin type flow meter T and humidifier W to
the catheter which may be placed either 3 10 nside the nosc or
outside 1t and directed against the middle of the top of the mask

/‘\B

N
c <

Fic 91L J

Nasal catheter combimed with mask  (Campbell Brit med J)

The opening for the nose and mouth 1s shown at C  The lower part
of the mask 1s open When the catheter 15 mntranasal the alveolar
¢5>X}gen atd, 5 6 and 7 litres per minute 15 given at 40 per cent
0 per cent 60 per cent and 70 per cent respectively  If the
§athet8r Is outside the nose the system 1s not quite so efficzent
I an emergency a mask can be constructed quickly from light

:z;i\;zgrdg ”f}l‘xe most recent type has the shoulders of the mask
off thus impro:
comfortatte £ wempa ving vision and making the apparatus more
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It will have been noticed that most of the devices described
require flow meters and reducing valves In cases of emergency
1t 15 possible to treat two patients with only one flow meter and
valve by using a spectal Y tube, the upper arms of which contamn
resistances consisting of pinhole openings 1n brass discs  The lower
Imb of the Y 1s connected by pressure tubing to the cylinder
reducing valve while the two upper himbs supply the selected
apparatus to the patient A single flow meter 15 interposed 1n one
circutt and each patient will receive practically the same volume of

'™

[ il el

=
/ \\\\\\\\&\:

g

N

Fic 92 Oxygen box (after Burgess)

oxygen per minute This 1dea mught be of great use i Service or
arr rard practice, particularly 1f a large number of gassed patients
had to be treated simultaneously with limited equipment 32
Oxygen Box An oxygen box 13 a simple and efficient device
If no tent 1s obtamable A box measuring about 28 < 18 x 181n
1s used with erther an open or closed top and with one side replaced
by a curtain to fit around the patient s neck (Fig 92) An oxygen
imlet 1s arranged near the bottom and a flow of 4 5 to 5 litres per
minute gives a continuous concentration of 40 per cent to 60 per
cent at the level of the patient s nose n.spite of free upward diffuston
with the top open  In the closed condition a flow of only 1 litre per
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Fic 93 Ty cal motorless oxvgen tent (Hadbnnk)

mnute will provide a concentration of 70 per cent oxygen after
3hours Adequate control of temperature can be obtarned by the use
of anice contaner within the box 3 The oxvgen bov is of great use
for babies with asphvua neonatorum and for premature infantss
(see p 228)

Oxvgen Tents. Oxygen tents are extremelv useful for delinous
patients and those who will not tolerate a nasal catheter or inhaler
Tents vary from stmple mica hoods to those embodying extremely
mtncate mechamsm  Fig 93 shows the simplest possible tvpe 1

Fic 94 Simple type of oxygen tent for emergency use
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which the gas enters the top of the hood by a jet which causes a
pleasant breeze to play upon the patient s face increases the con
centration near the nose, and helps to cool the mternal atmosphere
If the flow meter ts set at 5 litres per minute an oxygen concentration
of 60 per cent to 70 per cent 1s obtained  An electric fan playing on
the outside of the hood also assists tn cooling Carbon dioxide
escapes through the rubbenized fabric and should not exceed 1 per
cent cven after prolonged use It 1s found however, that with this
simple type of tent mosture tends to accumulate and the patient
after a tsme, fecls confined and oppressed Two munutes relief after
every half hour 1s generally given and the inhalation also has to be
interrupted when medicine and food are admimstered

For these reasons the more elaborate types of tent have been
designed  Although of many different patterns these usually
tncorporate the following features

(1) Positine ventilation 1s secured esther by a pump driven by
an electric motor or preferably by an mjector on the oxygen feed 3¢
or by the up and down movements of a small gasometer worked by
an oxygen motor

(2) Defimite regulation of the temperature and hurmidity of the
internal atmosphere 1s obtained by an tce chamber and thermostat
A hygrometer 1s usually mncorporated and the relative humidity
should normally be kept below 50 per cent

(3) Regulation of the CO, percentage 1s secured by a soda lime
chamber If O, + CO, mixtures are desired thss filter 35 cut out
and CO, added from a separate cylinder

(4) Provision 1s made for secuning samples of the internal
atmosphere for gas ly It 1s essential that the oxygen con
centration be estimated from time to time as leakage 1s frequently
a cause of meffective therapy 3%

(5) The transparent windows must always be made of non-
inflammable matertal such as cellulose acetate Neglect of this
precaution (e g the use of cellul nitrate or celluloid) has led to
disasters

(6) The interor of the tent must be sterilizable

The chief disadvantage of oxygen tents are the high cost of
matntenance and the fact that some patients experience a type
of claustrophobia when confined within them?® The cost of
running tents can be considerably reduced by using commercial
oxygen nstead of the highly punfied gas prepared for anzsthetic
purposes The only 1mpunty in the former product is nitrogen
and since an atmosphere containng Iess than 70 per cent oxygen
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15 usually employed, this 1s of no importance  The cost can also
be cut down by having hospital wards piped for oxygen with 2
control valve near each bed as described carher

The remaining methods of giving oxygen halation are by means
of Oxygen Chambers,?? Oxypen Rooms, and Oxygen Wards 3
These have never been popular in Great Britain but many hospitals
1 the Umted States and Canada were at one time equipped with
them They have now become obsolescent owing 1o the practical
impossibility of ehminating the risk of fire  For example a shght
fault 1n the electrical wiring which would merely blow a fuse 1n an
ordinary room may give nse to a raging furnace ta a few scconds
1f the atmospheric oxygen percentage 1s hugh and many patients have
penshed from this cause

Technique of QOxygen Inhalation

The patients condition should first be noted with special
reference to cyanosts air hunger pulse and resprration rates
blood pressure and mental state It must of course be realized
that cyanasts 15 not necessanly a sign of inoxa  Pure oxygen should
then be admimstered (in practice this will not exceed 98 per cent )
until maximum improvement has taken place  If none occurs within
eight hours the oxygen can be abandoned as useless The oxygen
percentage 15 then gradually reduced until the mmimal amount 15
found which will maintamn the patient’s conditton at the highest
Ievel This concentration 1s continued until recovery from the
disease permits a lower percentage to be employed Ths process
15 continued until atmosphenc air can be inhaled without deteriora
tton 1 condition  This techmque requires hourly charting of pulse,
respiration and blood pressure for considerable periods but the
dramatic results obtained when the treatment 1s scientificatly carred
out more than justify the extra trouble entailed 3?

It cannot be too strongly stressed that the patient must not have
a cigarette Lighter or matches m hus possession and smoking by him
or by visitors must be absolutely forbidden

Techmque of Oxygen Pressure Inhalation
It has recently been shown that the sensstivity of certain tumour
cells to 1rradiation 15 1ncreased 1f the patient 15 breathmg oxygen at
a hugh ALAV-N hmque has been worked out using
anaval divers decompression chamber 3 The patientis anzsthetized
with 2 method incorporating a barbiturate and chlorpromazine to
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avoid convulsions (see earhier) Bilateral myringotomy 1s then per
formed toavord tympamicrupture or hemorrhage into the middle ear
After oral intubation, the patient 1s left to breathe spontaneously,
his inspiration taking place direct from the chamber and his expira

£ .
Fio 95 Oxygen pressure-<chamber in position under X ray umt
(Churchill Davidson Lancet )

tion passing through a carbon dioxide absorber The chamber 15
pressunzed with oxygen to 3 atmospheres absolute (301b persq 18
gauge pressure) the process taking about 10 minutes The necessary
srradiation 1s then carried out and decompression effected 1n about
7 minutes  Bends and caisson disease are uncommon with pure
oxygen

Subcutanecus Admyrustration of Oxygen

Oxygen has been admimstered subcutaneously for some years ¢
but recently doubts have been thrown upon ats efficacy It has been
shown that the effictency of the lungs 1n saturating the blood with
oxygen 1s from fifteen to twenty times greater than that of the whole
subcutaneous region of the body At first sight therefore 1t scems
problematical whether subcutaneous oxygen could have much
value® There 1s no doubt, however, that climically considerable
mprovement 1n a patient s conditton may ensue 4% and m hemo
ptysist and acute asthma*® this method 1s said to yield good results
Subcutaneous oxygen 18 also of defimite value in acute inflammatory
conditions where 1t 18 possible to mject gas into or over the affected

part For example, many cases of mntractable sciatica and other
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forms of neuntis have been cured 1n this way 4 Oxygen has also
been used successfully 1n ingecung nfected joints 1n order to
promote synovial scerction and to present adhesions,*” while
infiltration for gas gangrene has caused spectaculir improvement 0

Techmgue Some such apparatus as the  oxygenateur  of
Dr Bayeux of Pams, 1s generally used, the average dosc being
500 ml If the patients circulation 1s poor 1t 1s adwisable to
distribute the gas by myecting 200 to 300 ml 1n different areas
The dose should not be repeated until the gas has been absorbed,
as shown by the absence of crepitations

Intravenous Admensstration of Oxygen

1t 15 possible to inject intravenously about 10 ml of commercial
medical oxygen per minute or 20 ml of the pure gas prepared by
electralysis of 2 10 per cent solution of sadium hydroxide  Thys 15
under 10 per cent of the basal requirement and the flow cannot be
increased without risk of gas embolism  Nevertheless improvement
has been recorded 1n cases of pneumonia ¢°

Surface Application of Oxygen

The exposure of certain surface lesions such as chronic ulcers of
the leg to an atmosphere of oxygen 1s said to be very beneficial 8
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estimation modification of 61
Eﬂr.llggral anxsthesia indicattons for

analgesia conduct of 140
contiuous 139
continuous sacral 141
1n eclampsia 222
hlglh 6m 1nduction of hypotension

4
lumbar 1n Casarcan section 219
{umbar and sacral 136
fumbar and sacral effects of 142
lumbar therapeutic use of 141
sacral 139 14§
sacral techmque of 143
sacral therapeutic 142
sermat 139
solution for 138
thoracic 137

block 1n 1ntestinal obstruction 203
saline in prevention of post spinal
headache 219
space methods of identifying 137
and subarachnoid analgesia present
position of 130-144
Extravascular injection of thiopentone

Extubation difficulties in 71

FEallot s tetralogy operations for 198
Fargan 156

Fazakerley resprrator 48

Fibrillation (see Ventricular Fibrilla

Fibroplasia retrofental due to oxygen
inhalation 1n prematunity 230 262

Finmetrlene vaporizer (Figs 10 11) 38

Fire danger 1 oxygen therapy 264
274 275
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Inhaler Sandiford semi<closed child
rens (Fig 34) 59

Inhalers  constant strength
(Fies 12-16) 40

Injector unit to combine oxygen and
air (Fie 87) 269

Insufflation method 1n

tnlence

287

Isophryn (sce Phenylephnine)

Tsoprenaline (see Isopropyl
linc)

|ngmtnucn of chest complications

lsogmp)ln&)md'mnllnlc, 127 [

anxsthesia 64
Intercoupler device to disperse static
clectricity
Interferometry tn analysis of trichlor
ethylene vapour 26
Interruttent positive pressure respira
tion pump for 48
Intestinal obstruction acute 203
Intocostrin 106
Intra artenial injection of thiopentone
ngers of 86
transfusions J81
Intrabronchial tube Carlens double
lumen (Fig 60) 190
Intracardiac operations induced hypo
thermea 1n 162 164 168
Intradex (see Dextran)
Intrathecal block 1n
hypotension 146
Intravenous admunistration of oxygen
2

induction  of

7
anzsthesta 86-99
new apparatus for (Figs 50-52)
7

barbiturates 88

bromethol 95

codein 86

curare 107

dnip adapter (Fig 50) 97
of suxamethonum 113

dotracheal s of 126
Isopropylnorarterenol (sce Isopropyl
noradrenahine)
P (see d
line)

Tsuprel (see IsopropyInoradrenahine)
Isupren 1n prevention of chest compli
cations

Jachson s apparatus for arteriotomy
(Fig 57) 147
JL 1014 91

Keating s vinesthene drip (Fig 8) 36
Remithal (see Thialbarbitone)
heysort Card 259
hidney damage due to incompatible
blood 1
Klinger cock 37
Keondrocurate, 109

Learterenol (see Noradrenaline)
L-dromoran {see Levorphan Tartrate)
Labour anwsthesia in general 213
chlorpromazine 1n 225
curare in 105 106

drips 87 extradural analgesia n sacral con
procame 97 tinuous 141
therapy (see also Blood T ) 11 contra m 111
180 ! ‘lhl ol 1 2
methylpentynol 1n 3
Intubation blood-ether musc]ep X rx‘n 220
m 14

and extubation cardiovascular and
respiratory disturbances during 70

oral by transillumination {(Fig 40)
67

Iomization of theatre atmosphere 77
Iron salts pre-operative in anzmia
180

Irreversible shock 177
IS 362 Bovet 113
Isch®#mia  during  operation
methods of obtaiing 145
postural 145
Ischzemic  disease of lower Lmbs
caudal block for 142

local

nalorphine 1n 8
msentil n 6 94

sacilglse block analgesta1n danger of

sodium seconal 1n 89
spinal block 1 133
tulene mnhalers for use m 41 43
Labour ward bed (Figs 67 68) 215
Leevo-methorphinan (see  Levorphan
Tartrate)
ﬁrgacnll(see C{\Iorpromazme)
Tyngeal complication:
pecal <o pl S post opera
obstruction acute after endo
tracheal anmsthesia 71
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Homer’s d post h y h m cardac
surgery 202

Humidity relative of theatre by blood stream cooling

Hjyalase (see Hyaluromdase)
Hyaluromdase, use of il
analgesics 125
with lignocaine 1n sacral extradural
block 139

Hjydase (see Hyaluron:dase)
Hjdrocortisone 1n intrasenous therapy

Tocal

Hydroxydione 90

Hygrometers, 76

Hyoscyamme 4

Hypercapma relation to post
amzesthetic hypotension 22

Hyperglycemia ether 14

Hyperhalzmia causing cardiac arrest

Hme‘r;&;nenc phase of wound shock

Hyperpyrexia due to thiopentone gas
oxygen and mchlme!hyl:ncL 240

by body cavity cooling, 166
complications of 168
deep 163
effects of 163
mnduced 162
control of shivening 1n 160 162
163 168

n post partum hemorrhage 226
ntermediate 163
hight 163
methods of anzsthesta during 167
methods of producing 165
rewarmning after 165 167
by surface cooling, 165 169
uses of 169
‘Hypovokemc shock 177
Hypoxia causing cardiac arrest 172
cerebral 242
danger of 1n hypotension mduced
by methonium 148
dff 19

Hypertension
240

control of 1n removal of phxo-
chromocytomata 206
Hypertensne drugs _injection of n
cardiac arrest 173 175
Hypenientilation 1n hypothernua 168
Hypnosis anzsthesta by (Fig 72} ?46
or

due to mtrous oxide anzsthesia 16
17
oxygen therapy 1n, 262

Igtron, sources of 76
from mixture

yp
125

Hypofibrinogenzrmia 226

Hypogl. due to
compounds 149

Hypotension associated with spinal
analgesia 130

control of 1 removal of phzo-
chromocytomata, 206
induced (Figs 57-59) 145
anzsthetic techmque with 152
by artenotomy (Fig 57) 147
bitndness following 240
contra mndicated m elderly 240
contra mdications for 1
by drugs 147
by drugs dangers of 148
mdscations for 153
mosbidity and mortality of 153
pegative pressure_to limbs in
(Figs 58 59) 151m
st-operative care
g; spmaul‘ blockz,z 146
anzsthetic
pog-opemmp 10 bilateral adrena
Jectomy

(Figs 48 49) 82
spontaneous of gases 8(
IkIé sprng loaded syninge i extra
dural 137

extradural block for 141
Inactin, 91
Induced hypotension (see Hypotension
Induced;
hypothermia (see Hypotherma
Induced;

Induction of anasthesia by cyclopro
pane and oxygen, 21
Infant resuscitation 227
Infants anmsthesia  apparatus
(Figs 33 38) 59
extradural block m 141
Inflammable gas muxtures detection of
(Figs 45 46) 7.
Inflating bellows Oxford (Fig 5) 34
valve Cardiff 35
Inhalation anzsthesia apparatus for
(Figs 2-35) 31-63
anzstheties (Fg 1) 12-30
non flammable 76

for
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Vethvhampbetamne  chemal rela
teoshums of 126
Methviopropsl ether 16
\ethstpentvrol  tn bro~chography
184
1m preredation,
Metveame 1 contimLous cavdal Block
m labour 220
s~mal, 1n eclampsia, 222
\l-dww;'s. e of mch!or:xh\lcne b
0

"\Miller Abbott tube 10 rrgv\muon of

valvotormy anxsthesia for 198
mdoction of anxsthesia i, 199
mantenance of anxsthesia n

200

premedication 1n, 199
Monaghan respirator 184
Mbérech respurator 47

289

Nalline (:« Nalorphine)
Nalorphine 7
i neonatal asphyua  due to
morphine 229
with pethudine 6
Nasal catheter mmcr spectacte type
{Fig 9 2
combined \ulh mask for oxygen
therapy (Fie 90 271
m)gcn lhcmpy through (Fics
5-90) 2

mh:kf denml JR
oxygen inhaler (Fips 8§3-86) 267
\aso-pharyngeal cuhelcr for oxygen
therapy (Fie 90) 271
suction n[l:rTrtndclcnburg position
Needles, autoclaving 133
Negative pressure to himbs 10 induced
hypotenston (Fics 58 59) 151
l\cmbulnl (see Pentobarbitone)

e due to
nalorphine 8
Morphune antagomsts 7 8 9
neonatal respiratory depression due
to 229
posoning, treatment of 8
1n premedication 1
Mortimer respirator (Fig 21) 46
Morton s apparatus for testing explo-
sn;e properues of gases (Fig 46)
7

mask adapted for use of stomach
tube (Fig 7) 36
Muscll&]oemramon theory of (Fig 53)

relaxants (Figs 53 54) 100-120
antidotes to 101 116
mtravenous In intestinal obstruc
tion 204
muscellaneous 114
mortahty from, 118
i obstetrics 220
placental transmssion of 223
theory of action 100
use of with Trendelenburg
positon 207
Musc‘u‘:.;r system action of curare on

Music dunng cpcmnon under local
analgesia

Myanesin 114

Myasthemua gmws contra jndicating
curare

Mjyoneural )uncuon (Fig 53) 100

Myostatin 106

Mytolon 115

action of 101

of chest

n
complu::mons 234
A (see

propy 1

ne)
n pmcnuon of chest complications
234

Neopheyn (see Phenylephrine)
Neostiymine as antidote to muscle
relaxant 101
danger of 1n cyclopropine anes
thesia 23

mngection in mlncardmc surpery 164
methylsulphate 116
n l(rsophagcal atresta yn newborn

polcnuaung:ﬂ'ccl of 1 2
N (see

Neravat sodium 91

Nerve gases 262

Nervous system action of eurare on
1

cemml eﬂ‘cct of chlorpromnzine
on

comphcauons nvolving, 239
Nesacame 123
Neurological comphcnuons post
operative 135
post spmal 130 133
post spinal munor 134
Neurosurgery hypotherrmia 1n - 169
mi\;cicd hypotension 1 (Fig 59)
mdmlogxml mvesnsalmns n anxs
thesia for
l\ev«ll)om rep:nr cf csophageal atresia
n

Newcastle respirator 47
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Laryngeal obstruction during anes
thesta 238

symptoms of 237
reflex reduction of n intubation
(Fig 44) 70
spray single handed (Fiz 44) 70
ulceration  due 1o cuffed “tube
(Fig 41) 68
Laryngoscope tooth protector clipped
to (Fig 36) 64
Laryngoscopy, direct vision by trans
1llummam1n (Fig 40) ‘67 185

INDEX

Lorfan (see Levallorphan Tartrate)

Loss of resistance test 1n extradural
analgesia 137

Lubnication of tubes 71

Lumbar extradural block (36

Lung mjury anxsthesra mn 235

reinflation of after thoracic opera

tion 189

p f
chial spread of secretions during
(Fig 60) 190
Lysivane (see Fthopropazine}
L (see S }

th Su:

mndtrect in
L'|r:n§7 acute cedematous stenosis of
2

Lastracamne (see Lignocaine)
Latibon (see Diethazine)
Laudexium methylsulphate 109
Laudolissin 109
Lee televenous apparatus for intra
venous injections (Fig 51) 97
Lethudrone (see Nalorphine)
Levatlorphan tartrate 8
with nisentil. 6
Levophed (see Noradrenaline)
Levorphan tartrate §
Levorphanol (see Levorphan Tartrate)
Lidocalne (see Lignocaine)
Lignocaine 121
autoclaving ampoules of 134
1n extradural analgesta 136 138 143
extradueral i Cesarean section 219
in mitral valvotomy
m pudendal blockh 218
and_suxamethonmum chloride drip

87
Lmbs, lower ischemic disease of
caudal block for 142
Lissephen 114

Lytic cocktal 160
m post partum hemorrhage 226

M & B2050A 150

M & B 2378 (see Chlorpromazine)

Macrodex (see Dextran}

Magill rebreathing attachment (Figs
26A 27) 53 54 55

Magill’s oxygen halation attach
ment (Fig 81) 266

Mandible fracture of reduction of 95

Mark 2 absorber Boyle adapted for
non breathing techmque 5.

Marrett anzesthetichead T F C model
(Fig 3) 22

Marzine in prevention of vomiting 238
Mask  attachment to allow use of
stomach tebe with (Fig 7) 35
Mehta (Fig 6) 35
Masks antisepsis of 61
Mastectomy extradural block 1 141
Mecostrin 109

Lner damage due to
hypotenston 150
dysfunction and thiopentone 92
effect of chlorpromazine on 159

1

{see Chlor
Megimde (see Bemegride)
Mehta mask (Fig 6) 35
Menmgitis chermical post spinal 134
Moeph 4

night upper
tube for (Fig 61) 193
Local analgesia (Figs 55 56} 121
1n bronchoscopy 18
1 cardiac catheterization 187
drugs some newer
drugs untoward reactions 121

Mephenteramine  chemucal relation
ships of 126
sulphate 127
Mephine (see Mephenterarmune)
Mestmon 117
I‘\{etapon 6

drugs used for
m 125

10 1ntestinal obstruction 204

1n labour (Figs 69-71) 216

1 lung injury 235

suggestion and 245 o1

(see F
Methantheline bromide 4
Mo n

1
of hypotension 147
drugs excretion of 149
Methoxanmune 127
A in Czsarean sec

for urethral
use of hyaluromsdase 1 125

tion 219
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Oxygen therapy, physiological prin
ciples oly'Z(»O

In prematunty 230 262
towc effects of 260
Oxygenateur, Bayeuxs 277
Oxygenator  mechanical pump 10
exclude heart from circulation 169
Oxyphenonium bromide 4

P 139 (see Pacatal)
Pacatal 156 157
Pached red cells transfusion of 180
Pain incurable glycenine phenot injec
tion for 135

relicfof afterabdominalsurgery 211

Paimmgs75m anwsthetic rooms (Figs
)

Pancreatitis pain of extradural block

Pantolax (see Suxamethonum
Chlonde,

Paraldehyde to encourage cough 235

Paraplegia post spinal 135

P imetic drugs

ing effects of 1
Paravertebral block 1n mutral valvo
tomy
Pelvic pain spinal analgesia for 136
n:stsK 1 Trendelenburg  position
20!

Pendiomude 150
Pentamethomum 148
fall In Plood pressure due to ;H

291

Pethidine 1n mutral valsotomy 199
200 201
nalorphine with 6
1n premedication 2
1n thoracic surgery 189
Phxochromocytomata removal of 206
Phenerpan (see Promethazine)
Phenol in glycenine spinal injection of
1n rehief of patn 135
Phenothiazine dernatives 156
in obstetrics 224
Phentolamine 206
as antagomst to adrenaline and
noradrenatine 129
Phenylephrine 125 126
chemical relationships of 126
in mitral valvotomy 201
¢ Phisohex  1n tube stentlization 71
l’lperl%c:lnc autoclaving ampoules of

as 10
and noradrenaline 129
Pitocen contra indicated 1n cyclopro-
pane anzsthesta 23
drip danger from 223
Placenta passage of an@sthetic and
analgesic drugs through 18
Placenta) barmier so-called 223
Plasma as blood volume restorer 179
expanders 178 180
wnjections tnple strength for cere
bral edema 176
transfusion 180
triple or quadruple strength 1n
hypofibrinogenenua 226

" in labour 222
with morphine 111 mrtral val
99

P (see Polyvidone)
glavolex (see Dextran)
¥

1
Pentolimum tartrate 150

Pericarditis constrictive tion for

alance 266
Pneumoperitoneum problems of anes
thesia in 242

Pmne‘uén local infiltration of (Fig 71)
2

on sacral d
block 1n 142
Peniston (see Polyvidone)
Personal factor 1n anasthesia 248
Pervasscsulnr cooling 1n hypothermia

1
Pethudine antagomistic effect of nalor
phine on 8
in cardiac cathetenization 187
with curare 103
and  gallamine
mandible 95
intravenous 94
In labour 221 224 225

m fractore  of

¥ artificral bl of
anasthesia in 242
complicating emphysema 236
tenzs;ngn complicating nb fracture

Po]l;m;yie‘l;_ns bulbar treatment of 32

adclLiffe respiration pumy

Polyvidone 178 pump o 43

Polyvinyl pyrollidone (see Polyvidone)

tubing 1n extradural block 139

Porphyna barbiturate narcosts in 93

Positive pressure air lock for resuscita
tion of newborn 228

Post anzesthetic hypotension (see Hypo
tension Post anzsthetic)

Post partum hzmorrhage induced
hypothermia in 226

Post spinal headache 134 219
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Nusenti] 6 94
1 labour 221
Natrous oxide 16
amnalgesia 1n dentistry 17
an3:7sthcs1a apparatus for (Fig 9)

anxesthesia deaths from 17

anzs(hem methods of induction
(Fig 8

and elh:r explosive quahity of 73

oxygen ctherin intestinal obstruc
tion

INDEX

(Ederzr?'um stenosis of larynx acute

7

Esophageal atresia 1n newborn repair
of 196

Omnopen and scopolamune 1n mitral
valvotomy 199
Operating theatre flooring of 78
method of removing explosive
gases from (Fig 48)
necessity of spark proof electrical
apparatus in 81
sources of igmtion 1 76
Oral bund i b

h

oxygen ether 1 mytral valvot
200

and oxygen anxsthesia in artifical

pneumothorax, 242
and oxygen mn cardiac cathetenza
187

graphy 185
I:y6 _’lmnsxllumxmuon (Fig 40)

Ouabnme mnyection 1n shock 178

tion and
and oxygen with curare 108
an;iﬁgxygm 1n hypothermma 167

and oxygen In &eSophageal atresia
1 newborn 197
oxgg;n trilenc ether in obstetrics

Non-depolarizers, 101
l\on—rebrﬂ!hmg vahe Ryan (Fig 30)

techmque with standard Bnitish
apparatus .
Non return vahe (Figs 30 31) 56
Non static electncity 80
Noradrenaline 128
antagonsts to toxic doses of 129
m cardiac arrest 175 176

mics
O\enmmatmn results of 52
Oxford inflating bellows (Fig 5) 34
nflator (Fig 80) 266
labour ward bed (Fig €8) 215
vaporizer 33
self mﬂaung cuff for use with
(Fig 4.
Oximeter Stanco (Fig 35) 61
Oxygen admimstration dunng bron
choscopy 184
analyscr pomblc 60
apneea tes!
box 228 (F ig 92) 272
chambers rooms and wards 275
cylinders 263
washers for 82
depression test
face prece (F g: 80—32) 265

chermucal relationships of 126
dr with

79) 264

P
anmsthesta, 22
1 hypothermua, 167
10 mutral valvotomy 201
m removal of ~phzochromo-

cytomata
n shock danger of 177
Norsodrine {(see Isopropylnoradrena

1ne)
Nosworthy record card (Figs 77 78)
N P 13 (see Bemegnde)

high pressure techmquc of mhala
tton of (Fig_95) 275
toxic effects of 261
tgrution of by ol or grease 81
wshalation technique of 275
wmhaler emergency (Fig 82) 266
nasal (Figs 83-86) 267
admmustration  of

1ntravenous
277
liquid, 264
pressurechamber  for use with
(Fig 95) 275

1ndextrosen
block m labour 219

Oblivon (see Mclhylpemynol)

trics (see Labo
og;s&mfa (Figs 67—71) 213—232

Subcutaneous admimstration of 276
supply sources of (Fig 79) 263
surface apphication of 277
tent (Figs 93 94) 273
therapy (Figs 79-95) 260-278
1n asphyxia neonatorum 2.
historical 260

Odom 5
gesia, 137

for 262
methods of (Figs 80-94) 265
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Roching bassinet electnealty operated,
m asphvaa reomatorum  22%
Rogitine 206
Romilar (see Deutro-methorphan)
Rondase (see Hvalurondase)
R.P.2987 (see Dicthazine)
R.P3697 (see Gallamine)
R P 4560 (see Chlorpromazine)
Rubber ant statwc, 79
carbon dioude absorption technique
for £0
conductive, 79 241
Ryvan non rebreathing valve (Fig 30)
<6

Sacral extradural block 139 131
nerves, block of 1n labour 218
Saddle block analgesta i labour
danger of 135
m labour 218
Salivation, tnhibitors of 3 4
Sandiford semi<closed children s inhaler
(Fig 34) <9
to-and fro absorber for children
(Fig 33) 59
Sea, 112
Scuatic pun spinal analges:a for 136
Scolne (see Suxamethonium Chlonde)
Scopolamine with pethidine 1n labour
221 224
Secretions n endotracheal tube detec
uen of (Fig 39) 66
control of in thoracic surgery
(Fig 60y 189
drugs to inhibit 3 4
Sedation and premedication 1-11
Sedatives, 5
Semu-closed cirrcuit T junction 1 use
with {Fig 4%) 82
ctreuits b

293

Shin foction 1n retentron of Trende'en-
burg posiion (Fi-s 63 65) 208

Small pool plasma transfusion 190

Sods ime <2
Durasort 59

Sodium seconal 89

sucainate dTeCls on thiopentone

anwsthesia,

Somnesin (see \Iclh\lptm)rcl)

Speafic gravity of cerebrospmal flud

Spinal analgesia, complxations of I34
conunuous, n eclampsia, 222
effects on Girculayon, 131
1n ntestinal obstructien 203
neurological  complications  of

130 133
neurological  complications  of
minor 1
1n obstetnes 218
therapeutic uscs of 135
and third nenve palsy 239
block tugh (total) 131
indications for 132
m induction of hypotension 146
cord, transection of hypertension
dunng anxsthesta m 2.0

Sprrometry 1 relief of pam after
abdomma! surgery

Spnhsn“ retention or prt\‘tnhon of

Stagnant hypouz, 262
Stance oumeter (Fig 35) 6

Static electncity (see Elcclncny Static)
Statcater 77

Smn%m, Baldwie Dunlop (Fig 47)

Statometer 77
Status asthmatcus cyclopropane
__anzstheswa s 23

of
m (Figs 26-29) 52
Serum transfusion 140
Shntnngg complicating  hypothermsa
1€

control of 1n hypothermia 160 162,
163 168

Shock 177
mtra arterial transfusion for 181
of induced h

Shoulder rests m  Trendelenburg
posiian 208

tion of
n dmlhcrmy thmugh 76 232
incuranna (see Gallamne
Sixth-perse  paralysis
spinal analgesia 134

comphcmng

and cortical
deficiency 234
Sterilization of tubes 71
Smm':llnglm explasine prapetty of

lube use of with face mask (Fig 7)
bined
gf’!);e and bronchus blocker (Fig
Sub:lmthnond block 1n labour 218
method to prolong effect of 133
and euradural analgesia, present
positson of 130-144
Subcutancous ;\dmu'uslmucn of
oxygen 276
Subdiaphragmatic cardiac massage 174
Subtosan (see Polyvidone)
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INDEX

Pul, 47

Postural d, of
chest comphmuons 234

1schemia, 145

prevention of ¢

1 h

1 spread

Pulse counter transistor 61
Pyridostigmune 117
effect of 1 2

of secretions 190
chlonde n d
Potcmialmn of analgesic agents 1
Pravocame 1
Pre-anesthetic fear  physical conse
quences of 245
Pregnancy toxemia extradural block

or 14,
Premature babies oxygen therapy in
230 262
185

Quimdine sulphate n mutral valvo
tomy 201

Radiological investigations 1 neuro-
surgery anzsthesia for 186

Ravocame 123
Reb of (Figs 26—

F mb
chlorpromazine 159 160
1n mutral valvotomy 199
and sedation 1-11

Pressor drugs some newer 126

Pressure-sensitive respirators 47

Prestonal 115

Procaine amide 1n defibnllation 176
amude hydrochlonide with methon

1umn induced hypotension 148

i preventton of arrhythmia in
heart surgery 201

autoclaving ampoules of 133 134

hyd;?chlonde m cerebral cedema

miracarchac m defibnilaton 176
mtrz\\enous

32) 52
Records anesthetic charts and (Figs
76-78) 254

Recovery rooms 252
Reducing valve type A-S (Fiz 4)
33

valves safety precautions regarding

Reflex cardiac standstill 172

Regitine 206

Reg!.l(hlar for medlal gases type A-S
4) 3

of flud tion of
m ntestinal obstruction 203
gastric due 1o curare 107 103
due to suxamethoniem 112

in ar m
haart surgery 201
1n pudendal block 218
n subarachnoid block 1n labour 218
Procardyl (see Procaine Amide Hydro-
chionde)
Proctoscopy prevention of e‘ploswn
in diathermy through
Promethazine 156 157
1n labour 225
n prevention of voruting 238
Pronestyl (see Procaine Amide Hydro
chlonde)
Prostatectomy transurethral
lysis following 241
Prostigmimne {see Neostigmine)
Psychic trauma of operation under
local analgesra 245
Psy cho-an::sd-nchst 245

hzmo

of
e and analgesxa (Flgs 72- 75) 242
Pudendal block (Figs 69-71) 216
Pulmofiator Blease 47

(see also Muscle Relaxants)

n rmutral valvotomy 199 201

Relaxar 114

Remote control respiratory valve (Figs
4 25) 50

Renal function effect of methomum
hypotension on
Respiration pump Oxford 35
Radclifle 35 48
I 1n endob
chial anzsthesta, 192
use of n bronchoscopy 184
Resprratory and cardiovascular distur
bances dunng mtubation and
extubation 70
depression due to carbon dioxide
accumulatron 241
system action of curare on 104
effect of chlorpromazine on 159
effect of Trendelenburg position

on 207

Resuscitation, cardiac 172
nfant 227

due to oxygen

Pulmonary cedema hypo-
thermua 169
prevention of m mtral valvo

tomy

therapsyz to premature babies

RO 2-2222 150
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Transthoracic cardiac massage 174
Trendelenburg position (Figs 64 65)
)

206
Trichlorethylene 25
1gnition temperature of 76
placental transmission of 224
self adminsstration of 27 32
use of by midwives 213
Trifluoroethyl unﬂ ether 15
Tnlcne inhaler Alrlene (Fig 15) 41
Burns Benson (Fies 12, 13} 40
Emotnl (Fir 14) 41 213
Tecota Mark VI (Fi¢ 16} 43
vaponzers (Figs 10-16) 3
Tnmetaphan camphorsulphonate 150
1n cardiac surgery 202
Tubarine 106
miscible 106
Tubing kunking of in endotracheal
anwesthesia (Fig 37) 66
Tubocuranine (sce afse Curare)
placental transmussion of 223
Tubodil i
Tuohy needle 1n extradural block 139

Ulbreval (see Buthalitone Sodiem)

Ulcer granuloma contact 236 237

Ulceration due to cuffed tube (Fig 41)
68

Urema thiopentone and 92

Urethral instrumentation  analgesia
for 211

Utenine 1nertia  continuous  caudal
block for 220

Vagal block para-cesophageal
extradural block 140
Valies expiratory (see Expiratory

with

Valves)

Valotomy mutral (see Matral
Valvotomy)

Vaporizer Oxford 33

Vaporizers tnilene (Figs 10-16) 38

Vapotester (Fig 45) 74

Al m local )
drugs used for 125

Vasoconstrictor drugs chemcal rela
tionships of 126

Vasoxine vasoxyl or vasylox 127

Vegolysen 148

\ellalc:;t endobronchal tube (Fig 61)

295
\ cnous thrombosis due to Trendelen
burg position
\ eno-venous cooling 1n hypothermia
6
Ventricular fibnllation  abohtion of
175

causing cardiac atrest 172 174

complicating hypothermia 163
64 167 168 169 172
mduced n hypothermia 169

Ventriculography anvsthesia for 186
Viadril (see Hydroxydionc)
Vinamar (see Ethyl Vinyl Ether)
Vinesthene drip Keating s (Fig 8) 36
Mhrator 47
Vocal cords cxamination of 183
‘omit nhalation of n obstetnc
patient  syndrome due to 216
Vomiting active suppression of n
intestinal obstruction 204
complicating anxsthesia 238
dangers of in labour 213 216
due to morphine 1
post-operative psychical part of 245

Washers for oxygen cylinders 82

Waters canister (Fig 32) 58 59

WWalbams respirator 47

WIN 2747 115

Wound shock 177

Winght portable anmsthetic machine
(Fig 9) 37

Wyamune (see Mephenteramine)

Wydase (see Hyaluronidase)

Xenon 27
X ray apparatus spark proof 81
therapy combined  with  high

pressure oxygen 261 (Fig 95) 275
Xylocamne (see afso Lignocaine)
n g;glmuous caudal block in labour

gel 122
as lubricant 71
for urethral anaigesta 211
Viscous 122
Kylodase 122 125
as lubricant 71
Xylotox (see Lignocaine)

Zephiran 1n tube sterilization 71
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Succinyldicholine chlonde (see
Suxamethonmum Chloride)

Succinylmonocholine 113

Sucrgsdc njection 1n cerebral hypoxia

Sugrestion in anesthesia 244
hypnotic 247
Supra-orbital neuropraxia  post
anxsthetic
Surface application of oxygen 277
cooling 1n hypotherma™ 165 169
Surgical emphysema 236
Suxamethonium action of 101
bromde 113
in bronchography 185
mn bmnchcscopy 183 184
chloride 112 113
(sce also Lignocawne and Suxa
methonium Chloride)
1nactive ansons of 11
jection with cyclopropane 1nduc
tion 21
ntravenous 1n obstetrics 214
ntubation under 70
todide 113
with msenul 94
placental trapsmission of 223
Suxcthonfum, 11
Suximyl (see Suxamethomum
Chloride;
Symmthctic block pmlongcd serial
extradural block for 1
Synchronous-combined abdo no
penneal operation (Fig 66) 210
Syncurine 131
Synephrine 125
Syringes autoclaving 133
sterilization of large scale 88

T plece attachment Ayres(fig 28) 54
1

INDTX

Tetracthylammonium chlonide hypo
tenstve effect of 147

Thialbarbitone 9

Thialbutone (see Buthalitone Sodium)

‘Thiamyla! 8.

Thicbarbiturate ntravenous in obste
trics
Thlogenal 91
Tlxlonnrrex, 91

Thi 1n cardiac
and angtocardiography 187
anzxsthesta automatic control of 97
cffects of sodum succinaie on 96
contra indicated 1 porphyrta 93
and curare 1n mutral valvotomy 199
i cesophageal atresia in new
born 196

with curare 108
and gallamine dnip 87
m fumbar encephalography 186
1n mutral valvotomy 199
intra artersal  and  extravascular
njection of 86
in mutral valvotomy 200 201
nisentil with 95
pharmacology of 92
placental transmession of 223
substitute 88
and suxamethonium n broncho-
scopy 183 184
10 external sersion 221
n

of hypotension 147
Third nerve palsy post nnrslhellc 239
Thoracic extradural block 137
operations  hypothermia 1in 166
surgcry anxsthesia for (Figs 60-63)

189
Thoracoplasty extradural block in 141
‘Thoracotomy curare n
Thorazine (see Chlorpromazine)
e to hol 96

pane anzsthesia 21

I of 1n mutral val y
199
Tach during tr
anxsihesia
Tecota Mark 6 machine for use by
midwives

Mark VI trilene inhaler (Fig 16) 43
Televenous apparatus Lee for intra
venous snjections (I1g 57) 97
Tensilon 117
Tension pneumothorax complicating
b fracture
Tetanus danger of mitrous oxide
ansthesia i |
treatment of 32

followsng intravenous therapy 180
Thyrold crises spinal analgesia in 136
Tonsillectomy 1n _children  methyl
pentynol for 3

Tooth protector rubber (Fig 36) 64

Tracheal stenosis complicating intuba
tion

Tracheotomy in edematous stenosis of
larynx 237

‘Tranquillizers chemrcal
Tmn;gmphmgmatlc cardrac massage
4

oral b by

(Fig 40) €
Transistor pulsc counter
Transithal (see Buthalitone Sodnum)






