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PRLETACELE

Sivee the dose of World War 11 intravenous anaesthesia has
tnereased preatly in populanty and the majonty of patients now
expect to be gven thiapentone or @ smilar drug - Progress has
nat been hmited to the elimeal field and rescarch workers have
studicd the action of the thiobarbrturates 1n detail  In addition,
new rapadly actng narcoties have been synthesised with the hope
of avercoming some of the disadvantages of the carher drugs
Desprte such advances, for more than a decade there has been no
publication devoted solely to these agents, although it 13 in this
pertod that most progress has been made

Thus bool 18 intended for all phymaans who are interested in
intravenous ansesthesia.  For the examination candidate and
research worker the chermustry and pharmacology of the drugs 1s
discussed in deta] Tt 13 hoped that an unbiased view 1s presented
of ther vanous acuons on which there is not, as yet, uniemal

ent.

The clinical use of mntravenous anacsthesta cannot be discussed
without reference to the recognused principles of general anacs
thema which apply to any agent. A detailed deseniption of the
latter subyect 1 outside the scope of this work, but reference 1s
mzade to the salient ponts which apply to the thiobarbiturates
The essential facts attendant on a safe administration of thio-

are ued Jn a chapter which should prove in

luable to the beg angd the ! anzesthetut. So that

this section will be self-contained much repetition from other
parts of the work 18 nevitable.

Judging by the number of new drugs which have been
wntroduced 10 recent yeans, many advances in the field of intra
venous ansesthesta are to be expected in the near future. It
1s even posuble that the thiobarbiturates will loee their present
day monopoly in thn field and st 1 hoped that the mnformation
presented herein will help in the comparative evaluation of new
compounds.

Philadelpha 20,
February 7 1956

JOHN W DUNDEE.
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CHAPTTR I
HISTORY
INTRAVENOUS INJECTION

Tut distinction of being the first person to attempt an intravenous
injection 1n man s usually ascnibed to Chnstopher Wren, Savillan
Professor of Astronomy at Oxford Univermity and architect of
St. Paul's Cathedral London) Ilis finst attempts were with
arumals, and 1t 18 interesting to note that the first injection 1n man,
sbout 1657 resulted in the unmintentional production of un
consciousness, The apparatus consisted of a quill which was
mserted 1nto a vein, the injection being made through 1t either
by using a small bladder 23 2 pump or by means of a grawity
feed.

The first resemblance to the modern syninge was the apparatus
produced by Charles Gabriel Pravaz of Lyons about 1853 This
was used for the mnjection of perchloride of iron into artenes for
the cure of aneurysms. A fine gold or planum trochar was
mtroduced 1nto the vessel and then attached to a syninge, the
piston of which turned on a spiral thread. In 1861 Franais Rynd,
a Dublin surgeon, deseribed a method of introducing flds to
nerves for the cure of neumiga, and claimed to have used it since
1845 Macht (1916) considered Rynd s method to be the begin-
mng of the modern hypodermic injection, but according to
Mogey (1953) 1t scems essentually to have been a trochar and
cannula. However Rynd was probably the first to use a hollow
hypodermic needle.

The piston of Pravaz and the needle of Rynd were first com-
bmed by Alexander Wood from Edmburgh 1n 1853 His object
was smilar to Rynd s, the results being published 1n 1855 under
the title, New Method of Treatng Neuralgia by the Direct
Application of Opuates to the Punful Points  The first 1njectron
conumsted of the equivalent of about § gr (26 mg) of morphine
hydrochlonide end produced sleep for about 12 hours. Wood
noted that the effects of narcotics thus applied were not confined
to their local action, and commented that they reached the brun

A



2 THIOPENTONE AND OTHER THIOBARBITURATEB

Eémughthcvmounmwlmunandtbcmbypmdumdrmtc
ects.

(Mogey 1953)

‘Wood s syringe consisted of & glasy barrel, tapered to a pamt,
with 3 metal nose-cap which was threaded externally to allow 2
hypodermic needle to be screwed on (Fig 1). The pston was
wrapped round it extremuty with cotton wick to make 2 tight fit
for the barrel (Camrie, 1927) 'There are no accurute descriptions
of the needle save that 1t had an aperture near the pomt which was
likened to the sing of 8 wasp  (Mogey has more correctly com-
pared 1t to the sting of & bee, because of the barbs on the wasp s
sting) The syrmge was later umproved by the sddon of
grdustions to the barrel.

The screw piston, as devised by Pravez, remained popular on
the Continent untl H W Luer ntroduced & metal and-glass
mstrument workmg on the push-pull mechansm of Wood's

He also aboluhed the screw mount for the needle snd
st the fashion for the hypodermic syninge s it 53 known today
In 18¢6 Luer produced an all-glass model and ten years later the
familiur Record syninge was made by & German firmn (Mogey
195
9I-%y)'podcnmc wnjection of opiates = adjuvants to chloroform

was mtroduced 1ndependently by Nussbsum of
Munich and Claude Bernard in 1864 (Duncam, 1947) {However
1t waa the work of Ebrlich with arsenicals m 1870 which showed
the intravenous admmustration of drugs to be practicable, after
whch 1t became  comuman procedure m therpeutics )

\mm.v INTRAVENOUS ANAESTHESIA

In hus early experments with intravenous injection Chnstopher
Wren ohserved that a soluton of oprum when admimstered
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Souttar 1n 1913 It did not prove a great success, and repor
its use in ansesthesa are few Peck and Meltrer reporte
the production of anaesthesix by intravenous magnessum suly
in three cases in 1916, but this drog likewse did not a
populanty Better results were obtained from ethy! alcoho! w
wis used mtrevenously by Nakagawa 1n 19a1 and Cardot
Laugier in 1922 Tt enjoyed some popularity for a ime 1n M
and 1n England ris use m the latter country beang reportes
Constantin 10 1929 and 1930. Apart from bromethol (Aver
the intravenous ase of which was described by Kirschner m 1
all further d ments of i0travenous ansesthes: concer

barblturates,

or the sake of completeness reference must be made to
production of local analgema by the mtravenous use of proce
Thus was reported by August Bier 1n xgog the solutron bemng
Jected into 2 vern that had previously been rendered as bloodles
possible and maintained so by the application of a tourrug
A similzr princrple underlay the work of Goyanes of Madnd, 1
n 1912 reported the use of mntra-arternl procaine to ob
analgesia of limbs.

BARBITURATES

The development of the barbiturates started wirth the &
thens of barhitone (di-ethyl barbitunc acad) by Frcher and
Mening m 1903 This was followed by phenobarbitone 1n 1¢
the intravenous use of which, as reported by Wems in 1¢
wes unsatisfactory (The first barbiturate to recave any att
tton as an intravenous anaesthetic was & combination of
di-ethyl-amines of di-ethyl barbrturic acid sand di allyl barbix
aced commonly known as Somnifen.) It was first used ab
1920 and although moderately popular m France and Germ:
between 1924 and 1928 1t was never much used m Brtan
Amenice.  Allyl 1sopropyl barhntunc 2cid was intreduced in 19
1n an attempt to produce a drug of shorter action than Sommif
and the intravenous use of a soluble preparation known as Nux
or Alurate wes described 1n 1937

Pemnoston (sodium  secondary butyl-8-bromallyl barbitura
was the first barbiturate to be widely accepted as an intravent
ansesthetic.  Introduced by Bumm of Germany 1n 1927 1t prov
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to be shorter acting than Sommnifen and for a time was populsr
as & bamal narcouc in Amenca.  Although amylobarbitone
(Amytal) had been synthesised by Shonle and Moment in 1921,
sts climcal use a1 & hypootic was not reported until 1929 in which
year Zefras and McCallum described the intravenous administra
tron of sts sodum salt, Lundy, of the Mayo Chnic, was largely
responsible for populansing what proved to be the most saus-
factory intravenous anacsthetic at that tume, and amylobarbitone
was extensively used in Amertca and Brtan between 1929 and
1933 DPentobarbitone, prepared independently by Volwiler and
Tabern and by Sholne and his collesgues 1n 1930, proved to be
equally satfactory as a narcotic, and Fitch, Waters and Tatum
described ts intravenous use in that year It was first known a3
Embutal from the instial letters of its chemical name ? the solubl
sodium salt beng called Nembutal.  Amylobarbitone and pento-
barbrtone still enjoy a limuted populanty ss intravenous anaes
thetics, but their use 13 now mamly Limited to psychiatry, basal
narcosis and 1n combination with spinal or Jocal analgesa

After & bnef vuit to Amenca the progress of intravenous
snaesthessa again reverted to Germany, where Kropp and Taub
working under the direction of Weese, produced hexobarbitone.
‘Weese and Scharpff published the first report on this drug 1n 1932.
The usc of Evipan as 1t was then called rapidly spread to the rest
of Europe, Jarman and Abel reporting its use 12 Britun in 1934.
Its success a3 an amaesthenc can be judged from the fac that
n 1944 Adams estimated that the number of admunistrations up
to that time was well over 10000,000 Until the introduction
of thiopentone, hexobarbrtone was by far the most satfactory
available intravenous anzesthetic agent.

A few other barbrturates have been tried 13 mtravenous anaes
theties but without much success  The use of butobarbitone
(Mheonal  Soneryl) was described m 1934 and ethyl Boneryl n
the following year Eunarcon (sodium mopropyl B-bromallyl
N methyl barbiturate) was introduced in Germany two years
after hexobarbitone, and, apart from being available 1n an aqueous
solution had no advantage over the latter drug  In 1936 Thal
heimer described the clinical use of Narconumal or Methyl
Numal (sodium methyl allyl 1sopropyl barhiturste). Thus pre-

Palh A berbil
R o endung for in place of the Dritish -one




6 THIOPENTONE AND OTHER THIORARBITURATES

paration, which bears some mmilanity to hexobarbitane, has been
fuirly widely used 1n Europe, but could not compete with the
growing populartty of thiopentone,

THIOBARBITURATES

Early m the history of barbitunc acid synthess two or three
sunple 5 5 di-substrtuted 2 thio derrvatives were made, with the
um of preparing from them, by removal of the sulphur stom, the
therapeutically active oxygen analogues. In rgrr Johnson and
Hill reported the synthems of sulphur-contanmg barbrturstes,
but little attention was paid to th work, Tabern and Volwiler
(1935) prepared a large number of thest compounds about 1934-
They found that the thio-znalogues of those di-substituted bar
biturates previously found most walusble 28 hypnotics ranked
highest m efficiency and concluded that the sulphur atom seemed
10 shorten the period of destruction within the bady and hence led
to a briefer duration of hypnoss.

THIOPENTONE

Many of the thiobarbiturates described by Tabern and Volwiler
have suince proved to be of grest clinscal interest, although the drug
wrhich was most satisfactory m the early tnaks and which hes smee

the greatest populanty 1s thigpentone,
ﬁcﬂ truals of thiopentone as an intravenous anaesthetic were

1 1634 by J 8 Lundy of the Mayo Chimic and by R. M
Waters at Wisconsm General Hospitally Lundy and Tovell (1934)
referred to the drug as  Thionemb and 1n the first detailed
report on 1ts use by these workers 1t was called Barbrturate A
Pntt, Tatum, Hathsway and Waters described their expenimental
and climcal findings m 1936 referrmg to thiopentone as 3

804

The drug was marketed m the United States a8 Pentothal m
1936 and receaved the genenc term thiopental. It was accepted
by the American Medical Assoction Council on Pharmacy and
Chermustry 1n 1939 and was mcluded in the 13th edition of the
United States

Thiopentone waa introduced in Britmn by Jarman 1n 1935 and
two communications on 1ts use¢ were publuhed by Jarmen and
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Abel m 1936 the drug then bang called * Pentothal’ It has
been manufactured in thu country mince 1937 A& moanogeaph
first appeared under the Latin utle ““Thiopentonium Solubile’
in the seventh addendum to the 1932 issue of the Britsh Pharma
copocta and thopentone became an officat BP prepacation n
1945 In 1936 van der Post introduced thiopentone nto South
Africa, while carly reports on 1ts use in Canada came from eard
(1936), and m Australia st was populansed by Neown and Troup
(1938)-

The populanty which thiopentonc gained a3 an intravenous
anaesthetic s shown by the first detmiled reports of sts use by
Lundy (1935) which dealt with 700 adminustrations of the drug
while Jarman and Abel (1936) reported ot er 1000 administrations.
By the end of 1935 the number of patcrts anaesthetised with
thiopentone st the Mayo Chnic totalled 1333 the figure by the
end of 1936 being 2745 However the studies of ns pharma
ologieal sction did not keep pace with the chinical work and the
only notable contributians dunng the first two years after the
mtroductron of thiopentone were those of Werner and Pratt
(1936) and Pratt, Tatum, Hathaway and Waters (1936)

DEVELOPMENT OF THE USE OF THIOPENTONE

An analyus of the anaesthetics edminsstered to over three
million patents dunng the years 1934 55, reveals that aver one-
third of all cases recerved thuopentone (Table I), and that almost
half of the patients had some form of intravenous anaesthesia.

Tasee I

The madence of the wse of thiopentone and other miravenous

angesthetics during the years 1934 55 collected from rourees
all over tha world

Prreoniape Prreensage Genernl
L } Totel Caret Amaertheties
Total anmesthetics 3415408 — —_
lOencnl ansethetics "7;{6%’“ Bzg —_
i 12, 19 ¥
Thiopentone 1 179.334 1433 273
Oxreer mtrayenous 76823 233 E

a
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These figures were obtmned from hospital records, publil

pentone 1n different countries during the years under study
Great Britaln. Records of in-patient anzesthetica from

hosprtals, which it 1 hoped will be representative of the coun

s 2 whole (Table IT), were studied in detail. In each hosp

Tasre II
Details of hospatals from which the anaesthetic records mers
analysed s detail
No of | Totel No. | docrage Nuwb
Duatrict Teaching | Hoaputalt | of Bads of Anoerthatic
por Yor
Londoa Yes k] 14,8
Laondoa No 3 :E u,xga
Provinces Yes 4 1704 874a
Provinces W No 4 2,453 10173
Northern Irem
and Inde of }%an Yeu 3 1,043 7190
Nocthen
and Inle of Man No 5 1,880 7,009
Total —_ . 11,8591 60,153

the percentage of patients recerving thiopentone, other mtraveno
barbrturates and unsupplemented local or apinal analgesia w
calculated for each year between 1934 and 1954. In 18 of the
hosprtals the mncidence of the use of muscle relaxants was al
analysed for each year up to and including 1951 The ear
records were t Jete m & few hoepitals, and in two mstanci
the figures for 1940 to 1944 had been destroyed dunng aur rud:
In order to compensste for the different total number of anser
thetics adminmtered m drfferent hospitals, the aversge wn
calculated from the percentage of the admunistrations of cac
agent in each hosprtal per year rather than from the total figure
from all hospitals for each year

In another series, which mcludes the above, data were obtune
from vartous sources. Thus 18 not a8 representative as the figure
from the selected hosprtals since records from some of the sources
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10 TEIOPENTONE AND OTHER THIOBARBITURATES

meluding those from mdividual amaesthetists, deal only with a
few of the years under study These figures were amaiyzed m
two-year peniods, and the incdence of admnistration of the
vanous agents wes calculsted from the total number of cases for
cach two-year penod,

Table 11T shows the result of thms study and Fig 2 illestrates
the incaidence of the use of thiopentone and other agents m both
senies.  Although introduced as an mtravenous anaesthetic m
1935 the use of thiopentone mereased very slowly untll 1g46.
Over the next five years 1t mereased greatly in populartty and at
present 1t 1s used 1n over 8o per cent. of all anaesthetics 1n Grest

SELECTED HOSMTALS AL SOURCES

PG S

PHCTS I T TR T TR T T ST T
57y t3157 90
F1o. 2. Tho percentage use of thiopantans und other agents in Great
Britain from 1934 1955,

Upper greph.
———— Thi - of tota] '
‘Thiopentons &3 percentage of tota] genera) snsestheticn.
Ths " of total it sthetl
Lowsr graph. "
—— Pr other in
P! PUSET I e sl
mmn{mﬂtm

Britam. The exdy slow development may have been partly due
to shortage of supply of the drug dunng the war years. The
return of large numbers of skilled and expenenced anaesthetists
to crvilun practice was m part responsible for the past war popul
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anty of thiopentone  Another reason for this was the introduction
of muecle relaxants which allow a hight (and safe) plane of
batbiturate narcows to be mantatned with adequate relaxation
for major surgical opcrations

Atthough 1t 1 not shown mn cither Table 111 or Fig 2, thio-
pentone was first adopted for routine use 1n the London and
Englsh provincial teaching hospitals  The non teaching hos
prtals 1n these centres bepan uung the drug long before its intro-
ductron 1n Scotland or Northem Ircland  In some of the smaller
hospitals 1 the latter countnies thiopentone was used for the
first ime ahout 1945 46

1t can be reen that neither hexobarbitone nor thialbarbitone
has attained any great populanty sn this country  Although the

other intravenous  agents used in the post war years conast
almost entirely of thualbarbitone hexobarbitone has not been
completely abandoned

Ameriea. Forrester (1950) has pointed out that the anacs
thetic agents and techniques used 1n the United States vary
greatly {rom place to place. In contrast with this country, there
1 no genenally adopted technique, which vanes only slightly with
different admunustrators

In Fig 3 1s shown the incidence of the administratron of thio-
pentone and other apents at the Mavo Clinic (where thiopentone
wat first populansed) dunng the years 1934 53 (Mayo Climic
Reports, 1934 53) This shows two preat differences from the
Brnsh figures (Fig 2) 1n that the drug was more widely used 1n
the pre-war period than 1n Britun ! and that sts present use at the
Mayo Chnic 18 not as widespread as 1n this country  Thus latter
may be due to the fact that the total number of anaesthetics
1dminsstered m this Amencan hosprtal may include out patients,
who are unlikely to recerve thiopentone, Furthermore, Fig 3
1hows & decline 1 the use of thiopentone after 1g41, and 1t was

2ot until 1947 that the percentage of patients receiving the drug
exceeded the 1941 figure.

! That thh
Mayo ﬁrﬁw::nmehdnmdﬁmmmmlhnhcdmdm

by from other centres. In R Tovell
M‘mnnu:d(}-ﬂ:mypurmlpcpﬂmdded ’Pammsjﬁ'nn.hh
Growing Popularity Juetified 1™ They revicwed reports of 21,344 sdminlstrs-
’inllndlmlyn:d: in detall concluding “In view of its
'ﬁﬂcﬁvmtu‘ fmd ety i'.ugmwinapoptunrkthlnmt:d-nd
T or possible amang the groups of patients now receiving
agents by inhalation seema justified
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being employed m 65 per cent. of cases, a3 compared with g per
cent. for thiopentone.  Data from the Middle Esst are also not
available, but thiopentone 18 used for the mduction of anaesthesus
for thorscic surgery at the Farouk Univermity Hospitals, Alex
andra (Nassar 1952)

Personsl observations have shown that thiobarbiturates are
widely used i Argentme. Therr incidence 13 probably not much
less than the present day use 1n Britun. Thus also spplies to
Chile and surroundmng countries 1n South Amenica.

Military Surgery In Table IV 13 shown a representative
selection of published figures illustrating the inadence of the use
of thiopentone duning the Second World War  Most of these deal
with the Unuted States Armed Forces, by whom the drug was
employed m between one-third and one-half of all cases. Its use
by the Canadian Forces scems to have been slightly greater

The use of thiopentone by Brruh Forces 18 illustrated by the
following reports from the Hustory of the Second World War

United Kingdom Medical Senes
Dumnhg the trestment of war wounds 1n Porritt (1953)
remmarks ndoubtedly the great stand by was pentothal.

This proved the greatest boon to patients who were scheduled for o
sertes of

In the A qurvey of anzesthetics used in North Afrlca and
Italy dunng the winter of 1943 44, showed that in both rear snd forward
areas, over 8o mafomﬂmmpdmmdwm
elther a3 the sole agent or a3 s preliminary snaesthetic. number
1ncrexsed to well over go per cent. towards the end of the war

The immexsurable valne of intravenous ansesthesla—which m
practice meant pentothal sodium—imade the snaesthetist s work so
much more expeditious that on all sides could be heard the question
‘What would we do wrthout ?  (Daly 1953)

Of snaesthens 1n the Ni Woolmer (1953) writes 3

of dﬂ{n to regronal or Intravenous

war-time anacsthesis since 1914 18 and 1t has coabled medical officers
to undertske tasks which would have been beyond their scope m the
war of 1914 18. Even so, reports indicate that its use has not been so
extensrve a8 might have been expected.

In the Royal Air Force medical services * Pentothal was universally
popular in the field, particalarly for wounds of the Limbs and for mmor
sargical pr do In war its advantag ly outweighed its
main dsadvantsge ” (Macmtosh, 1953).

These quotstions suggest that thiopentone vas more widely
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16 THIOPENTONE AND OTHER THIOBARBITURATES

used by the Brtish than by the Amencan Forces dunng the
Second World War  They also support the view that the great
mcrease 1n populenty of thiopeatone m the mmmedute post war
period was due to the return to crvilian life of ansesthetists who
had gained considerable expenience with the use of the drug m
the Armed Forces.

Overall Use. Table V shows data of the incidence of the use of
thiopentone collected from all svailable sources cutside Britam

TanLx V

Inadence of the use of thiopentons tn hosptals owtnde Britam from
the begrnrng of 1934 to the end of March 1955

Sosoces outnds Great Britsin All Seacrces
Percontage of Total Prreentags of Totel

Yeours Thoo- Other Thie- Other

Totel | pomoms | Intrevemoms| T2 | pentons | Intrevemmed
1934 35| 38 %; 63 ooa 182,873 o77 30
1930-371 4% Iz:z: oor 183,235 419 I90
1938-39| 128, 38 o003 Z 1000 37
14041 52 28 44 100 7.846 1By | x4
194343 74482 | =904 o9t 231,190] 1453 485
104445 99-3‘;3 13_53 oo1 237,828] as 14 34
‘m-‘ﬂ bt oot 241 167 4309 1°0%
194849 | 316713 | 3537 ooy 515,057| 3926 161
1950-51| 371,406 7 oo iy a4 i
1953-53| 237,878 | 397! 201 191628 787 183
1954 35 - | bad 31,577 7974
Toal 19388 — | —  [siasu] — —

and the madence of 1t uso all over the world from 1934 55
Thuas latter 1o shown graphically in Fig 4. There are over 300 000
ansesthetics analysed 1n Table I which do not appear in Table V
Thus is due to the fact that, although the madence of the use of
the vanous agents was known 1n these cases, the exzct date of the
administration was not availsble.

Publications. Fig 5 shows the number of publications con
cernmg the use of thiopentone in the library of Abbott Labora
tores, North Chicago  There are two pertods during which the
Literature on the drug Increased rapidly  the first (1944 45) was
at the end of the st war and the second (1950-51) followed the
general world wide aceep of muscle 1 1n anzesthesra,
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F1a. § —Number of publications on thi tone at the library
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THIAMYLAL

Thumnrylal was first mentioned i 1935 1n the studies of sulphur
containing hypnotics by Tabern and Volwiler which preceded the
introduction of thiopeatone. A method of synthesis was perfected
by Dox, and a United States patent wus granted on 11th April
1939 (Dornette, 1954) Development of the drug wes held up by
the Second World War but interest was revived about 1944.
Four years later Reutner and Gruhzit reported an extensive series
of wnvestigatrans in laboratory ammals, and 1n 1949 Wyngearden,
Woods, Ridley and Seevers reported 1ts anaesthetic properties
1n the dog

Following favoursble chincal reports by Helrich, Papper and
Rovenstine and others 1n 1950 the drug was released for clinical
investigation under the nsme of Surrtal Sodrum, It was scoepted
by the Council of Pharmacy and Chemustry (U 8.A.) mn 1951 and
given the genenc name of thiamylal sodrum, under which name
it was included m New and Non-official Remedies mn 1952,

In June 1951 Lamd reported on & series of 700 admmmtratrons
of thiamylal, hus series having mcreased to 4700 cases by the hme
the report was publshed. Many other extensive series of ceses
were reported in the United States about the same time. By
October 1951 Lund had admmustered the drug to 6000 consecntive
patients, and when details of theso appeared 1n the hterature carly
10 1954, the numbers exceeded 15 000 admunistrations.

The use of thumylal es an intravencus snaesthetic has pot
progressed so quickly m Brrtam as m the United States. Barran
and Wylie reported on 1ts use 10 a small series of patients 1n 1951
In thewr report the drug was referred to as throquinalbarbitone.
No further mention of thiemylal appeared in Brrtain until 1955
when 400 admmustrations were recorded by Jolly and Lederer
and Dundee and Ridmg reported on its use 1n over 1700 cases.
At the time of writing thiamylal 18 not commercially aveilable m
Britun.

THIALBARBITONE

Thuslbarbitone was synthesmsed by Carrington 1n 1938 during
l;md:foranzwmmvmommthcucmﬂum but having
over thiop ITts phar logy was mvestigated

g
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Craprer 11
PHYSICAL PROPERTIES AND CHEMISTRY

THe sodum salts of thiopentone, thumyll and thizlbarbitone
are the thiobarbiturstes 10 most common clinreal wse* The
various names by which these preparations sre known and details
of therr oxygen anslogucs sre shown in Table VI Theur chemical
structures and the meltng pownts of the free acids are given m
Table VII

TanLe VI
Symonyms of the three thiobarbeturates vs common use
l_WN-a Propristary Nases ' WAMJ
£ bbott | Pentoburbitone (B.P
Thiopentoas Bofuble | Pentotbal Sodium (A ; 3.9’)

%Sﬁh& gﬂm’mﬁy&wrxm

Peuthnberbital
(France) P:nﬂﬂobn’m:b) Sodique

Boenil)
P;mchlﬂ-mam).&bboa
Sodwo (Abbott
Epenith-Americs)
Thigoylsl Surital Sodfum Quinslbarbitone (B.P
wary Davis (rcte, Scnohrbzn!(U.gB.P)
(Lilty) Sysexym Seconal
C. Led., Not svajlable
Thislbarbitons Sod | Kemithal (LC(P) )) [ bl com-

Jum (BP C) Remithene (do.
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Tanz VII
Chemucal strwcture of the thieharbiturates tn common use
Q l(l
5 (!’—\
N -5
e
L]

AMelome pornt
B : ; Mo g
Thiopentone €N, Cly~— |CH, CH, ClI,—CH—] 158139
I

Thismylal Te=Cl1 cn.—-‘ cH, CH, CH~Cl— | 127—124
i

Thist CTH =1y

barbitons L=CH CHy— C1f, 142
Sehi—cn”

Thiopentone  5odi 1 § {1-methylbutyD-3 thioharbrurate
Thbamylad Sodmw?«rﬂl-?-(’x . a thiobarblturate.
Thistbarbrtone  Bodsum s-altyl ¢ eny! 2 thiaberhiturste

The sodium salts of the thiobarbiturates are pale yellow hygro-
scopic powders with a bitter taste, which are readily soluble 1n
water partly sofuble 1n g5 per cent. aleohol and nsoluble 1n salvent
“ether and bengene. The orlfwater partiion coclficient of thio-
pentone s about 4-7 as compared with 29 for amylobarbitone
and o-214 for barbitone. Commercial preparations of thiopentane

and thramyla) contain a muxture of 100 by weght of the
ented sodiym carbonate. tter prevents precipitation of the
snsolyl sc1d by atmosphenc carbon dioxide. _The Brtish
P (1953) stan: or soluble thiopentone requires
the prepanation to contun 84 to 87 per cent. CpyHyON,S and
10 10 11 per cent. sodium, both calculated with reference to the
substance dried to a constant weight at 70° C and at a pressure
not exceedung 5 mm. Hg
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yothesis. The bame chemieal resction for the synthess of all
barbiturates 1x as follows

H

z-:ﬁ oH 1 H ! {
o-i-a ;—H><E——* O—r'q__c/ H+ e
k J b

Urea and malomue aad—»barbrtune ecid (or malonyl urea)-+water
Barbrturie 2c1d 13 mnert and has no hypnotic property, but
substutution of the hydrogens by organic mdicals (abiphatic,
aromate or hetexocyclic) grves the resultant barbsturate a narcotie
effect. Thicbsrhrturates are prepared by uamg thioures, rather
thun ures, i the above compounds.
There are two standard methods fof making thiobarbiturates,
such as thiopentone
(1) by the malonate route and
(2) by the cyanacetate route.
Both are used for commercial manufacture and have certun
features mn common.

1 Tee MaLoNate Route

(a) Dicthyl malonate 18 mono-alkylated at the 2 postion with
ethyl bromide m the presence of sodmm ethonde

COOGH, COOCH,
lllH. —CH,Br—+ E;b CH, + NaBe

doocan, " dbocy,

(5) The dicthyl ethyl malonate i then alkylsted with 2-bromo-
pmuncmduwndmommnﬂnwﬂxmduuibedundu(a)

S oo —cuemgm qnm+m

(6) The punfied 13 diethyl 2-{r-methylbutyl-ethyl) malo-
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nate 1s condenred Wath thio urca in the presence of sodum
cthoxide

oy, Ccoocly, N, cu, CcO-—-\H
\_j } / N
cH, & o+ ~Na G, CH~C /ca
H, NI, CO—-Ni1
GHy

The pure acid 18 preapitated from an aqueous solution of the
reaction muxturc by the addition of mineral acid, filtered off and
dried

(d) The dned aaid 13 dissolved 1n alcohol containing the
appropnate quantity of sodium to form g solution of the sodium
salt. This i3 preapuated by the addition of a sustable salsent,
filtered off, dried and mxed 1n the ratio of 100 6 wath sodium
arbonate.

2 Tur CranaceTatt Routt

(a) and (3) The first two stages are analogous to the malonate
route, leading to ethyl 1 methylbutyl ethyleyanacetate,

(c) Condensation wath thio-urea 1n the presence of sedum
cthaxide i thrs ease gives an 1mude

CH, CN cm, NH

A ek e A

] NH
4 \cooqu. x~[m C.H.)cgo P{HCS

(d) This 1mude 13 suspended 1n dilate minersl aad and heated,
to guve the same end product as in 1 (¢)

(¢) The preparation of the product for injection 13 exactly as
described 1n 1 (d).
(Boluucrm, Aqueous eolutions of thiobarbiturates for intra-
venous anacsthesia are strongly alkaline, the pH of 2 5 per cent.
thiopentone beng about 10-5\ The strengths of solutions
commenly used for intermuttent injection vary between 2 and 5
per cent. with thiopentone and thismylal and between 3 and 10
per cent. with thialbarbitone, For continuous infuston o2 to
1 per cent. solutions are genernlly used. The compatibility of a
2-5 per cent. solution of thiopentone with vanous drugs which
arc Yikely 15 be used 1n anaesthesa 1w discussed in Appendux 2.
The sverage tume taken by vanous commercual preparations for
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complete solution to various strengths under standard con
ditions, srmular to those used m clmical anaesthena practice, are
shown 1n Table VIII Thus thramylal 15 slightly more soluble
and thulbarbitone sppreciably less soluble than thiopentone.

TarLe VIII

Companison of ths rates of sohubility of vanous thobarixturates and
barlnturates used n anaesthena, and of different strengths of
solution of the same barbiturate

(Dundec, 1934)
Dray prietary ;;;z‘ mint. o
Aame I:t::;?:vd
wio | Aversye Rungs Pentothad
Thiopentono Intaval s o 40 1797514 50 —_
Pantotha] 3 428 | 7o0—1300 —
- 5 13 81 TOO—1§00 134
‘Thiatharbitone | Kemithal 10 3703 |2600—4T00 98
Remithl 5 1143 | 8751400 133
Thismyhl Surrtal
bottles 5 g:g 3°50— T30 b1
smopouley 5 5-00—1300 o0
‘Hexobarbitae | Evipan 10 1887 |10-50—13°75 200
Evipan 5 1064 6-:5—13::3 1 .;a
— 10 940 | Goo—1 T
Cyclonal 10 500 | 400— 600 o83

(ﬁtnhility Atmospheric carbon droxide will readily precipitate
the fres sad from an aqueous solution of sodmum thippentone.
For ths reason the commercral product 18 packed mn sealed
ampoules m an atmosphere of mitrogen, Btored solutions must
also be protected from the atmosphere. )

The 5 per cent. solutton rapidly deteriorates at room temper
ature, but this can be reduced by storage i a reftigerstor 2t §°
to 6 C. Robinson (1947) bas examined the stabilsty of the drug
under the shove condiions. At 18 tn 22 C particles appear 1n
the eolution about the third day and this comcides with a fall of
1° m the meltmg-pont of the extractable thiopentone acdd. At
5 to 6 C the appearance of particles 1n the solution m delsyed
up to the eighth day and a fall 1n melting pomt does not sppesr
until about the fifteenth day  This work suggests that es long &
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the wolutron m clear st 1s fit for chnical uee. However, since
tutbidity may be difficult to detect in a poor Iight solutiona should
be diecarded after three davs if kept at room temperature or after
seven days if stored 1n a refrnigerator

Detection and Estimation. Thiopentone can be detected and
atmited quanttatively by colonimeteic methods, by ultra violet
spectrophotometry or by phvaical metheds  Unfortunately some
of the methods that have been deseribed in the Iiterature are not
spectfic for thiopentone.  Many give poative results with any
barbiturate or even with ther breakdown products  This apphies
particulasly to the colonmetne methods of analysis, which depend
upon the mteraction of barbiturates and thiobarbiturates with
cobalt salts 1n an alkaline medium or of copper salts and thio~
barbrturates.  Raventds (1954) has pointed out that in addition
the ether or chloroform extracts of tissucs and unne may contain
n-{pumua which give a posttie reaction with cobalt or copper

Modern methods of analyms depend on the fact that the ultra-
wviolet spectrum of throbarbrturic 2crds has a maximum at about
200 my when examined in aad media and about 305 mu
tlalme media) The intensity of absorption of ultra wiolet Light
by & tissue extract at thase wavelengths may be used as 2 measure
of the thiobarbiturate content of the sample. Hellman Shettles
and Stan (1943) were the first to describe a spectrophotometnc
method for the estimation of thiopentone i bloed  They utilised
# charactenstic absorption band at 288 my in ether solutton  Thus
w23 modified by Jailer and Goldbaum (1946) who employed
chloroform for the extraction and read the results at 285 mp.
The sensttivrty of their method was somewhat mncreased by ex-
tractmg the chloroform layer agun with sodwm hydroxide,
readings beang made at jos mp. Using this technique with
several barbiturates  Goldbsum (1948) found that the lowest
hrmut of detection was o-4 mg per 100 ml of blood and 1 o mg
Per 100 g of tissues, with an error of less than 10 per cent.

While the spectrophotometric methods of assay of thiopentone
&re more accurate than colonmetric methods, they are not com
Pletely apecific. ‘The ultra violet spectrum of all thiobarbturates
1nd some of thewr metabolites 13 1dentical as long as the ning struc-
ture remmns mtsct (Raventés, 1954) To be absolutely specific,
methods of extraction of biological matenal must be used swhich
will remove only the thicpentane without extracting tts metabolites
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DISTRIBUTION IN THE BODY

Experimental Data. Early reports on the use of thiopentone
suggested that the drug wes rapidly broken down m the body, 18
expressed by the terms  short acting and  ultra-short acting
by whuch the thiobarbiturates used 1n anscsthesin are commonly
referred to 1n the lterature.  Despite ths termmology molated
clinucal reports of prolonged narcosis after thwpentone sppeared
from tme to ttme  In 1938 Veal and Reynolds pomted out that
the repeated injections of amall frachions! doses of the drug were
not comparable with the admimstration of ether by the open-drop
method. Apmnal expermments showed that thiopentone had 2
marked latrve action, the repested admmustration of doses of
the same amount resulting 1n « gradual prolongstion of narcons
with each successrve dose (Reymolds, 1939) More recently
Wyngaarden of al. (1949) bave confirmed these findings and
also shown that they apply to thiemylal and thioethamyl.

To explam the cumulative action of thipentone and the pro-
longed narcoss which follows Iarge total doses, Reynolds (1939)
postulated that normal organs are meapable of destroymg more
than @ certan amount of the drug  He also suggested that thio-
pentone caused liver dysfanction  the inrtial dose thereby reduces
the ability of this organ to deal with supplementary doses. An
other explanation, mentioned by Maynert and Van Dyke (1949)
was that the breakdown of thiopentone may mvolve the formaton
of & longer acting barbiturate such as pentobarhrtone.

Until about 1948 it was belicved that the duration of sction of
thiobarbiturates wus determmed by the rats of ther metabolic
transformation. A clearer understandmg followred the perfechon
of techniques for the quantrtative deterromation of thess drugs m
placms and tsues. Brooks e al. (1948) were the first to show
that rapid drffuson of thiopentone to non nervous tissues occurred
and was responsible for the short sction of small doses. Many
other studies have followed and, due largely to the work of Brodie
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and Shideman and their collcagues, new light has been thrown
on thus subject.

[ After a single intravenous injection of thiopentone in man the
plasma concentration falls rapidly for the fint 15 to 30 minutes
and thereafter the dechine Is more gradual (I'g 6)  This carly

15 » 4 “ ” o
THE N HINUTES

F10. 6 —Plasma levels of thiopentone 1n man sfter the intravenous ad

minntratron of 400 mg in two minutes,

Arrow indicates point st which the subject wakened,

(Brodie, Mark, Papper Licf Dermaten snd Rovenstine, 1950)
fall 1 not due to 2 rapid breakdown in the body, but occurs
because thiopentone is removed rapidly from the plasma and
located extenmively 1n 8 tissue depot (Brodie, 1952) ) The nature
of this depot 13 shown by the studies of the distribution of thio-
pentone 1n anmals (Fig 7) With the exception of muscles and
fat, the maximum tissue concentration 18 reached within one
munute of injection and thereafter dechines at a rate parallel to the
plazma level  Equilibrium wnth the muscles is not attained until
 quarter of an hour after injection. The maximum deposition
of the drug 1n adipose tissues occurs within one and a half to
two and a half houns of injection 1r man, but 1 not complete untl
about four hours 1n the dog (Shideman #2 al,, 1953). Once a state
of equilibrum has been reached, thiopentone appears to be
removed slightly faster from fat than from other tissues (Fig 8)
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HICROGMS. THIOPENTAL PER GM. TBTA

W' KW ®on
TR N HOURS
the fotre.
Fra. 8,—Throee disteibotion of thé
venows sdmbnistra C\n'mmdmwﬂnm
Mdpobtdﬂ from 4-6 anbmals,

(Shidrmen, Gould, Winters, Peterson and Wiltner 1953)
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(Thmpcmonc rapidly crosses the blood bramn barnier, and the
concentration of the drug 1n the cercbroapinal flnnd reaches & level
almost as hugh as that of the unbound drug in the pl:stm)'l‘lwrc
after 1t dechines as in other ticsues, the ratio of the plasma to the
brasn contentof the drug being the same half a minutezfterinjection
a3 1133 three hours later (Mark, Burns, Campomanes Ngay, Trusof,
Papper and Brodie, 1955) Daxpite earlier suggestions to the
contrary the above workers and Brodie, Bernstein and Mark(1952)
did nat find any selective localmation of the drug in dufferent parts

the nervous system

Two hours after the adminutration of large doses of thiopentone
m man, by which tume diffuston 1 faiely complete, the decline 1n
platma concentration 1 only 10 to 15 per cent. per hour {Fig o).

\\

¥ % AES

s

PLASHMA LTVILS ™ HG L

1 1] 4 )
TIME BN HOURS

:{m.o.-:ﬂ.m?h:hd' sfrer the i dmm}:
1,3 38 @ (lower middle and uper curves rewpective] The two
m.hadoaum.imh:smim.mdﬂnhmmem’lso—mm

(Brodle «t &., 1950)

This would appear to represent the drug s true mte of metabolic
transformation which 12 thus very slow  Shideman hax placed
thus figure at 10 per cent. per hour m the rat. Results from i watro
studres by Gould and Sludeman (1952) suggest that ot high
concentrations of thiop a of the drug is
detoxioated per uart time, whereas at lower concentrations a
constant percentsge of the drug present s broken down per
unt time,

<
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Brodie (1953) regards thiopentone 23 bemng distributed t oo
between two immucible phases one (mamly a water phase)
conssts of blood and parenchymatous tissues snd the other (the
organic phase) 1s fat.,

The relstive concentration of undissocisted actd largely deter
mmes the distribution of a weak organic acad like 5-ethyl 5 {1
methyl butyl)-a thiobarbrturic sad between an aqueous buffer
and an mmmuscible organic soivent. Changes fn the pH of the
aquecus phase will alter the concentratvon of wndissocated seid
und thus alter the partinon of the drug between the two phuses
the lower the pH the more drug will be in the organic phase, while
at 3 higher pH the oppotite m true. Decreasing the pH of the
plasma to 68 m dogs by the mhalston of 10 per cent. CO,
reduced the concentration of thiopentone 1n the plasma by about
40 per cent. (Table IX)  When the mhalation 1 stopped and the

TanrLe IX

Effect of pH changes on plasma thpentons levals  Averags readings
Jor 4 dags Dags receroed 50 to go mg (ki theopentone otra-
venously After 2 to 2} kra., snhalation of 10 per cent. carbon
diwxide was mstituted

(Caleulsted from dam taken from Brodle «f ol. 1950)

Procados j Blood pH me-nquﬂ
Cortizal s wy
During CQ, inhalztion 539 0
733 20

Amount of decline (during COy o et
’ # (37°8 per cmt.)

blood pH 13 returned to near that of the control perrod, the plesme
1evel of the drug Tose sharply  The fall i plasma concentrutmn
of thiopentone durmg acidoas must represent o transfer of the
drug from plasma to tissues, presumably fatty twues.

The plasma protems, especully albumm, are knows to bmd
Jarge numbers of emall orgamc molecules and ;organsc fons. The
binding of thiopentone and other barbiturutes bas been studied
by Goldbaum snd Smuth (148 1950 and 1954). Usag ulirs-
ﬁ]mnonmahodn,ﬂ;eyfou.ndngndmlmcrwinthc
fraction with lengthening of the substrituted alkcyl mde chams.
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Thiobarbrturates arc bound to # greater extent than their oxygen
snalogues. Their csumate of the amount of binding of oo
Molsr thiopentone by t per cent. bovine serum albumin in
M15 phosphate buffer st pli 7 4 was 65 per cent  Figures for
some ather barbwurates were  batbutone g, thiobatbitone 37,
pentobarbitone 37 and quinalbarbitone 44.

The degree of binding of all barbiturates vanes with the pH
passing through & maamum at about pll 80 Increanng the
concentration of pif 7 4 buffer also caused an increase in the
degree of binding of thiopentone  With increaning barhiturate
concentration, the percentage of the bound drug diminshed
slthough the total amount increased.  As the concentration
diminshed the bound fracuon spproached unity At low
slbumin concentrations, the binding of barbiturates mereased
napidly with an increase i slbumn until with concentrations of
about 3 per cent. further increases in the alburnin produced only 2
sinall sncrezse in binding

The strongly bound thiopentone 13 capable of partully dis
placing the weaker bound qumalbarbitone or pentobarbitone
from ther combiation with albumin.  Goldbaum and Snuth
suggest that thiobarbiturates are bound partially on the same sites
83 barbiturates, but not entirely otherwme one would expect
thropentone, with 1ts greater affinty to displace almast all of the
ordinary barhrturate, Thiopentone, 1n tum, may be duplaced
by sodium lauryl sulphonate,

Tiswue homog bind thiopentone to an extent whch
cannot be expluned an the baus of their plasma content.  The
extent of the binding to tissues 1= viro sccma to be related to the
distribution of the drugs s vroo

Taylor Ruchards, Davin and Asher (1954) have also studied
the binding of thiopentone with whole plasma, therr findings
beng 1n fawly close agreement with those of Goldbaum wod
Smuth. They found that plasma from nephrectomised orumals
bound thiopentone much less than did norma! plasma. These
Workers stress that, unless the degree of binding 19 known, the
thiopentone Ehxmx values are only approximations of the phyuo-

active concentration m the blood ‘The concentration
in the ultra filtrate 18 the physwologically sctive concentration and
mut be known to interpret pharmacologicl phenomens.  As an
exxmple they show that although the plasma content of pento-
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barbitone 1n rbbits at waking (r 16 mg per cent.) 1 about balf
of that at which anmuls awake from thiopentone (23 mg per
cent.), the active unbound plesma concentrations of the two
drugs 1s about the szme on the retum of consciousness.

The ghove canclusions are based on observations of the di
poattion of thiopentone 1n the body The same principles of diffu-
aion, etc. apply to thuelbarbrtone, thiamylal and hexobarbitone, the
plasma concentration trme curve for each drug being mmilar to
that for thiopentone (Fig 10). An early steep fall, indreating

'.":'.';';'.';’;';!H
T™E N HORS
thial

oo i f e e f e (it S

the seme man.

(Brodic, 1952)
dutribution to non-nervous tissues and fat, is followed by a more
gradusl declme reflecting the slow rate of metabolic transforms-
tion of the drugs. In the subject referred to 1 Fig 10 tho rate of
detomeation of the four drugs was roughly the same, being shaut
10 per cent. per hour
It 1s mteresting to compare the distribution of thropentone m
the body with that of rts oxygen anslogue, pentobarbrtone.
Brodie (1952) has shown that the two drugs diffuse 1n 2 smilar
munner to all tssues except fat (Table X) Some pentobarbrtone
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goes into the fat, but not as much a3 i the case of thiopentene.
Tat Yocalisation scems to explan the difference 1n the duration of

TanLe \

Distribution of pentobarbitone and thiopentone n the dog, 3 hours
after intravenous myection of 40 my [ke

(Brodie t9s1)

y Tistue concentranon

Tumme { concemtration

Tentobarburone | Thropewsome
Liver 9 9
Brajn 1z 6
I,\\l,?dc o3 18
ney 1 13
Lang o-é o9
Spleen 12 o9
Fut 19 &2

acton of the two drugs since the plasma fevel, which governs the

depth of narcosss, remasns hugh with pentobacbitone for a Jonger _

peood of tme,  The slower onset of narcosis with this drug es

compared with thiopentone, 1s supposedly due to the fact that

barbrturates pass inte the bran more slowly than therr thio-
ogues (Mark ef ol 1955).

Climeal Observntions. After a moderate dose of thio-
basbrturate (e.g 200 to 400 mg thiopentone) the plasma level
falls apxdly and the panent quickly recovers  With larger doses,
even when equibbnum with the liver, kidney muscles, ete., s
complete, the plasma level will still be above that which produces
unconsciousness. Removal of the drug from the blood stream
now depends on the slower diffusion to fat and on detoxication so
thst the penod of narcous 18 increased out of propartion to the
lacrease m dosage.  Very Jarge doses may be sufficient to saturate.

—the fat depots completely and there may be & great delay_in the
return of conge ‘These apply in general to fit
subjects, but there are many factors to be drscussed in more detail
Inter, which alter the normal response to thiopentone.

When & constant level of narcoars s mamtained by an infusion
of a dilrte solution of thiapentone or by intermittent wyectson of
umall doses the effects of the diffution of the drug to non nervous
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mumdf:tmth:doagecanbeoboerved(ﬂg.n). Requrre-
ments decrease sharply for about 15 minutes after indoction and
more slowly thereafter for a further go to 120 munutes, When the

o
000
Em-
g
g"'ﬂ
S0 Fi A require-
l&!lﬁ YETRED
mwll
1000 constart depth In 31 normal
subjects. In the uppez greph
s the doscs are plotted oo s
lincar scalo and in the Jower
on & logarithmic scale.
Y EEE LR {Dundes, 1955)
TRE N MINUTES

The effects of varutions in the plasma pH can also be detected
chineally ’I’hanudwr(xgsu)hushowndwt::;;::;;
resultmg from shght hyperventilation,
amount of thiopentone required to mantan ansesthesn, ss com-
pared with average doses m subjects with 4 normal or alghtly
lowered pH (Fig 13) With prolanged mtermsttent or contmuous
sdmimstration of thiopentone a constant rate of utilisstion of the
drug is not reached vmtil about 135 minutes after induction when
thcrupumonumnmﬂcd.ummparzdwnhgomuominm
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where respiratory excursion is normal o shghtly reduced. This

can be attributed to the nse 1 p11 prolonging the ime taken for
complete ssturation of the fat depots (Dundee, 19553)

THORNTON
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1
«<
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v
4 W m s © B % 4 I®
DARATION OF NASCOSS ) MRAUTES
Fia, 12~Arersp of thi In two parable series
of 1ov casos uncherpotng abd: § ender thh b

curanne-nitrom oxide-oxygen sraesthesin,
Fmee—x h:’ncdwnnrmdbhod)l!dmmlﬂshtmp&nm
° -0 raised blood pl resuldng from sight over yentilation.
(Dundes, 19313)

Cumaulative Effccts. The slow removal of thiopentone from
the body leads to a cumulahve action when a dose s repeated
within 30 hours of a previous injection (Table XI). The pro-
longation of narcous at the second injectron is particularly marked
if the interval between the admunutration 15 6 hours or less
Fig. 13 shows that equipotent doses of thuopentoue, thialbarbitone
nd thioethamyl behave 1n & umilar manner 1 the rat. This
miylal, on the other hand, does not produce 2 cumulatsve effect
fonpenodoflangert.hm 12 hours

Wyngaarden et al (1949), who first d rated this diff
between thiopentons and thuamylal attributed it to the greater
potency of the latter  The findings of the author (1955b) do not
substantuate thu view since when equal doses of the two drugs
wrere admunsstered thiamylal was stll less cumulative than thio-
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TasLe XI
The degree of !/ action of thiop tohen 1d, ! doses
were groen at the tune mtervals shown. Figures i brackets show
the mumber of obtervations of which the average was taken.
Doses tn man were 8 to 10 mg [kg and m dogs 15 to 20 mg [ke

{(Dundee, 19551)
Auverage Duration of the Second Navcesls expresd
‘TE:: detween a1 & Pereemtage of the First
() Humans Do
oz 1160 (2 -
-4 5853 (6 553 (8
5 ) 357 (x
4 e b
1y - 1
17 19 — 163 (%
23 28 158 (a) 132 {2
29-31 — 100
15 37 —(—) 4
47:39 10, 108
773 87 (2) 1012 (4,

pentone. This may be due to a more rapid mte of detaxicstion
of thunylal and s 10 keeping mith clinical reports n which the
action of the two thiobarbrturates s compared. These suggest
that there 1 a more rapid recovery from an equal depth of anscr-
thesia with thiamylal than with thiopentone,

Swanson and Chen (1953) have shown that the substitution of
a CH, radscal 1n the 3 posttion produces thiobarbrturates that have
less cumulative effects than exther thiopentone or thusmylsl, The
results of myections of one-half of the ADy, to dogs at hourly
mtervals » shown 1n Fig 14. Compounds I IV sre CH, sub-
stituted thiobarbiturstes (I 13 N methyl thiopentone and I
N methyl thramylal) while V 15 thismylal and VI 1s thiopentone.

(I-‘ATE IN THE BODY

Thiopentone 13 almost completely metabolsed m man, osly
sbout o3 per cent. of an sdministered dose bemg excreted un-
chsmged 1n the urine (Brodie, 1952)>Cn-nngwn and Raventds
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(1946) studied the excretion of thualbarhitone in the rabbit and
found that sbaut 2 15 per cent. was exereted in the urnine i sn
unchanged form,

i
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Fio. 13 - of the Ixtive scuon of doser of four
thiobarinturates an the mat

— rore o mg/kg
— — —  thicethamyl ”::ﬂg
mg/ig

{Dundee 1955b)

Taylor Richards and Tabern (1950 1952) introduced 38 into
the molecule of thwpentane and studied the disposal of the

radioactive sulphur 1n various species.  Their degree of recovery
of ths element was as follows

Rat. 40 my. kg given by sngle mtrspentoneal injectran.
qhmmhucr——-ﬁg radroactivity sceonnted for in urme,
4 days later —] "
-5 n ” + faccex,
— % " CArcase,

Moahy 35 mg kg given intravesonsly

s%mdimmmylcmumcdfarmuwunmmthaﬁmqhoum
5% rrdicactivity accounted for in the urne in the first 4 daya,

These resubs show that the sulphur contaning breakdown
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products of thiopentone are munly excreted i the unne. More
than half of the adminsstered dose can be sccounted for withu the
first 24 hours after injection, but rts complete removal is very slow
There are several chemical reactions which may be involved in

i 1 k] [J 3 . 7
TRE BN HOURS

F ~~Comparison of the cummlstive sction of abx thioberbftursies
o {Bwanson snd Chen, 1953)

the metabolic fate of barbrturstes. Raventds (1954) has closfied
these a3 follows
1 Ondmenofndxuhmpomdonsmththcfurmmod
keto hydroxy and carboxy barbrturste radscals.
2. Losa of N-alkyl mdicals
3 Desulphuration of thiobarbiturates,
4 Hydrolytic openung of the barbrturate rmg
1 Brodie ef al. (1950) molared a metabolrte, 1dentified s 2
acrd denvative of thiapcnmnt.,fmmt.hcudncﬂfm
who recerved harge doses of thiopentone, The amounts
mmtedfomxomzspcrmofthedmcafmiopmw
mintered. h:xtheuongmzlplpett.betutlmr'lwvatcl:li-'ﬂ'ﬂf'“’f
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the ponition of the carboxy lic group of the metabolite, but Woods
snd Hormng (1953) have demonsteated that st is 5 ethyl 5'(¢
carboxyl 1 methyIbuty [z thiobarhtune scid

H

o
c'"‘\c(i:g' c-8
coou—m.—cn.—gl/ h>

1 l‘(

Raventés (1954) has reported studies in rabbsts on the fate of
thalbarbitone.  He has been able to tolate from the unne of these
snmals & thiobarbiturate that contans one more oxygen atom
than the admimstered compound  The exact location of this
extra oxygen atom 1n the molecule has not been detenmuned but
by analogy with hexobarhitone and cyclobarbitone he suggeated
that the metabolste 1 the cyclohexeny) derivative of thialbarbitone,

2. The toss of N-alkyl radicals does not apply to any of the
thiobarbrturstes 1n common use. It 13 o possible method of
breakdown of the N substituted thiobarbsturates described by
Swanson and Chen (1953} This additronal method of detoxses-
tion may account for the shorter penod of narcosis and Jess
cumulatrve action that occurs with these drugs a3 compared with
thiopentone snd thumylal (Fig 14)

Demethylation plays a part m the breskdown of hexobarbitone,
Bush Butler and Dickinson (1953) have found that about 25
per cent. of the admunistered drug is demethylated 1n the body

3 'The finding of inorganic and ctheral ¥3 sulphates by Taylor
wnd s colleagues 1n the unine of animals injected with radiactive
thiopentone shows that thiobarbiturates can lose ther sulphur
xtoms and be transformed into barbrturates.  The demonstraton
of 3 mn the carcase of the experimental anmmnals four days after the
wdmunstration of mdioactive thiopentone suggests that some of
3 sulphur may be used in the normal metabolism of the animals
1n the formation of sulphur contunmg amino acsds and protens.

Bince Camington and Raventés (1946) were only able to detect
about 247 per cent. of 5 allyl 5'-cyclohexenyl-barbiturc acid in the
unne of rabbuts injected with thulbarbstone, 1t would seem that
desulphuranon of thiobarbsturstes does nat play & very important
part 1n their metabolur, The barbiturates 80 formed follow the
normal metabolic fate of these sub As an )

‘Pt
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desulphuration of thiopentone leads to the formstion of pento-
barbrtone. Maynert and Van Dyke (1949) and Brodie, Burna,
Mark, Lief Bernstem and Papper (1953) have demonstrated
oxidation of tts sde cham as follows

[e] E en [o] ["I
D e AR

ARV S O
Pentobarbitons 5%5% r-methryl-batyl)

4 Bcholne & 4l (1933) suggested that, becyuse of the small
amounts of drug found in the urme after the admmmstranon of
medmm acting barbiturates, mactrvaton of these compounds
nvolved the rupture of the barbituric sad nng  Van Dyke,
Scudi and Tabern (1947) showed that this did not play a part m
the detoxication of pentobarhrtone, After the admrmustrstion of
pentobarbitone labelled with 1*N they found less than 8 per ceat.
of the 1otope was excreted a8 ammonu and ures. Taylor of ol
(1950) 1 anmals mjected with ¥ thiopentone found that the
xmount of M5 thiourea in the unne durmg the first 24 houn
accounted for only 2 to 8 per cent. of the adminustered tho-

pentone.

Ravent6s (1954) has demonstrated that the urne of rabbrts
m]candwn.hthnlb:rbxtonccanmmstmmuuofthmuuwhdl
represents o § to 20 per ceat. of the dose. He has obtuned

neutral sulphur-contanng fraction having the same uitra violet
spectrum as the thicurea denvatree of thualbarbrione.

e
m{.-mg%ﬁ_m—i—m

While there 18 no doubt that hydrolytic operung of the barbitune
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nng; structure docs occur, 1t appears to play a minor role in the
breakdown of thiobarbiturates in the body

Site of Detoxication  Prior 10 1940 it was assumed that
thropentone was destroyed pnimanly by the iver  Thus assump-
tion may have been based on the obsenvation, first made by Pratt
m 1933 and Jater confirmed by many workers that its oxygen
analogue (pentobarbrtone) 1s broken down n the Iver  Hexo-
barbitone, 1ts immediate predeceseor 1 intravenous anaesthesia,
was als0 shown by Cameron and de Saram (1939) to be metabolised
1n the lrver

Schediey and Higgns (1940) venfied that hepatic dysfunction
produced by partial hepatectom) prolonged the action of pento-
barbrtone narcosis in the rat, but found that it had no mgnificant
effect on thiopentene narcoms,  This latter finding was venfied
by Mason and Beland 1n 1945 Richards and Appel (1941) were
unable to detect any apprecable difference 1n sleeping ume with
thwopentane 1n rats befare and after the production of liver damage
by carbon tetrachlonde.  Fatty infiltration of the liver, as the
results of prolonged feeding on a choline-free dret, likewise had
no effect on the duration of thiopentone narcons n the rat.

The above work led to the suggestions from many sources that
thiopentone was detoxicated equally by all body trssues. The first
endence to the contrary came from Shideman Kelly and Adams
(1947) 1n their reports on the effect of Iver dyafunction, produced
by three methods, on the duration of narcoms with thiopentone,
thamylal and thioethamyl The results of their expenments
carnred out 1 mice and rats are shown m Table \II These reveal
3 consstent prolongation of sleep with each of the three thio-
barbrturates 1n the presence of hepatic damage, thus agam
focusng sttention on the Liver as the mun mte of detoxication
of these drugs,

The divergence of results of Shideman et al from previous
works was explaned by the former on the grounds that restora-
ton of the liver following partial hepatectomy begins about 24
hours after surgery and the remamning remnant more thin doubles
neelf m 72 hours.  Bcherfley and Higgins removed only 70 per
cent. of the biver and allowed conarderable regeneration to oocur
::Drc proeeedxng;dl dﬂ?c apenment, whereas Shideman and

co-workers ormed an 85 to go per cent, hepatectomy,
the thiobarbiturates being inyected 24 bours after thi:i'mccdol?rz
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A further eniticism of Mazon and Beland » work was their assump-
tron that abeorption of thiopentone from a severely traumatised
pentoncal canty, such ax {ollaws an operation on the liver, 18 the
same 13 from a normal animal  The absence of statistical analyms
of the data of Richards and Appel 1s given as a reason for doubting
the walidity of therr findings  Another explanation for the dis
crepancy 1n rosults may be that recovery from the thiopentone
was schicved 1 rome of the scnies salely by diffusion of the drug
to non nervous tissucs

Subsequent work by Walker and Wynn Parry (1949) confirmed
that partual hepatectomy prolonged the action of thiopentonie 1
the rat.  They alto showed that as liver regeneration occurs, 50
does the duration of narcoms return to normal (Table \IIT)

Tape \III

Drfferences 1n mean sleeping time of groups of rats after 5o mg ke
thwpentone on canous days dfter partial hepatector

(Walker and W ynn Parry 1949)

Dayr e Me
A ean ean Slecping-
| i | et | ety | e
tectomy i 7 i *
1333 5733 (2 +4400
941 2140 +argo
120 2170 (2 +a150
868 212 4 (1 +us-6
a0 11070 (1 + xg-o

Numbers in brackets refer to deatha due to the effect of the drmg after
baioy These deaths sre included in figures each as $00 min. sleeping-

Meyers and Peoples (1954) elminated liver function 1n dogs by
Lgatron of the portal vein and hepatic artery after an Eck fistula
had been establuhed. When this procedure was carried out under
thiopentone anaesthesiz, the animals did not show signs of waken
1ng dunng a peniod of at least four times that necessary for sham
operated animals to recover

As regards the effect of hepatic dysfunction on the duration of
narcoms, thialbarbitone has not been studied to the same extent
18 other thiobarbiturates. Binda and Rollmo (1951) found that
ligation of the hepatic artenes in the dog did not result in a pro~
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longation of sction of the drug.  He inferred from the resubts thy
the liver w not essentml for it raprd eimination.  The degree of
lLiver dysfunction produced 1 not stated, and there 13 no evidence
to ahow that with the dosage used the anumals would not recover
from the thislbarbrtane by diffusion of the drug to noe-nervon
tistues

The suthor has mvestigated the effect of lver dysfunction o
the dumtion of action of thubarbitone m the rst.  The experment
was samewhst amilar to those deseribed by Shideman of al. {1947)
for other theobarbrturates,

Male rats of the Wister strain were med. Two controf resdmgs were

24
the first group and 48 hours Iater to the sccond group. In order to
mamisin the mmber of Karmvon, serum choliptserass esmairoes
were dane st this stege only on these rata which died under snsesthon

The results (Table XTV) show that thilbsrbtone bebaves ma
sunilar fashwon to thipentons aad thismylel. A sgarficast
1ncrexse 1 parcoss occurred on the firat xod second deys after
the 1njection of carbon tetrachlonde, slecpmg-time retamning to
normal on the tenth dsy  Serum chohnestersse was unchanged
until the wecond day after the producton of hiver
when 1t wes reduced by 50 per cent. returnmg to norral on the
tenth day  ‘The findinge suggest that the lver plays the sams part
m the detoxication of thuslbarbrtone as st does wnth other thio-
barbrturates.

Inman controlled obeervations on the effect of liver dysfimction
on thicbarbrturste narcoss are few  Shideman, Kelly Lee, Lovel
and Adzms (1949) have compared the aleeping trme after 4 mg [
thiopentone 1 subjects with normal end shnormat liver functhon
(Tsble XV). The durstion of narcons was sigmficantly longer @8
pmmtanhhvadnmsgeummparedwnhnmmﬂmbymﬂf
spproximately the same age. To excluds the nxtural vamshod B

of deff byects to thiop the sutbor {1952b)
bnmmpnmdd)edunuannfmmnfthcmcdmemtheﬂm‘
pertons before and after the producton of hver dysfunction @
paticnts who had prenomty had a chloroform ansesthetie for some
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Tasie XVII

Dustribution of thiopertone (25 mg (kg TV ) sn tsswes of rad

before and 24 hoxrs after sephrectony

(Rachards, Tuylor and Kactsr 1933)
| Controlr Nephractoacised

mina. 8 16
Pomiinn.. | W s
Plasrma 11643 1 mg/Ax. | 161t35 mpfig
Muacle 11 3£ 40 oy, gu:nmuh
Fat st9iny "3kt mAy

Fig 15 shows that the liver plays a greater part than the kidoe
w the breakdown of thiopentone 1 nreo

The tx wvitro studies reported to date are 1n close sgreeme
with the above. Shideman e al. (1g47) found that thiopento

L .

G .

» . -t-

gn :
E‘ .‘1
5" :

£, .

~Effect of parthl } and bilsteral neph
Fro. 13 x trws rats of metabatlam of thiopentone.
(Bbidemen ot b, 1933)
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incubated with liver shees for one hour underwent 126 to 14 5
per cent. inactivation 169 to 37 per cent, was broken down 1n
three hours and 4o to 75 per cent after four hours  Simular results
were found with liver mince  Ieat mactivated liver showed Iittle
abilty to degrade thiopentene,  Liver, kidney, muscle and brain
were all used m similar incubation experiments by Dorfman and
Goldbsum (1947) Rabbit liver shees mnactivated thiopentane
Irver brer showed somewhat less activity while homogenised liver
had no sctity  hudney shices had a mimilar action to Liver slices,
bram shosed very slight acivity and muscle had none.

Kelly and Shidemnan (1949) compared the plasma decay curves
m the heart lung heart lung Iver and heart lung kidney prepara
tion of the dog ‘'The heart lung preparation showed & very
gradually falling thiopentone level about one-quarter of the drug
having disappeared after 70 minutes.  Over the same time two
and 2 half trmes that quantity was removed by the heart lung
Iiver preparation  The heart lung kidney degraded thiopentone,
but not nearly as rapidly as the heart lung Irver prepamtion,

Richards (1947) found that incubation of thropentone with
whole blood at 37° C. mgnificantly reduces the potency of the
barbiturates. Plsama 1s inactive in this respect.  1f the incubated
muxture 15 admnustered intravenously a decrease in the expected
duration of narcons will result, but with intrapentoneal injection
this does not occur  Thus suggests that, rather than the blood
brealung down the thiopentone an erythrocyte-thiopentone hinkage
occurs,  Only the non hinked thiopentone will act after intravenous
mjection but this linkage 13 broken down when all the drug 1s
relezsed m the pentoneal cavity

The enxymes used by the tissues in the metabolic transformation
of thiopentone have been studied by Gould and Shideman (1952)
They described a cell free homogenate of rat liver which 1s
capable of detoxieating the drug (Table XVIII) Its opttmum
?H wis between 64 and 9 4. For mammum sctrvity of this
preparstion cytochrome ¢, ad tnnphosphate, nicot: de
and a substrate are necessary  Of those substrates employed,
Krebs cyde intermedites (citrate, ketoglutartrate, succinste,
formate, malonate) function best. The exclusion of nicotmamude
results m the most striking decrease tn metabolism.  An Increase
in the amount of liver 1n the incubsting medium results 1n an
increase 1n the total amount of thiopentone metabolised, but
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o two munutes and the usual mgns and stages of ansesthesra cannot
be detected ) However, 1t has been shown by Etsten and Himrwch

(1946), who'studied the effects of thiopentone when given slowly
in a1 per cent. solution, that the pattern of depresson of the

Tanre XTX
Demaonstration of acute tolerancs of thiopentons 1 man
(Brodia, 1951)
The plasma concentrations st the tme of onentation following the smsll
doses are Iollowing the largar doses
by an average of 86 mg/l. Despito the mnall mumber of obecrvatioos,
e difh . e (rZoot).
Plarma Leods and Concxrrest Signt of
Do of Orlextation
St | Thiapentome Ve Maion | (Amabening)
SO O 2 - - T
32 u3 oS 26
M 67 a78 =78 =78
40 93 193 199
G 43 28 — 1t
n s — 3
N 5 7 67 00
z; n{é :.1:9 a4
n 26-3 68 :R
S U

central nervous ystem 18 mimilar 1n many respects to that seen
with other anzesthetic sgents, szyh:v:clmﬁedtheﬁtgﬂd
thiopentone narcosss and correlated thewr observanons with
depression of different parts of the bram (Fig 16) Thear concept
of progressve depreswion of the ventral nervons sywem s bued
on the suggestion, first made by Hughlings Jackson m 1884, that
the new phylogenetic and higher functional portions of the brah
regulate and control the older and lower areas, When function i
depressed in & newer layer the part mmediately below assume
dommant control. Because of the unrelwbility of tho usoal sg™
ofmnnd:wnumindmwmofﬂmdepthofmmmﬁﬂfh
d:mpmmnc,thnwggestedmgcsofEﬂtcndeimwwhWﬂ]m‘
be discussed 1 detail.
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sacs| avome |owacronema | oty A

EUPHORIA SUGHT
LOSS of DEPRESSION

CRIMINATION of CORTEX

1 CLOUDING ™ T

MPAIRMENT of | MODERATE
ENVIRONMENTAL] DEPRESSION
CONTACT of CORTEX

PREDOMIN-

m HYPER LOSS of ANT
SENSITIVITY  KCONSCIOUSNESS| CONTROL by
SUBCORTEX
m - TV MODERATE
Phae | UGHT DEPRESSION

1o PAINRUL

SURGICAL STIMULUS of

SUBCORTEX

ima | HODERATE SOMATIC AT
SURGIAL | RESPORSE 5o | conmao by
MIDARAIN
L0SS of
Plane HODE
m |  DEEP wscenas [ FOROE
SUNGICAL | MESPONSE | ygry g
to PAIN
FALL in MODERATE
v m PULSE DEPRESSION
PRESSURE | of PONS

Fra, xﬁ.—A ncrrd.ldonbctvemxhcmmafdgbm anserthena
the outstanding clinkeal signs and their neuro-en lﬂnmﬂma.md
(Etsten sand Himwich 1946)
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€113 hel, often.;ory sumuly the failyre

e Y| 3¢ stimuyl, may
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short penods of relative qulcscenee separating groups of bursts of
waves. The bursts are frequently made up of two distinct elements,
the first appeanng abruptly and conusting of a short series of quﬂl

voltage waves with 8 {requency of sbout 1o cyclesfecc, and continuing
for about one sccond. second element follows immediately in the
form of two or more slow waves at a frequency of near 2 cyclesfsec. and
tailing off mto the next suppression phrase. The whole complex
occuptes & time interval of two or more seconds, In this stage the
intervah of quicscence do not exceed three seconds.

4. This differs from the above i that the duration of the penods of
cortial nactivity from three to ten seconds.

5 Puiod:ofnmydomnpparmymomfm{umdythmonu
every ten seconds.  There 13 a reduction in the smplitude of the com
ponents which may fall below 25 microvolts,

Dunng the tranmtion from one pattern to another there is
usually a mixture of both patterns. TTus 1» especually noticeable
1n the permstence of fast waves m the second pattern.  In fact, an
activity of ten cycles per second or faster ean be followed through
1mto the fifth pattern, where 1t makes up part of the sctive elements,

The fast spiky pattern 1n (1) may appear within one munute of
myectmg as Ittle as 5o mg thopentone. Increasmg the dosage
mcreases the overall amplitude without altening the frequency
dunng this phase. The patient 18 still awake and feels drowsy and
euphonic. The Harvard School (Fineminger ¢t al, 1947 Tuca
et al,, 1949) state that the sppearnce of the slower waves (2)
comades with the loss of consciousness. Kiersey and his co-
workers found that the exact moment when a person loses contact
with the environment scems to depend on the strength of hus
cfforts to mamtan consciousness. They did not find 1t constantly
chamctenised by any special change in the electroencephalogrmm
and 1t may even appear before the onset of pattern (2)

In (2) at first the lash reflex 13 present and there is a brsk
withdrawal reflex m response to pamful stimulation of the skin.
‘When reflex activity becomes more sluggnh, the slower waves
predommate and often mcrease mn amplitude.  As anaesthema
deepens, the withdrawal reflex 18 abolushed, the corneal reflex
dsappears and the eyeballs become fixed, There 18 1 slight fall
m blood pressure and there may be some respiratory depression
The pupils reaction to light remans brisk. When this stage 18
well established, the majonty of patients will tolerste a skin
IDCINON O 3 pharyngul airvray

As the third pattern appears, reduction of respiratory volume
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s co-workers (1948) found that thiopentone had no effect on the
arculanon or oxygen consumption of the brmin as & whole
Companng the effect of hight and deep thiopentone narcous on
cerebral metabolism 1n the dog Homburger et al (1946) noted a
fall from 5-g to 26 ml oxygen/1o0 g bram/mun. @ decrease of
56 per cent.

Although the mean srtenal blood pressure in the patients under
thiopentone in Table X\ was 71 mm. Hg as compared with
85 mm. Hg 1n normal subjects, there was an merease 1n cerebral
blood flow Wechsler et al. {1951) atiribute thus i part to
the decreased tone of cerebral vessels—indicated by reduced
cerehro-vascular renstance—due to an increased blood content
of carbon diomde a3 a result of respirstory depression following
thiopentone.  Wilson Odoem and Schieve (1953) could not detect
any difference between the cerebral blood flow i 10 patients
before and after thiopentone.  However, the drug did not prevent
the vasodilatng effects of carbon dioxde. In enather sentes of
6 patzents they observed an increase m cerchrospimal fluid pressure
after thiopentone, which was more than doubled by the inhalat:on
of 7 per cent. carbon dioide. The average dose of thiopentone
adminustered to Wechaler s patients was ¢30 mg (range 500 to
1600 mg ) while in the Iater series doses vaned from 200 to 6oo
mg These findings suggest that the degree of carbon dioxide
retention, as the result of respirstory depreswion, 1 the main factor
m determming whether cerebral blood flow and cerebrospinal
fiuid pressure are affected by thiopentone,

Many reports of m curo studies show that effective doses of
narcotie reversibly whibit some of the enxymatic and respiratory
processes m cerebral cells. Thuobarbiturates have not received
the same attention as other barbrturates m this respect. In view
of the relatsonshrp between the inhibition of cell respiration and
the mode of action of barbituretes in producing narcosss ths work
will be bnefly reviewed.

Quastel (5939) bas pownted out that glucose 1 the principal
substrate of the brun 10 hving anrmals and oxygen utllised by the
bramn » manly concerned with the combuston of glucose supphed
by the blood  Deprivation of glucose from the bran results 1
& dire effects x depnvatron of oxygen, mental sctivity depending
o0 mantuning the supply of oxygen and glucose to the central
Servous system Quastel and Wheatley (1932) found # correlation

B
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between the hypootic powers of several di alicyl barbrtnnc sex
derrvatives and therr ability to mhibit oxygen conmmption «
minced gumea pig brun. The ondations of glicose, and 1t
metabolites, lectate;and pyruvate were most affected while thox
of sucanate and p~phenylene dismine were undsturbed. Th
respiration of tissues other than the brun was less affected (Tabk
XXT) ‘Thus 13 due to the predomnant role of carbohydmt

Taree XXI

Effect of 0033 per cerd haxobarintone on resprration of
pumnea pig hssues o the presence of ghecots

(Queatd, 1953)
Rapoanoy | Repbation Q Inkdioe
prezencs
Tise Q0 " fudy oy
Brin 144 % n !
77 4 17
w i 41y 3
Testis 65 735 16 ‘
Kidney 152 1593 il !
LI

metabolsm 1n the brun, which s therefore more sensmtive to
narcotics than other tissues,

A study of the vanous lmks leading to the oxidation of glncoss
revealed that only one part of the chan 1s affected by narcoba
(Tsble XXII) This has been confirmed by Greig (1946), #be

Tanrz XXIT

Nareotic sensitsve resparatory system
(Quastel, 19512)
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postulated that, 1n the presence of narcotics there s a binding of
reduced flavoprotemn and cytochrome ‘b’

Potassium 13 essential for the cffects of narcotics on cells, being
required o a catalyst 1n the interaction of pyruvate and adeno-
snctnpbosphate. The formation of sdenounctnphosphate 1
essential for the actmaty of cells and for the synthesis of acetyl
choline, In the presence of quantities of narcotics which suppress
cellular respiration, the formation of acetylchohine by the brain
13 also decreased | Quastel (1952) suggests that the major effect
of narcotcs on the bram 13 not merely to reduce the oxygen
requirements by cerebral cells, but to impede a step, largely
concerned with adenosinctniphosphate synthens 10 the sequence
of events Jeading to complete omdation of glucose.]

(Ituknownth:tmctylcholmcupmmtmthebmnmnbound
form. With low concentrations of narcotics—insufficient to have
any marked effect on cellular respiration or adenosinetriphosphate
synthesu—there is a release of free acetylcholine from the bound
form. The exctant effects of acetylcholine on bran potentials
may explain the stmulant effects of small doses of thiopentone
detected on the electroencephalogram by Tuca ef al (1949) It
also offers an explanstion for the extitement dunng the induction
of anaesthesn, other than the classical * release of cortical mhibi-
tion  With larger doses of thiopentone there 15 a depression of
acetylcholme synthems, or other synthesis dependent on adeno-
snctnphosphate formation, with consequent inability of the
affected cells to muntain thewr normal function

Sodram Succinate, The work of Quastel and Wheatley
(1932) has shown that barbrturates decrease axygen consumption
of brun slices m vutro by inhibiting the cmdation of glucose, lactate
and pyruvate. ‘The omdation of succinate 13 unaffected, It was
suggested by Soakin and Taubenhaus (1943) that supplyng
sufficent of the latter substrate might dequately maintan the
metabolm of the bram following sn overdose of barbiturate,
They found that sodrum succmate shortened pentobarbitone and
unylobarbitone narcoms in ruts,

Barretr (1047, 1948) extended thum concept and found that
mum ::mm hexahydrate, given either mtermuttently as

cent. solution intravenously or i a 10 cent. fi
lhortmcdtb:du:munofthmpmtonemrmgfmmai@T?z
et al. (1949) studied the effects of thiopentone and succinate on
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between the hypnotic powers of several di alkyl barbitonc sad
derrvxtives and ther ability to inhibit oxygen consumption of
mmeed guinea pig bran.  ‘The oxdations of glucose, md o
metabolites, Iactate, and pyruvate were most affected while those
of succmate and p-phenylene dwmme were undisturbed. The
respiretion of teues other than the brun was less sffected (Table
XXI) Ths i due to the predommant role of carbohydnte

TasLe XXI

Effect of 0-033 per cent haxobarbitons on resperation of
guanea prg tissues m the presence of ghicoss

(Qumtel, 1933)
\
Resprration (Q %) Inkdbition
Tlcrme ‘R—‘% u the crostic
@ arcotic A
Brain 43 ] 2]
by j o i
38 415 H
Teatls 65 a3 ;ﬂ
Kidney 153 1595

metabolism 1n the bramn, which 15 therefore more senstire
narcotics than other tusues.

A study of the vanous fmks leading to the oxudation of glocow
revealed that only one part of the cham 15 affected by paroott
(Table XXIT) Thus has been confirmed by Greig (1946), i

Tasre XXII

Narcotic senntsos respiratory system
(Quastel, 1931)

n Detyd o Flavoprotein—Cytochrome
Nercatic Intensitive Narestls Semriticn
Rugion Ragicn
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postulated that, 1n the presence of narcotics, there is a binding of
reduced flavoprotein and cytochrome *'b’

Potassium 13 essential for the cffects of narcotics on cells being
required as a catalyst 1n the interaction of pyruvate and adeno-
snctriphasphate.  The formation of adenosinetriphosphate 13
essential for the activity of cells and for the synthesis of acetyl
choline. 1n the presence of quantitics of narcotics which suppress
cellalar respiration, the formation of acetylcholine by the brain
1 also decreased CQumcl (1952) suggests that the major effect
of narcotics on the bram 1s not merely to reduce the oxygen
requrements by cerebral eclls, but to impede a step, largely
concerned with adenosinetriphosphate synthesis in the sequence
of events leading to corplete oxidation of glucoe.]

(It s known that acetylcholine 13 present 1n the brain 1n a bound
form  With low concentrations of narcotics—insuffictent to have
any marked effect on cellular respiration or adenosinetriphosphate
synthesis—there 13 a relexse of free acetyleholine from the bound
form. The excitant effects of acetylcholine on brain potentials
may explun the stmulant cffects of small doses of thiopentone
detected on the electroencephalogram by Tucat ef al. (1949) It
also offers an explanation for the exatement during the induction
of snaesthesa, other than the classical "' release of cortical inhiby
tion' With larger doses of thiopentone there 13 a depression of
acetylcholme synthesms, or other synthess dependent on adeno-
sinetriphosphate formation, wnth consequent inability of the
-ﬁ'edadcdhtomnnnmthcunmmalfunmon.}

Sodiom Succinate. The work of Quastel and Wheatley
{1532) fran shown that barbrturates decrease oxygen consumption
of bram alices m ortro by mhibiting the omdation of glucose, lactate
and pyruvate. The oxidation of succinate 1 unaffected. It was
suggested by Soskn and Taubenhaus (1943) that supplying
sufficent of the Iatter substrate might adequately mantan the
metabolym of the bram following an overdose of barbiturute,
They found that sodium suceinate ahortened pentobarbitone and
amylobucbitone narcons in rats

Barrett (1947, 1948) extended this concept and found that
disodium succmate hexahydrate, grven erther intermittently as
30 per cent. solution intmavenouly or m & 10 per cent. dnp form
shortened the duration of thiopentone narcoam in man, Tucer
ot al. (1949) studied the effects of thiopentone and succinate on
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the electroencephalogram tracings 1n man and found vamble
results,  As the result of = well-planned mvestigation, Vander
wuter and Gordon (1952) concluded thet sodmum succnate pro-
duces no significant change in the waking tme of human sabject
after thiopentone. Zoboli (1951) whils agreemng with the shore
workers, thought that the drug mught have some alight vahe esa
respiratory stimulant.

More recent work i ths fild by Giarman, Rowe and Young
(1954) has included a study of the analeptic effect in mice of ethyl
succmate and bs-dimethylaminoethyl succinate as well as sodrm
succinate. No antagonism to thiopentone was observed, bmt
rather the oppostte, a3 m certarn doses all three sucainate derv-
atives mgnuficantly prolonged the ansesthesm.

“‘Convulsive’’ Properties. Cope and Hancock (1939) od
Knoefel (1945) have noted that the convermon of & barbrturate to
& thiobarbiturate frequently introduces stimulant propertiess, 2
hypnotic drug being converted mto a convulsant, Richards (1951}
studying this effect with several methyl-allyl and other substrtuted
thiobarbiturates, observed a marked species driference in respanse
to these drugs Mixed sedative and convulssnt sctvity ws
frequently observed m mce, the convuleant propertics were pre-
domimant 1n rabbrts, while aleep occurred when the druge were
gven to monkeys, The series did not nclude thiopentone or
other thiobarbiturstes used m anaesthesrs, but reports fram other
sources of amumal experments with these drugs reveal no con
vulsive properties (Adarms, 1944).

Wynne (1948) has described pronstory movements of the im
progresng to strong clome contractions of the pecton! asd
nexghbounng muscles followmg the myection of thiopentane i
man. Occanonally these may spread to mvolve the muscles of the
dimphragm and gloths  He drew attention to the smilarrty =
structure between thiopentons and §-ethyl 5 ~dmnethyl barbituns
2cid, which 1 @ convulsant.  Scurr (1948) conmdered these move-
ments to be 2 manifestation of the withdrawal reflex occurnng
when consciousness 1 lost, analagous to the behaviour m the
second stage of ansesthesia with mhalation agents.

In 739 cases studied by Morton (1948) movements of the e
ar aboulder followed the mnduction of anacsthexs with thiopentone
1n 40 patients. In 16 mstances the movement was
while 1 the others 1t was evoked by withdrawal of the needie,
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application of an arm-splmt or pulling forward the chin The
ncdence was related to the sge of the patents, movements
ocournng 1n 38 8 per cent of cases with ages between 5 and 15
years as compared with one per cent. of the older paticnts
Atentron wax also druwn to the possibilsty of premedication being
an mportant factor  Atropine and & barbiturate were given to
children before operation while adults were premedicated with
papaveretum and scopolamne,

The effect of premedication on the inadence of movement
dunng the mducton of anaesthesiz with thiopentone has been
studied by the suthor n 219 adult patients undergoing cystoscopy
The thiopentone was given at 2 fixed rate m & 5 per cent solution
the dose being approximately 40 mg /st. body weight. The needle
was withdrswn m &ll cases immedately after the injection. The
results are shown in Table XAIII  When movement occurred, 1t
wus nextly always on withdrawal of the needle or swabbing the
arm, There was 8 higher madence of motvement i patients who
recmved atropine alane or combined wrth & barbuurate as pre

dication. The difft e between this senes and thase having
an opute or pethudine before operaton was significant at a
5 per cent. level

The findings suggest that the so—called coavulsne properties
of thiep e a festation of its lack of analgesic power }
As menuoned above reflex movement can be zbolshed at a
bighter leve! of narcoss with thiopentone when it u combined
wath analgesics such as mitrous oxdefoxygen or pethudine then
when o 8 used slone. The same seems 1o be true dunng induc-
tion of anaesthesia, The response to withdrawal of the peedle
or any other shmulus may not be completely suppressed by the
depth of anaesthess mduced with thiopentone but it o abolihed
when, m addivon e snalgesnic drug w given ay premedica
tion,

)Gena:lucd muscular movements are more common dunng the

ration of hexobarb

----- ne than with the thioharbsturates.
They are not bmtted to movernents of hmba but often take the
form of & shudder of the whale body and may occur m deep
lnmthanmpuncntswbommtlub)ectmmyﬂngmous
stmulatron.  Although the inaidence of movements with hexo-
barbitone 18 reduced by premedication wth analgenic drugs and
the use of mtrous amde/oxygen, it s not completely eliminated
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TIE STTECTS OF TINORARBITURATTS OX THT BODY 7t

"This s one of the rcasons why hexobarbitone has been almost
entirely replaced by thiopentone in chimeal anacsthesia.

Local Analgesic Actfon. Scluller (1953) has shown that 4 per cent.
rroylobarbitone blocks conduction in per?phml nenves and reliovea
pamiin deep tusue fott., The injections are no mare painful than when
procaune b used and subsequent local imtation is simost absent. The
ust of the uhmkcdbythcfmthatm;yrdaurdymﬂhmwnu
can be grven If kypnotic effects are to be svoided. Quinalbarbitene isan
even mommm Tocal ansesthetie, but it is likely to cause thaue
Tecrons, chiturates may have a local ansesthetic action o oitro,
but are toa irntant to be of any practical use.

Subarechntd inyections of barb lutions cause splnsl anal

Schiller found weakness 1n monkeys within § minutes of the
mjectionof s percent, rbitone with complete parslysising further
unutes cffects to wear off a0 hour after mjection,

XmKnppanpmdMy(xq;x)hn-em:dnspcrcmt.m‘uﬁon
;;true,fmﬁe’p{nrﬁunl e b"‘th‘cddlﬁwlo:: - m

or in1o ts. Sensory lons was
within 3 ta 7 mi "E;ﬂlmp:uﬂ: iy, which was variable, from
§ to 12 minutes after infection. Thehuﬂdouwnedfrou;ﬂ;w4
mL, s0d to mmaintam anzesthesua 1 ml was ndded every 20 to 30 minutes,
A central soporofic effect wes abserved in all cases, varylng from alight
d to deep Ceron complt d after the
spnal effects wore off one patient haviag retention of unne, and another
baving sensory loss over ane leg for 4 weeks, with eventuat
Considening the safety of orthodox spmal aaalgene solutions, 1t
unlikely that these observations will ever be of more than scademic

CARDIOYASCULAR SYSTEM

(Fleast Lung Preparation. The depressant cffects of thio-
barbiturstes on the myotardium are seen when the drugs ere
myected into the nolated heart lung preparation Prime and Gray
(1952) describe the effect of 50 mg thiopentone as follows

Male dog kg Imtal data heart sate 140 per min,
sortic pressure (B.P g f
: o g i mm. of mercury t auncular pressure

t ventricular output {C.O J 250 ml mmn.
dt:rmoszinrgrnbon

I’W
of 15 seconds to 17 cm. of sabme, whilst the B.P fell to §o mm. of

mercury  The CO fell and progresuavel
wngruﬂydﬂatedmd,mpid]nlef 7 to zere, The beurt
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thiopentone anaesthema, On the other hand Harrison (1949)
detected iregulanties of the pulse in one fifth of Soo patients
ansesthetized wath thropentone and d tubocuranne chlonide  In
& later communtcation {1953) she found & 21 per cent. incidence
of arthythmua dunng the fint twenty minutes of anaesthessa with
thialbarbitone as compared with 5 3 per cent. after thiopentone.
Electrocardrographic studies 1n §2 patients showed the majonty
of arrhythmuss to be ventncular extrasystoles.

CORONARY BLOOD FLOW mi/min

“ © (™) m
ARTERIAL RLOOD PREISURE mea. He.
F10. 20.—~Coronuary blood flow befors and afier 1thiopentont in the dog

Johnatone (rgst) also found that the pulse iregularties during
tone anaesthens are due to ventricular ectopic beats, He
waggested that these anse m the presence of hypercarbia and dis-
appear 23 s00n s the carbon dioxide 13 ehminated. Hypercarba
develops rapidly dunng the respustory deprestion which often
sccompames mduction with thsopentone.  Although he did not
compare madence of arrhythmias after thualbarbrtone and
thuopentone{ Johnstone found that irregulanties afrer the former
drog may be wssocusted with carbon dioxide retention. He
supports hus hypothess from studies with cyclopropane, tnchlor-
cthylene and di-winy! ether (1952) With all these drugs hyper-
carbia 18 responaible for the eppearance of ventricular arrhythrmas
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dunng ansesthess.  There i some evidence to ahow that changes
1 the plasma potassrum as the results of 1 may pley 2
part m the actiology of these irregulartties Jsee p 184)

Heart Rate  Many fyctors determune the pulse rate changes
after thiobarbiturates. (Johnstone (1951) suggests that ther
general effect 13 to merease relatively alow rates and to decrens
rapid rates.} In 50 patients who were premedicated with Jr g
(1+3 g ) atropine, thuopentone mduction reduced the heart mte
from an average of 133 beats per minate to 123 per minute. Ina
similar group of non stropinsed cases there was mm avenuge
ncrease of 10 beats per munute after the barbuturate.  Respuratory
depresnon with the resulung hypoxis and hypercarbus will tead
to increase the pulse rate.

(Blood Pressure. Peripheral vasodilatation occurs mmedutely
after the injection of thiopentone (Fig 21)  With xn undimaged

Heort Rafe. 38 7 n 10 » 28

JIhrr T

O-___W“ﬁ—"m'ﬁ”ﬁ;
Effect  of Tiopoatone o  Foresom Blaxd Pl
Fio. a1 —Effect of thiopentons on forearm hlood flow
{Prizne knd Gray 195%)

myocardium the blood pressure will be mawtamned by a compe-
satory quickenmg of the heart rate, although the pulse presst®
may be mereased.  The exact mechanam of this vasodilatstion #
notkm‘vn.butituprobab}yduetopm}ywjohholympﬂfb‘m
nervous system by the effects of the drug on the vaso-mot™

Prest

Forenrm Flow copfaowsimie,  Boed
s




THE ITTTCTS OF THIOBARBITURATIS ON THT BODY 79

centre. Carbon dioxide retention which causes drlatation of the
erroles and capillanics 1 & contributory factor)

The cffect of thiobarbiturates on the blood pressure ;m man
depends on the dosc and rate of edminustration the state of the
myocardium and the state of the penpheral arculation Both
raprd smjection and the use of Jarge iaduction doses cavse & pro-
found fall in artensl pressute (Table YAV)  Th s pardy due to
penpheral vasodilatation but the toxic effects of the large dose
of drugs on the my unpalr s comy y ability and
may reduce the carduec owtputy Clhimeal obaervations show that,
13 1 the beart lung prepantiion patrents with ¢ damaged myo-
cardrum before myection wall have mare profound falls 1 blood
pressure with smalles doses of thiobatbiturates than fit pessons,
Any pre-esisting coronary insufficency will be increased by the

carduae hypoxia will further decrease the efficiency
of the heart muscle, and a vicious circle 13 set up

Subjects wath hypertension are also more susceptible to the
depressant effects of thiobarbiturates, and thus has been used as a
prognostic test of the value of thoracolumbar sympathectomy
Penpheral vasoconstriction, such s follows severe haemorrhage,
will also be reduced by thiobrarbsturates and the wadequacy of the
areulatng blood volume thus revealed sill result in & sharp fall
in the arterml blood pressure (sce p 148) Where penpheral
vascular tone 1 already partly abolnbed by ganghon blocking or

Tapte XXV

Effects of rapsd emection of o barbutsrate and relaxant ox pulse rate
axd BP  Changes bear mo relatson to the naturs of the relaxant

{Stephen, Martin and Nowill, 1954)

| Toopemtons | Thiartd | Hevsbarbirons ]
Prtients toa ! 100
Dose (g} 200-1000 >
‘:nu'c-n 0 pulse (svecnge) ® 4:6;):;. % e
i
g:“’““hw‘lmﬂ) 3 ﬂl’“j 150 m} e 1;’:-))
peticnty 15 prients
mlnuﬁh% treesge) | 1B (apm) hetisstopn | e
Nodnngeinﬂ.?t.w) sbRrs7 (BB ptalign g !5":3:;1'7&) ITo-asef17pte)
by 10 14 pul T ¢
P Al 40 mm. eymolic
oc tooce 1% 7% %
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other vesodulstor drug, the hypotenarve effects of thiobarbrturates
are more marked, The use of the upnght posture mereases the
scvertty and duration of the blood pressure falls. This applis
particularly to elderly patients and those wrth dusturbances of
peripheral vascular tone. Severe hypotenmon 18 also more likely
to occur m vagotonic patients or those who normally have 1
Iabile blood pressure.

Circulatory Dynamics, Price, Connor Elder and Dripps
(1952) found tachycardia decressed mean atrial pressure and paise
pressure and dimunuhed mtrathorecic venous pressare after the
admmistration of thiopentone. Inflation of the lungs with axygen
under 15 to 20 cm. of water pressure produces mgnificantly greater
arterial hypotenston 1n subjects anaesthetsed with thiopentoos
than m the same subjects durng co 1090, Thu result o
attributed to 1 relative failure of the vasomotor respons< to hypo-
tenmon caused by thiopentone.

The effect of the combmation of thiopentone/d tubocursnne/
nitrous cuidefoxygen on crrculstory dypamics has been stadied
m fit male subjects by Prime and Gray (1953) Premedication
mdipprd:mnmoftheopentronaulcdlmcmdmwdnn
output. After the imnduction of anaesthesia it showed a tendency
to fall toward the mital level and remamed constant durng
the remamder of the operstion. By contrast, forearm blood
flow ehowed a sharp mcrease following upon the myection of
thiopentone. The 1ncresse in each case was greatest durng the
ensumg ten mumutes or 3o Blood pressurcs showed sn mitul
slight fall with & widening of the pulse pressure m most Cxich
though these changes were not great. Heart rate was meressed
m all cases.

A comparson of the average effects ufdnnpcnmﬂd""‘b‘"
curarine/nitrous axdefoxygen with thiopentonsfether (wth of
without nrtrous oxide) and thiopentone/cyclopropane/oxygen &1
shown 1n Table XXVI Wit ether there was an scoeleration of
both central end perpheral blood flow afser induction, whech il
cnfk'durmgt.l:n,en.l‘txsequcl:ﬂ:hourui:nilvaluullnw'u'dn:ﬂ':‘mmm‘"l
ones were reached. Thcdfcajofcyclopmpﬂﬂﬂm"mﬂ“m
those of ether but the mcresses were maintained dunng the
period of observation.

The abovo studies show that 1 sprte of its cardisc toxerty the
pmpcrndmmutrmmafthw?cntoncmnomnlnnnmh’m
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the glotus 1 a reflex phenomenon, usually cvoked by stmulation
of the sensory mide of the vagus by small amounts of mucus,
regurgttated gasteic contents or by foreign bodies such exsn alrway
or a laryngoscope blade. It may also be snstiated by stimuh from

sirple e =)

Fra. 33 —Vearstion in ventdhton nte during ansesthesis with three

diffesent agents.  The daa for this were contributed by Drw. Patrick,
Hunter Possatd and Feulconer
(Rudley and Peader 1954)

other parts of the body such as stretching the anal sphincter,
over-distenson of the bladder or peritonesl tractton  Dunng deep
snaesthesias these reflex arcs will be depressed centrally and spasm
 probably no more common during decp throbarbiturate anaes
thessa than with other ansesthetic agents  The arc also can be
broken on the sensory side by the use of topical analgena, or on
the wotor side by the actson of @ muscle relaxant.{ Laryngeal spasm
s more likely to occur in vagotonic subjects and 1n children after
induction with thiobarbiturates

These remarks umilarly apfily to the occurrence of brancho-
spaam after thiobarbrturates.  1f a preduposng cause, such a3 a
foresgn body or excess mucus 1n the traches, 18 present before the
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Fio. 23.—Effect of thiopentons and curars and thiopentoos (pentotis)
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he glotus 18 & reflex phenomenon usually evoked by stimulation
f the semsory mde of the vagus by small smounts of mucus,
egurgitated gastric contenty or by forugn bodies tuch as an airway
¢ & laryngoscope blade It may also be mitiated by stumuh from

dP-lI; el Thehc;.lu {o:thn eig cum-ﬂ:-m:l by D:gmll’mick,
erent . heaadd
e Hunter Pcuz‘:;d Faultoner
(Ridley snd Pender 1934)

other parts of the body such s atretclung the anal sphuncter,
over-distension of the bladder or peritoneal tracton  During deep
anaesthens these reflex ares will be depressed centrally and spasm
13 probably no more common dunng deep throbarhiturate anzes
thesaa than with other anaesthetic agents  ‘The arc alto can be
broken on the sensory mde by the use of topical analgesss, or on
the motor side by the action of a oruscle relaxent.{ Laryngeal spasm
w more likely to ooy m vagotanic subjects and wn children after
induction with thiobar]

These remarks sumilarly apfly to the eccurrence of bronche-
spaxm after thiobarbiturstes. If 8 predisposng cause, such as a
fvmgnbodyormmmumlnthemdxﬂ,upmtbdurethc
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wnduction or durng anaesthesw, then the admunstrstion of
thiobarbituratea may Jead to mmor degrees of bronchospasm, bt
the drugs themselves do not inrtate this condmwon. Reflm
muscular spasm, mvolving the diaphragm and 1ntercostal musclet,
frequently occurs after intubstion under a thisbarbrturate md
closely stimulstes bronchospasm. Thus probably plays & part m
the sequence of events which 13 seen after the use of thiopentone
and suxamethonrum, when the effects of the relaxant wear off and
2 sufficient depth of narcoms hes not been obtatned with & suppk-
mentary agent. (Johnstone (1955) has demonstrated that sam-
methonum prevents bronchospasm n response to the stmolos
of en endotracheal tube under hght thiopentone snsesthesa.
‘This does not apply to d tuboctrarne chlonde or budexrum, and
if difficulty 1n wnflation can be relieved by erther of these drup
without decpening the anaesthesis, reflex muscle spasm rather
thmmebmnchmpamumtohmbemth:m
Gallamine triethiodide 18 10 e m action between the
above two groups of relaxants, and while 1t has some ability to
prevent reflex brons 1t 18 not nearly as effective 1n thy

as suxsmethonrum,

immadmofrapmrydumrbmofvxgdmmunbe

uced by the judicious use of drugs which depress the laryngesl
reflexes.  Pethuidine 18 one of the most mportant of these drogs
m clinical use It must be rememberd that 1t also depremes
respiranon, and a combmation of thiopentone and pethidme
produces a more marked cffect than can be sccounted for m ¢
smmple summation of the effects of the two drugs. Ths 1s perhsps
expluned by the analgesic action of pethrdme 1 reducing the
sumult to respiration from the akm and tusues. The us of
topical analgena also reduces the cdence of laryngeal end
bronchial spasm.

Climical reports indicate that thobarbiturates as a whole prodoce
mbre respiratory dusturbances than barbiturates.} Stoefting, Gnf
and Rash (1950) observed less 1tone
than after thiopentone, and Volpitto (1951) found that sude effects
following mtubstion occarred less frequently after hexobarbrtoo®
than after thiopentone, thumylal or Spirothal ’I‘h:rdﬂ:‘f
postion of other ansesthetic agents 1s showm by the results
Adnan and Rovenstme (1943) who studied their effects upd
bronchs and bronchioles of exctsed lung tseues (Table XXVII-
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Drethyl ether and chloroform and probably nstrous oxde have
no effect, morphuz and pentobarbitone cause & very shight con
striction while hexcbarbrtone, cyclopropane and thiopentone have
2 marked effect in the above sncreasng order of potency Thus ss
10 full clmscal agreement with the sbilsty of these drugs to heghten
laryngeat reflexes durning snaesthesia.

REPRODUCTIVE SYSTEM

Climical reports indtcate that throbarbriurstes 1o therapeutse
dossge nefther depress nor increase the tone of the gravid uterus,
Uterme muscle tone o depressed to a vamble degree m deep
anaesthema with oll agents, and there i some whilvtion of con
tractions in light anaesthesa with chloroform and ether Muscle

: which are frequently combmed with thiobarb
i aneesthesn for Cacsarnn section, have hitle effect on the
uterine musculsture,

The cffects of vanous anaesthetic sgents upon Fallopnn tube
motility bave been studied by Walker and Stout (1953) 1n 2 serres
of 359 Nigenan women, Thiopentone produced no effect on
rotility When combined with curare there was an incressz m
the smplitude of contractions. The relative poamtson of other
anaesthetsc agents is shown in Table XXVIIL In this the mean
mcTease or decrease of & trecing taken under amesthexa o com
pared with the mean of two readings in the unsnaeathetsed state
sfter premedication. The effects of morphune and atropine are
compared with unpremedscated controls.

The above workers found that thiopentone bad no effect on
utero-tubal spasm. A spasmolync effect was present with ether
chlosoform, trichlorethylene and probably mitroes cude.  Mor
phine, on the other hand czused increased spastreaty

Thiobarbiturates affect the plscental circulshon only as & result
of their actien on the systemuc blood pressure of the mother
Periods of utenne contraction, 1f combined with maternal hypo-
tension may resuit i foetal hypoma,

Evidencs from many sources wndicates that barhrturstes of
varymg structure pass through the cat and guines-pig placenta m
lem than § munutes. Hellman #7 &7 (1944) studied the transmeson
of thiopentone 1 7 cases  Up to seven munutes after a single
jection of the drug mmunal amounts were found in the blood
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rapid transrmstsion of thiamylal  The technlque uscd for estima
tion of thiamylal s not 83 speaific a1 that employed 1n the thio-
pentone studies, but, as the authors pomt out, the error 13 only
m the regron of 1 per cent. with samplea taken § munutes after
wductron of anaesthenra. One can be certain, however that there
122 delay of at Jeast 5 munutes in maximum transmussion of barbi~
turates actoss the placental barner Dy the ime equilibium has
been reached between the maternal and foetal blood levels the
pesk concentration of barbiturates in the mother will have passed
(Cydopfqnnc and ether traverse the placenta almost quanti
tatvely, whilat enly 60 per cent. of the mitrous oxide sn maternal
blood reaches the foetus, About 60 to 7o per cent. of pethidine
crosses the placental bamer and 1t s generally sgreed that
d-tubocuranine chlonde does not reach the foctal crculauon,

As stated previowly, the foetal repiation s partcularly
susceptible to the depressant effects of duopcnm:.) Taylor,
Govan and Scott (1951) found that when grven 4 to 17 munutes
before delivery, the drug depressed the ability of the infant to gan
normal adult oxygen saturaton, At the end of one hour the
average ssturation in 10 cases was 8o per ¢ent,, which was not
ugmficantly lower than that of mfants born of mothers recesving
00 general anacsthetic agents, but m only two of the ten was the
situration value go per cent. or over at that time, while one

uired resuscitanon.

Jhere 18 some evidenos that sufficient amounts of barbiturates
may be excreted m breast milk to cause drowsmess of the baby
No snformatron 1s available as regards the importance of thos after
the single dose admunsstration of mtravenous thiobarbrturates.}

LIVER FUNCTION

Usmg the bromosulphalemn metbod, Habif Papper, Fi
Lawmm.SmytbemdBndlcy(xgsl)obamedmm
mhepun;;bodﬁu:mmmmmmthean

axygen difference during anaesthema with thropentone or
cyclopropane.  Bhackman, Graber and Melrose (1953) umng a
similar techmque, showed that & 30 per cent. decremss 1n the
estimated bepance blood flow occurred with thiopentonefcyclo-
pmr:pamﬂnmtbm., This decrease was not related to changes 1n
ssterial pressure, and represented an increase in splanchne
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vascular resistance. Contrary to the findmgs of Habif ¢t af , they
mnduded that hepatic oxygen consumption was reduced by

Rzynoldsdul.(lg:;ﬁ) and Richards and Appel (1g41) have
shown that hepatic impsurment follows the use of thiopentone.m
anmmals,  The smaller the animal the more marked were the
cffects of the drug on the liver Dunng prolonged thropentone
anaesthesss 1 dogs, Booker (1946) found a progressrve decresse
m the ability of the Lver to remove bromosulphalern from the
blood Walton, Uhl Egner and Lrvingstone (1950) found that
small doses of thiopentone were mildly toxic to both the normal
and damaged Lver of the dog but this effect was due to hypoxn
and could be overcome by adequste ventilation with oxygen.
Doses of 20 mg [kg given twice daily to normal dogs for perrods
of 2 to 3 weels czused & mild depressian of hepatic functian, &
Judged by the prothrambm time and serum bilirubmn level, with
complete return to normal four days after the last mjection of
thiopentone (Walton, Salamsndo and Egner, 1951) In contrs-
distmction to the effects of amall doses, adequate axygenstion did
not reduce the toxicity of repested largo doses of thiopentone.

Uung a battery of liver function tests, Pohle (1948) fomnd that
Liver impairment occurred m 50 per cent, of cases after operstion.
Its occurrence was unrelated to the snaesthetic agent used, and
the effects of thiopentone did not ddffer from those of chloroform.
Unfortunately the doses of thiobarbiturete used were not recorded.
The patients he studied were m poor genersl condinon before
operatton and he suggested that therr nutritional state and the
occurrence of hypona after the operation were the important
factors 1n the setiology of liver demage. Fauwbe o al (1951)
exxmined the effects of ansesthetics (excluding thicbarbrturates)
and also found no sigmficant difference m the effects of vanous
agents on the liver

A much quoted case, reported by Vurey (1938), describes the
occurrence of jaundice following thiopentone, but the evidence
incrimmating the drug 1 not very convinang  The huppunic aad
excretion test, urobilinogen metsbolm and blood-sugar levels
were examimned by Mordvinova (1948) before and after thiopentone
snzesthens m 80 cases.  The detomeating function was miguific
antly lowered m 17 patients, pigment metsbolam was upset in
31 cases and blood-sugar levels were abnormal mm 17 subjects.
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Recovery to normal took es lang #a tiwo weeks 1 some mnstances.

In contrast to the above findings, Carraway (1939), usng the
hippusnc aaid excretion test, found no alteration in hiver function
alter thwopentane in 100 cases. Many of these patients were
Jaundiced or had Iner damage before operation  Using the same
test, Boyce and McFetndge (1938) found that cther ethylenc and
spmal analgesta all had & marked cffect on liver function for the
first scven days after operation

(The lack of agreement by various workers as to the hepatotovic
properties of thiopentone 1 probably duc to the foct that many
factors other then the anaesthetic agent, may adversely affect
the Iiver function before, during and after anaesthema. Upper
abdomtnal section has more deletenous effects than lower ab-
domunal or non abdomunal operations  ‘The longer the duration
of the procedure, the more likely 18 Iover damage to occur  Chronie
tepans, pulmonary tuberculoars, thyrotoxicosis, intestinal obstruc~
tin, advanced carcmoma and severe burns all cause ympairment
of hepane functron.  Hypoma and hyp dunng 1
wre also contributory factors and the occurrence of complications
dunng convalescence likewnse increases the ruk of hiver

The author (1955) has avoided these varmbles by comparing
unnary urobilinogen excretion for the firat three days after opera
ton m two series of patients, 1 one senes thiopentone was used
as the maun ansesthetic agent (sverage doee 117 g ), and 1 the
other st was reserved for the mduction of anaesthesn (average
dose 440 mg) The senes were strctly comparable as regards
the mature and durxnon of operations, the age and sex of the
patents, premedication and post-operative sedation. No case
was mcluded 1n whom there was present any factor that mght
advensely afiect liver functions before, during or after ansesthean.
The finduwga (Table XXIX) revealed & significantly huigher urinary
excretion of urobilinogen n p who d large doaes of
thtopentone. By exclyding intravascular haemolyms, as a possible
sz in this imnereased urobilmogin output, the suthor concluded

__bm.ﬁnf]:n‘immmg  in a0 spprecuable number of patients
m Q1 ti d
@mem%m;

barbiturates prvea (Fig 25). The use of muscle relamants does
not morease the

ety of thiopentone, provided
tory depression and hypoxia do not occur ? T
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Nitrous oxide, ethylene and cyclopropane produce no impair
ment of liver function if hypoxia 19 avorded  their toxicity 1s com
panable with that of small doses of thiopentone.  Divinyl ether
produces a very slight cffeet, but diethyl ether causes a distinct

”

W

PERCENTAGE OFf CASES
82 % 3 8 5

)

<15 5 50- 7% 10 125 150 173 10
DOSE OF THIOPENTONE (G}
Fia. 35 —Correk between the fncidence of bepatic dpafi and
of admunistered.

= definteo liver bmpet il
(Dundee, 1935)
mparment of function lasting for more than 24 hours. A pro-
longed penod of Liver damage follows thcusztof ch}orofgrm,
although recent reports suggest that much of ths i due to
bypoxm. The effect of thiobarbrturates, other than thiopentone,
on lrver function 1n man has not been studied. Since all these
compounds are inactivated m the liver as 13 the case of thio-
ﬁmh&plﬁcmwonuI&dytofoUowthcuno[hrgc
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Nitrous oxide cthylene and cyclopropane produce no impasr
ment of Iver functson 1f hypoxia 1s avorded  their toxicaty is com
parable with that of small doses of thiopentone. Divinyl ether
produces a very shght cffect, but dicthyl ether causes a distinct

”
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<B ™ s 73 100 115 1% 175 200
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operations.
- possible lrver forpa e S

(Dumdes, 1955)

impaiment of function lasting for more then 24 hours, A pro-
tooged period of Liver damage follows the use of chloroform,
1-]hhoughreumtn:pom-umgemﬂmmuehufd:u-x.sdueto
ypoxia, The effect of thiobarbsturates, other than thiopentone,
:mh;nf:.nmmmmmhunotbecnnudwd. Since sll these

wre inactivated m the hver aa 4 the case of thio-
g::nc.hcpmcdy:funmanhlikdym follow the use of large
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The action of thioharbiturates on blood sugar 13 discussed m
the section dealtng with metabolism,

RENAL FUNCTION

The effects of thicbarbrturates on the kidney have not been mn
fully investigated as thetr action on liver function, Maloney #f ol.
(1950) found that glomerular filtration was high n dogs during
light thiopentone anaesthems, but became depressed dunng desp
narcoms  Therr findings concerning effective renal plasma flow
were mconclusive.  Adnani (1946) states that oliguria during the
period of ansesthema 18 followed by polyuna, urinary output
returming to normal within 6 to 8 houars,

In the studics of Habif &t al. (1951), the glomerular filtratton
rate was measured by the mulm clearance and the effective renal
plasma flow by the P.AH clearance. All values fell promptly
doring induction with thiopentone and there was httle further

demonstrated a vasoconstrictor reaponse in both the kndney and
Irver with all forms of anaesthesis, associated with a fall m filtra
tion, urmary concentration, excretton of electrolytes and unnary

ut.

De Wardener (1955) emphasises that, except when there s
little or no renal blood flow, urmary output bears little
to the gmount of blood flowmg through the Judney The rate of
unne flow 15 dependent mamly on the concentration of crculsting
antidmiretic hormone, which 1n tumn depends on the actvity of
the suprsoptico-hypophyseal system. Nearly all ansesthenc
agents strmulste this system, and the smount of urine passed
during anaesthesma 1 therefore mmmal (o 1 to o-5 ml/mun.),
1rrespective of sny changes occurnng 1n the rensl arculaton.
Some of the action of thiobarbrturates may be secondary to the
effect of these drugs on the cardiovascular system, the remal
arculstion beng very sensitive to the blood pressure changes
which are Liable to occur with the thiobarbrturates.

Temporary oliguna may sccount for the slight nse . blood
ures found by Ruth & al. (1939) 1n 25 msclected patients durmg
and immediately after thiopentone ansesthesu. These changes
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are 50 small that they were not detected by Adnant (1946) The
author (1952b) did not observe any merease 1n blood urea dunng a
two-hour pertod 1n patients anscsthetised with thiopentone/
mitrous oxdefoxygen/d tubocurarine.  Only when hyperventila
tion resulted m gascous alkaloms, with constriction of renal
vessels, were any changes found in the blood urea level, and even
under these circumstances the nse was very small

Silvette (1941) found that thiopentone inhibited the diuretic

P to hyp dwm chlonde and xanthine denvatives in
rats. It had no effect on the efficacy of a mercury dwretic. The
d ration of thiop after posterior pitwitary extract did

not abolish the antidiuretic effect of the latter, but if the two drugs
were given together no antidiurests occurred.

{No hustologrcal evidence of kidney damage has been reported
after the use of thiobarbiturates,

Ether and cyclopropane produce & marked reduction 1n renal
blood flow Thus effect becomes more pronounced at deeper
levels of It 13 not 1nfl d by prolonging the anaes
thea and 1t disappears rapidly at the end of udmmummm.)

METABOLISM

Oxygen consumption falls duning thiobarbiturate narcosms, the
degree of depression bemg proportional to the depth of anaes-
thesa.  In outro studies by several workers have demonstrated o
fall in oxygen consumption of bramn lLiver and kidney shices by
thiopentone, the degree of depression sgun being proportional
1o the concentration of the drug

A mild hyperglycacmia has been observed 1n amumals dunng
thiopentone amaesthesiz by Hrubetz and Blackberg (1938) and
Richards and Appel (1941) Booker and hus co-workers (1946,
1949 1952) have venfied this finding 1n dogs and studied the
effects of thwpentone on carbohydrate metaboham. Liver
glrwgcnmd.ognounormxldlmmnfoundtobcpmgrmvdy

epleted during long ansesthema, The administration of glucose
Prior to the induction of anaesthesta produced hyperglycaemu
and glycosuma.  Even animals whose Livers were depleted of
:::msmby mrnmlm before the induction of anaesthesia

¢ to convert glucose to glycogen and remaned b
glycaemuc.  Intermediste metabolism of carbohydrates my}:?';o
[
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depressed durng prolonged thiopentone anacsthesia, as shown by
a rse m the blood lactic gcid content.  All these changes could
be mitigeted by the use of amall doses of msulin, if grven along
with or immedsately following the sdmunistration of thuop
These workers alto detected duturbances 10 the mtermediate
metabolsm of proteins, Amino-acads gsven 1ntravenoualy led to
an jnerease in the blood level, which remuned Jugh in ansesthet
ned animals, m contradishnchion to the controls In whick 1t rses
dunng the first hour and retums to normal by the second hour

An interesting observation was that anmmals on a hugh carbo-
hydrate diet and given 1osulin dunng ansesthesa required more
thiopentone to mamtun & constant Jevel of narcosts than smmals
on s normal diet.  Antmals on high protem diet, on high carbo-
hydeate diet and on normal diet with msulin gven before and
durmng ansesthems follow in the above order =s regards the
thispentone requirements durmg anscsthess (Table XXX). The
findings show the mportance of sdequate nutrmon i the
detoxication of the drug

TasLs XXX

Doses of thropentons requered to maratam a constant level of mareons
 dogs om oarrous diets

(Booker Maloney Turermn and Rutelf 1953)

No. of Thicprniews
Nutnnomal S od
Expertaental tate ’w‘ gﬁ’)

mg.kg,
Nocrnal diet s 4462 -
Normal dkt+hruh§1n g 570 :
High carbohydrate diet+innfin & g“g 03
High protein diet 6 3 “a

Tt 1» generally agreed that shight hyperglycaemis occurs dunng
thiopentone narcomss in man. Thus i of no climeal moportance,
being sumiar to that observed with cyclopropane, and sts effects
are much less than those of cther of chloroform. Ether hyper
glycaemis » mbibited by 1nduction with thiopentone (Bass,
Watta and Chase, 1953} 'I‘hemthorhufoundthxtpmmu‘
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under thiopentane/nitrous  oxidefoxygen  behave 1 a similar
manner to those recerving thiopentonce alone.

Stern of ol (1945) have reported that ghucose tolerance i
decreased by thiopentone.  They admunistered 1 5 g of so per
cont. glucose mtravenously to three subjects who had been
snaesthetised for 45 to 6o munutes, and found & greater nse in
Blood sugar than when the same of gl wan ad
tered 1n the conacious state. Therr findings suggest & similanty
m behaviour 1 humans and m dogs under thiopentone anacs-
thesm, with respect to gly cogenesis, These obseryatons are apen
to entcsm i that the three patients were adrmtted to hosptal
with acute alcoholism and thear hivers may not have been in o
normal condition.

The author has carried out a simular study i 6 healthy subjects.
Blood sugar was estmated on three occasons i each penon,
(x) dunng thiopentone anacsthesta In the fasting state (b) after
50 g glucose without ansesthests, and {¢) dunng thiopentone
snacsthena induced after the oral ad ratron of so g gl
A typrcal finding 13 shown m Fig 26, the dose of thiopentone
bemg 1-3 g admumstered over an hour and « half on both ocaa
mons. The results were all 1o agreement with those of Stern
and hn colleagues in man and Booker ¢f al. i doge. Booker
et al. suggeat this 13 8 festaton of the hep 1¢ action of
thiopentone and crtes 1t m support of the detoxication of the
drug by the hver  Beecher (1938) suggests that depresuion
of centres near the thalamus or hypothalamus may be partly
responsible for the blood-sugar changes which octur duming
barbrturate narcosss.

INTESTINAL TRACT

Gustric emptymg time has been thown to be iocreased after
}?moux babituraten 1n the dog  Gruber and Gruber (1941)
ound that 20 mg (kg thiopentone and 40 mg /kg thioethamyl,
when wjected mtravenomly, may caure complete cessaton of
sction of the pylorus and stomsch. Temporary stmulation of
tonus was follawed by & depressson of actvity lastmg dunng the
pmc;mdofdccpmmhml Insome ls an m 1

us was again obacrved dunng the recovery pertod, )
QGoldm 22d Mann (1943) have studied the effect of varon
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drugs on the tone and motiity of the small intestine of the dog
using loops of jejunum and ileum extenonised 1 conhnuity and
enclosed 1n bipedicled tubes of san  The slow injection of small

1

il o

i ]
TIME N HOURS
Fio. a6.—Effect of thiopootons on Ghicoss tolerance corve.

doses of thwpentone had no effect on mntestinal motilrty (Fig 27)
With rapid injection thers was a marked loss of tone and cesation
of movement persusting for about half the duration of the sleep
‘When food was given immeduately after recovery from thwopentone,
the normal pattern of permtalms occurred, irrespective of the
dose or rate of admnutration of thiopentone.

The slow mjecton of thiopentone followed by a 5o per cent.
nitrous ande/oxygen mixturs had no effect on mtestinal motilty
However when the adminustration of ether followed thiopentone,
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bowel tons was decressed and motility ceased, smmilar to the
effects observed with cther alone. The results of Golden and
Mann with nitrous oxide show the deleterious effects of cyrnosis
and anomia during anaesthesn, In chmeal practice the pre-
operative admmistration of oprates and atropine appears to be the
most mportant factor mfluencing the sctivity of the small
mtestine.

MUSCLES AND MYONEURAL JUNCTION

Groas and Cullen (1g43) observed that thiopentone decreased
the contraction of the gastrocnemius muscle, ehicrted by the 1ntra
arterial injection of acetylcholine or electrical stmulation of the
nerve, m the dog 'The depresmon of acetylcholine-mduced
contraction was not abolhed by sectionmg the nerve to the
muscle. This suggests that thiopentone has some curanform
action which was much less marked than with ether and which
occurs only when very large doses are used. Comroe, Dnpps,
Bothello and Metz (1947) carried out electromyographtc studies
after stimulation of the ulnar nerve m humans. With blood
concentrations of ether m the region of 100 to 120 mg per cent.
the actron potentials of the muscles were reduced as with 4 tubo-
cururme, while clinical doses of thiopentone and cyclopropane
had only & very small effect. Secher (1951) usmg the phrenic
nerve-disphragm preparation of the rut, found that barbrturates
but not thiobarbiturates, produced a depresmon of myoneural
tranammsmon

Kraxtx and Ghickman (1954) demonstrated an meresse m
muscle contraction after vanous barbrturates. The thiobar
brturates (thiopentone, thiemylal and thioethamyl) were most
active mn thus respect, and the relative potency of a particnler
b‘lrbmmwuplﬂllcltomsgm.cmlphmmloglu] potency
and proten bmdmg affimty  They postulated that ths was
probably due to a direct actron on the muacle fibre. A cursre-like
action was also demonstrated, and sgamn this was more marked
with thicbarbiturates,

Tho above work has been criticised by Sines (1954) on the
grounds that physiological muscle contractions in the living organ
1sm gre never mngle contractions.  He carried out investigations
m mtact and 1solated muscles of rabbits and rate using 2 frequency
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of strmulstan varying between 1 and 300 persecond  The drugs
studred mcluded thiopentone and thiatbarbstone.  1le confirmed
that an increase 1 muscle contraction was produced by relatevely
low concentratrons of barbiturates, This increase occurred frre

spective of whether the muscle contraction was nduced by direct
or indireet stimulstion It appeared to be due to the fact that
barbsturates cause a prolongation of the contraction time of
muscles.  With larger doses of the drugs the direct stimulant
sction on muscles was mashed by the mmultancous occurrence
of depression of myoneural transmisaon  This Iatter was detected
with doses of thiopentone and thulbarbrtone not exceeding those
used for the production of surgical anzesthesia in the animals.
A synergistsc effect was noted between thiopentone and d-tubo-
curanine chlonide,  As a result of hus studics, Sirnes has sugpested
that part of the reapiratory depression which occurs in barbiturate
averdose 1% duc to the penpheral action of the drugs  In regard
to thus work, 1t must be pownted out that the cffects of direct and
indirect stimulation of the muscles were compared alternatively
on the same preparatron.  Because of the tact motor end-plate
one cannot be certain that the results of direct stimulation did not
alio show some effects resulting from impulses ansing at the

eural junctron.
Z.C%l;mally the curanform effect of doses of thiobarbiturates

m anzesthesa 15 not as obvious as that of ether It may
however explamn the ease mth which endotraches! mtubation
may be camed out following the use of thropentone slone in
subjects suffermg frora myasthenua gravis.  No marked potentia
tion of 4 tubocuranine chlonde by thropentone has been reported
o date, and the drugs have been combined in anaesthesia
with perfect safety

BLOOD

Becaute of the high alkeliuty of solutrons, thiobarbsturates
cause 1 oty haemalyars, visible to the naked eye, when added to
blood to a final concentration of as low a3 1 1000 Uung the
mﬁhodfordaectmgm&tnmﬂuh:unolymbucdonthe
presence of carbonre anhydrase in the unine (Robuson 1950}, the
author (1955) studred the effect of varying doses of thiopentone m
40 prtients. When thiopentone was used 28 the mamn ansesthetic
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agents, evidence of haemolyms was detected 1n 20 per cent. of cases,
and m 15 per cent. when 1t was used only for mduction of aneey
thesss,  On amalyms of the resilts the mcdence of haemolyms
secmed to be related to the nature and durstion of the operstron
rather than to the doee of thiopentone, In il of these cases the
degree of haemolysss was so alight that the absorption spectrum
for huemoglobm could not be detected. There are no reported
cazes of haemuturia after throbarbrturates, and there 18 no evidence
to suggest that the degree of mtravascular heemolyms referred to
abave 13 of any clinical sgnificance.

It 13 generally believed that barbrturates tend to cause haemo-
dilation. Ths 18 based mostly on observations m anumals before
and after amylobarbitone or pentobarbitone, but some studies
have included thiopentone. Haemodilution has been attributed
to dilstatton of the spleen, which 18 manmal 20 minutes after
mduction of anaesthesta with thiopentone m dogs (Hausner
Essex and Mann, 1938) In man, opinons are not unanmous,
Pender and Lundy (1944) having found a reduction 1n hgemo-
globm after thiopentone, while the suthor (1952a) reported no
spprecusble changes m the b erit, b globin, erthrocyte
count and oxygen capacity dunng the first twenty munutes of
anacsthests m 48 patients,

It 18 ymprobable that the spleen mfluences the blood concentrs-
tions m man to the same extent as m the dog  Harns (1951) who
agrees with this view has not been able to find any alteration 10
the size of the spleen dunng anacsthesin. Table XXX shows the
results of & comprehenstve study of the effects of varrous agents md
man, These results were venfied with smnilar findings 1o the
haemoglobm levels and oxygen capacity A alight haemodilation
followed all agents and combinations studied, the changes being
most marked with thiopentone which, with thiopentone/nrtrous
onde/axygen/ether showed the greatest scatter m readmga. Only
in pstients who were ansesthetsed with balanced ansesthesns
(thiobarbrturate frelaxant/nitrousfoxide foxygen/pethidme or ether)
was the degree of haemodilution statistrcally mgnificant.

MISCELLANEOUS

Allergy A tranment urticanal rash 1s sometimes seen follow
ing the use of thiobarbiturates. It mvolves the upper chest and
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sometimes extends to the and face. Thus 18 probably a true
allergic response to the drugs.
Delayed reactions to have been reported by

Lemere, Bearard and O’Hollaren (1952) m 32 out of 1027 patients
given an average of 15 administrations of thiopentone as an adyu
vant to the trestment of chromic aleoholum. The most commeon
wis general maluse with sching weskness and fever up to 104 F
This reaction came on from ¥ to 24 hours after thiopentone and
lasted from 1 to 5 days unless treated. It sometimes appeared
after the first treatment, but usmally manifested rself with in-
creasing severtty after several treatments had been given. Genes
ahsed skan rashes, joint pams and m one cuse » moncerticular
arthriis were also observed. The prompt response of these
reactions to A.C.T.H. suggests that they may be allergic 1n ongun,
but infection from synnges or needles hus not been excluded.
They bave not been observed when amylobarbitone has been
substrtuted for thiopentone.

The fact that delayed reachons after thiopentone have only
been reported once in the Interstore does not necessarily mean
that therr medence 18 very low  After operahon other more likely
causes are sought to explam the occurrence of pyrexa and other
resctions. Thus also applies when the drug 15 used with electro-
convulstve therapy

Local Irrltntilm. Thiobarbiturates are tughly wmtant
1Myected mto subcutaneous tisues or arteries  ‘Tissue necrosts or
fibrosts may occur m the former sand spasm often followed by
thmmbo:umthelltmr\’l‘hcmureconcmtmmdthc-oluuunth:
more likely are severe “sequelse to occur  After intravenous
myection thrombosts octurs 1n a small percentage of cases, most
often 10 elderly debilstated panents. Agum the inadence 13 higher
when more concentrated solutions sre used.

Rectal Administration. The onset of sleep occurs withm 10
to 15 mmnutes after the rectal admmsstration of thicbarbrturates.

has been widely used as a basl narcotic for children
the sequel of cerchral depresmion bang the same s after ntra
venous myection, save for the delay m onset of narcosss, Becawse
of the slower rate of abeorption into the blood stream, blood
pressure changes sre usually less than after mtravenous injection.
Although one mught expect proctmms to follow the ose of such
rrrtant solutions, no case has been reported by Wensten and
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Laght (1948) n a senes of 2500 rectal administrations of thio-
[tﬂtl?ﬂt.

Syacrgism with Curare  Chnrcal reports which appeared
soon sfter the introductron of curarc suggested that this substance
has some central action and potentiates the narcotic effect of
snaesthetic agents Paulson and Essex (1949) who investigated
this synergem an smmals, found no differcnce i the sleeping
trne wath thiopentone alone with thiopentanc-curare or with
thiopentane-mephenesin mixtures  Curare has been shown to
have no effect on the plasma thiopentone levels at which varous
ngns of anzesthesa appear, nor does 1t alter the usual plasma time
curve for the drug (Mark Papper, Brodic and Rovensune,
1939)

Expenments carned out i two human volunteers by Gray,
Gregory Rees and Fenton (1951) show that the adrminmistration of
15 mg o tubocuranne chlonde before, or immediately after, 500
mg. thiopentone shghtly shortens or has no eflect on the duration
of action of the narcotic. A brref period of apnocea always followed
the thropentone, but when d tubocuranne was injected first,
complete apnoea was abient on several occamons.  They attributed
thy difference to the stimulant action of d tubocursnne on the
wital medullary centres.  An alternative explanation s that
rospiatory depression ¢aused by the relaxant may lower the
plasma pH and mcrease the rate of diffuseon of thiopentone. In
support of this view 15 the observation of Kierey ot af (1951)
that d tubocurarine does not affect the electroencephalographic
changes produced by thiopentone

ﬁryuagmmamonnh* P and competition blocking
m relaxants at the myoneural junction have already been

my ) Y

Vomiting It 18 generally sgreed that thicbarbturates cause
less vomiung than the nbalation anaesthetics. Some of the
endence 1 support of this view 1 grven 1 Table XXXTI  On
closer exammatron of published figures of the incdence of vomut-
1ng 1t became apparent that 11 most cases no allowance had been
made for the nature and duration of the operation, the sge and
%X of the pauent, the premedication and post-operative sedation
ZT:CDF:UE post-operativeregime as regardstheoral sdmunstra

0]
the mlhcle musnons markedly decrease the value of




THIOPENTONE AND OTHER THIORARBITURATES

= co-kI1Fo Py

0o.1 [--13 oor hed ['14
¥io 81 Frge of o1 o FSie 69 334 o
5o ¥.be ig o9 s Ls1 (=3
¥ro o1 FLg 99 fo Fgt 158 ¥ I

:%Euzv\« dooisy oy im».uz\ dony
Jopkumny o oy

woLD. oN o, yfha w1
wownEg | MmN | % | R | % | Rw |LEn

yrm wenTing F g

fote swonaiop [
(qss61 “xpangg)

Snap Y02 1of suvs wy1 & 1d¢ 39 pmos p g0 oo
sSo1san ayy youges woLf Laqumu ayy 1oyy o5 53yl Jo wwos 3 pawadas #q o3 poy Fapves oyy suopusdonyy
yy1 daapsw Susgpof asoyt fo sioqusaisd sapposis oyt fo emvssq g Fup yope sof pasn sues spyuao fo s
owns sy i 9y1 41 [)kwdryy pup suopusdorys fo svop ronbe ypm 50w fo oNDInp ey1 fo uosuD0)

AXXX @16V,




THE ITTCTS O THIONAABITURATTS ON THT BODY 1

SUMMARY

Thicharhuturtes rapidly reach the central nervous system after
intravenous injection, and the sequence of depresuion i mmlar to that
seen with other ansesthetics,  Tlecause of ther lack of analgesic sction
the sigos and stages of ansesthesia are not so rebiable with thiobar
biturates ms with cther  Thn difference 15 alio partly due 1o the
untent effect of ether on the trachcobronchial tree providing & smulus
mwhxchl.bc;uﬂmtrctpond.lmnmnn:mmnnntrfornnypvmgﬁgm
of cerebral depresmon  Acute tolerance occurs to the narcotic effects
of thiobarbuturates and the plasma level of the drug at which conscious-
e returns incresses with the duration of the anaesthesi. The tugher
the 1nstand concentration of the drug to reach the bran the greater wll
be the plasma fevel at which the varous sgna of ansesthesm occuns,

Thmvmmdmmccr@ﬂoxmenmnmpﬁon the degree of
depression bemg ed to the depth of narcoss. Because of
carbon duide retention cereh ular resi i & d and
cerebral blood flow is d. It is thought that hiena 53 due
o interference with # step m the carbehydrate metabolism of cercbral
el Sodum sucanate s aot an cflectve antidote to thiopentone
anaesthegis, The movements which are sometimes seen d the

duction of t arc a festation of the lack of
properties of thiopentone,

Thsobarbiturates block conduction i metor and sensory nerves, but
this acnon i only of scademic interest.

Thop n a direct myocardial dep t, the degree of depres-
300 being propartional to the amount of drug in contact with the heart.
Repested iny bxve s 1 effect v the myocardrum and
the unbealthy beart Is more emsceptible to the drug

Cardiae arthythmum following the use of thiobarbiturates are mestly
ventneular in ongun and are assocuted with s Py

occun wnmednately after the 1n of thwopentone,

i spam or b hoep mn the sha of predisp
fectorx.  Foeul respurstion m particalarly senstive to the thicbar
h'h“‘?m“cduuthlobub:mmuh:venocﬁmonutenmmm,

but deep ansesthesia utenne musculstare,
dtﬁ:m Thiopentone has
goicctonﬁﬂnp{:nm motility There is a delay of about § mmutes
. ¢ iasion of thiobert
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do.csofﬂnopmtnncruultmldcq{n:imofhvufmum

for st least 3 duys after the admimstration, effect of the drug on

rennlﬁmct&mhunu‘tbeenmldluimdmﬂ. Thiopentons causes ¢

motility but writh their rapid injection there 1 a marked loss of tone
and cessation of movement.  Thiobarbiturates have a weak
i

sction which i» of no climcal sgnificance 10 normal petients,
drugs czuse lnczmdﬂunnnmddﬂmnuuofth:lp!m

this effect is minmmal in

Therdnmpotmtcyoffcu:thxobtrbmmmhdnmd.
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Ciarrer V

VARIATIONS IN RESPONSE TO
THIOBARBITURATES

THERE are two guiding prinaples which arc essental for the safe
adminsstration of any anaesthetic, {g) there 1w no dose of narcotie
which will surt all patients, and (B) the fcast amount of narcotic
compatible with the surgical requirements should be used, By
spprecuating and applying these principles 1 anzesthetic practice,
the modern anaesthenst has done much to reduce the mortality
1nd morbudity sssacuted with the production of nacconsy.

Sunce the inhalation agents are almost all exhaled unchanged,
and manee therr administration and the onset of narcotie effects 11
a gradual process, 1t 13 comparstively casy to relate the dose to the
patent s requirements  Furthermore, these drups can be removed
rapidly from the body by effective artificsal ventilavon  Thus does
nat apply to the intravenous thiobarbiturates, and one of their
dangers hes 1n the fact that an injected dose can only be eliminated
from the body by the slow process of detaxicahon and excretion
For these reasoms 1t 18 more difficult to adjust the dose of thio-
barbiturates to the patients requureraents,  Fortunately the
efectove concentration 13 usually mpidly reduced by diffuson
and dustribution to the non nervous tissues

Many pathologreal factors are known to influcnce the response
to thwobarbiturates, but even 1 the absence of these there 13 2
wide scatter of dosage in normal suby This 12 d rated
by the coefficrent of vanation of the average dose of thiopentone
required to produce & destred degree of anaesthessa for a given
ntune 10 teverad senes of normal patients studsed by the awthor
(Table XXXVI) The range of dosage in the patents studied
vaned from o-24 to 3-9 umes the mean dose, but m each senes
the dntribution of dossge on exther mide of the mean was fauly

symmetnaal. Thus ende seatter of dosage applses also to the other
thiobarbrturates 1n clineat use.

VABIATIONS IN HEALTHY SUBJECTS
The author {1954) has nvestigated the effect of body weight,
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AARIATIONS IN RISPONSE TO THIOHARBITURATES 117

sex and age on the dossge of thiopentone in 500 adult patents
undergoing abdomimal sand thorzaie operations.

Body Weight Thus plays a part in determining the dosage of
thiopentone, but the refatonship 13 by no means atriking and it
only becomes very obvious at the extremes of weght The

< =]

THOPENTONE MG KRG
>
g

=k x

1 1 1
x < »
AMISTHERA  +aNS

Fro, a8, between dunstion of snsesthesa and dosage of
io fat and Jean rans,
%&Wwd 1952)
volume of arculsting blood and the efficiency of the detoxicating
mechanisms are factors which partiapate n Limiting the duration
of thiopentone narcosrs  In healthy subjects the blood yolume and
th:mcnfthchvezmdhdneynampmportmadmthebody
naghz,btxtthudounottpplymthenmuntofbodyfnt, which
2 probably « more important fsctor  Hermann and Wood (1952)
have found that # 5 per cent. decrease 1n body fat of the rat resulted
08 100 per ceft. incresse n the length of anaesthenw with o
ﬁxeddungnnfthmpcnmnc or in & 40 per cent, decresse in the
amount of thuapentone required for & given durstion of anaes-
thene (Fig 28) Stavinoha and Davs (1955) have also found that
thcpnorfwdmgoft_bentonfmmthzfunnufcamoﬂ, reduced

the sverage duration of thamylal narcosts (25 g fkg ) from 23 s
10 14§ minutey,
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Sex. In th:mdymfmedwabvnnmfwnd
rcquuedmomthxopentoncthmfmlampmdncum
duration of ansetthesn. The studies of Buchel (1954) sbosr thy
the actity of the sex glands wfluence the scomtmty of mn
vanous barbitarates and thicharbrturates. In the pre-pubeny

Weight-corrected dose

~
E
=
g 1S gt N W M M Y
3 Afe troup m yars
5 dose
-5'
%
-
¥
<
F, the srerage doss of theopentone required ©
m\::lmutbmfmtwohmh serive of ptents end the pe of
Welght corrected dosewdoss In mg./Xg. %63
(Dundes, 1954)

10 difference 1 responso was found between the seser, bat
rgledulmdwfcm‘.la alept longer following a gwen dose thin
males  Caxtration of the adult rt prolonged sleep s males but
not 1n ferales. Treating normal or ovenectomused ferales with
testosterone shortened the duratien of narcous while the o
unstration of oextrogens to normal or cistrated males prokonged

the slecping time.
Age. When the xverage dose of thiopentone m the above et
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was caleulated on g werght bass, it was found that patients aged
25 years and under required more narcotc than those during
muddle Life and that the dosage declined 1n patrents over the age
of 46 (Fig 29). 'This relatronship 18 not a3 obvious when the
sctual requirements of thiopentone are plotted against age  The
metabolic rate and reflex rntsbility arc increased between birth
and 20 years of sge, decreasmg gradually untl the age of 80
(Guedel, 1943) 'Thu could partly account for the increased
requirements of thiopentone in young persons, since such patients
not only detoxicate the drug st & more rapid rate than adults, but
more 1 required to obtund reflex actvity  The senativity
observed 1n healthy elderly subjects can be attributed to the
presence of miner undetected degrees of metabolic upaet and the
decresse i the amount of body fat, both of which gre more
common m the aged.

ACUTE TOLERANCE

Fig 30 shows the wide scatter of blood thiopentone levels at
which 110 unselected fit panents, undergomg ounor operations
awakened from anaesthesa, The subjects vaned widely in age,
but alf were heted with thiop /rutrous axde/oxygen
and no narcotic was given as premedication.  So that the blood
concentratrons measured 1n these patients were the ones at which
they recovered from the effects of the thiopentone, and not from
the combmed effects of this drug and mtrous axide, no patient was

{uded m whom ¢ was ganed within five minutes
of withdrawal of the mhalstron agents.  Although the exact
moment of return of conscrouaness 18 hard to define, this alone i
not sufficient to explun the wide scatter of rendings as shown
1 Fig. 30

Acute talerance to thiop hae been d d on page 57,
Table XIX, showing that the plasma thiopentone level at the time
of onientazon 13 mgndicantly lower followmng a small dose of
thiopentone than the corresponding levels following a large dose,
This may be part of but s not the complete explanation of the
varnons shown o Fig 30 In unpublshed observations, the
suthor has been able to relate the blood thiopentane level gt the
time of onentation with the mduction dose of the drug, 1f there
18 3 1ot & large vamttion m the tota} dose administered.  With a
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while 1n the prolonged intermttent administrations of Jarge doses
the maximum blead level may occur folloming the injection of 2
supplementary dose

Studics of thiopentone requirements durnng surgical anaesthesa
wpport the above hypothess  In unpublished data the author has
found that a seriea of patients 1n whom anaesthesia was induced
with 3 4 mg fkg thiopentone required, on the average, half the
smount of the drug to mantain narcosis for 60 minutes than g
comparsble series of patients m whom the imtial dose of thio-
pentone was between 6 and 8 mg fkg

PATHOLOGICAL FACTORS INFLUENCING THE
RESPONSE TO THIOBARBITURATES

RESISTANCE. Theterm romstance s used heretorefertos
gate analagous 10 acquired toleranee to nareoties.  Seevers (1954)
has defined this o9 the partia} or complete reai or Y
to quantstres of these substances which would otherwise dumimsh
or completely abolsh the funchional actrvity of certain neuro-
phynological and other mechanisms  ‘The occurrence of remat-
ance to the cffects of throbarbsturates on the nervous system does
not mply thst the body sa & whole 15 resustant to the drugs. On
the contrary some of the factors which nduce resustsnee to
thiobarbrturates may affect organs such as the liver or myocardium
and render these more sensiuve to the drugs,

rer d admmmstratron of med acting barbiturates
leads to the development of tolerance to their narcotic effects
Thus has been showm to apply to amylobarbitone and sopropyl 8
bromallyl barbiturate 1n rabbits (Fitch, 1930) and delvinal and
pentobarbitone 1n gumnea-pigs (Carmuchael, 1941) and rats (Car
tmchael 1948) The sbove workers, and Gruber and Keyser
(1946), have convincingly shown that tolerance to one barbiturate

sleeping time by about §0 per cent. (Hubbard and Goldbaum,

Thﬂt:::-“'cck.]y;l d rations of thiop to the dog
A 40 per cent. decrease 1n the duration of sleep by the end
third wreek (Dundee, 1953} Green and Kappangy {1944)
that dogs rendered tolerant to thiopentone showed cross-

f7i8
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tolerance to hexobarbitone and ores terra.  The author has venfisd
thrs with thiopentone, thialbarbstone, thiamylal and hexobarbtone.

TapLe XXXVII
Average duration of narcosis from repeated imtraperstoneal iections
of thialbartntons

m 20 rais

Results are comparsd with ﬁndmpo(Gfm\md T wbo
! KDPPmﬂ( h
unnulnt:rnc&ecu oh-n-vcdw-}ﬂlthnhttcrdmgl.dmnu-bur
Intervals, becaime t:h.dmuafdnndmp-dmlnkmcd only aboat batf
tho potency of the doses of thialharbrtone,

Dogs
Ratr {Green and Koppenyl, 1944)
Thoopentone | Hexvharintons
&:zm Thiakerbiione bo mp.lly | Do |V
Interoel from Mern Afasn Afean
Injoction tome &z‘ o
hre, mins, mine. mine,
1 _ 107 9. ”
Py 20 210 75 -
3 by T It 4
3 — —
i 10 8" 1 49
E7a o i —_
— — 25 59
Z -3 6o 1 =
9 - - - 8
10 43 6o 3 -
I 28 7o — 41
13 = 7s* - -
40 —
fﬁ 48 17 - ﬁ
18 48 x5 - ;g
A °a 33 7 ]
:? a8 100* — -
31 - - - a8
23 48 10 - I
4 E73 b-c. - ;
3 b 33 = 3
7 —_— — -— 1
19 - - - 1
el 168 1000 - -
_ -— — 14
:z _ - — —
1 o 1470 —_ -—
* A cumulative effect

was obseryed becanse the interval between injectiocs

3
i
£
3
]
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of the drugs, mterference with chemical medutors or hormones
by repeated doses of narcoties, and enxyme adsptation. None of
these hypotheses have been confirmed.

- oavs
Fro. 31 —The effect of daily doses of various parcotics oo the dumtion of
thivbarbiturete nercosis in the dag.
o——o0 thiop 3o mg/kg by | Infection.
Awm;odww?&m( both drugs)
Esrh cbeervation in the averugs finding with 4 anioels.
NaRCOTIC 4WD Aratcastcy Groex Day
Merphine § gr (16 mg)
Arnid 10 myg. (Metirad; P )
Pothidme 100 myg. (Dolantin 1 Mependine)}
Pheoadarooe 10 mg. (Heptalgin)
Lavorpban 3 mg (Drooreran)
Dilaudid my.

Hubbard and Goldbaum (1949) found that mice rendered
talerunt to the daily sdmimstration af thicpentone awaken st
hugher tissuo levels than do controls  The results m Frg 31 show
that the opset of anaestheas was delsyed after mteapentonesl
m}ecdanofthmpmtonumddmmyiﬂmdognwhoh:dpmvm}y
recerved large doses of anslgesics or narcohcs, Theso findings
suggest that tolerance 15 an adaptatron of the nervous system to
hugher thiobarbrtorate Jevels
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Although Brodie (1952) has shown that pentobarbrtone 1s oal-
sed lesa extenmvely than thiopentone in the fatty tissues (Table
X) part of 1ts potentiting action on thiobarbiturate narcoss may
be expliuned by 1ts presence m the tissue depots.

S

E &

8 &

§ 8. §

§

DURATION OF NARCOSIS AFTER CHLORPROMAZINE
EXPAESSED AS PERCENTAGE OF CONTROL
8

§

Fr —Potennuation of thicharbitnrates by the previous intramymculer
wt:&a;m:fmmd:’dogmd4m#mhmm
Ren ——

thicpentons 24 mg./kg
. thiernytal a1 mg./ky
Dc“ " A
x—x 6gma—/‘ka.
o—o thmlbarbitone g0 mg/kg
ot (see Table
‘Thxobarbiterates s
ey L G

XXXVHQ ly to doga. EE
sach at eech tuma mterval s shown In the case of the doge

3 Blockg of Peripheral S8umuls, In discussng the signs and
stages of thiopentone anaesthesa the mportance of the surgical
stimuli at the time of the observation was stremsed. By ther action
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1n quantitatively reducing the sumuli reaching the bram, analgesic
drugs can potentiate the action of thicbarbiturates  The degree
of cerebral depression will be unaltered, but more extensive
surgical procedures can be carmed out at lighter planes of anaes-
thesia after the use of analgencs The most important of these in
chinucal use are pethidine and levorphan.  Some drugs, such as the
opistes, combine this action with 2 sedative effect.

TasLe XXAVIIL

Effectsofsmg kg chloropromazine groen by tntramuscular inection,
m potentratng narcoss by intrapentoneal myection of eqpapotent
doses of thiopentone and thiamylal 1n the rat

Dreg Thwopewtons Thicwylal
Dote (mg Sy ) 24 21
Time bettoren No.of
Ingectron of m& % DAWmm % 4
-d Serier ? | of Narcons Asleep of Narcosty
hr, mins. mins.
o 96 44 38+ 40 360
b 32 94 170 57 § 077
S El 100 152111 g% 180t
af 26 g 22629 100 rtr
3 14 164432 100 3+
3 2 33 26328 33 12 5+0
H io 100 1 75 73
w0 - — 40 +3
16 13 H 129 15 15
18 u T9EI3 | 19 o5
24 2 6o 49+14 60 4910
Ovenull Average®| — 74 155 69 81

)
mEﬂuﬂm?&Mr&h(fmﬁﬁ;ﬁmmmﬁm
The nfest combinaton of drugs which s used to decrease the
of thiobarbiturates 1n clinical anaesthesa 1s, without doubt,
nmhyponcmmmuufmmundcmduxygm. Even with
a concentration well below those which produce narcoss marked
potentistion of thiopentone ocours (Fig 34) Umngaz 1 mixture
of mitrous onds and oxygen (flow rate not stated) to supplement
tid;empmwnefor stripping of varicose veins, Paulson (1952) found
&versge requirements of the drug in 111 patients to average
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14 4 mg [min, of ansesthesis. When nrtrous omide was omtted,

average requirements were of 217 mg /mun.  With flows of
1 litre of mitrous oxide and 1 litre of axygen per minute, 1 narcote
concentratton of mitrous oxide m the blood (approximately 2
volumes per 100 ml) 18 not reached for 40 to 50 munutes, but tha

. i ] £} J i3 ° 3 ]

nitrous oxide and 1 htre oxygen per minute.

" " "

Htre
Itre mitrous oxide end 1 litre axygen per minute, apph-

time Is reduced to 10 mmutes with s mocture of 2 Iitres of mtrous
ande to 1 litre of oxygen per mmute (Gray 1934) Nitrous
onde m 2 50 per cent. concentration also possesses grester
ability to depress reflexes of sutonomuc ongin than 1 mg /kg
pethldmc.)
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Although 1t has been stated previously that muscle relaxants do
not 1ncrease the duration of narcoms with thiopentone neverthe-
1ess they ment mclusion under the headmg of synergsue drugs,
smee they permit surgical procedures to be carned out at a lighter
plane of thiobarbrturate narcosis. Reflex somatic response to
strmuls 13 blocked st the motor end plate, although if the depth of
amaesthesta becomer too light, reflexes of sutonomic ongin may
result ;n hypotension, due to vaso-vagal syncope. Prime and
Gray (1952) have recorded  fall 1n cardiac output and a marked
rse m the forearm blood flow durning such an attack. The time
for the ulumate return of conscicusness after thiobarbiturates 1s
not prolonged by relaxants, but sex eral factors which are frequently
assocuated with thewr use may prolong the sleeping time. These
include controlled respimation the use of mtrous oxide~oxygen to
inflate the patients and sometimes the “mumimal * doses of ether
frequently used to reinforce the relaxant for pentoneal closure
which may be greater than magined.

‘There are many drugs synergistic to thiobarbiturates which are
of academic interest only  Although, stnctly speaking they
should be included m this section for the sake of imphaty all
agents which at the present time have no clinfcal application will
be grouped together and discussed later (p 139)

Abnormal Sensitivity of Cerebral Cells. Under this head
mg all narcotic drugs already discussed 1n the previous section
are applicable mince where there 18 already some interference with
the parcotic sensttive enzymes of the bram, correspondmgly
smaller amounts of thiobarbrturates will be required to extend
this mterference to an extent which will result in anaesthesa,

Bain (1952) has noted that barbrturate anaesthesia 1n rats and
muce was potentrated by dinitrophenol (DNP). ‘There is a
close resemblance between the m wiiro dissocating effects of
DNZP and thiobarbiturates on oxidstre and phosphorylating
processes i Irver end bram mrtochondria (Brody & Ban, 1954)
Smnce the widely used agncultural herbiaides dinitro-ortho-cresol
(D N C.)and dumtro-see butylphenol (D.NBP  dinoseb ) have
* mode of toxic action almost indutingumshable from that of
DNP Edson & Carey (1955) investigated the response of
nnrmxlmdD.NC—pomonedlmmﬂstonxbarbxmnwsmcludmg
thiopentone, thualbarbitone and hexobarbitone  With the excep-
tion of hexobarbrtone, the narcotic effect of the barbiturates tested
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was markedly potentiated by the presence of severe DNC.
mtoxication.  Deeply anaesthetusing, but normally non fatal doses
of both thiopentone and thialbarbrtone were Iethal 1n D.NC.
powsoned rats. Most such animals developed deep cyanom
writhin seconds of the mtravenous injection of the thiobarbrturate
and died mmediately or within a few mmutes after

and then cardiac arrest. The failure of D NC to potentute
hexobarbitone was expluned on the grounds that thrs barbrturste
causes apprecisbly less o1 oo dissocative effect upon mito-
chondral oxidatrvetphosphorylating processes than the others
which were studied.

The results of Edson and Carey (1955) suggest that barhturste
potentation 18 only likely to occur with DN C dosages high
enough to cruse charctenstic signs of posomng and profound
disturbances of cellular oxdation phosphorylation processes.
Low DN C dosage did not appear to potentiate hugh thiopentone
dosage, whereas high D N C dosage potentusted even quite low
thiopentone dosage.

Thiobarbrturates are recommended for the control of thos
convulmons which occastonally follow the admunsmstration of lecal
analgesrcs. Prolonged narcosss, even when oaly small doses of
thiopentone have been used for thus purpose, has been described
by many workers. Rees and Wakeley (1949) describe a case m
which 125 mg thiopentone were used to control convulsions after
topical application of amethocamme, Aided respirations was
required for 10 minutes and the patient did not resct to supnt
orbrtal pressure until 30 minutes after the thiopentone. In
another patient to whom 500 mg thiopentone were grven to
control convulsions following 3 ml 10 per cent. cocame, Wilson
(1949) states that artificaal respiration was requured for 30 minutes.
The suthor has encountered 120 munutes of deep anaesthesia
follomng 300 mg thiopentone used, to control convulnons due
to the topical application of 200 mg amethocaine.

Although the netiological factors have been extenuvely studied,
the exzet mech of the production of conval by the local
anslgesics s not known. Harns (1951) states that 1t is probable
that any factor which effects the rapid relesse and/or the accumula
tion of acetylcholne at central synapses mxy produce stumuls-
tion of multitndes of such synapses and the finng off of a large
number of central motor neuroses leading to a generalised con-
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vulsion If this hypothesis 13 correct, the prolonged narcosis from
thuoharbiturates (which occursunder thesc conditions) may besome-
how related to increased sensitivity of cerebral cells, since the rapid
releaseof acety Icholine may beafactorin theproduction of narcosts.

The so-calied glucose effect’ of certan drugs, to be discussed
Iater, has been attributed to a decrease in the permeability of the
blood-bramn barner At the present time ths 1s only of academic
mterest.  Part of the increased sensitivity to thiobarbiturates
which occurs at low body temperatures can slso come under
this beading The multuplicsty of factors involved 10 this sensi
trvity has already been mentioned

Multiple Causes for Sensitivity It s rare to find a patient,
who has slept for a Iong time after a small dose of thiobarbiturate,
or 1n whom snsesthesia has been induced with what are generally
agreed to be sub-narcotic doses of the drugs, 1n whom only one
possible explanstion can be found for thus sensitimity An
attempted explanation for the varous chrucal states in wiich
sensitivity to thiobarbiturates have been observed, for which more
than one actiological factor can be incnminated 13 given 1n
Table XXAIX. Since in most of these conditions senmtivity 18
not lunrted to the narcotic effects of the thiobarbiturutes, and
specasl care 13 required for safe admimstration, this will be
discussed m detail 1n the next chapter  An exception s made 1
the case of the sensitivity to thiopentone which has been observed
m anaemic and uraemic patients and which, in the lack of a better
explanation, will be duscussed under the present heading

The suthor (1952c) has studied the duration of anzesthesia with
a single so0-mg dose of thiopentone in 253 male patients under-
gomg cystoscopy and 260 femnale patients having & cervical
dilstation and curettage, On relsting the results to the haemo-
globm content (Haldane standard) of the blood, 1t can be scen
(Fig 35) that ansesthesa was more prolonged in anaemuc patients,
Even allowing for the 10 per cent. error which 1 attributed to the
diluton methods for determining the haemoglobin there 15 a
significant (p<-001) 1ncrease tn narcoms in subjects with values
between 8 and 9 g per cent. as compared wath the 12 to 13 g per
::edh;-:vsbbm group This mvestigation has also been

01 & series of patients uming a dose of thiopentone

whld:nrelxtedmbodywdght,mtbdmﬂurulﬂtntothflbom
B observations were made mn one patient who underwent
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than those under which they previously reguined conscousness.
ofthtlubcnnwlwhlchcluledthe“giuemecﬁ'cct eg
and d the permeshility of the b
turstes, but this did not apply to ghicoss. Acetylcholine
vented ths increased perm mdltd:aumcﬂmep the
return to sleep both by compounds which affected and those which &

ifr

|

= 1 150
BLOCD URIA my¥,

Fia, 8——Ruhﬂcndﬂp between the blood urre and the duration af thio-
; in whom a coodition emmmlsting ursemis wis
by'ﬂ-bippﬂmhrm.mmmbmﬁhhpﬂmo‘ﬂum
(Dundee & Ammis, 1955}
nat affect permesbility  Hypertoma of the salgtons was another
potn'blcupllmﬂou,butlgnuthhd.{gm apply to all cases.
hmnn,GrdgdeVlumm(lgp)demmd Gmg(WSJ)
are of the opimon that sdrenaline muy be the causstive factor in
ucoee effect hupcmveofwhatdrugnmdformpmdnm
base this on the findings that {t could be blocked by anti-adren-
aline drugs such as benzodiaxane, mmd that the retur to skeep producrd
by lactate and glutamate followring harbiturate ansesthess did not pcour
m adrenalectomused guin T_Eig!dtboughh:mdlmlmhitmuldbt
produced by edrenaling, have not been able to demonstrate 07
cbxnguind;eldrmthmntmtofpcnphanlb}ood-ﬁm'th:in;wﬁun

ofhmmdogl,bmcxpllmthhfnﬂmanthefrwndl'hﬂ
could pot even find an increased blood-adrenalme Jevel five minutes
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after the in nof a theoretically detectable amount of the drug No
reasan 1 offered for this effect of adrenaline cxcept for the quotation of
references relating to 1ts anslgesic acton and lhclproducﬂon of anaes
thesin 1n dogs after the intracisternal injection of doscs.

Richards, Bertcher and Taylor {1952) have studied this problem and
added sodium chlonde, urca and polyvidone to the List of which
will reanduce sleep after recovery from thiopentone, They found no
obvious connection between this p: and the chemscal mature of
the solutions. Apart from the possibility of a change in the permeability
of the blood bramn barrier these workers could offer no cxplanation
why the mjection of such drugs should reinduce slecp at § blood
levels of barbiturete xnd maintumn ths state at & concentration &t which
the animals are ususlly slready 1n & state of recovery

These observations have not been confirmed 1n man.  Although 2n
annotation 10 the Lancet (:?so):m:cdumwumngchatihhe ucose
effect occurs in humans, ‘caution will bave to be exerased 1a the use
of intravenous glucose drips durmg barbiturate ansesthesis or 1a the
immedntcponarmmpenod po cuses of this potentixtion have

to

beenrcmt:d te.
The influence of two redox systems, sscorbic acad-debydroascorbic
1cid and ¢y cyshne, on thiop exa 1n the mouse has
been studred by Guarman and Flick (1951).  Each of these compounds,
when mjected to the thiop ¢, prolonged the apacsthens, the
ncorbrcacd dehydroascorbic said being more potent than the cystemne
cystme q;_mm. Both ascorble acid mdf dehydroascorbic acd are
capable of randuang two to six cycles of anacsthena after
from the imth] thio i
Bince oxidation plays & major part 1n the breakdown of thiopentone,
1t1s felt thata smount of 8 potent reducing agent, such as ascorbic
acld, may interfere with thus process. Conversely, the presence of
ondinng substances, such 23 ydroascorbic aad, mxght expected
to hasten recovery from xmesthesia, However the oxidiing substances
refetred to sbove quickly form equilibna with their reducing partners
1 proo the adminmstration of dehydroascorbic said resulting In the
formation of a large quentity of sscorbic 2cid st the expense of reduced
glutathwane. Thus the net effect of admint ng dehyd rhic acld
to the mouse 13 that of introducing 1 source of reducng matenal,
ascorbic acad, which Is not produced imtantancously bat over & perod
Ofﬁ.mgjnnﬂcwnm?poncdbythnﬁmﬂngtbndchyd:wmrblc
sad p d more prolongation ‘of thiop than its reducing
P e rondacion of s suggests abarve,
e ncton of anaesthesia that 1n addition to the
them:dnninnoftb:openmncpotmummymvolmmcﬂ'edondm
gn:rmluoqmdwlththopmducdouofmmxu. However =
rarman and Flick out, quantitres of the acads at pH g0
to 60 were to produce reinduction effect, and there is o
that the action obscrved may have been due to an acidotic
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Guarman, Flick and Whute (1951) found that the admmmstration of
dunlfunm (Antabuse) for thres resulted in a sixty fold incresse m
the duration of thiopentone ansesthems o the mouse, Winten,
Shideman, Richards and Taylor (1953) could not confirm this finding
1n the dog or mouse, but found that a mngle oral dose prolonged th-
pentone parcosss 1n the rat.  Gurman ef al. postulated that the
prolongation of narcoals with disulfarim wes due to its Inhihitory effect
on xanthme oxidase and suggested that xenthine oxidase 1s ooe enzyme
functioning m the breskdown of to 1ts carbaxylic &cid
derrvators,  Winters ¢t al., on the other hand, thought that the pro-
longation of narcosls in the rat was due to some alteratson In the
scnsitlvity of the central nervous system to thicharbiturates.

SbammdAﬂm(xgig)moftbcopininnﬂ:mdimlﬁrhn
does not increase the dangers of thiop 1n man, aithongh
it may render patients susceptible to ether and chloroform.

memnle ) has shown that pathetic stimulant drugs
such 23 acety] potentiate the effect of barbitnrates, 'I‘l:;cnﬂi
mg vegotonda (* Internal acetylcholsemia *} hes the same cffect s
cholinesterase mhibition. Ith‘.?;:;m ] dmtimwrkdm;;
strates a vagal companent of potentizsbon hes not

shown to to Neostigmine 18 wed

thr
bythnnc\mllmﬁ.tmofd;?ﬂgd lant action of g
the use of adequate doses of atropine.
Cook, Toner and Fellows (1954) list « large number of drugs which
will the scton of barbrturates, These include

exteml hmnu,cuumnﬁntu.gég’:ﬂinc‘
and inorganic sodides.  Most of these agents incresse the alecping tone
for perods only one-third to two-thirds greater than was exhibuted by
animals which received barbrturates slane. These workers have ahown
that A-diethyl-eminoethryldiphenylpropyt hydrochlonde (B.K.F
25 A) in aingle doses caused 8. 3 fold meresse I the action of bexo-

rtone in rats, without cantly the tadaty of the
hypnotic sgent. None of the sbove drmgs has shown to effect
narcowss with the thwbarhiturates,

Analysis of Thioberhiturates Reported studies inwhich
mw%m-m&mmunw
solely or 'mun. are valueless. Bince requrements
ufm:;d?nggmomv.h 23 the tusues become eaturuted, one

= (or mg./kg) per fixed umt of time for all cascs
Furthermore, it wrong the total dose af & serics
of who wero s small mduction dose with those of &

weries who recerved a large fnitisl dose. It would probably be
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THE USE OF THIOPENTONE IN CERTAIN
PATHOLOGICAL CONDITIONS

IT has been stressed 1 the previous chapter that sensstivity to
thiobarbiturates 13 not muted either to the production of narcosss
with small doses of the drugs or to delayed recovery after what are
considered to be normal doses.  Systems other than the
central nervous system may be unduly susceptible to the de
presant effects of thiobarbiturates.  Jo this section most of the
pathological condibons in which extreme cauton should be
exerased 1n the use of these drugs will be described and pre-
cautions for ther safe adminutration discussed.

For the sake of sumplicaty, 1n this and succeeding chapters,
reference will only be made to the use of thiopentone, except
where mention of another drug 1 specifically warranted  The
remarks should be taken as applying equatly to the use of thismylal
and thialbarbitone, with an appropriate allowance for the differ
ence i potency of these drugs (p 109).

SHOCK

Shock 1 a vague term which mcludes many climeal syndromes.
It s used here to refer to any condinon where there 13 3 marked
discrepancy between the volume of the arculating blood and the
capacity of the crculatory system. Many workers have powmnted
out that smereased senutnity to pentobasbitone and to ether and
other mhalation agents occurs in the presence of shock, and that
great care should be taken to avoud o

The different responses of normal and shocked patients to
intravenous bashsturate ansesthesia 8 well demonstrated by the
morbidity and mortalsty which oecurred when thiopentone and
hexobarbitone were admiunustered to the American casualties at

Pearl Harbour 1a 1, Halford
it 941 ord (1943} describes his experiences

** A number of prtients were given evipal by competent anaesthetists
onlymh:vemp\mmyhﬂummmeofp:lh:cbmdztﬁdath. After
x
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several such fatalibes, pmtattulwdxumwnund.mdngmrm
m

failures ocaurred and, s in the cass of desth ensued

cases to cause us to abandon it ss too In screral cames

whmnmﬂmlmuuntuo5¥yofpmm'ﬁlu:dmmdnﬂmbd
od 4 g dd ppeared & cyeosis decolletrg

predecessor of desth,

Halford points out that the wounded were all healthy young
adult males with adequate lung volume and unbelievable morake”
He continues,

The mjuries were all severe, the list of wounds conusted mamly of
mmmcumpuug,mjofmrmmmoﬁu;b;d;dn:
dominal wounds, head and jaw mjuries.

That we were attending patents in severe shock there can be o
denul. Thcse}nﬁ.mnwmprepumdwnhpa-hxp.lminnnnmuf
plasma snd whole blood tranafusions. There was a defimte lack of
axygen and equipment for admmistening continuous axygen therepy *

Thus report condemns the use of Intravenous snaesthesiz m the
preseace of shock, referring to it a8 an ideal form of euthanssi”
No suggestion 18 made that the techmique of admimstration wis
at fanlt, and no part of the blame 13 put on the competent amaer-
thetsts. An edrtorial appearing m the same 1mue of Amesthes
ology (1943) as Halford s paper makes the followmg pertment
camment

Direct and mdirect infarmation fram Pearl Harbour woold lesd
to the belief that sdmmmtration of both and pentothal sodmm

be kept m mind. Small doscs (1 to 2 cc. of a 2 § per cent. salutian)
admunistered wnhi.nta-nhbctmh:}sed:m:

to allow the full effect to take is tho only rational scheme
};}ﬁgﬂ. It is mnenng how lLittle of the drug will provids snsesthesit
and relaxstion for such patients. is an impartant sdfunct &
many & m shock who are intravenous ansestherls, #nd
when is present 1t should be svailable for use if required.
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mdeed to all anaesthetics. Even 80 1t can be safely adminmstered
to such subjects. Its danger Lies m the case with which an over
dose can be grven and the difficulty 1n resuscrtation once this hey
occurred.  Before dealing m detail with the use of thiobarbiturates
to abocked patients, 1t 18 advisable finst to consider some of the
reasons for thewr reduced tolerance, m order to clarfy the pm
ciples of safe administration.

Tt moust be realised that the sensitivity to thiobarbrturates which
cxists 1n patients suffering from shock 1 not kruted to 2 prolonged
narcoss after small doscs Respiratory depresston and cardio-
vascular collapse may result fram doses which would have no such
effects 1n normal subjects. More wideapread effects, such as iver
and kidney dysfunction, may result from the use of xmall amounts
of thiopentone m shock.

In general the events followng the admunstration of half 2
gramme of thiopentone to a shocked patient are mumilar to thas

after two or three tunes this dose hss been injected
rupidly mto 2 normal subject. It has been pomted out previomly
that the distribution of the drug to non nervous tissucs ts mcr
fered with m shock. Thus applies to that diffumon which occurs
mmedutely after mjection, & well as to the later dffason of
the drug to the fat depots. Compensatory mechanmms, melnd
mg petipheral arteriolar constriction, endeavour to relate the
capacity of the perpheral vascular bed to the available arculst
mg blood volume thereby mamtaiming the systemic blood
pressure.  The cardiac output increases, although the output
per beat usully falls, and retarn of the blood to the heart #
asssted by the constrichion of the peripheral veins.
generalised constriction of perrpheral vessels diverts the thi-
pentone from 1ts normal pathways of diffusion.

‘Whereas, under normal condrtions, the plasms concentration
of thiopentone falls to less than 25 per cent. of 1t peak kvl
within 15 mmutes of myection, 1n shock this reduction will be
much less and a desired effect can be produced by smaller amounts
of the drug  Reliance 1 thus placed more on detoxication than
on diffusion for the removal of thiopentone from the blood stresmy
and this 1 a alosw process, even 1n fit subjects Hugill (1950)
reporta that 1n moderxte degrees of shock the portal blood flow
1s reduced by about half Davison, Lews Tagnon and Adsms
(1946) and others have drwwn attention to the deleterious effects
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of hypotension with the resulting hypoxia on hepatic function
The repal airculation 1 known to be Lal:rtxwlarly senstive to
d\mgumthebloodpfusuremdrm vasoconstriction may
persist for fong after the blood pressure has been restored to
normal These factors lead to a reduction in the rate of break
down of thiopentone and i resultng prolongation of its actien

In a state of shock, patients appear to be less aware of pain
Since the clmical lesel of narcous s related to the intenuty of
stimulation resching the central nervous system and attempting
to overcome the depressant effects of thiobarbiturates, shocked
patients may fall asleep at Jower plasma levels of the drugs than
do normal suby After prolonged hyp the cerebml
cells themselves may be more susceptible to the effects of depres
sant drugs.  These are additronaf factors which may play & part1n
prolonging narcoms in shock and which also reduce the dose of
thicpentone required to tmduce aleep

Clinscal reports have shown that a damaged myocardium 13
more susceptible to the depressant effects of thiopentone than 1s
the normal heart muscle, In shock, the haemoconcentration
wcreaves the work of the heart, there may be reduced effictency
due to compensatory tachycardia and if the systemic blood
pressure 13 Jow, the coronary arculstion will be decrezsed. These
factors combine to reduce the healthy heart to a state analogous
to that induced by disease. Moreover not only i the heart
muscle thus made more susceptible to thiobarbiturates but it
remans 1n contact with & high concentration of the drug for &
Jooger pertod of ume.

It s mportant to remember the vasodilating properties of
moderate doses of thiobarbiturates  In acute deplenon of the
blood volume an adequate systemuc blood pressure i only man
tained by intense vasoconstriction, should thus latter be broken
try thiopentone, & cntical degree of crculatary failuse will ensue.
A vicwous curele 53 thus set up  The blood pressure falls and the
d-%mﬂfmymrdnlhypamumuused,ludmgmmmm
fusther hypotennon Capullary permesbility 15 increzsed, deplet-
mg the circulsting blood volume even more and ncreasing
haemoconcentration.  Unless energetic resuscrtation m carried
out, the stage of irrevensible shock  will be reached. Varying
degrees of ths prcture can ocour depending on the seventy of
the shock, the dose and rate of admunmtration of thipentone, and
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the general condrtion of the patient when 1n normal health, Even
10 the less severe degrees of ahock, when the thiopentone myection
does not result 1n a marked hypotension, the effects on the reml
and hepatic arculations may affect the ultimate outcome,

The deleterrous effect of thiopentone on the cardiovascular
system 13 paralleled by s effects on the respstory system.
Depresaion of respiration, or even apnoea, follows the admmustra-
tion of small doses to shocked patents. There may be a true
sensitivity of the respiratory centres resultmg from prolonged
hypoxia, erther the result of srtenal hypotension or duc to m
mcreased mtracramal presyure followmg myury to the heed. The
stimulanng effects of carbon diomde will be very much reduced
ar even completely ahohshed.

The clasuical first ard treatment of shock conmsts of smoog
other things, the subcutaneous mjection of opmtes. Thber
absorption 1s grossly mmparred by the reduced skin blood flow
and the absence of the cinical effect within the expected time mxy
lead to a repeat myection.  Thus large dose will be released rapudly
1nto the general circulstion when the vasoconstriction 1 overcome.
Should this happen soon after the mduction of anaesthesis, thro-
pentone 18 likely to be blamed for the reduction 1n the respiratory
minate volume. Respiratory depression mereases tmsue hypoxs,
and unless srtificual respiration s carned out, another vicous
crrcle will be set up

Mechanical mterference with the penphersl mechanum of
respiration as a result of trauma presents & problem irrespectve
of the anacsthetic sgent used. Ths also applies to obstruction
of the tracheo-bronchial tree by blood, foreign bodes or gastro-
mtestmal contents. It must be remembered tht shock snd
oputes both reterd digestion, motility and absorptron in the
ahmentary tract. In traumstic shock 1t 18 more mmportant to know
the tims 1nterval between the last mea! and the sceadent, than the
time between the lest meal and the mduction of ansesthens
Failure to apprecuate ths has led to many fatahties. This problem
of regurgrtation of gastro-mtestinal contents following mductien
of anzesthesia 13 later drecussed in detail.

A less frequent but none the less eerious dfficalty m the ad-
mrmstration of thiopentone to shocked patients anses from the
lack of surtable veins. The writant effect of the subcmtaneow
mnjectron of the drug may be more marked on tissues which 2re



TIIOPENTONE IN CIRTAIN PATHOLOGICAL CONDITIONS 1§51

partly depleted of their blood supply  If no brachul pulse is
palpable, 1t 13 easy to inject the solution into an artery, especually
since all the recogrused signs of thus catastrophe may be absent.
Aspiration may reveal venous-locking blood, the patient may not
complam of pasn following the injectson and & delay in the onset
of aleep could be attributed to the eluggmsh arculation A more
obvious explanstion will almost certanly be looked for to explun
the non return of the radial pulse.

The expenences of Bnttan and Latter (1940) with aur rud
casuslties have shown that only in a few shoched cases does early
operation save Lfe. If ar ces permut, T 100 should
be carnied out before the induction of anacsthena.  Blood loss is
preferably replaced by whole blood transfusion, but if supplies are
not available the blood volume should be increased by the use of
plasma or synthetic plasma substitutes (dextran, polyvidone)
L-noradrenaline 13 often of value in certam cases (Shanahan,
1955). Generalised heating should be avoided, although the
application of local heat to a Immb 15 a valuable aid when setting
up an intravenous tnfusion.

Intravenous admrmustrations of premedication 13 preferred 1n
shocked patients, for reasons already given. Both atropine and
opustes should be used spanngly or even omutted, the former
because 1t causes tachycardia and the latter because of its depres-
sant effects on resprratron.  If 2 subcutaneous inyection of mor-
phine or another opiate has been given mnce the onset of shock,
1t 18 best to limit premedication to small doses of stropine.  The
mtravenous use of pethidine 13 not without danger a3 1t causes
tachycardua, and cardiovascular collapse has followed its use,

The inhalation of exygen for 5 to 10 munutes before the induc-
ton of anaesthesla is & great help By startmg off with the lungs
fall of axygen, 2 longer period of respiratory depression or obstruc-
tion ean occur before the onset of hypoxaemus.  The removal of
part of the alveolsr nitrogen makes a subsequent admmistration
of nitrous oxide/oxygen mixtures more quickly effective,

If there is any suspicion of a full stomach, ideally & large-bore
stomach tube should be passed and sspirstion performed. The
unpleasantness of passing this m s conscious patient can be
reduced by liberally lubricating the tongue with hquid paraffin or
glycenine, whilst having 1 needle In a vem and commencing the
m)@mufthmpmmncnﬂ:cnmcdmeutbetubeupm
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carbon dioxrde.  Dnpps (1g47) has described acvere post-oper
ative hypotension when patients, who had accumulated carbon
dioxde dunng anacsthesia, were suddenly allowed to breathe
ammosphent air  Artificial respiration should be carnied out as 2
routine procedure if a long acting muscle relaxant has been used,
where there 13 detectable respiratory depresason following the use
of thiopentone, or if a subcutancous depot of opiate has been
released into the blood stream,

Increments of thiopentone 1f required duning the maitenance
of anaesthessa, should not exceed 25 mg at any one dose. A
constant check must be kept on the blood pressure and pulse
readings, and attempts made to correct any vanatons in these.
1f 1t 18 conudered that vasodilation due to thiopentone s playing
o part 1n praducing prolonged hypotention & 1 200,000 solution
of ! poradrenalme n 5 per cent. dextrose or normal saline should
be given 1n dnp form  One often observes a beneficial effect
following the ntravenous mjection of 0-25 to © § mg digoxin in
such circumstances, but this 1s not & constant finding It has been
suggested by Horton and Davison (1955) that ouabain in doses
of 025 mg  may be of value. Under no circumstances should
wmaleptics with central convulsant properties be used, These
meresse cerebral oxygen requirements at a tume when the arcula
tian may not be gble to supply the demand. Furthermore, there
1 good evidence for the belief that nikethamide has a direct
depresant action on the myocardium (Peters and Visscher 1936)
(Fig. 18)  Vasopressar drugs such ss methamphetammne (Meth
edrme) and adrenaline, part of whose action is to icrease carduc
output and the work of the heatt, are also better avoided, although
lp;:e:?lcphrmc (Neosynephrme) and methoxamne (Vasoxyl) may

e

Bome of the hazardy assocated with the use of thiopentone m
traumatic shock are tlustrated 1n Figures 39 and 40 These
patients were United States casuslties n the Korean campagn

of 1953 (Dripps, 1954)
Letaly T pproach to the problem of shock
smacethetic dubcultics <d 1n thia emodition 1 m
artifical hibernston  populansed by the French workers Labont
and Huguenard (19 In thiy, rather than sttemp| to correct the
m:ﬁ mmh% ly sbaluhed by
promethanne, rocaine
Immof!huagvtpremndnmmd'unéﬂtphyﬂo—i:\:‘p%uembhoﬁ
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s produced. It is su ed that overaction of the autonomic nervous
em oceUrs I con of shock in an attempt to mantain constant
internal envirenment and that a parual block of this system dim

inishes the body s uml'xmmublljc mucium:ﬁ trauma, :‘urfo cn;_cllmlal

bave not published to allow & com n of ‘muto-
rc.mmrnmncnﬂmﬂimim’;ct with orthodox techniques of anaesthesia,

CARDIOVASCULAR DISEASE

This &mcussion refers to the use of thiopentone in any form
of cardiovascular disease m adults, and applies in general to a
condrtion 1n which there 13 decreased efficiency of the myocardium
of other low output condtions (s3 1n shock)  No special mention
will be made of the use of the drug for operations on the heart
steelf, smnce the same prninciples apply to 1ts use irrespective of
the operative procedure.

The safe administration of thiopentone to perzons with cardio-
vascular disease depends on a proper appreciation of the follow-
ng

1 Thiopentope 13 a direct myocardul depressant.

2. The fall m carduc output is mﬁomom.ltolhccnncmmm
of the dru inmnuctwith&e cart.

3 The unhealthy myoesrdium 1 more susceptible to the effects
of tone then the healthy heart muscle.

4. The depressant effects of repeated doses on the myocardium
are cumulative.

5 Thiopentone causes heral vasodilatation.

6 The arm-braln tme s prolonged in some types of

heart diseass and the onset of alecp may be delayed.

7 Th P with resulting hypoxia
8. Ventnculsr arrhythmiss, occurnng during thiopentane anses-
to the 1 of carbon

thems, may be dary
dioxide,

9. Many of the c and
m:ln:lfuthdmg- procaune are direct
e,

err effects are additve to those of thio-

peniton

10, Cm:ghmlgmdmunmgdm-ing:mthmxrwﬂtlnmmund
mtre with & q reduction of vensus
return to the heart and decreased cardiac outpot.

11 Laryngeal sptam may canse hypoxa,

Patients who come to operation vary 1n the of therr
dimbility (ranging from a mmor degree of m:tnlmm:tyc.nmk to
ausicalar fibrllstion with congestive heart failure) Hence they
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vary 1n therr sensitivity to the depressant effects of thropentone
some tolerate the drug reasonably well while 1n conditrons such &
severe constrictive pencarditis st 18 contrandicated.  Further
more, as applies 1n so many other condrtions, the skill of the
adounstrator 18 often of more importance than the sctnal drup
used.  Less harmful results will result from o smooth admnmtr-
tron of thiopentone/nitrons oxidefoxygen then from nitrons oxdef
oxygenfether m which there has been coughung or strammg even
though the direct depressant effect of the latter combmaetion of
drugs 13 less than with the former Thus 1s shown by the many
anaesthetic techniques described for the opertive relsef of mtnl
stenosts. Some of these, such as that described by Preston (1953)
advocate the use of moderate doses of thiopentone, while Gray
(1954) produces sleep with nitrous ande and axygen, srordmg
the stage of exatement by adequate doses of muscle relaxants.

Each patient must be indsvidually asscased s regards the severtty
of huis condstion, and the dose of ansesthetic requred. The
princaples to be observed for the safe adminmstration of thiopentone
are the same 9 those sdvoested for severely shocked pstients, mnd
apply irrespective of the sctual ansesthenic technique employed.
They are briefly summarsed 23 follows

1 Dosea should be restricted to & mmmum.

2 ‘The drug should be used in 2 dilate safutron.

3 ‘The mjection should be grven slowly with frequent pauses, 1o

allow the depressant cffects to bo observed 1n the presence of

alow
4 Madmum use sbould be made of pon-toxe adjuvants to thio-
pentone, such a3 pritons axide/oxygen and muscls rebmants.
5 Avoidance of respustory obstruction, coughing or strabnmg
respuntory depresson and carbon droxde retentron.
Patients should be adequately premedicated, an opute or pro-
methazme being the most commonly used drugs, Atropinsaton
18 better avorded m pstients onth intense tachycards, although it
reduces the likelihood of laryngeal or bronchisl spasm. In con
gestive cardmc fulure the pre-operstive use of smmophylline may
be of value, or tha drug may be required durng the aperation.
A means of tracheal suction should always be availsble, the
umplest arrangement being & wide-bore endotraches! tube with
a surtable connector such as Cobbs or Magill s T-prece umon.
Where, b af orthop it s y to induce enses
thesta with the patient ntting up extremely small doses should be
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should be withheld until the patients complam of severe pam,
One must remember that the stmulant effects of nikethsrde on
the respiration are very temporary and can give a false sense of
secunity  Furthermore, the use of thus drug 1s not mthout danger
1n the presence of a damaged myocardum which has been de-
pressed by thiopentone. The sbove remarks concernmg resprr
atory depresaton on return to the ward spply equally to the
reversal of relexants at the end of the operation.

In children with suspected congenitsl carduc abnormaltbes,
the use of rectal thopentone 1 frequently recommended for
cardivangiography  The dose 18 calculated on s weght bres
before the admimistration, and reduction of thrs doss will only
result 1 a state of delirum which will have more harmful effects
than if a full dose had been used. In contrsst to adulty, these
children tolerste thiopentone well, since the myocardum rtself 3
healthy The only harmful effects are those produced by hypo-
tenuion (which 1s rare because of the slow absorption of thio-
pentone) respiratory depression or respiratory obstruction due
to the tongue falling back, Dunng the myection of the dye there
18 = tendency to laryngeal spesm 1 Light thiopentone anzesthesa.
Adequate stropusation reduces this tendency and amesthem
may be decpened before the injection with supplementry inbals-
uonngcntnorlfurthnrdomofthnpcnmnegrminnﬂmwﬂy
It is perhaps better to supplement the thiopentone by nitrous
oxidefoxygen and grve 2 small dose of suxamethonfum prior ©
mjection of the dye. The momentary apnoca 18 a help during the
X ray photography and the effects of this reboomt are Very
transttory 1n the young  This technique should not be wed by
those who are not akilled in endotracheal intubstion m children.

RESFIRATORY OBSTRUCTION

Much has been written on the dangers of mtravenous aniss-
thesta m respiratory obstruction, snd most workers consder that
the use of thiopentons 1y contramndicated m this state. My
fatalities have been reported followmg hexobarbrtone or thio-
pentone 1n patients with Ludwig s angina, oedema of the gloth
and swellings of the tongue and throst. 'To explan these
Weeso (1939) poetulated that the rapid onset of mtravenout
ansesthesra did not first depress the hypersensrtrve nerve endings
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tion exchange. After this had been depressed by 2o opate
barbitumte, the accessory muscles of respiration were
and even with this uid cyenous could not be prevented. The
of these muscles may have led to the apprehension and dnt
with & resulting increass m oxygen requurements. When ¢
sciousness was abolshed cyanoms regulted because of the los
the sccessory respiratory muscles and depression of duphrgm
actvity  On return of consciousness the condition reverted
what 1t had been before induction of ansesthena, and complete
covery only followed a reversalof the depressant sction of marph

The ansesthetic management of pahents with respuit
obstruction varies with the seventy of the condition.  Bedat
with opustes or large doses of barbrturates 1 absolutely coni
mdicated.  If the sccessory muscles of respration are reqm
to draw gases through & narrowed glottis or past any other f
of ohstruction, an sdequate aurway must be establabed befor
depressant drug like thropentone 18 grven.  This can be schie
by passing an endotrachea! tube under topical ansigewa (pre!
ably through the nose), but where the latter 18 mposuble £
necessary to perform « tracheotomy under Jocal ansiges. A
alternative 2 mxture of helium and oxygen may be sed, hele
having x molecular weight of 4, compared with 28 for astrog
and 2 mucture of 79 per cent. hehum and ax per cent. axyj
(specsfic gravity 331) can be drawn past an obstructron with |
respiratory effort than 13 requured for aur (spectfic gravty 19¢
The use of this muxture decrexses respiratory distress, by help:
the elmunation of carbon dioxide, and st is & vatusble sgent
admuuster before intubation or tracheotomy  If pure hehum
fed through the nstrous oxide flowmeter the resding most
multiplied by 3 3 to get the approxmate trise rute of flaw  Volat
sgents or cyclopropane may be added to the helnmmjoxys
muxtures provided the concentration of oxygen 1 not reduoced ¢
low but care should be taken to avord respiratory depression
thropentone, and 1t 1 probably better to avold s use  Helst
1 essentul m respiratory obstruction due to tumours of !
wymxdghnd.lmccthucmlmuﬂymalowmpamnlﬂ'&
otomy The passage of an armoured endotraches! tube beys
such an obstruction 1 not always possible. A rubber tube W
only be compressed by the tumour resulting in ¢ worsening
the postion by further reducing the bore of the traches.
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A woman, aged 42 was suffermg from s mild qunsy which wa
mﬂiybmnmgwwmmdmmgmobwucdmmmpﬁmm

was no improvement with intensve chemotherspy and 1t was
conudered necessary to relieve the tenmon a3 the petient had become

distressed.  Oxygen was admuinmstered without Improvement
and on several occanons trnchlorcthylene was added to the aygenmm
mlmm;mopmducenmmhmn,butud:nmcltonlymmddx

bhenstve, severe trismus and abight were the

mmdcswmbd.n%medtotha:fuﬂcxm,thnpubem d ed
bounding sod the B.P 185/r1c. Inhalation of 79 cent. He. and
21 per cent. O, improved her condition, beame
less and the rato slowed. Because of & shortage of itwm

cysnoms wms not present when ar was inhaled. Ansesthema wes
induced with ne and continued with N,O/O,, the patient wis
t in the head posrtion,  sucker placed 1n the pharynx and 2
pen tonsillar sbacess mewed. The endotracheal tube wes keft 1
posttion until the patient opened her eyes, and an its removal bresthmg
was satufactory

It 15 nstructive to note that the ahove procedure was st fint
conmdered to be a minor one, the asastance of an anaesthetist oot
bemg sought until the patient had been  treated for over m
hour by the juntor hospital ataff If advice 1 sought concerning
such & case when respirstory arrest has occurred sfter the m
Judn:.crmuaeoft.hmpcntm:z,mrmmedmiotmchsotumynmﬂbe
pesformed. Valusble time will be lost 1f intubation 18 sttempted,
and at present no analeptic 18 availabls which will invanisbly cause
an mmmediate reversal of the narcoss.

The above discussion refers only to patients m whom respiratory
obstruction was present before the nduction of snaesthes. Az~
other important group 1.|:|.|:ludcst.hcopcxmon.ldum:g‘dm:b
respiratory obstruction 1 likely to occur  The problem here 8
the eame whatever the anxcsthetic used, and where difficulty 8
likely to anse because of lack of access to the arrway o cado-
tracheal tube must be pessed before surgery 18 commenced. The
dangems of contemunation of the aurway by bload, teeth or pus &t
athﬂbcummmcbythcmooflhghtphnzufmw(md
actrve cough reflex) and posture, or preferably by passing & cuffed
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endotracheal tube with the additional safety of a pharyngeal pack.
Because of the dangers of laryngeal spasm after sumulation of the
larynx durmg thiopentone narcoss, the first technique 1s not
recommended save for procedures lastmg not more than a couple
of mmutes. The dangers of inhalation of vornitus during induc
tion or dunng anaesthena will be discussed in the next section.

ACUTE INTESTINAL OBSTRUCTION

Under thus heading vomuting and regurgitation dunng the
mduction of enaesthenis with thiopentane will be discussed in
detail perhaps & more appropnate sub-title for the first part of
this section would be Thiopentone and the Full Stomach”
The moportance of ths harard s shown by the report of the
Commuttee of the Assocation of Anaesthetists of Great Brtain
and Ireland which dered deaths d with anaesthesia,
Of 232 fataltties attributable in some part to the snaesthesia,
regurgitation and vomiting were responsible for 56 (24°2 per cent.)
and formed the largest group of cases (Anasesthena, 1953)

In a previous report by two members of this commuttee,
which were reviewed 43 fatal cases of regurgitation and vomiting
the inczdent occurred dunng or very soon after induction m 25
panents (58 per cent.), thiopentone was the agent used in g2 per
cent. of these, being combined with a relaxant mn 48 per cent.
(Morton and Wylie, 1951) The high mmcaidence of fatalttiea
reported after thiopentone 13 partly due to its populanty as an
mductton agent, but there 13 good reason to believe that the
dangers assocuated with sts use are greater than those which
accompany the volatile or gaseous agents.

Morton and Wyle have differentisted between vomuting and
regurgrtstion.  The former 1 an actve process inmited by the
central action of the anaesthetic, by hypoxn or shmulation (par-
ticularly of the oropharynx) duning light anaestheaus, and it 18 rare
for thiopentone to instuste vomiting  Regurgitation, on the other
hand, 1 conndered to be 2 passive process.  With a patient 1n the
borusontal or the head-down positton fluid will come out of the
stomach 23 a gravitational effect if the upper and lower ends of
the oesophagus are sufficiently relaxed  The mpid nduction of
wnaesthesa with thuopentone will provide thn relaxation more
quickly than the mhalstson agents, and provided the prerequisites
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are present, regurgstation will oceur  ‘This 18 often followed by
laryngeat spasm, which may perist until the stmutus 15 removed.
The resulting period of hypoxis may have serious effects on m
ill patient. More serious still 18 regurgitation following a dose of
thiopentone which has completely depressed the protectre
laryngeal reflexes,, Even in the absence of sctrve resprration, flud
can flow 1nto the trachea and cause complete respiratory obstroc
tion, Reflex cardiac inhibitton may also result from aspiranon
of stomach contents, Because of thar irntant properties, small
amounts of aspirated intestinsl contents may produce late effects
such s bronchopneumonta, atelectass ar lung abacess.

It 1 of prime mmportance to appreciate the multrtude of creum-
stances under which the snsesthetist may encounter a foll stomach
before the mduction of snsesthesa. Shock has alrexdy been
referred to 1n this respect, and mention has been made of the
delayed emptymg tims of the stomach which follows the use of
oputes. Morton and Wyhe (1951) have classtfied the crreum-
stances under which materisl msy be present 1n the oesophagus
and stomach as follows

M; | in the h Oecsophageal obstruction or pouch.

Pyod:umwhh
mcegfh:w nomchﬁumlbave—}_fmoﬁmddrﬁ
ﬁcﬂme_g mdubeﬁcp-ﬂmtnortmm:c.h oot
d blood. Bleeding

fram  noee,
mouthorpbuymduatowddemorupa:mn.
M-wid d into h from bel Intestrnal obstrot

Teus.
Mltmﬂﬁommmd]rtxlf—Nonndorhypawttm
Bleeding from uleer ncoplumcrnteofopcnﬂ.m
Prolonged emptying-time of the stomach.

A Pylone obstruction (includmg congemital pylonic stenoms).
B Dilstation of the stomach.

C Reflex (1) Emotsonal states. Pam. Women in labour Shock.
Acadents, c\m,ﬁtﬂmu.b
(2) P e.g eg perf ‘u]ecrtwutﬂd
ovaran tumour
D Abdominal d eg L preg at term,
groms mscites,
hnmbdndcdmdnrthhhndhunﬂmmdwﬁh
t vomiting regurgitation during anscsthesiz Is not a cooumoo
that oy Be In the
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E  Severe illness. Toxsemua, Moribund patients,
F Drugs Morphine, papaverctum, dine, hyoscine, atro-
pme. Most anaesthetic agents.

Several causes are often present together e.g a patlent brought to
the theatre for resuture of a burst abdomen ma bainvery&oorgmcrﬂ
conditron and may have taken food or fluids ﬁm before the incident.
There will be shock, emotional disturbance and peritoneal irritation
and morphine may have been given.

The vanety of clinical conditions 18 further illustrated by the
clasmification of the 56 cases in the Assocuation of Anzesthetists
report, 1n which nausea and vomiting occurred with fatal results
(Table L)

TasLc XL
Claaification of caser wn which regurgitation or vomiing
oceurred eruth fatal results
(Amaesthena, 1953)
—
Aen:Abdomml Cooditions:
Intrtsal cbsrocion (smopultedberiny )
Perforsted peptac ukeer ¢
Twizted ovarmn cyst :
Geoeral z
Ascites, groes distemslon 2
MMesenteric thrombosis 1
Obatetneal Emnmm:h 4
NoorAbdmio) Eereocis (o, (ncures, b :
Dubetic Patients (glucoss solution g-mmiry mouth) z
Varions (partm! gutro broncho~
ccropttgal fen, 15 H .
C— -

In many patients, such a» those suffering from intestmal
obstruction er having a hustory of & recent meal one can be cettun
ﬂntthcreuﬂmdorfoodmdrcmmmh,mdthenccumrypre-
cautions taken. It 18 1n the doubtful cases where accidents are
likely to happen and where the anaesthetist may be caught un
x;mparci Unless & ‘normal patient has been prepared for an
Omopmonmthcmmlwty.onemunmspectthcpmmm

The advice par exvellence 13 1o pass & large-bore stomach tube
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before inducnion of anaesthema m all patients where there s 1y
suspiczon that the stomach 13 not empty However the stomech
may rapidly fill again. More likely an sttempt will have already
been made to empty 1t through & Ryke s tube before the patent
comes to the ansesthetic room. A Ryles tubo can give a fabe
sense of securtty &ince it 18 easily blocked and will not allow
passage of solids. Morton and Wyle suggest that tt hes only
two uses from the anaesthetist 8 point of view  to obtain informs-
tion about the stomach contents, e.g whether normal or frecutent,
and to remove fluid from the stomach mmmediately before mduc
tion. The author (1950) has compared the pre-operative use of
a stomach tube and Ryle s tube 1n 62 cases of mtestinal obstrc
tion.  With the lstter regurgrtation occurred at some stage of the
operation 1n 15 out of 42 patients, while the only trouble encoun-
tered 1n 20 cases m wiich a stomach tube was used was m one
patient 10 whom this was inadvertently removed during laryngo-
scopy 'The size 12 (7 mm. dumeter) oesophageal tube has been
recommended s gn alternative to the full-size stomach tube
(13 mm. dumeter) and can usually be passed through the nose
It will allow solids to pass and large amounts of fluds cm be
aspirated, but if left 1 sty durmg mductzon, when the sphincten
are released, fluds mry escape around the tube. This latter ®
less likely to happen with the full-wize stomach tube.
Th:pmageofautomachtubeunbc:mmgpmwdm
and may upset a senoualy ill patient. Reference has already been
made to the synchronous passage of thus tube and the myection
ufa:mnlldoocofthmpe:ntnnctomxket.hx:pctwutlcnsw'lr“‘f
the proceedings. A test doae of relrxant should be given first o
2 Jong acting relaxant 13 10 be used dunng the opemtion.
facilitntes passago of the stomach tube. Before the above min~
cx:nvx-:uc-medm.rt.Ll:uepa(:u:m;ll'nmldI:’eca:xcau.rgncrl.‘.t)ln'e-ﬁ-bc
oxygen for 5 to 10 mmutes Once the stomach has been emptieds
a further small dose of thiopentone should be grven if
followed by a foll dose of relaxant and mtubation. Sumemeth
ontum may be preferred for intubation, which should be with #
cuffed tube and s direct connection made to the anzestheti®
apparatus. It 1 not sufficient to use the endotrecheal tube 2 22
wurway and strap on & face-mask. Pharynges! suction 18
dunngruncvﬂoftb:ttﬂm:d)mbounoftenluvulpodd
fluid behind 1t
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If 1t 10 dewired 1o use thropentone and s full dosce of relaxant
without & stomach tube, 8 20-degree foot-down tilt ehould be
sdopted (Morion and Wybe, 1951)  The hypotenswe cffects of
thiopentone are d by thus posture and the mjection
must be groen slowly and dosage kept to 2 munimum.  The
ntravenous wyection of § to 10 mg methoxamine a minute os
two before the thiopentone may be of value in serrously 1ll patsents.

Morton and Wyhe conmder that technique mvolnng thio-
P and a rel are ble for begmaen, They
recommend the mutrous oxdefaxypenfether sequence, gving
carbon diomde if required to facilitate the mtroduction of ether
The mafety clamed for this techruque depends on g
an sctive cough reflex and the abihty to clear matenal from the
mouth and pharynx before the next bresth s taken. Be this a3
1t may thiopentone should not be admunstered esther by begin
ners or espenenced snaesthetists, to patients with a full stomach
unless precautions ace taken to avord the aspuatian of regurgitated
gastro-mtestinal contents.  The exact method of prevention 1 not
of great importance, and each anazsthetist should wae the technique
with which he 1 best acquanted.  Of greater ymportance 13 an
£pp son of the ar ex under which regurgitation may
be encountered and an understanding of the dangers mvolved.

While the aspirzuan of intestunal contents 1 the greatest hazard
eocountered in patients with acute mtestinal obstruction, ot 18 not
the only problem sssociated with this condruon.  If vomitmg has
occurred, os of u lasge volume of flusd has been aspirated from the
stomach, there will be some degree of dehydration which should
be partly corrected of possible. Gastric spprax
mately 60 mEg sodiom, go mEq chloride and 1o mEq potasmum
per hitre, 30 that m pylonc obstruction there will be an increased
chlonde loss 1 relation to sodium & refative ncrease in plasma
base 20d consequent alkalosss  Small intestinal secretions contun
more sodium than chlonde, ¢o that m small howel obstruction
more bicarbonate than chionde 13 lost and ecidoan may result.

The flud of preference for emergency treatment of electrolyte
balance due to vomting 13 normal saline, but 1 panents who have
loat small bowel yusces this should be combined with M/6 sodsum
bactate. Menvale (1953) and others have given formulse from
which caa be esimated the amount of sodium and chlonde to be
admunustered, depencing oo the plssms sodm and chionde
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levels 'The latter are not usually available m the short time before
operation. In their absence, over mfusion with electrolytes u
madvisable, especially m view of the sodium gnd chlonde retention
and mcreased output of potasaum which follow all surgial
operationa,
Blood or a plasma substrtute may be required to correct ansemn
or protemn deficiency and make the patient fit for operation, cven
though there has been no blood losa. Thus applies particalarly
to elderly debilitated patients and in cases of long standmg
obstruction where no food may have been taken for scvenal days,
‘Where post-operative hypotenaon will not respond to transfumon
or where mpendmg heart failure 13 present, 0-25 mg strophanthm
G (ouabam) or 0 § mg digoxin should be given mtravenously
Although the above details are not directly connected with the
admmustration of thiopentone, they help to make the patient ks
sensrtive to the depressant effects of the drug  Another pomt
worth mentioning Is to induce snaesthesa on the operatmg table.
This cuts down the duration of the ansesthetia and elimmates
changes 1n posture under ansesthema which elderly patients
tolerate badly

URAEMIA

Reference has already been made to the sensiivity to thio-
pentone induced by a rused blood ures. However m urscmast
this mse 1n blood urea 18 only one of many electrolyte derange-
ments and  socompanied by a nse m blood chlorides with s fall
m carbon diexide combiming power  The upsct may bo so great
a5 1o result 10 loss of consciousness, which alvays occurs 1 the
termmal stages of the condmon. Irrespectrve of the cxuse,
uraemia results 1n an even more marked sensitrvity to thiopentone
than that which occurs 1n the presence of  raised blood urea level
duoe to mgestion of ures.

thiopentone
bctwmzcmdgomg(dnctoprmuﬂc ) The duration
of parcosis 1 taken as the tme between the wdonufﬂ;brd:\w
mdmavunentwfdm’[g:im!lnrupomutolmmmnhﬂ pessarS
of-cynoacupe}. the above
regarcing sens -banthnchmguin&lﬂ

blood-ares levtl.whlc.hlmnotum:idaed to be of grest climal
mmportance, may markedly affect the duranon of snacsthesis.
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Retults with expenmentally induced uraemna in dogs, produced
by vesico-appendicular anastamosis and division of the urethra
show that, with & raised blood ures, the total duration of thio-
pentone narcosis 18 increased out of proportion to the merease in

10
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BLOOD UREA (MG %)
Fio. 41 —Dursticn of ansestherw whth doses of thiopenton
responss to 8 conseant stizmutus at different mﬂkvddlnmopld:n%

the duraon of surgical anzesthena dee and Anmis, 1

This 1 of great chmical mportxnce,@uﬁg the use of modzls'ft)e
doses of thiopentone as the sole narcotic for minor procedures such
43 cystoscopy may 1n the presence of & rased blood ures result 1n
very prolonged post-operative sleep  In the patient referred to in
Fig. 41 the total sleeping ume after 600 mg thwopentone when
the blood ures level was go mg per cent. exceeded 12 hours,
while when the blood urea wes anly 25 per cent. conscousness
was regamed wnthin one haur after goo g of thiapentone.
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Bcumcufthupmt-opczvmmwlm,tﬁmpmmmd
notbeuscdtslhewlemrmncmformmarpmn:‘mu<
the blood urea 18 ramed. Small dotes, sufficient to mduce 5
are permussible, but with very hugh blood-urea levels even |
are better onmutted. Where there 1 already some coudin
comaausnemduetoununn,thclmufthmpmmnm
indicated, In the absence of this symptom 1t 1 difficat
dogmmcmdlmcalcre]ofblwdumabarcwhzdxumlh
not use the drug The following case-reports mry throw &
Light on this subject
Trwen b-d:rechcu.n tkc;:hfuﬂawcdwtbet:feufmngm&m
toxr with s urea of 1.

At et ol et
pentone to & 126-1b (57 kg ) man with 2 blood urea of 208 mg.
cent. death occurnng 21 hours after the admunstratian, dve
longed depression. bo dus 1o ot

To control convuluons, thought to
tone were given. This uced uncoosciourness wh

tcrmm:tcd[xmﬂyaﬁrrﬁham hlood ures wes 400 mg per &
12 hours after the ad ratsion of the thiop

It 13 1 patients who come to operation for prostatecton
especully if the obstruction has been long standmg, thet 2 i
bloodumummtcommonlymwunmdmdmnlpnm
Subarzchnoid or eprdural blockuw!dgymaifurd;dom
especally where bleeding pownts 1n the prosttic
thermued under direct viman. Itunotpropmcdtodbung
control of blood pressure du.}mgtlt‘hme opa-m;m Wﬂrm
area of analgesia 1 sufficient for the operatrve procedure,
of amall smounts of thiopentone to produce hght nercoss wtth

beginmng of the operation 13 reasonably safe. Howerer
tbcendofthcopumanrhepaamtmxybcgmmrma,pmnmg
due to stimuls from such sources zs prolonged pressure I
Mdnmﬂorm&uﬁpmi?ﬁnﬁm
6 and 1t may be tempting
'i.?h;huiﬁmxdaf, and use should be made ofnmvmlﬁ
oxygen and if necessary trchlorethylene slternatively Itx
dascafpcﬂndm:or]mxphmanbegwﬁmmrﬂd! o
obwomdmm;hmﬂdbeukmm-mxw;ﬁtybc u.lnmm
non-analgesc aregs, as more thiopentone quﬂﬂmfd
obmndthndfmofthbmmulmonmdmnnt:;_nm:lp
¢ 1nclnde the application of towel-clipe, snsertion cathete™®
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(for the adminustration of oxygen) too far into the nostnril ot ton
tght applicatron of a face mask, Alens obvious source of stimuls
twon 1 that due to too frequent inflation of the sphygmomanometer
cuff for blood pressure estimations

Thiopentone should never be used slone to  cover ' an
adequate spinal analgesic of there 13 any clevation of the blood urea
The doses requured under these circumstances are similar to thowe
required when 1t 13 used &5 the sole narcotic, and a2 very great
delsy m the return of consciousness may ensue.

Apart from the prolonged coma which may result from the ue
of thiopentone, 1t must be remembered that ursemic patients are
usually clderly and often have other complicating medical conds
tions. The precantions advised sbove for the admimistrauan of
thiopentone to subjects with crdrovascular disease should be
stnctly adhered to. In emergeney operations patients may be
scverely dehydrated, aither due to therr unwillingness to dank
because of urmary setention or due to vomsting or, they may have
1 full stomach.  Where possible the fluid 2nd electrolyte balance
sbould be restored before mduction of anaasthena a3 an ncrease
i the arculstmg blood volume will reduce the cardiovascular
toxerty of thuopentone.  Where the presence of a full stomach s
suspected, the case should be treated appropaately

LIVER DAMAGE

The smportance of the biver 1n the detoxication of thiopentone
has llmu?ybem duau.v.fcd, and mention has been made of the
pructy of cie reporta of prolonged narcous following the use of
rg:li;gm hepatic dysfunction. The reasons for this wll azun

(&) Recovery from small doses of thi

opentone 13 due to distribu
ton mdxtzn:{mus tusues and 18 independent of detoxication
ohrge{ the drug must be grven before any prolongation
t;mmn Occurs m patients with liver damage,
d()'n?kv‘:,’mw“l““mc’m!

mtu{ dncncmnccunrybcforethmh

To oﬂfﬂpbm the possibility of delayed recovery
{dmuo thiopentone m patents with hepatic dysf

\oming 1o case reports are included. These are
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Because of thus post-operstive somnolence, thiopentone should
not be used as the sole narcotic even for muinor procedures when
the blood urea 1 rused. Small doses, sufficient to induce aleep
are permusible, but with very high blood urez levels even these
are better omntted. Where there 1 already some clouding of
consciousness due to uraemia, the use of thiopentone 1 contrn
mdicated. In the absence of thus aymptom 1t 1 difficult to be
dogratic and state a level of blood urea above which one should
not use the drug  The following case-reports may throw some
hghronthusnbject

hours sleep followed the use of 400 mg thmpenh:l:n
tonxgg kg)mmwiﬂllblnodumoflﬁmg
from the admmstration o

pcntmetolu&ﬂ) (57kg)mmw1thlbloodumo??;8mgpcr
death occurnng 31 hours after the admmistration, due to pro~
heﬁaddq)rmm.
contrulmuvuhmm.tbrm.ghttubeduomunmu,xwﬁ
thiopentone were g:vm ced
mrmmwdﬁnl}y-ft:r;ﬂ blood urea was 400 mg per cent.
12 hours after the ation of the thiop
It 15 1n patients who come to operaton for proststectomy
espeanlly if the obstruction has been long standing that a rused
blood urea 18 most commonly encountered 1n clmical practice.
Subarachnoid or epidural block 18 widely used for this operation,
especully where bleeding pomts 1n the prostatic bed are dw
thermised under direct vimon. It 1 not proposed to discuss the
control of blood pressure durmng these operations  Provided the
area of anslgesia i sufficient for the operative procedure, the use
of small amounts of thiopentone to produce hight narcoss at the
of the operation 13 reasonably safe. However towards
the end of the operstion the patient mxy begin to react, presumably
due to strmuli from such sources as prolonged pressure by
ehoulder rests or even from pressures by the surgeon or assistants
on the chest, and it may be tempting to give more thiopentone.
This 13 to be avoded, and use should be made of nitrous oxde/
oxygen and if necemsary trichlorethylene  alternstively  small
dose of pethidine or levorpban can be given intravencusly It
obvious that care ehould be taken to avord any stmulstion of
non analgenc aress, as more thwopentone will be requred to
obtund the effects of thm strmulstion and mantun slecp  These
include the application of towel-clips, insertion of nasal catheters
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(for the edmuustraton of oxygen) too far into the nostril or too
trght application of a face mask. A less obvious source of stimula
tion 18 that due to too frequent inflation of the sphygmomanometer
cuff for blood pressure estimations.

Thiopentone should never be used alone to ' cover’ an m
adequate spimal analgesic 1f there 18 any elevation of the blood urea.
The doses required under these circumstances are sumular to those
required when at 13 used as the sole narcotic, and 8 very great
delay 1n the return of consciousness may ensue,

Apart from the prolonged coma which may result from the use
of thiopentone, 1t muat be remembered that uracmic patients are
usually elderly and often have other compheating medical conds
tions. The precautions advised above for the admunistration of
thiopentone to subjects with cardiovascular disease should be

sdhered to  In emergency operations patients may be
severely dehydrated, erther due to thewr unwillingness to dnnk
becanse of urmary retentron or due to vomrtng: or, they may have
a full stomach, Where posaible, the fluid and electrolyte balance
should be restored before mduction of anaesthesiz as an increase
m the arculating blood volume will reduce the cardiovascular
toaaty of thiopentone,  Where the presence of 2 full stomach n
suspected, the case should be treated sppropnately

LIVER DAMAGE

The mmportance of the liver 1n the detoxication of thiopentone
bas already been discussed, and mention hes been made of the
prucity of case reports of prolonged narcess follownng the use of
the drug 1n hepanc dyafunction. The reasops for this will sgan
be mentioned,

(@) Recovery from small doses of thiopentane 1 due to distribu
tion to non nervous tissues and u wdependent of detoxicanion.
Large doses of the drug must be given before any prolongation
of (1';:?;:- occurs m patients with liver demage,

CIC 13 & great reserve of Liver tsue, and very severe
dcgmofhmdmmnm:ybcfomthmnmuchm
purment of detoxication,

To emphaase the pomibility of delayed 1 large

ecovery from
doses of thiopentone 1n pattents with hepatic dysfunction, the
following two case-reparts are metuded. These are selected from
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publications from countnes as far apart a8 Brtun (Dundee,
19522} snd Pabwstan (Taraporevela and Khan, 1950)

Male 3z,wd¥ht147]b(67 ). Admitted to hoaprtal with
mm-pou.n?gctumn ﬁhumdﬁbulak.sSufglaltoﬁctwmudum
under thiopentone/mtrous axide/oxygen/ecther ansesthems. The exsct
amount of thiopentone given was not known, but thought to be In the
r?mufxg. Amﬂﬂ:mwuuncvmlﬁlmthmddxymmmch

ive days later the frecture required remanipulation, The patient
fr.}tiﬂ,tanpermnewu:m quuhapo/mnmte. He was shrvenng
and complaming of pam in both lams. mgthiopmmnamm
chl}ympmducerdmmn,fuﬂawed 300 mg thres mmutes

t the end of the operation he was deeply unconecious and # pharyngeal
wroay vas ingerted.  He showed no reaction to supmeorbatal pressure

boars after his operatton and did not cough out the arrwry for a
?mhazhoun. Conscionsness was not regained until 18 to 19 hours
safter the thropentone adminsstration.

on the day following operation, was subsequently
shown to be to Weil s diserse, the leptospin rcterahaemorrhagice
being recovered from the urme,

Anermy drum msjor aged 22 was operated on for a minor complunt.
Routin fetic " Ted o b 1

pre Mor
phine gr } (16 mg) was given one bour before opertson. One g
vras ad. d 1} beng

of § per cent. thiop intr
no untoward behaviour

there
dn.rmgth:mmeftbemjcmon:ndﬂrwlxﬂu
anaesthetic went smoothly  Nothing abnornal was observed in hm

ficT revealed
apihnqtbcdvuﬂlmfuﬂdmorphﬂqutuu}umﬂﬂ
md:mofmﬁmdmdnfcwmdhmi&ﬂm cells were seen.

mzmw&&:mmm The
an incresse m interstrtu fibrous trasues and somc fatty degenens-
tion of mmuscle fibres.

In the former patient the depth of unconsciousness st the end
of the operation wss probably Jess then m the second, a3 judged
by extrusion of the mrway after § hours. This mxy have been
due to the smaller dose of thiopentone administered.  However






shoulq
rver e In 25 it gy that doses of shiq.
Pmm"d::ﬁ% L mrympmlhownmmnt oftbh:g:hepnlcfuncuon
mdulecm.unmto'dmmmmorethmthemmlmmu

Pombledmohh%mntolpuﬂmtmmdwd‘mmd
lﬂ: The ef oxage Wil be descripeq
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relaxants may be observed at the same ume 1n patients with lrver
dysfunction  This 18 illustrated by the following case-report, in
which the patient also showed early r to both thiop

and d tubocuranine chlonde sssociated with acquired tolerance
10 sedatrve and analgesic drugs.

A man, 20, had » Jong series of operations.
Asugust 28th 1949—Gang ”“' r

Fanxary gth, 1950—1i ding y for sub stinal
obstruction.
Fuons 6th—Abscess 1n loln meised under thiopentone (400 mg ) and

ropane amaesthesa.

Septomber 1oth—Readmutted to hospstal with severe pam in Jumbar
mmmdm Large doscs of sedative and analgesic drugs
were bang
October 10th—Hb 85 per cent., weight 136 Ib. (57 kg )
October 11th—Lap: y and d ge of 1ntra abdom-
mal abecerses. Premedicatioms  marphine gr } (10 mg ) and atropine
g7 1hy {065 mg ). Ansesthetc d tubocurare chlonde/thiopentone/

nrtrous cther (closed arant) The patient was very
mmltolﬂlb:engmtg,nimboalnnnedﬂmdnhmg..thio—
pentone 2 § g. and ether 5 were required durmg the operation,
which lasted 135 minutes. [n spite of these hurge doses, was
never very dep d and no was required st the end.
Sﬁg!njmmdma-ppen:cduhou.rln'}wropcritlon:ndl:mcdforz.lf
bours.  Unnary urobilinogen was present to & dilution of 1 in 6o, the
serum bihribin fevel wm 1.0 mg per 100 ml, cephalin cholesterol
+4++ bmcﬁm’_‘l.wu function tests were no Pus from the

I

amwary gth, 19! I-—”Hbsgperﬂ.-nt. genersl condibon Doses
ol‘]drug: to allenate had muug.r Excess
urobilmogen had dusappeared from the urine and the serum-bilituibin
level was normal.

Jexuary 16th—Evacuation of pus from the Jotn, Premedicstion as

on 11161950, Amesthetic  d-tubocuranne chlonde/thiopentone/

ether  The patient s remstance to anaesthetic drugs was

mantxined, d-tubocuranne chlonde 20 mg and thiopentone 1 g bemng

xeq\mcdfotendmnchalinmbmnn,whmhwfuﬂuwcdbyndmt

::;%?ﬂ‘:ry Inttle respiratory depresuon. Large smount of
ether were required,

F 5th—The patient had detenorsted and was
woghing 112 Ib, (51 kg ). A sinus was explored down to the lumbar
under thiopentone (500 mg) snd cyclopropane ana

Loy Tt thopen
13 was packed under tane (350
snd cyclopropane ansesthesh. Agaln very little cyc.lnpm;(niclzﬁz
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danger mgns to look for and the emergency treatment for sy
crims.  All apparatus likely to be needed ahould be close at hand
and tested spare cylinders of oxygen should be readily avaihble
of equal importance, 1 that the person 1n charge should know
where to obtam asmstance or advice wrthout delay

Much has been wnitten on the use of analeptic drugs m the
treatment of barbrturate pomsoning  Nikethamide, prerotorm,
leptazol, strychmine, amphetamine, sodrmm succinste, lobelme,
theophylline and multiple vitamuns have been tried. Nilson
(1950) conmders that the treatment should be as for deep snaes-
thema (outhned above) with no snaleptics Koppanyr and
Faxekes (1952) have criticsed this  pharmacotherspeutic nihil
1m  and consider that leptazol and picrotomn are most valuable
weapons m the treatment of barbiturate posonmg  These drug
do not mcrease the rate of breskdown of thiopentone but raue the
blood-barbrturate level at which consciousness returns. They sre
convulaant m large doses and increase cerebral oxygen consump-
tion, their action 18 only transient and no analeptic drug shoald be
given 1n deep thiopentone narcosis. When the laryngeal reflexes
have returned and the depth of the coma s less, an injection of
5 to 20 ml. Megumude (p 267) may be of value, Thus often
produces a return of consciousness, and once the patent hns
regained contect with the environment a relapse 1 uncommod,
especally if sufficent strmulation, such gs someone tallong to hm,
» mantamned and the patient not left undisturbed 1n bed.

An increased duration of narcoms 1s not the only resson Wiy
thmpmtun.nlho‘uldbelpumgly:dmmmta’edtopﬂﬁcm’“uh
bver damsge. In Fig 25 1t 13 ahown that large doses of thio-
pentone can cause temporary mpatrment of the hepatic function
mdrt]a;amu.uwmtotdmmutermomthmth:mmim“m
possible oaeof.bepamwm_-.1:oapamcmwnhaualreu:lydﬁmxed
i?u 'I'h:cﬂ'eulcverd.mgemonemc.bmewﬂbedauﬂ)‘?d
ter

Theruponnetnmunderdumuhlhodteredmpﬂlmﬂ‘mh
hmdnd;n;ge- The lowered plasma cholinesterase which sccom-
panies condrtron leads to senmtivity to suxamethonium.
nlwell—knuwndm}calcnntymdmmymahxvebcmfe?om’d
m the Iteratare. Less well known 1s the remstance to thos
relexants which act by competion block (Dundee snd Groy
1951 1953) Thus, senmtivity to thiopentone and remstance 0
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relaxants may be observed at the same time 1n patients with Irver
dysfunction.” Ths 1 illustrated by the following case report, 1n
which the patient also showed early resitance to both thiopentone
and d tubocuranne chlonde assocated with acquired tolerance
to sedanive and analgesic drugs

A man, 20 had a Jong senes of operations.

Awgat 1949—Gangrenous appendix removed, !
Jansary gtk 1950—Ileo- ding col y for sut
obstruction,

Fune Gth—Abscess 1n lown Incsed under thiopentone (400 mg ) and

ted to hospital with severe pan m lumbar
mpmmdm Large doses of sedatrve and analgenc drugs

being &
October 10th—11b 85 per cent,, ht 136 1b (57 k
mlOdobcr xuh—PI p pal md‘fus ge of g)‘mm abdom-

sbacesses, Premedicanons morphme gr } (10 snd stropine
g 1y (065 mg ). Anaesthetic d tut ' umg-)’».u o /
mtrous amdefoxygenfether (cloted arcmt). The patent was wery
reustant to all these agents, d tul chloride 80 mg., thio-
pentone 2 5 g and ether 56 ml were required during the operation,
which lasted 135 munutes. In spite of these large doscs, respiratson was
never very depressed and no neostigmine waa required at the end.
Shght jundice sppeared 12 hours after operstion and lmted for 24
hours. Unnary urobilinogen was present to & dilution of 1 in 6o, the
serum biliriban level was 10 mg per 100 ml, halin cholesterol
+++ butothu’lxmﬁmcdonwuwerenu Pus from the

Jamuary gtk, 1951—Hb sépcrcmt.. general condition Doses
ofdrugsrtqm.mftollknuepnnhld incruscd.poor}:xcm
urobilinogen bad duappetred from the urine and the serum bilituibin
level was normmal.

16/h—Evacuation of pus from the loin. Premedication ss

on Ir10.1950 Anaeathetic o tubocurnrme chloridefthiopentone/

ether The patient s remstance to ansesthetic drugs was

mn’m.:wd,dm}:om::rmechlondczomg and thiopentone 1 g being

Y for 1 {ntut which was followed by wiolent

;%;;d very little respiratory depression. Large amount of
and ether were requured.

Fi 5th—~The pauent had deterorated and was emacated,

weghing 112 1b (51 kg). A umus was explored down to the lumbar

;}:mmu&duthmpmmne(soomg and cyclopropane ansesthesis.

?cbmayx i
3th—The wound was packed under thiopentone (250 mg )
:;mﬁopmmh Agun very Litle cyclopropans was
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or & smular drug 1 recommended, provided the dose 13 adjusted
to the conditon of the patient snd resprratory depresmon 1
avoided. Endotracheal intubstion wm essential for most penro-
surgical operations and, sabject to the above requntes, each
anaesthetist should use o technique with which he 18 famular
The author has found the following to be reliable and without
deletenous effects of mtracranusl pressure

Prmediumnwmbmﬂlduhmmgr(o-ﬁ_;mg.)
atropine, and no opute 18 given.  Where mild  required, a5
to 50 promethazne m combined wrth the stropine,  If there s any
doubt the tming of the hypodermic imection of atropme, 2
further dose i grven intravenously

Induction s with & slow injection of sufficent thlopentone to abolish
the corpeal reflex. Thnufol]owcdby:{;hmqnmg(;milnedmmum,
the lungs bemg inflated 3 to 4 times nitrous oxide/oxygen/tr-
chlarethylens after apnoca has ocrurred.  The pharyay, larynx and
traches w3 far as the canma are thoroughly sprayed wth 4 per cent.
Lgnocame. If spontincous respiration has retumed, snaesthesn
contmnued with nrrous onde/c ylene for & further 2

a P ry doso s
corneal reflex haw returned. In the ahsence of spantaneous respiation
the lungs are rhythrucally inflated with the above moxtare for 2 rummites.
If necessary 2§ surxmethonfum are grven before the oral intube
tion, which is Iy carried out on an apnoeic pahent %o w to
avod the ty of A smooth retumn of spontencous
respiration can be achieved writh rytrons aade/oxygen/ether
after mtubetion. Ether is ed once a sxtisfactury excurmon

a8 per mmute.  Levorphan in doses of -4 mg 18 often a useful adjuvant
to prtrous ande and prod oo d bl s

ASTBMA

Opinrons differ as to the advisability of usmg thiopentone m
asthmatic pattents, As with every other pathological state, cach
case must be assemsed individually snd no hard and fust rules can
be given. Thiopentone does not markedly depress luryngesl
reflexes It causes slight constriction of the lumen of the branchial
tree, and if 1 predisposmg cause 18 present, bronchospasm 13 more
likely to follow rte ad ration than if & bronchoedilator such es
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di—cthyl ether had been used. Dunng very deep anacsthesia the
bronch: are relaxed by all anacsthetic agents, but 1t must be
remembered that chrome asthmatics have often an unhealthy
cardiovascular system.,

The most important step 1 to try to reheve the bronchospasm
before the adminustration of the thiopentone. This can often be
achieved by using 3 bronchial dilator drug such as ephednac,
woprenaline or ammophylime, followed by encourzging the
patient to cough, or mstituting postural dramnage for the removal
of secretions.  Despite the theoretieal disadvantage of making the
secrehons more tenacrous, a full dese of atropine or hyoscine
should be grven. Morphine 13 better avorded since 1t causes
bronchoconstriction  and 1f sedation 18 required, pethidine 13
preferred with or without promethaznine,

When a patient 1n status asthmaticus 1s presented for operation
if this conditron cannot be relieved by ephednine, adrenahine,

prenaline or phylhine, thiop should not be given
and local or spinal analgesia 1s prefi Where a mild degree
of spasm still persists 1n spite of treatment, oxygen inhalation
should be mstituted and 20 mg pethidine given intravenously
Ammophylline should always be at hand for mmedite intra
venous admimmustration if necessary  DBefore admunmstration of
thiopentone, § per cent. carbon dioxide should be added to the
oxygen and the rate of mjection should be sufficiently slow as not
to abolsh the strmulant effect of the carbon dioxide. Nitrous
oxide 18 started a3 soon &3 conscrousness 1s lost (still continuing
the carbon diomade) and methyl n propyl ether or divinyl ether
added gradually  The latter drugs scem to be &5 effective as
diethyl ether in relieving bronchospasm and have the advantage
of beng less uritant, thus allowing a more rapid increase
concentration.  Where snaesthesa 18 expected to be prolonged,
an early change should be made to diethyl ether or trichlorethylene
if necessary with further mtravenous pethidine  'Where muscular
relaxation is required h or gall triethiodide
are preferred to d tubocuranne chionde, and care should be taken
n the use of ncostigmine at the end of the operation

In patients who are known asthmatics, but not euffering from
the disease at the time of operation, no trouble need be expected
from the use of thiopentone Premedication should be s sug
gested above, and the use of pethidine immedately before induc-
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tion and carbon dioxide for & few minutes after the loes of con
sclousness Is recommended,

PORPHYRIA

The harmful effects of barbrturates, especially thiopentone, in
porphyna, have been noted by several writers. Dundee and
Rudmg (1955) reviewing the cases reported in two journals be-
tween 1948 and 1953 found detsils of 37 attacks of acute porphyma
occurnng 1n 32 patients. There were 15 operations m this series,
thiopentone being admimistered for 13 of these, Paralyss occurred
in all patients who recerved thiopentone and proved fatal in §
mstances. In the hght of our present knowledge, porphyrm must
be considered an absolute contraindicstion to the use of sy
barbiturates. The disease 13 very uncommon and can take so many
clinucal forms that a bref description of 1t will be given, with
particular reference to how the anscsthetist may encounter 1t in
practice and the chnical features that may aid 1ts recognution.

bl v ool et ik s pat o e ron:
m n
ton. Many dt:?ixumm heve been mggmd,p:td the followmg

scems to meet with most

Cunﬁmth
Porphyria cutancs tardis.
Acute intermittent porphyria.

Thndlnnoubbynomamdcu-cnt.m?mzrhﬂ:mgoomm

The congenital type 1s charactersed by photosenmitivity pigmentstion
dmmidmmduﬁﬂg ’I‘bamlm:;_eommcty:humﬁbom-
sensitivity recurrent oas often of a blistenng ue to
hest or ounor trauma. Hmuphthﬂeneﬁdmﬁlﬁmﬂhl
buckg:mmd.:b

Acute stta occur without any known preap factors,
urmknownmrpmgy{'la In the latter muﬂcﬁug-nnﬂubu
biturstes seem to evoke an sttack. Theso include
sulphonal and Iy alcobal, The clmical of scute attacks
has been desert 23 resembling lead in severnl respects.
It may be ushered in by -bdm:in:lcrm, distenion, nsuses and
vomiuting followed by the passage of reddish-coloured urlne, It b st
this stage that an nThpur:tomymybemﬂede Weakness
o s parils Thi g s e of (o
motor neurone paral may o

type or that scen in perrodic paralysis ncummyd.mx.lm
may ocour from resprratory paralyss or recovery take place m 6 to
32 weeks,
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The mmportance of recognusing p(orphgn: 18 illustrated by the
following cases rted by Dean (1953

A woman -gedrcf;o wth no relevant history became paralysed 3 days
followng a uterine curettage under thiopentone csia, Rccm'cz
took 7 months. Two year fater after & dental extraction for wh
thiop was ad d panlyns sgaln occurred  recovery
taking § montha.

After hysterect for which & barbiturate was sdmmistered the
patent w::tnmbmu walk for 6 months  Nincteen years Iater she
received thiopentone, and the resultng yss proved fatal in 6
weeks, Dean found s famuly history of semitvity in this patient,
who had previously been regarded a8 a neurotic.

A i of 19, having had several attacks of panalyss foﬂcrw{n&onl
barb z':d..‘_'- for an expl y lap y Within
En::yxcumplncpanlrymhndocmrmd.mdthnmtdhulsdm

A family history of five relatives who died from general paralyss
after drugs and snaenthetles was present In @ woman who herself
suffered from akm blisters. After two operations at which thiop
vwas admimstered, she suffered from pamalysn and delurfum, but
eventually recovered

It cxn be scen that the anaesthetist may encounter porphyna
ot any stage of the discase, In the latent phase there are some
guides to its detection such as a history of paralysis from a
previous operation or after takung sedatives. The skin changes
of the cutaneous variety may be obvious a8 ecars from previous
blisters of the hands, or the patient may volunteer the history of
1 senartrve skin,  ‘There may be & hutory of relatives having died
after anzesthetics, and while ths may have no relatonship to
porphyra, at least st should arouse suspicion, and lead to a more
detailed questioning of the patient.  Of most pomitive value would
be a hustory of passing red unine, but except in the case of an
elective operction such information 1 unlikely to be volunteered
by patients as they would aee no relstionship between thw and
their present complamt.

The most difficult case to detect is the “acute shdomen of
unknown actiology ~ That there m no previous history of
porphyna 1s apparent from the fact that a laparotomy 18 contem
plated and the stage of porphyrinuna may not have been reached,
Whereas m the case of an efective operation it seems clear that
thiopentone can precmpitate an sttack of acute porphyna with
resulting paralyis, 1n the emergency operations the acute attack
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Until further clintcal reports are forthcoming it 13 advisable that
doses of thiopentone admmustered to such patients should not
exceed 100 mg  Where a larger dosc has been inadvertently grven
and where severe respiratory depression has occurred, it should
be remembered that ¢ may return before the patient
can mantun an adequate resprratory exchange. It is essential
that artrficial resprration be carmed out wwith a muxture of nitrous
oxde and oxygen rather than with oxygen alone. The use of
carbon droxide or other respiratory shmulants ss not recom-
mended.

Such 18 the ranty of dystrophia myotonia and of its sufferers
comung to operation that it 13 not consmdered necessary to give
2 detailed deseription of the disease or how 1t may be detected.
It 1 sufficient to quote the defiton grven by Walshe (1944)

a heredo-familml disease characterised by wasting of the
digatal muscles of the hmbs, of sternomastords and of certain
factal muscles by a peculsr delayed relaxation of certain
muscles (myotoma) by testrcular atrophy baldness, cataract and
mental detertoration’

MYASTHENIA GRAVIS

In myussthenua gravs, which s pharmacologically the opposite
of myotonm, thropentone can produce effects similar although less
pronounced, than those described above. This senartivaty 1s due
to the actron of thiopentone on an sbnormally sensitive myoneural
Junction.

While patients with myasthenia gravis who come to operation
vary greatly in the seventy of their symptoms and in ther response
to neostigmine, 1t 13 usually possible to perform oral intubation
with doses of thiopentone of the order of one-quarter to one third
of that required m normal persons. The condrtions produced for
laryngoscopy by thiopentone alone ara comparable with those
which one would expect if the drug were followed by suxa-
methopum, Abdmm;ulrthﬁandsomcmhlmthﬂwln
curansed patents, and contro reapiation can be eas -
formed if required. The durstion of Pthl?apcﬂton.c mroomdykpndoc
prolonged 1n myssthenic subgects.

One must be prepared for a perod of respiratory depression
lasung up 1o 15 to 20 munutes 1f & normal doss of thiopentone
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inadvertently, the alveolar carbon dioxide should not be suddenly
reduced This also apphes when laryngeal spasm has occurred
after the induction of anaesthema or after difficulty in intubation
in the presence of apnoea due to suxamethonum  Sealy e? al
have found that an adrenolytic agent, benrodioxane (piperoran),
diminnhed the rise in plasma potasssum that followed the with
drawal of carbon dromde. This agent, or drugs with the same
action, may be of value n the circumstances mentioned above.
The mtrevencus admuustration of 10 to 26 per cent. glucose and
msuln 1 mnother effective method of reducing the plaama

to normal levels. It i interesting to note that Robbine
snd Pratt (1936) found that ether significantly decreases the blood
levels of potnssum and its use seems to be indicated in condrons
of potassium mtoxeation,

MISCELLANEOUS

In anaemic patients st must be remembered that the effects
of respiratory depression and hypoxia will not become apparent as
reaidily o m normal subjects. The myocardum may be affected
by the ansemic hypora and thus rendered more senstive to
thiopentone.  Futhermore, an adequate oxygen supply to wital
structure such as the bram and heart may only be mamtained in
the presence of an adequate blood pressure dunng conscrousness
by an increased circulation rate.  Care should thus be taken to
muumise the depressant effects of thiopentons on the cardio-
vascular system.  The increased duration of sction with the drug
1 patsents with 2 low baemoglobin content of blood has already
been duscussed (p 135) but this 1 no deterrent to the use of
thuopentone provided the total dose 18 surtably adjusted.

Th:doseofthmpcnmnewh:d:wﬂlbcrcquuedtnpmducca
satfactory degree of ansesthesn in drug addicts may be such as
10 have s marked depressant effect on the crculation, smos 1n these
patients ressstance s scquired only to the narcotic effects of the
drug. A:lhuwnmaprcnmumc-rcpon,dmguddzcuonlho
increxses tolerance to competition bloching relaxants.  Since
protonged sdminntration of sedatives and analgencs reduces the
pacudocholmesternse, such patients should be seamtive to wuxe
methonmum, there are no chinseal reports publnhed to
substantite this hypothesss, Anzesthesit in such persons can be
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most easily achueved by allowng them to have whatever
mhhngmd}cdmemwhxchtheymmmnmed,mgig:g
atropme or hyoscine, 1 place of the unusual premedication.
ThﬂmnﬂanpphedmChrmucﬂmhnhm,mwhgmﬂlem
medication should be ncreased, preferably with drugs which have
little effect on respustion such as pethidme 2 combination of
promethazine and chlorpromanne or a barbrturste.

Diabetics who are stabilised on soluble msslin preseat no diff-
culty as far ex the admunstration of thiopentone 1 concerned, 1
the drug in moderate doses has an msigndficant effect on the
blood-sugar levels, The meal prior to operstion should be
replaced by glucose of an equal calorte value (which 18 preferably
given mtravenously) and the requisite dose of insulin,  Where a
long actmg or slowly absorbed insulin preparstion s bemg used,
it should be changed to soluble msulin for a few days before and
after operation. The uncontrolled dmbetic presents a problem
which 18 the same whatever the ansesthehic used. The danger s
mereased 1if the stage of ketoas with vomsting hes been reached.
A 5 to 10 per cent. dextrose drip should be set up mmmedstely
The mate of administratton of thu and the accompanymg dose of
msuln will depend on the blood-sugar level. Unless the opers-
tion 18 of extreme urgency s m the case of uncontrolsbie
hamnonhageorapcrfoﬂtcdvmau,ammmb}ereduawnmﬂm
blood sugar and the ketows should be aimed st before mduchon
of ansesthess. Durmg operation, thiopentone/nitrous oxdef
oxygen and thiopentone/cyclopropane with or without musde
relaxants have the least deleterious effects on ghucoss metabolsm,
provided hypaxia is avorded. The observanon of Griffiths (1953)
that hexsmethonnrm mduces hypoglycsemua and potentistes the
action of sulin under general ansesthesia must be remembered,
and hypotenmon mducing drugs are better avorded m dabetscs
unless facilities are available for repented blood-sugar estmations.

Inwgotunicmbjochthmmuftmmmcrmedtmdmr]
to larynges! spasm after the use of thiopentone. Buch papenty
ﬁgqumlyhnwnhbﬂebbodprc-unorsl:ghthypotemmnmd
mmnrepmu:tomcrcﬁﬂlmblnodpmmnﬁzrth:rmd
wjectron of the drug Most children fit into the above category
which mcludes patients with peptic ukeeration, The above re
marks are aften stated to apply to patients with red har although
there is no scienhfic bass for thus view  Effective atropiasation,
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and fUxamethon, overcome (hq difficyfyyey Which g,
Noountereq, REoton;e Subjects,

N patiensy th Cochrom omaq he nduction of anzes.
theaty vy, tone frequen Cvokey hypert, Ve attack
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Caarrer VI

HAZARDS ASSOCIATED WITH THE
USE OF THIOPENTONE

Mortality Rate. It m impossible to essess accurstely the
madence of fatalies which can be attributed to the we of any
one anzesthetic ageat. Most deaths sre not recorded in the
hterature, and many published senies esther do not mention the
mortality rate ar fail to differentinte between desthe due directly
to the anaesthetic and those from other causes A search of the

To ths number can he added some cases from the formudable
report by Beecher und Todd (1934) on dexths assocuated with all
anacsthetics.  An snalyss of the total figures (Tuble XLI) reveals

Tasre XLI
Represextatroe figures showmyg the approxmats mortality
due 10 thopentons
Prblivhad ond | Berchor ond | pyput
J’W Sy Todd {1934)
Total sumber of sdurimistrs
thoers 113,381 57,000 192,481
Doath ettributable to  thios a &
tone
v ivein .4 stae | atme
Bourcs of Cases
Unlted Statre I 103 660 §7000 158,060
Graxt Botsin 4 — Nﬁ;’
Caoada 7.;6: - 716;
Otbers le — 3::99

that, out of 192,281 ad of thiop &, 0035
cent. resutted 1 & frtality which was directly sttributable to

drag

ER



HAZARDS ASSOCIATID WITH THL USC OF THIOPENTONE 19t

The exact cause of death m the above cases, excluding those
of Beecher and Tadd for which details are not given, are classified
1n Table \LII It will be scen that where this information 1s

TasLs \LII

Exoct cause of death m 44 cases (from Table XLI)
after the use of thiopentone

Cireulatory faihsre ' 13
Immediately sfter infecton
Overdoee in shock

Respiratory obttruction
During cpenation

R

3

i
¥

available, the largest number (62 per cent.) was due to arculatory
failure. In the report by the Commuittee of the Assocuatron of
Angesthetrsts of Great Bntwn and Ireland, which studied 232
deaths sssocuated with anaesthesia, the use of thiopentone followed
by inmediate cardiovascular collapse formed the second largest
group (21 per cent.) (Anaesthesia 1952)  If from these 232 deaths
tre selected thote 1n which there was one fauly clear-cut cause
(160) then thiopentone was responsible for almost ome-third of
this total.  There may have been deaths clasnfied under respir-
story obstruction duning and after operation for which an overdoss
of thiopentone could be held responaible.

It would be msleading to attempt to compare the number of
fatalmes duc to thiopentone with those sttributable to other
Agents s one cannot tell the relative inadence of adminmtration
of the vanous drugs. It can be assumed that the large total due
tﬂthmpcmnncunlmtmplnduemmmd:spmdmdunng
induction of ansesthesa,

Although 2 mortality rate of 1 11 2870 has been found 1 almost
200 000 2d trations of thiopentone, 1t does not follow that
one need encounter 3 to 4 inevitable deaths 1n each ten thousand
wdmmistrations of the drug  No details of dosage, rate of injection
or of the pre-operative condstion of the patients are available for
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t.hcf:u]ndmmim-aﬂum,butztupom’hlcdmmmyfnﬂmu
could have been prevented by the judicrous use of the drug and &
proper apprecustion of 1ts hmitstioms.  Curculstory failure =
alweys due to overdosage, and respiratory ebstruction and pro-
{onged kypoxa are likely to result from the sme cauke, The
higher incidence of the former 1 only an mdication that an over
dose of thiopentone is most likely to cause death through s
depressant effects on the cardiovasculsr system, and that e
effects on this system are less casy to counteract than stx sction
on

Theorctically there should be no inevitable desth mte with
thiopentone 1f sts limstations are understood and if all anaesthetists
wee highly skilled, Buch #kiff only comes from expenence i using
the drug, and conudenng the case with which an overdots of
intravenous aneesthetic can be given, the reported mortality may
even be teken 13 2 tribute to the mfety of thiopentone,

No mention has been mads of the non fatal accadents which
may follow the use of thiop , and it is impossible to assen
the morbidty attributable to the drug. Every mtravenous
myection carries certain naks which sre incressed when & nghly
rtant sab such as thiop 1= mjected. It 1 proposed
to discuss even the mmor harsrds which are iated
mtravenous asesthesia md offer suggestions for prophylaas amd
treatment. The sequelas of these ars often forgotten, and many
patients suffer from a soro arm for some time sfter an * unevent
fol’ ad, ration of thiop

DANGERS OF ANY INTRAVENOUS INJECTION

Infection. There s & slight rsk of both generalised and -
1sed mnfection from any mj Org may be trod
1nto the blood stream from synnges or needles which have been
wnummntdbythemmthﬁ:torhhmbgents;or{bym
infection from patient to pstient. Infection at the site of pupcture
is partscutarly likely to occor if extravasstion of blood has foftowed
wnthdrawal of the needle or f thiop has been deposited m

infocon, theee complications can be minimised by an sseptc
injection techmque. The skan should be cleaned with cetrmsde
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followed by spint, and allowed to dry, and the ncedle should not
be handled except at the butt,

"The danger of cross infection apphes particularly to intravenous
injection because of the sapiration of blood into the necdle and
syrmge.  Bigger (1943) and Shechan (1944) have shown that
hepatrtis sttributed to mtravenous arsentcals was i fact due to a
virus transmutted by unstetile syninges, The incidence of carners
of the wirus amaag blood donars has been placed as kuigh as o 5
per cent. (Bt med §,1950) The nsk is sull present even when
blood 15 not aspirated 1nto the syninge since Hughes (1950) found
erythrocytes in the flud of the noxxle of the syninge sn 14 per cent.
of cases after intramuscular snyection

Needles and syninges should always be thoroughly cleansed and
sterilsed after each case.  Complete bactenological sterility can
be achieved only by sterilisation 1n g hot oven or an sutoclave
(MR.C,, 19435) Boilmg in water will destroy all pathogeme
bactena except those producing remstant spores which can be
killed by the addrtion of sodium bicarbonate to the water Care
must be taken m using sodium bicarbonate, for, while the resulting
aliatinity will not decrease the potency of the thiobarbrturates, 1t
maxy affect other drugs used m anaesthena, particularly pethidine
and some local analg: Ch [ disinfectants, on the whole,
are unsamsfactory for stenbsation of synnges. For details of
methods of cleaung and sterilisation of syrninges see Appendix

Haomatomats, These are particularly common 1n subjects
with a sparseness of subcutaneous fat, or in elderly patients with
tortuous snd sclerotic veins. Leakage of blood from vessels 13
more Inble to occur m any patient if the venous tourniquet 13 not
relessed before removal of the needle.

The ruk of hsematoma formation can be reduced by a proper
vempuncture techmque.  In patients with tortuous mobile veins,
myecton should be made st the junction of two vessels, The

Deedle, after msernion through the skin, should run for a short
ditance 1n the subcutsueous tissues before punctunng the
veasel. Thss produces 2 valvular effect when the needle 15
remaved, the mtact slun over the site of the puncture preventing
leakage of blood. Firm pressure over the powt of eatry of the
needle has & smilar cffect and temporenly rusing the arm above
the suprasternal notch, thereby reducing the venous pressure,
18 probably the mast vahuble procedare of all. If pressure s
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applied praximal to the site of puncture of ths vessel, the resultmt
venous stesis will md the formation of & hsemstoms. Acute
flexion of the arm after withdruwal of the needle may have a
sumnilar undemrable effect.

Hrematomats are seldom large enough to necessitate any sctive
treatment. However there b & remote posaibility of an undue
collection of blood embarrassing the blood supply to the lmb
In such cases an mesfon may be necessary to rehieve the tenslon,
An jection of hyaluranidase may belp to duspel the blood, but
strict zsepsts 13 essental smee blood clot 13 # very sunteble medium
for the growth of organisms.

Broken Needles. Fortunately this genenlly occurs st the
butt of the needle and the broken part can be easily removed.
It 18 recommended that the needle should not be mserted nght
up to the butt. Breakages of the tip of the needie are mare serous.
The broken part ahould be located by X ray and an immedmte
attempt made to remove 1t, if 1t 18 still 1n the arm.

The use of eccentric noxzled syringes reduces the stram on the
needles and munmuses the lkelihood of breakage. Movement
of the Jmb must be avoided durmg myection, As pomted out

with an enslgenic drug (see page 70)

DANGERS ASSOCIATED WITH THIOPENTONE

These can bo clesufied aa follows
1 Local Effocts due to the irritent propertics of the drug
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CARDIOVASCULAR SYsimM
Immedute toxic effects—cardiovascular collapse.
Effects secondary to hypaxia due to respiratory insufficiency

" " hrol l?\‘ypot
on, cnon
) lood E:i.
" ” manipulations by the surgeon.

Post-operative mental imparment.
Post-operative restlessness.
3 Delayed Toxic Effects
H c dysfunctron.
fl? ":pt" of prolonged hypoxia or prolonged hyp
(¢} Attacks of acute porphymia
(d) Addisonun cnms.

4. Not grecdy duo to Thiopentone but frequently sssoqisted with

use.
(4) Mechanically produced perve lesions, most commwaly involving
the brachnl

(5) Skelctxli.uj\mg, due to lack of care 1n positioning or transfernng
patients, especlly m ostecarthntics.

LOCAL EFFECTS

The extravancous injection of thiopentone results in local
tissue imntation.  The extent of the damage depends on the con-
centration and total amount of the drug injected outside the vem.
Patents with a poor penipheral arculation or mith sparseness of
subcutaneous tissues are more susceptible to the irntant effects
of thiopentone. The clmical effects can vary from temporary
shight tenderness st the site of mjection to extenaive tsue necrosis.
The 1rrrtant action 1 enhanced by pressure from the injected flud
and spasm of versels caused by the hugh alkalinity of thiopentone.

The prophylaas conssts of aspirstion of blood before the
mrtial injection. Where the needle point 18 buned deep and local-
ued swellmg not easily detectable, one must obtain a good flow
of blood before injection, as a small amount may result from the
ptasage of the needle tip through the vessel or the aspiration of a
hsematoms. Except where the veasel 1s large and clearly visible
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ehminated and a non-cxplosive muxture, with thiopentone as basal
narcotic, can be given after induction, if required, There 15 &
strong belief 1n some quarters that to abandon the intravenous
method of induction of ansesthesla because of unsuitable veins
18 admitting defeat. Thr belief however, 1n no way conforms
to the essentul practice of ‘fitting the ansesthetic to the
patient”

The dangers of intra-arterial injection of thiopentone have
been pointed out by many writers the most notable of the carly con
tributions on this subject being those of Macintosh and Heyworth
(1943) and Cohen (1948) The latter has placed the incidence of
thrs sccident at between 1 8000 and 1 55,000 This seems a
gross underestimation, since data collected by the author from
vanous anaesthetists (dealing with over 31 000 anzesthetics) reveal
one mtra artenal mjection mn about every 3500 administrations of
thiopentone. No serious permanent sequelae occurred in the
cases of this survey and no figures are available to show how
frequently mntra arterial injection may produce permanent dis
sbilty

Smee most ntra artenal injections result from the use of vessels
1n the antecubrtal fossa, 1t 1 advisable to conmder bow such
ijections may be made. The two mam contnbutory factors are

(a) absence of artenal pulsation and (8) anatomical varations at
the elbow

bnungth:lhmﬂduxwﬂlladlocomgradnnofthumbchvhnmery
by the clanicle agamst the first rib and Ioss of distal pulse & sandbs,
between the shoulders may act sumilar] Iuwmnpadmumnﬁono%
the head or hyperextention of the will lead to & compression of
dmmbdnhnut?uynmdobhmdonohhebmhhl pulmtion. Eleva
00 of the arm in full abduction often obliterates the pulse  the axillary
artery 13 belicved to be compressed or angulated over the root of the
midprmorm;dnt‘n:dlng‘muwumofﬂn?cmnlummor
muscle. There mry P of arternal p in hypo-

states,

(8) The brachial artery divides above the elbow 1n about 10 per cent,
°fm1ndhomthudofthe.ethupeaﬂhﬁtyhhﬂ:leathn
ooy the ulnar artery slmost Invanably reaches the distal
Eﬂ ¢ arm by pammg cia] to the flexor p of muscles.
bumduwnmdpnhltmy ug the mdul artery m the elbow area,
tltumuhtxkulmbdullwccpmdlbctwovc-dlmyliewell
apart. Inmdcrwnmdmperﬁmlmumtbauhnrumymyoccupy
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ons of three posittons (1) subfascaal all the down (a) subcut
mcominthadhowmdtbenpudngbe]uwth‘:ydctpiual()(gmb-
fncxllutheuppcrpntofthoforu.rm.thmmbcnmmdémﬂy
subfascul agwin in the dustal third of the forearm. When the ulmr
mlhmmmhtdmdbaw its anterior mterosscous branch comes
off drvison.

wrmlly
smaller than pormal and compenstory enlargement 1 fnyanably found
m the radil.  Such superfical ultur vessels are derrved from the v
sbberentia and, like other vessels, have a fuller nerve

than heve the deeper bi mors
i consequently they are

H on of the elbow struightens the normal tortuosity of the
bncmﬁiyuﬁdmﬁuhmm Pulsation of
arteries may not always be viuible, especially in young healthy persocs,
but, unless the brachial artery 18 compressed 23 described abave, the
pulsstions are always exily paipable.

Thiopentone 18 u strong alkaline wrrrtant and 1ts mtre-arterial
1njection can cause spasm of the veasel.  Distensson of the arternl
wall from rapld mjecton may be & contributory factor The
mtima of arteries appears to be particularly susceptible to thio-
pentone and thromboms readily occurs after 1ts myection. The
likelihood of this 13 meressed 1f the thiopentone has been trapped
1n the artenal tree by vascular spasm or occlusion of the circulstion
due to any of the causes already discuseed. Thrombosws may
develop mudioualy sand complete occlusion with oblrteration of
the pulse has been recorded s long a3 10 days after the first
aggregation of platelets over the damaged mte. The thrombosts
usually extends proxumally as far as the ongin of the magor
collaternl vessel above the arte of the arterial puncture.

The distal foreasm and fingers are affected sccording to the
distribution of the thiopentone. Shunting of the drug mto the
skun may result m discolouration or even sloughmg  In muscles &t
will cause gross oedems, and thrombosis of 1 major vessel will
result 1 uchaerma and death of the muscle. Gangrene of the
fingers results from complete blockage of their blood supply but
1t 18 not unusual to find only the dists! porttons wnvolved. Cohen
(1948) suggests that this 13 due to mtense spaxm of the arterio-
venous snastomoais followed by clotting m the venous loop
Ischaerma of nerves may result from mpairment of thewr blood
supply due either to thrombots or to pressure from ocdems of
the surrounding muscles,

The end result of intra-arterial imection depends on a large
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number of factors, of which the following scem to be the most
mportant.

(a) The concentration and amount of solution mjected.  More
concentrated solutions are more Irmtant.  This view 12 aub-
stantsted by Table \L1II, which analyscs sequelae of 46 intrz-
arteral ingections of thiopentone, some of which have been
described m the hterature. (It rust be pointed out that Table
XLIII makes no allowance for other factors, to be outlmed later

Tase XLII
The sequelae of wetra-arteral majection of thiopentone related to the
strength of solution used
Pereontege | Number Permancat Sequckas
Sohrtaw of Carey
Natwrs Ne. of Cases | Prreentage
10 11 Ampatetion required
1
Nil 2 lg
s 6
1 w required i tg
Area of byposestivcals H 6
N2 1 ép
<s->r5 i Na 3 100
Fyoffern 4 } alight fyposcstheaia 1 7
N3 1 9

Three of thes petlents recetvad o thiopentonecumee mirture and the
fustaminedike
’Nﬂ:l:'mhdmommmh!h}rcﬂnndmmwmd
and 1 not presented a3 srentific evidence of the greater dan
gers
of cancentrated solutons) The lorger the total dose of thio-
pentone ;n;u:ed,ﬂxelmwﬁlbedmdﬂuunnmthe penpheral
e
(b) Rate of mjection  The more the vessal 1 drstend,
grester will be the spasm. * e
(¢} Nerve supply to the punctured vemsel, The ncher the
netvrork of nerves an the vestel, the more sensitive it will be to
ueritants and hence the greater the chance of spasm.
(d')Stncofthenﬂvdnlu:nﬂshonﬂthenmeuftbeinjemon
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which followed the injectron was attnbuted to the onset of 2
utenine contraction  Inaidents like this must be exceedingly rare

Unfortunately, 1n 2n occasonal patient no pain may follow the
mtra artenal ingection of thiopentone, as shown by a recent
medico-lepal case (Bnt med J, 1951)

After the intra artenal injection of a small volume of dilute
thiopentone, the pain 1n the arm may subside after a few minutes,
but with larger amounts 5t may peraist for several hours  Pauents
m whom anaesthesta 19 continued wath snother agent may still
complamn of the pamn on the retumn of conscrousness A rarer
occurrence 14 for the pamn to diappear shortly after the injection
and return later  This xequence may be repeated several tmes
ad 18 presumably due to intermittent sttacks of vascular spasm

The mtente artenal constricion after jection 13 mansfest
by an mmmediate diappearance of the radual pulse and blanching
of the lmmb  Becaurc of the increased time taken for the anacs-
thetre to reach the central nervous system the onset of uncon
wousness will be shightly delayed  Severe vasomotor collapse
may occur and the resulung hypotension may be taken as the
aplanation for the mahility to palpate the penpheral pulse.
Where the artenal blood flow to the forearm s rapudly restored
blanchung of the limb will be follawed by reactne hyperzemu
Ocdema of the Iimb occurs quickly where the muscles have been
mraded by thiopentone and mottled patches and ecchymoses
mdicate skm involvement.

Where sparm of digital or man vessels persists or where
mmedizte thromboms occurs the blanching 1 followed by 1n
frezmng cyanoss of the affected part, which becomes o dark
Purple colour and 13 followed hy gangrene  Cohen (1948) has

that fingers which developed gangrene did not show
oederm angd fingers which recovered did  ‘The absence of oedema
idicates that the errculation 1n these fingers must be completely

*rested gnd the major digital vessels thrombosed. Extensive

‘;fd:m of the muscles usually results m flexion of the fingers.

rhore that muscles cannot stand complete schaemsa for

than six hours, and failure of the oedema to subside within

S:::“Niﬂy means that the chance of saving the hmb 1s small.
fromy &tﬁ* mun nerves of the forearm recenv e their blood supply
the gy sadal and ulnar artenies interference wath the flow

may lead to loss of The inter branch
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of the ulnar srtery s particularly mportant, as 1t supples the
median nerve, but where there 13 a high division of the brachial
artery this branch 18 usually given off by the radul. Consequently
it will not be affected unless there has been retrograde spread
of the thiopentone.

It follows that the sequelae of an intra-artenal mjection of
thiopentone can vary from transtent pain to gangrene of the fore-
arm.  While some Idea of the prognosis can be gamed from the
frctors discussed on page 199 thero are no means of forecesting
accurately the ultinste result, and 21l cases must be treated m
me;iucelymt.houtdehy The suggested Imes of trestment are
a3 follows

(a) Dilution of injected thiopentone.

(8) Relief of artenal spasm and pan.

(¢) Prevention of thrombosis prevention of spread of throm-
bosis and/or extraction of clot.

(d) Later symptomatic treatment.

Dilution of the thiopentone applies particularly in cases where
there 18 some obstruction to the arteral flow to the imb  The
cause should be sought for and remedied, the tourniquet should
be checked to see that it has been completely released, tight cloth
1ng or bandages cut, rotation of the head or hypertension of the
neck corrected and the affected shoulder slightly ramed. The
needle 1 left m the vessel and 10 to 20 mL o 5 per cent. procune
myected alowly This has also some vasodilatatmg actson, and is
mentioned before the more effectrve vasodilator papaverme becuse
of 1ts more ready availability in the ansesthetic room.  If nesther of
thete two drugs can be procured quickly normal saline, slightly
warmed if possible, should be imjected. Papaverme should be
given 1n doses of 40 to 80 mg m 10 to 20 ml. salne.

‘Where the needle has been removed from the vessel, remsertion
may be difficult, and in this case either procame or papaverme
should be infiltrated around the eite of the puncture. Ansesthesis
should be continued with & vasodilator drug preferably cyclo-
propane ad oxygen.

Immeduste and faisly prolonged relief of pamn can be achieved by
performing 2 brachra! plexus block with o 5 per cent. lignocane. If
sufficient of this drug 13 deposited slong the back of the first rib the
stellate ganglion will also be blocked, and these two procedures
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help to open up the collatersl arculaton  Dunng the petform
ance of a brachial plexus block 1t 18 &n easy matter to puncture
the subclavian artery (which lica adjacent to the scalenus anterior
muscle) and mject further popavenme. This 13 preferable to
making repeated attempts to puncture a vessel which 13 1n spasm.
“The mmedate imnjection of hepann into the affected artery has
been suggested and is a valuable procedure but nts use precludes
the mmmedsate performance of any operation which necessitates a
skin masion and makes brachial plexus block a hazardous pro-
cedure. There should be no hesitation 1n postponing any opera
tion which 18 not extremely urgent, and in tlus case 20 000 units
of hepann should be 1nyected 1nto the subclavian artery A long
actung anticoagulant of the dicoumarol type should be given
orally and hepaninsation continued until this takes effect, usually
within 24 to 48 bours. Control of dosage by hacmatological
mvestigations will be necestary  The dangers of the mdisenm
1nate use of hepann 18 shown by the following case (Coben 1955)

Follomng the intru anteral injection of thiopentone into the right
mrmthmpywumxduned. On the lft arm there was 1
rednn, and after mantpulation the arm was placed in plaster
Extensive bleeding into the lft arm followed led to musde

Each case mnst be considered mdvidually regarding the
necesuty for repeating any of these procedures. The return of
pamn 18 an indication for repeating the brachial plexus block and
mjectng  papavenne.  Sedation should be with drugs which
relex vascular tone such o the barbiturates and pethadine
morphme should not be gven.

If decaded upon, surgrcal treatment must be earmed out within
s hours of the inyection.  Protarnme must be given to hepanrused
panents before the operation  Cohen (1948) recommended in
csion of the vessel and extraction of the clot. The artery should
prefertbly be opened well proximal to the iyection site 5o tha the
ultimate guture will not lie within the damaged arex. The clot
may be extracted with forceps or by sspiration, snd Cohen
mentions that if exploration 18 not early the clot may be adherent
to the vessel wall and not be removable by suction. In this
of case incision of the vessel in two of 1ts distal branches mll
llow semoval of the dot by proxmal synnging and sucton. A
distal mtra arteral injection of hepann should always be given at
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the trme of operstion  The artery wall must be “‘packed with
papavenine durmg and after operation

Other suggested lines of trestment mclude attempting to farce
the opeming of the collatersl crculation by mnmension of the
oppoeite lunb 1 hot water or by using a heat cradle over the rest
of the body The affected lunb should be elevated to assut both
venous and lymphatic dranage, but 1t should not be rased above
the heart level, Since conling causes vasoconstrctron, the damaged
lunb should be wrapped mn a sterile towel and covered with wool,
but 1t should nat be overheated.

Late symptomatic trestment depends on the outcome of the
carber messures. Chemotherapy and ant-gas gangrene serum
should be given to prevent the spread of cellulitis from gungren-
ous muscles. Amputation of digits tendon  transplantation
or even amputstion through the forearm may eventuslly be

necetsary
Varous suggestions have been made for the prevention of intm
arteral myectson dunng the induction of thiopentone nnsesthess.
The mast important of these are avodance of vesscls in the ante
cubital fossa, palpstion of mjection aite before apphication of the
tourniquet, and the injection of 1 to 2 m! of solutson followed by
2 pause to sec of the patrent develops pam. If no surtable vem
can be found outmde the antecubital foasa, the radil side =
preferred to the ulnar  In the case of the latter the only certun
way of being sure that the wmjectton will not be gven mto an
artery 1 to set up an intravenous dnp and mject the sohuiton
through ths.  Even the radul artery can take an aberrant course
at the wrist, and gangrene of the thumb and mdex finger has
followed the mjection of thwopentone mto such a vesse! (Cohen,
1955) A ven which overlies #n artery 13 not altogether safe, &1
under these ar mtr } of an twotant
can cause arterul spasm.  Other pomts which are worthy of
menton are avordance of factors which mterfere with the arterul
blood flow avoudance of rapid mnjection and the une of & 2 5 pef
cent. solution, which appears to be folfowed by a Jower merdence
of untoward sequelec than & § per cent. If & senes of repeated
injections 18 contemplated during the operstion, esther an mira-
venous dnp should be set up or # nan blocking needle mserted
befare mduction of h 2810 an patent pam
following wnjection cannot be ehcted and & more likely canse
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may be sought for disappearance of the radul pulse than intra
artennal injection.

Venous thrombosis 1s rarely reported after the use of thio-
pentone and occurs more commonly with the 5 per cent. than
after the 2 5 per cent. solution. On theoretical grounds it should
be more common where continuous or intermttent mjections
have been made tnto one vessel The thromboss becomes
evident a few days after the injection and may be extensive,
mvolving the deep vens by retrograde flow  Hewspear (1945)
has described a case where deep venous thromboss followed the
mjection of thiopentone. He attributed this result partly to the
fact that the elbow was placed 1n acute flexion after the injection.
Cohen (1948) has scen an injection of thiopentone which was
followed by an enormous oedematous forearm which took g
months to subside. The author has heard of 2 lesser degree of
oedema following the intermuttent injection of 5 per cent. thio-
pentone (to a total of 12 g) where full recovery toock 4 to 5
months. In this patient the lower kmb up to just below the knee
was involved as, save for the inthial dose of 350 mg  the internal
saphenots vein was used for the myection  There may be some
umilanty between this and Hewspear s case as the leg was con
stricted between a rubber cushion and a tight strap over the lower
thigh, It would scem that trapping the solution in the vein may
be an mmportant factor in the aetiology of venous thromboss, and
for this reason the common practice of acute flexion of the elbow
after mjection 18 to be deprecated.

The exact danger of venous thromboms after thiopentone s not
known, Cohen (1948) thinks that 1t may well lead to loss of a
limb smnce thus 1 known to have followed the accidental injection
of sclercyants 1nto the deep vens of the leg  Venous obstruction
alone muy lead to muscle death, and while the picture 1s somewhat
drfferent from that eeen after thrombosis of & main artery the end-
result 18 the same.  Various wnters have commented that when
the artenal arculation s poor or 1n spasm, the onset of venous
thromboss muy seal the fate of the hmb  For this reason, should
mmmmxlmjecuonbempecwd,nwmﬂdbcunwmtomjcct
any further thiopentane 1nto the limb and run the sk, however
small of thrombosrs.,

The injection of thiopentone into nerves 1s not usually Listed
a8 a hsnard of intravenous snaesthema. On consmdering the
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relevant anstomy, it seems surpnsing that more cases have not
been reported.

The medisn nerve enters the antecublal fossa just medial and shghdy
supedficial to the brachial artery and enters the forearm between the
dxpmdwpaﬁddhﬁ%%mhczm;hmhm
artery bt teres. In

bl e e byt e bl of ot . s
1t fram the superfioml velns, Higher up s the arm 3t hes smmedistely
deep to the basilic van. The nerve to pronator jeres nsually ares
above the elbow and m the forearm the median nerve grves branches

H des with the T of flexor carpt uloaon,

no baxs for the belief that the dicection of the needle to make an
myection wnto the medun nerve must be mouch more neady per
pendiculsr to the xxus of the arm than if the builc vem  the
objectrve. Pusk and Robeon therefore der that 1f an my

wmxs? be made st this site, acadental damsage to the medin perve
could oceur by mischance even theugh prudence were exercwed.
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A slight movement of the paticnt mught advance the needle, at
first satusfactorily placed n the vein a very short distance, so
that 1ta point lics agamnst the nerve. The change in position would
not be obvious. 'This 18 a further reason why the inner side of the
antecubital foasa should not be used for the injection of thie-
pentone unless the veins are casily visible.

In contrast with the above, the radial and ulnar nerves are not
s0 accessible to damage.

In the antecubital fossa the radul nerve lies decp in the intermuscular
forrow which is bound on the medsl mide by brachials, on the lateral
side by brachiorsdalis and below by the extensor carpr radulls longus.
Its course m the forearm is likewrse

The ulnar nerve at the elbow Hes in a groove on the back of the
medual epicondyle and it enters the forearm between the two heads of
flexor carpr ulnaris. In the antecubital fossa it lies on the posterlor
and obhque parts of the medial hgament of the elbow joint.

Intense shooting pain 18 the first symptom which 13 likely to
follow the mjection of thiopentone into a penpheral nerve.
Sudden flewon of the wrst and thumb may occur when the
medmn nerve 1 affected.  Anatomscal conmderations show how
the dutribution of pan from the various nerves differs from that
following mtra arternal injection, and also demonstrates the ease
with which the symptoms of thus latter condition can be wumulated
by damage to the medsan nerve. A delay 1n the loss of conscious
ness may occur due to part of the solution entenng the vein and
the reander bemg depomited mto or around the nerve. Pamn
shooting down the forearm 15 not likely to be confused with that
of mtra-erteral inyection.

The immediate treatment recommended for the injection of an
wntant, like thiopentone, into or around 2 peripheral nerve 1 to
lexve the needle m posttion and myect o 5 per cent. procaine, with
byaluromdase. This will dilute end dusperse the thiopentone and
help to neutralise s alkalimity  Where the needle has been moved,
erther by acadent or intentionally a generous mfiltration should
be carned cut with the above solution around the site of injectian,
Th:-pradofthelocxlmﬂgmclbovcthenn:ofdlmngemthc
nerve will ease the intense

The ultimate result of thus accident will depend on the volume
#nd conceatraion of thiopentone mjected and the exact bocation
of the needie tp As so0n u3 the immedlate symptoms subaide

and & definnte diagnoms is made, an expert on peripheral nerve
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result of the direct toxic effect of the drug on the myocardium
However, to avord fepetttion, the actions on respiration will be
discumed first.

Momentary apnoea 18 the recognised response to the njection
of a full induction dose of thiopentone. However, when it persists
for more than half & munute m fit subjects or for more than a few
scconds m poor sk patients at must be treated by artifical
respiration with oxygen or with nitrous oxidefoxygen The use of
analeptics 18 not recommended in deep anaesthesia.  Artficial
ventilation can easily produce hypocarbia, and carbon dionide may
be added mtermuttently to the mxture in concentrations not
cxceeding § per cent. of the total gasea. Carbon dioxide per se
plays no part 1 the treatrment of apnoea or severe respiratory
depression due to thiopentone, mince the sensitvity of the respir
atory centre to thn metabolite 18 abolished completely in severe
overdosage with the drug  Rhythmuc overdistension of the lungs
alone can prolong apnoea. Where spontancous respiration 13
being muntained by the strmulus of hypona on the carotid body,
(xs during the intermuttent or continuous adminustration of thio-
pentone as sole narcotic) the mhalation of oxygen or oxygen nch
mtrous omde/oxygen mixtures may remove this strmulus and
result 1n apnoea.

The return of spontaneous respiration does not umply that the
tidal volume has returned to normal and respiration may require
aamstance for some tme.  Nor 1 absence of cyanosis a reliable
guide to the mifficiency of respimtion for while the patient may
be reasonably well oxygenated hypercarbiz may be developing
Since the shift of the sumulus to respiation from carbon dioxide
to hypaxm 13 sccompanied by s reduetion in tidal volume, 1t 13
recommended that supplementary mhalation agents should 1n
varubly contam more than the stmosphenc concentration of
oxygen. This will help to eliminate undetected respiratory
depreamon duning deep thiopentone narcosis.

Respiratory depresion may appear for the first time at the end of
operation. This 1s most likely to be due to conclusion of surgical
mmuhmdnhp:cofzhepaumtmtouchmallydceperl:veluf
narcons. It may aleo result from the reduction of alveolar carbon
dxn:dctcmmnmnormxlmamwhucthemhmbecnmlnm
10 dead space, meompleto carbon dioxide absorption by soda Lime
m closed carcurt ansesthesu, or muuficient total flow of gases m

o
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putting the pauent m the Trendelenburg position  Equally
mmportant s the immedute correction of hypowa from the con

current respuratory depression. Where these measures produce
no unprovernent, & [ noradrenalme infusion should be set up
Ousbain or digoxin may be gwen wntravenausly, and of there 1s
any endence of pulmonary ocdernn, thu should be treated with
amunophylhine and tracheal suction.

Falls 110 blood pressure which eccur late after the admunistra
tion of thiopentone are secondary either to the sction of hypovis
or hypercarbua, meflective treatment of casly hypotension affecting
the coronary blood flow, or the result of blood loss during opera
tron or the surgical manipulations.  Hypoxsa during thuopentone
anzesthesu results 1n & gradual depression of the blood pressure,
and treatment will be meffective if the cause 1 not removed.  The
blood pressure nse which normally follows hypercarbia s pre-
vented by doses of thropentone which depress the respirstion
(Fig 22). A sudden withdrawal of carbon dronde may result
1 severe hypotension smilar to thst described by Dnpps (1947)
after the use of cyclopropane. This should be treated on the
same Imes g described above.

The treatment of hypotension resulting from blood foss has been
discussed 1n the sectron on ahock.  Falls in blood pressure due to
the manrpulatrons of the surgeon are mumilar to vaso-vagal attacis
and can octur dunng too hight anaesthesa,  Recovery usually
takes place spontancously but it can be hastened by the use of a
vago-constrictas drug

1t must be remembered that delay in the retumn of consciousness
after thiopentone can be due to factors other than an overdose of
the drug  Ths Iatter ocours most commonly when a large dose
admunustered to » suceptible person, especually where there s some
interference with diffunen and detomeation of the drug  The
suggested treatment for this has already been fully discussed
oD page 173

A pertod of prolonged bypous during ot after the admuinstsa-
tson can delxy the return of consciousness, the prolongation of
coma varymng with the degree and duration of the hypemnic epuode.
Thn Iatter may have been due to profound hypotension or respir
wary msufficsency, and steps ahould be taken to restore the blood
pressure or ensure adequate oxygenation and carbon diomide
removal. It has been smuggested by Sadove, Wyant and Guttelson
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(1953) that cercbrul oedema 1 partly responsible for proloageg
the camun 1 such cuses. Repeated mjections of 56 to 100 mi of
50 per cent. sucres or dextrose, concentruted serum albumen, or
double or quadruple concentrated plasma, should be given Intn-
venously at frequent intervals  This can be combined with other
measures designed to produce dehydratron, such as magnesum
sulphste enemate,  The general treatment of these pstrents shoald
be on the skme hines s for coma due to thiopentone.  Apaleptca
should not be given, and specsal care should be taken with respect
to tracheo-bronchil toilet a3 coms may permist for several dsp.
The dwgnous of whether coma 18 due purely to an averdme o
barbsturates or 1 prolonged by the effects of cerebral hypoxa rat
mamly with the history of events during the ansesthetic and the
presence of papilloedema.

Occasionally one encounters prolonged narcoss which 1 m 0
way essociated Tth the anaesthetic but which may be prempstated
by the surgical procedures. One yuch case 1 recorded by Geddes
(1952)

A male 1 had cercbral ormed a8 &
Aoy ety e P O
dases grven not beng stuted. A s i faowed

S oA e o g the oy

re Was 1301 mL of cent. glocose wa
mm 31‘00;:?% A !;apm,\:m-hmn:\gl oo the
A return to comaouanes fol aod po
of the existig percas waa evident next day
It must be apprecuated that the spparent return of foll con-
sciousness smmedutely after thiopentone or any barbsturste of
thiobarbiturate does not tmply that mental fsculties have com-
pletely returned to normal Voo Felunger Lasagns and Beecher
(1953) have demonstrated a agnificant npurment of visml
perceptron, sttention and anthmetic performance for between
5 and 84 hours after the oral admumistration of 100 mg pento-
barbitone, Ou recovery from sleep after taking the drug, 85 per
cent, of subjects complained of fatigue or grogginess ss
with 50 per cent. of those recerving e placebo.  The latter effects
are frequently observed an recovering from thropentone, and the
probability of undetected mental ymparrment 13 wuch that, under
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no ar should p who have recently received
the drug be allowed to leave hospital unsccompanied. The
dangers of thus practice are illustrated by the following case report.
Afn an waa admitted to hospital as o ‘day casc’ {or oeso-
hgomy;mgw}uchmumed out under thropentone and a relaxant.
ytmlnmgcdthnlrdmm-hmﬂdukethepaumthomebywon
the evening of the operation. About 2 to 3 hours after return of con-
scouaness the patent seemed quite normal and he was told to dress
23 he would soon be leaving hospital. Without wasting for his escort,
the patient set off for home, Hmi?umeyncccnihtcdch:ngmgbuaa.
and this he neg d factorily He slighted at the correct bus
stop but was unable to find his home, and be was found 1 hour later
wandenng sround in & dazed condison, Thiy occurred about 8 hours
after the ansesthetic and 4 to § hours after the return of cansciousness,
On enquinng hater, netther ward nurse nor one of the bus con-
ductors (who knew the p:dmtthtpcrmmﬂm y) recalled noticlng anything

The followmng case-report, which concerns hexobarbitone, 13
much more dramatic and resulted 10 a clamn for damages being
brought aganst & dental surgeon (Lancet 1949)

A dental surgeon intended to extract 7 teeth in & patient for whom
mtrous anide wa deemed unsitable. patient was told that he
w23 to be given an ntravencus ansesthetic and that he would pro
be drowsy for at least an hour after the extrachions  The patient
own doctor 550 mg of soluble hexobarbutone  the teeth were
extracted, and the patient was carmed to & couch m the surgery
Nikethamide vwas given to secclenate recovery  About & quarter of an

“Twenty minutes Ister the nurse, who had t lookng mto the
surgery found that the patient had gone. Ittxkglpimdthzthehzd
driven off 1n his car and, when stopped by traffic lights, had been
sddrensed by & policernan who, s 'L:t B amma,
kept bim m conversation. mwo;ﬁﬁamcdthntbopndmbad
Just had tecth extracted ho offered to duve the patient home, but the
offer was refused. Oumdunghuﬂ::bouumﬂefmﬁuumme

a

Pﬂmlfgmd?ngcmngou’tof




Th defendey bytbeMad)uJPmtecum
Socy §Tound, Patient poq been srymeg of
Pomsipje eculndhcb:d dcluerrurof'ldgmmm
gom byQ:rtoUlc Withoyy Slngfnrwmeoned-le
to drve by, Moreoye, nwuuguedthuontbe\nybaux

cpmmtbad-ofurccovgredumbccnpubkof%x-wmd
Ndependep, Judgmen; o by and of Whether b,

Iuwcwofthewm-kufmnF 8er e of (1953) Tty
able the * patieny CIpable of making sound Ndependeg,
Judgmen, Stated

a3
Pwmtwbnon’%y
mlwvcbocp,ulba:tu.cnouoonhabemmmgedfortbc
de 1o ggy,

Jou, home decde ¢ 2 form that pe
nh:zmmm‘%hWewmmnm;?gguM m’“mg
lﬂydllnufol'damlguwluf.‘-h t!mmnmubapmlﬁvmgﬂr
boswm]uvm-ydoubtfuj 2, &t the iy, the St Makey
the ﬂemontolﬂv:mhumm,bcunotmfuumntmlufhn
Pown-.ofjudamcm_

Patiengy

All oyt Who are 4 thig 7€ MUSE haye ghe
%w%w%mdmmﬁfwt&
Joumcyhomemunbcmlutndupou_ Unlegy are
mzdcforthuumrtorthepaumtuwﬂlmgmlpmdthemgbtm
bmpful,'-bmpmtoueﬂhouumrbesrm

IS soon
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by severe pun_ such as tonsillectomy  This 13 another mansfesta
tron of the lack of analgesic properties of the drug and the conds
tion 13 analagous to the delinum of second-stage anaesthena with
cther 'The treaument i to admumster an xnalgesic drug such as
pethsdine o5 levorphan and to withhald all sedatives, us the latter
would delay the retumn of consciousness and prolong the delinum
The slower rate of recovery 18 the reason why post-operative

rest] 13 more ly scen after basal narcoss with
medum acting barbsturates, such as pentobarbitone and quinal-
barbitone, than after thiopentone.

DELAYED TOXIC EFFECTS

It 15 not propoeed to ducuss these m detal, as they have been
referred to elsewhere. The effect of large doses of thiopentone on
liver function o shown in Fig 25 and this leaves no doubt a5 to
the dangers of sts use i patients who aiready have hepatic damage.
In the following case report the occurrence of the ‘hepato-renal”
syndrome may have been due 1n part to the large amount of
thopentone adminustered durmg anaesthesea,

A wormmn, weaght 140 b kg }, bad « hustory of juundice
Eormr:thm‘g;dmzz:h. Th:hvcrfggl)::pdmdthe Fl‘)hddu

le. Liver function tests revealed obstructive {dwrect

‘an den Bergh rescton  strom alkalme phosphatase 3
Kmg umts; Tbebloodu:umgmgperccm.mdi!bu-sgm.
per cent. was & palhative cholecyatenterostomy for & tumour

ufthehadufthopunmopa:nngthmhdngxosmma. Anxes-
thess wms with thiopentone (950 mg Y/e tubocurkrne chloride,
propane/ mde . w23 not regained until 6 hours after
requrn to the ward.  Laver tzken at reveal
umofhﬂedummdhﬂnrym * opemton, d i
The patent peosed very Uittle urine oa the after operation and
§ per cent. dextrese was gven.  Anuria on the second post
8;a1mdzymdmmmmfunynmedmthinunmmnpmaim.
n recovery from the snuna naumbers of bile-stamned casts were
pasted, some of whuch ep to reproduce the tubular pattern of
krdneys.

casts seen 10 the myection studies of
blood ures continued to rse and was 85 per cent, on the

fifth post day and 105 wg per cent. 3 Iaster  On the

mmhdzy:g:opmontben:wnwpunb!ood-snmd

the patent bpsed mto coma and died, yomtos xnd
The history between the end of the operation and the decerse

1s typical of the hepsto-renat syndrome. The exact setiology of
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rotstion at the shoulder joint, extensian of the elbow and supina
tion of the forearn I to this is added fixation of the shoulder,
0 that 1t cannot rotate when the arm 13 abducted, the humerus
preota on the scromion process and the head of the humerus 1
forced mto the axilla, and bulges the laterat wall. This adds to
the stretching of the nerves. In addition, of the arm 13 abducted
a3 described above but on a planc postenor to that of the
houlder girdle {as happens when the gall bladder bndge
used, or where an smproperdy padded arm 1t pinced under the
mattress), the nerves and vessels 0 the aalla are also tensely
arched over the tendon of pectoralns minor

When the Trendelenburg posrion is used and shoulder rests are
fitted to take the weght of the patient, there 18 a distraction force
operating on thase structures passing between the shoulder-girdle
and the trunk.  In the conscious state this is taken on the muscles,
until they become fatigued  If the muscles cannot take the stran,
erther from the use of = relaxant, from deep anacsthesu or from
fatigue, then this must be borne by other structures pasning from
the neck to the shoulder-girdle  The brachul plexus 18 relatrvely
mehatie and fixed above and below and hence st Is subject to
scvere stretchmg m the ar described.

This stretching 8 widely sccepted as the cauration of post
operative lestons of the brachial plexus, Most cases deseribed 1n
the recent lterature bave been in the Trendelenburg posttron
with the use of shoulder-rests, the arm has been abducted and &
muscle relaxant has bees wsed (Ewing, 1950) hilock (1950) has
described brachnal palsies after abd or hyper and
externul rotation of the arm after operstions in which the galt
bladder bndge was ramed and & muscle relaxant given. Rollason
(1950) has recorded its ocourrence after the use of thiatbarbitone)
nitrous oide/oxygen Without & relaxant when the arm was hyper-
abducted and externaily rotated. Pressure an the plexus by the
ahoulder rt:t:hehunlmbccnmcrmmtedmdmwmewawould
zppears to cause, when these have not been properly padded
and placed 100 far medually, perhaps st &ifferent Yevels on the two
udes. Nipping of the nerves between the clavicle, the transverse
process of the lower cervical vertebrae and the first rib has also
been quggesied a5 & possible cause,

The reported lexons have mostly involved motor nerves wath
irttle sensory loss, usnlly an Erb-type paralyxis involving the
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upper trunk of the brachiul plexus. The prognoss 1 pgood
althongh recovery may take a year or more, and there 13 frequently
a resdual eching and tenderness of the plexus and the muscles
affected. Sensory loss recovers more rapidly than the motor
weakness, Active treatment can only consist of rest and such
phyniotherapy as will prevent stretching of the paralysed muscles
and relaxation of the affected nerves.
Prophylams 18 mportant, for as kms been recently remarked
(Lancet 1950)  desprte the old saying that a change is as good
23 a rest, few patients really reluh exchanging one disorder for
another  The Trendelenburg position should be adopted =
Inttle as poexible, If it 1 to be used ahoulder pads should be well
padded and placed over the tip of the acromion process and the
arm should not be abducted. Even when not m the Treadelen-
burg position, the arm should never be abducted to more thm
9o degrees from the trunk, and external rotation 18 not permissible.
When the gall-bladder bridge m rused, the abducted arm should
be supported and not allowed to reman 1n 2 position posterior to
the shoulder-grrdle. Arm-boards should be properly padded s0
that the ahoulder 1s not at a higher level than the arm. The head
should not be turned sway from sn abducted arm. It should be
remembered that alternatrve means have been described for firmg
the patient on the table in the Trendelenburg positron other than
the use of shoulder rests, The most valuable of these appear to
be the pelvic rests which grip the iliac crest and the use of a rough
rubber mattress which holds the patient by frction with the skm.
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half was due to scute cardiac failure. A pulse rate of 140 or more
per munute, falling blood pressure and rpad respirations were bad
prognostic signs.  Reviewing the treatment, Menon remarks that

while thiopentone 1 the best method of controlling fits, 1t has
not helped to bring down the maternal mortality* He concludes,
1 have come to the concl that thiop is not very
harmless to the eclamptic have lost too many patients for no
other obvious cause than acute cardiac failure setting tn during
the treagment, ’

As an emergency measure to control eclamptic fits the injection
of thiopentone 13 most practical and effectne.  Macintosh (rg52)
conmders that not only does it raise the convulave threshold but
1t relaxes vascular spasm, which 18 a potent factar in instiating and
mamtamng a convulson  There may be considerable technical
difficulty 1n introducing the needle into the vemr during the fit
and, while exereaamg reasonable caution, an adequate injection
must be made once the vessel s entered. A sutable itzal dose
13 250 mg , and depending on the response, this may have to be
mareased to Joo my  Once convulsions have been controlled, an
infison of 03 per cent. thiopentone may be started but conmder-
ing the general condibion of these paticnts it seems more logical to
sdmmuster paraldehyde per rectum since it has much less depres
mnt sction on rapration and crculation than large doses of
thiopentone.

Convulsive movements of the limbs and the usgency of the
wyection make it difficult 1o observe the usual precautions for
svoding intra artenal injection  For this reason the strength of
the thiopentone solution should not exceed 2 § per cent. Extra
Venous injection 13 also more likely to occur in these circumstances,
10d while the dangers of thus sort are decreased by the use of dilute
swhitions, some workers prefer hexobarbrtone because of its less
uritant effects on the tissues. It 13 hardly necessary to stress that
fespiratory depression should be vigorously combated after the
wse of thiobarbiturates to control the convulsions of eclampma,
Occanionally one may encounter an eclamptic being treated with
the methonum compounds or continuous spinal block, and in
these the dosage of thiopentane should be kept to o muormum and
the wjection given slowly to reduce the effects of the drug on

blood pressure.

Avaesthetic Comvulsl 4 Local Analgena  The treat
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thena, This may be duc to the istability of their nervous system
therr hability to hyperpyrexia or thesr tendency to hyperventlate
The widespread use of cther in pacditnic anscsthesia may also
be & contributory factor The difficulty of semipuncture mn sery
young children tenders the immediate control of convuliions
difficult, and unless the adminustrator 13 expenenced in this respect

Jess ume will be wasted by the immediate rectal admsmstration
of thiopentane. More often than not the exact werght of the chuld
will not be known, and even of such information 13 savailable one
can only guess what percentage of the basal narcotsc dose will be
required to control the convulsion  Below are given the average
weights for different ages in male cluldren and the amount of
thropentone required to produce basal narcosis in the unantes

theted state. It 15 suggested that half this dose should be gven
without delay

| Dose to control

Thaopentone od Comrulsm

dov | Ao e T brvdace Bl [ gl

Aaresls
Afale Fomals
. mg ml 2 5%

6 mthy, 16 g: 18 8 7
1yer :ﬁ 3 13 1
2y Z: I 11
3 years o] 3 i 15
4 yun 3% 900 36 13 17
yoarn 40 1000 40 20 9
Ty 44 1500 44 0 a1

These values are only approximate and are smphfied 8o as to be
easily remembered. The dose should be reduced for children
who are obmiously below the average weight for their age. The
quickest method of giving the thiopentone 15 to pasa & urethral
atheter into the rectum, clamp the open end as near the anus gs
practicable and myect the ordinary solution prepared for anaes-
thess into the catheter with an’ ordimnary syringe. A further
mnjection of saline or water should be made to wash the contents
of the catheter 1at0 the rectum.  Oxygen ahauld be sdminstered
while the thiopentone 18 taking effect and erticual respiration will
uvsually be required once the convuluion has been controlled,
Convulsions from Other Causes. Thiopentone hax been
»
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Alnm (1947) hn ducn’.bcd 2 lynd.mmz of intermrttent abdomms
due to “ of the 1 wall  Of hus 74 cosen,
Lhnmapntywaefmduwbamnumdcmd&tqu mmpkimd

of migrame or allergic
yuuthmdtheomctcoujdbctrwcdm mu;]:i%y bm\:
or some other emotronal upset. infraqmcncyvn:h
um:undlwmnpunmnh;dllmodmnunm

assocsted with pam of such seventy that & fcwbccnnaldd.{ctedm

morphine.
Guw}udutmmnwududedulmfurduryndmme.b&

spasm of the back and upper abdominsl muscies, together with

amumption of a lordotic posture appesred to throw the adbommsl

contents forward and down into the pelwm. ﬂﬁﬁmpmcwnhthe

knees drawn up or on the side wrth the thighs

=u for lu.mbar pancturc) overcamc the lordoaw and the abdamen

d soft.

Anmgtbevtrbusthmpeudcmwumwbmhhﬂebccufwndm

relief were the ufmcuphmc.
splanchnic block, omct of or induction of ansesthess. Since
it may be necessary to relteve symptoms repestedly until the

logreal d to the disesse 13 corrected, thopentons seems
eminently suted for ths purpose, provided none of the recognssed
contrrindications to 1ts use sre present.

MISCELLANEOUS THERAPEUTIC USES

Soon after s introduction, Allen, Lundy snd Adson (1936)
suggested that thiopentone be given to determme the blood-
pressure fall expected from bilateral thoraco-lumbar sympath-
ectomy Amylobarbitone in three divided doses of 200 mg given
at hourly or two-hourly intervals 1s preferred to thiopentons,
because of the more constant Jevel of narcosus which 1t mduces.
Opinions drffer as to the value of any barbiturate as a prognostc
test of the benefit of sympathectomy 1n hypertensson and many
other factors must be taken into consderation before decsding
that a patrent 13 suitable for such an operation,

Hunter (1947) has shown that the tme mterval 15 5 to 160
seconds betwreen the admmustration and the onset of slecp with
thmpmmnn(xsomg)mdbcxobubnone(gwmg)ummdﬂ
tion of the arm bran circulstion time, and approximates to the
arm-tongue and arm-carotrd sinus circulstion tumes d
by other methods. Thiobarbrturates offer a simple method of
comparing the circulation rate 1n various pathological conditions,
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provided there are no contraindications to thear use in the above

dosage.
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reach equilibrum with the plasma within 1 munute of mjection
the muscles continue to absorb the drug for about 1§ minutes and
help in the recovery of consciousness, if this has not been brought
about by the earlier redustnbution.  Fairly frequent increments will
be required of 1t 13 1ntended to mantain anaesthesia for a perrod
up to 15 minutes with thiopentone alone.

With the admimstration of large doses or with prolonged
adminsstration, the early diffusion may not immediately reduce
the plasma level below that at which recovery occurs  Fat shows
specual affinrty for thropentone, but presumably because of its
poor blood supply does not take up the drug with the same
rapidity as most other tussues. It continues to withdraw the drug
from the plasma for about 2} hours after injection, and as its
final content of thiopentone 18 greater than that of any other tissue,
1t plays an important part in brnnging about the recovery of
conscrousness after large doses  Detowucation, which marnly
occurs 1n the kiver 15 a slow process and only 10 to 15 per cent. of
the drug in the body s broken down per hour It does not play
an mportant part 1n the recovery after small doses, and beeause
of 1ts slowness 2 cumulatrve effect will be observed when a repeat
dose of thiopentone 18 given within 30 hours of a previous dose.

The plaamna Jevel of thiopentone at which conscrousness returns
varies from panent to patient and also varies at different times in
the same patient. It 1s related to the peak concentration of the
drug 1n the blood stream and hence to the maumum con
centration attained :n the bran.  With mpid injection of thio-
peatone, producing a high mrtial plasma level recovery 15 more
rapid than if the same dose were given slowly The longer
ansesthess continues, the hugher will be the plasma level of
thwpentone at which the various signs of recovery become
ipparent,

Drffusion of thiopentone will be impared by any factor which
decrenses the blood supply to the tissues concerned. The most
common of these 15 the chnical state generally referred to as shock,
Not only will the ultinate recovery be delayed if a “normal ’ dose
13 g1ven to patients 1n this condition but & deeper level of narcosis
will result from the mductron dose

While thiopentone 1s one of the best narcotics known, 1t has
virtually no analgesic properties. Depression of the bram followa
the same pattern #3 occurs with any other snaesthetic, but the
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clinical depth of anzesthemz often bears Iittle relatonahip to the
degree of cerebral depresmon,  One of the mmn reasons why the
signs and stages of anzesthesia with ether follow so consstent 2
pattern 1s that this irntant vapour acts as a constant strmulns to
which the patient will respond 1n a constant manner st the same
depth of depresmion. No such stimulus 1 present with tigo-
pentone and the cliical depth of ansesthesia 18 greatly dependent
upon the intensmty of stmulstion. Ths stmulation can be
reduced by premedication or mtravenous supplementstion with
analgemc drugs  The greater analgemc power and the curardorm
action of ether suppresses reflex actreity at a Lighter plane of
narconts than occurs with thiopentone. It msy frequently be
necessary to produce apnoes with thiopentone before reflex move-
ment in response to punful stimuli 13 completely abolished, and for
thus reason 1t should never be given wlone for other than extremely
short operations  Where 1t 13 possible, supplementstions should
be carried out with an analgesic drug the safest and most reluble
being & non hypnotic mumture of nitrous oxide and oxygen.
Thiopentone produces poor muscular relaxation and should pot
beundnlomm-bdommﬂmdothﬁopatmmdndngwhjch
prolonged relexation is required.

After a brief stimulstion, thiopentone depresses respiration
until spnoes 13 reached st & depth of narcosis which s frequently
nsufficient to aboluh reflex actity The senamvity of the
respiratory centre to carbon dioxide 13 markedly depressed, its
stimulatmg sction beng completely abolshed in deep amaesthesme.
The laryngeal reflexes are relatrvely unaffected in Light sarcosis
and closure of the glottrs will readily occur m response to stimuls-
tion  For thus reason laryngeal spasm 1 more common after the
use of intravenous anscsthesis than sfter most inhalation agents.
However the drug 1tself does not cxuse laryngeal spasm.  There
18 slight constriction of the bronchioles and bronch: during
thiopentone narcoms.

Thiopentone has a direct depressant sction on the myocardum,
this bemg proportional to the concentration of the drug m contact
with the heart, The effect of repexted doses on the myocardium
1 cumulative, and the unhealthy heart 18 more sensttive to the
drug A fall in blood pressure usully follows the adminmtration
of thiopentone, and 18 partly due to the peniphersl dilataton
which occurs  Tts effect on the pulse rate 15 vanuble and 15 usually
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secondary to 1ts action on the blood pressure  Thiopentone does
not increase the intability of the heart. Cardizc irregulanties
observed dunng its admunistration are thought to be secondary
to hypercarbuz or hypoxia resulting from respiratory depression

Thropentone crosses the placental barner in appreciable con
centrations withm five minutes of rts admsnustration  In large
doses 1t can cause prolonged smpasrment of liver function although
1ts effect on blood sugar 1s negligible.

Thiopentone is almost completely metabolised 1n the body and
only minsmal amounts of the unchanged drug can be detected 1n
the unne.  Its metabolites, which possess no narcotic properties,
are excreted 1 the unne and faeces.

USES

After this bref outhine of the fate n the body and the most
mmportant actions of thiopentone 1t 1s advisable to conmder the
indications for stsuse.  Adnani (1952) has admirably defined these
n follows

(1) As an anaesthetic  for brief surgical procedures.

(2) As 2 basal hypnotic to supplement rutrous oxide, ethylene
other anaesthetics of low potency or in combination with
anslgesics,

(3) To relieve convulsive states produced by stimulant drugs
or other causes,

(4) As a hypnotic 1n conjunction with regwonal anaesthesi
(spnal nerve block, etc.)

The second mdication listed above can be enlarged to include
basal narcoss before the use of & powerful volstile or gaseous
snzesthenc agent. This s probably the most common use of
thiopentone 1n routme anaesthetic practice.

It s instructive to reale that Adnan refers to thiopentone as
i snaesthetic andasa basal hypnotic  Inso far as the word
. Ansesthesia” a3 concerved by Oliver Wendell Holmes, refers to

083 of senmation, thiopentone m & satisfactory anaesthetic. Taday
the more cor ly scoepted g of this word 18 a state which
will permit surgical procedures to be performed wnthout any
reaction from, or any dangers to the patient. While thiopentone
I ont of the best hypnotic drugs known, by modern standards
113 an unsatisfactory ansesthetic sgent when used alone, except
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pentone 13 mpaired  The pre-operative administraton of large
dases of sedatrve and analgesic drugs and of some antihistamines

reduces the requirements of the narcotic, and intravenous supple

mentation with snalgesic drugs during anzesthesia prolongs the
ection of thiopentone.  Prolonged narcosss usually results when
a barbsturate 13 given for the control of convulsions, and for this
reason the domage should be kept to the mimmum necessary to
prevent oceurrence of the spasms,

Rezsons other than the danger of prolonged narcosis may
necessitate 1 reduction 1n the dosage of thiopentone  In carduc
disease the myocardiurn is particularly susceptible to its depressant
effects morcover the hypotension resulting from ats use may
reduce the coronary blood flow to a dangerous level  In perspheral
arculatory failure the vasodilatation produced by thiopentone
may break the compensatory mechanisms by which an adequate
blood supply s mamntamed to the vital structures  Hypertensive
patents or those recaving methoruum compounds or chlor-
prormanne are particularly lmble to severe blood pressure falls
after thiopentone. In obstetnics, the senmtivity of the foetal
respiration to the depressant action of thiopentone necessitates
the use of mimumal doses of the drug especially if the baby s
expected to be born between § and 15 munutes after 1ts adminis-
tration,

CONTRAINDICATIONS

The abyolute contraindications to the use of thiopentone are
the s2me, 1rrespective of whether 1t 18 used for the production of
full surgical ansesthesna or as a basal narcotic.  However there
ATe many arcumstances where 1ts use as sole anaesthetic is no-
permusaible but where, with epeaial care, 1t can be administers:
for basal hypnoms. These will be referred to a3 relative coniz
tndications  Both the absolute and relative contraindiextrr
are Inted 1n Table XLIV

The absolate contramdications to thiopentone are fer
an be domded 21 follows

(1) Absence of suitable vemns. It 1 generally sgreed+.. .-

Al anaesthetics the agent should be selected to suit the ~ _
patent. Repeated attempts at verupuncture n & pry—
neither visible nor palpable vewns 1 & violaton of 12 -

=
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not only 13 1t pamful for the panent, but sertoms sequelae may
result from the extravenous or mtma arterial myection of theo-
pentone

Tasre XLIV

Contramdications to the wse of thropentone
A, Absoltute Comtretndacutionr. (The drug should not be used cither &2
nsreotic.)

2) Unavallabdirty of appanstus to foflste the lungs or perform soction.
‘who have to kesve hospital alone,

4, te before Inducton.

Factors Labls to with the srwey during operstion.

6) Certain pathological conditions:

B. Relatroe Contraimdsoations. (’I‘bodm‘lhouldun.lybcmdnlhml
parcotic and epectal care taken with its edminbtration
(1) Docrepancy between volums of clrculsting blood and capecity of the

{2) Coodrtions in which the narcone effect will be
g;Omprcnndnhm.

L Ll

Slight respirstory
Where prol 3 of P et required.
Children, 13) Untreated
Asthrm. 14) Very scvere .
o} Potasel L Ad ical
;xo nryotoats, xg gu-bnldnunbod:ur«wdmd:mﬂ-
11) Myasthenia gravis, 17} Obstrtrics.
12) Drog addicts

(2) Unsvailability of apparstus with which to infixte the Jung?
with axygen or mur  Although one can usually predsct the degree
of respiratory depression which follows an induction dose of
thiopentone, if prolonged spnoea should occur for any reasan
spparstus must be avalsble with which to perform armficul
respirstion.  Laryngeal spasm may be wnstted by excess murm
or a foresgn body durmg hght thiopentone narcosis, and & means
of forcing axygen or air through a i-closed glotts is 1
Where the spasm results m such severe hypoxia that the use of 2
short sctmg muscle relaxant is indicated, artificiel respiration
following the use of the latter 13 essential.

(3) Out patients who have not arranged for an escort t©
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accompamy them home. The return of conscrousncss after thio
pentone docs not mean that the mental faculues have been
completely restored to normal  Patienta cannot be held respons
ible for their actrons immeduately after recovery from the drug
and & penod of normal slecp should be insisted upon before
patients are left to their own devices

(4) Mechanical interference with the airway to such an extent
that sn adequate respiratory exchange can only be maintaned with
the uid of the accessory muscles of respiration  Once conscious-
ness o lost, the use of the accessory muscles will be abolished
and hypona result. Thas 1x an absolute contrmndication to the
use of any anaesthetic agent, but once a clear arrway has been
establnhed thiopentone can be given with safety

(5) The presence of factors which are luble to interfere with
the patency of the airway or lack of access to the sirway dunng
wnsesthema.  These mclude a fulf stomach and operations on the
upper respiratory tract.  Precautions must first be taken in the
batter ¢ to ensure that the ainvay will not be interfered with
dunng the operation e.g by postunng the patient and instituting
pharyngeal suction or by the passage of a cuffed endotracheal
tube. A full stomach must be emptied before snaesthesa is
mduced with thiopentone. No intravenous anaesthetic should
ever be grven af 1t 18 not possible to perform immeduate artificral
respiration because of fack of adequate access to the surway

(6) Certamn pathological conditions where severe sequelae may
result from the use of thropentone, urespective of the care taken
m 1t admunstration.  These include

(s) Bevere degrees of carduse decompensation e.g constrictive

pencardrtis,
(B) Severe degrees of penpheral crculatory failure.
() Severe ureemm  pauients with blood urea over 200 mg
per cent. or already comatose

(d) Porphyra.

(¢) Addison s disease.

() Status asthmaticus

(2) Severe herbicidal pousorung

The relative contramndseations, or conditions which necessrtate
@re in the use of thiopeatone, are

(1) Any condition which results 1n & discrepancy between the
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be gven or anaesthema continued with a suitable volatile or

garcous agent

(7) Children  The hyperactive reflexcs of children make them
prone to laryngeal spasm or stndor and very decp anaesthesia 18
required to abolish movements of the imbs in response to stimule.
Thiopentone can be given rectally or intravenously as a basal
nareotie, but 1t should be followed by a supplementary agent.

(8) Asthmatis.  The fully active laryngeal and bronchial
reflexes which are present durning thiopentone ansesthes:a increase
the likelihood of snducing an attack in these patients  Bronchial
dilator drugs, or suxamethonium, should always be available, and
the dose of thropentone should never be such as to abolish the
effects of carbon dioxide on respiration The use of carbon
diomde prior to the mduction of anaesthena s a valuable aid n
reducmg the likelihood of laryngeal or bronchial spasm 1n asth
matics.  Full use should be made of the ethers in the subsequent
amesthena,

(9) Potassium intoxication.  There s a nise 1n blood potassium
level dunng hypercarbia, with 2 further marked increase when the
arbon dromde 18 withdrawn. Since thiopentone frequently
causes some carbon dioxide accumulation this must be avoided 1in
patients who already have an elevated blood potasstum level lest
the resltng hyperkalaema result in ventnicular arrhythmuas
or even in ventnicular fibrillation.

(10) Dystrophia myotoniz. Even small doses of thiopentone
may cruse severe resprratory depression in subjects with this
disezse. A full respiratory volume may not be restored by the
trme the nareotic effects of thiopentone are wearing off

(11) Myasthema gravis.  Although the action of thiopentone
oa the normal myoneural junction 13 of no clmical mignificance
m subjects with aevere myasthenia gravis these effects may be
cxaggerated and respiratory deprestion follow the use of this drug
Doses ahould be kept to & mmumum, and 1t 13 usually possible to
perform endotracheal intubation after thropentone alone with the
ame exse a3 1f 2 relaxant were also used 1 a normal person.

(12) Drug addicts. To obtan a desired level of narcoms with

tone alone 1n these patients & dose of the drug may be
Tequired which will have dire effects on the cardiovascular system
Full wse should be made of adjuvants, especially the muscle
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mduction of anaesthesta, a concentration of nitrous oxide 1n the
blood sufficient to ensurce narcous 18 soon obtained, with a corre-
sponding reduction 1 thiopentone requirements,  Pre-oxygena
tion before the admunstration of thiopentone makes any sub-
sequent admunutration of nitrous oxide more rapidly effectrve.
It also permnits a longer period of apnocea or respiratory obstruction
should any unforescen acadent occur during the induction period

Because of sts inability to depress laryngeal reflexes and produce
muscular relaxation except with large doses, the use of thiopentone
a3 sole agent for endotracheal intubation scems unwise  Reflex
responses can be decreased by the use of topical analgesa and
muscular relaxation produced by curare-like drugs all of which
decrease the doses of thiopentone required for lnryngoscopy with
obvious benefits to the patient.

The mmung of thiopentone with muscle relaxants, and espeaally
the continued use of dilute solutions of such mmuxtures, 18 o practice
which 8 without any saentfic basis. The two types of drugs
e broken down by different means, and conditions which render
patients sensiive to thiopentone often cause resistance to re
lants. In this case an overdose of narcotic can be very easily
gven. At different penods duning an operation either more
relxation or deeper narcoms 13 needed and with the use of
thiopentone-relaxant muxtures one cannot be produced without
the other

Muxtures of thiopentone wath analeptics are not advised as a
routme procedure, even in very poor sk subjects. Nikethamide
18 5 direet myocardial depressant and 1ts main action in anaesthesa
% to mimmue respiratory depression  cven this effect 13 only
transtent,  Minng thiopentone with methamphetarmine (Meth
ednne) also seems unwase, since the Iatter drug does not effectively
counteruct the dil caused by thiop but only

flogs the heart which 1s already depressed by the barbiturate.
Knhfdtthn:vuopmdmgahuuldbegwm,nmpwmm
who are already hypotensive or where ansesthesia must be
induced with the patient mtting up a pure vasoconstnctor with
mummal direct action on the heart should be used. The mast
satisfactory drugs 1n this respect would appear to be methoxamune
and phenylephrme,

Rot uncommon use of thiopentone 18 for the munor opera-
ton which takes longer than onginally antscipated. The use of
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necrons of & large amount of solution ts deposited in the sub-
cutancous tissucs. The more concentrated the solution the
greater will be the likelihood of untoward sequelze  Animmeduate
mfiltration of the affected part with procaine and hyaluronidase
rmust alweys be carmed out after an extravenous injection

The high alkalimity of thiopentone soluttons results m spasm
and sometimes thrombous of arteries, 1f such vesscls are entered
m mustake for veins. Too tight a tourmiquet may occlude the
penpheral artenal pulsation and the expected flow of bright red
blood into the syrmge 18 rare.  Intra arternal injection of thio
pentone 13 generally followed by an intense pain shooting down
the arm, but this may be absent. ‘The radial pulse may become
mpalpable, and blanching of the arm and fingers occurs  The
ultimate prognosis depends on the tusues to which the thiopentone
has been distributed, whether the drug causes an immediate
thrombosis of the artery or only spasm and the intensty of the
treatment. If possible the needle should be left in the vessel and
a dihute solution contaning 40 to 8o mg papavenne injected into
the artery  Procaine should be used 1f papavenine 1s not available,
Rather than cause further trauma by trying to retnsert the needle
mto the artery of 1t has been removed the area round the vessel
thould be infiltrated with papavenne A brachial plexus block
thould be carnied out with § per cent. hignocaine, and durng this
mjection 5t 13 an easy matter to mject papaverine mto the sub-
clavian artery  Immediate hepannisation should be carmied out,
ualess there 3 some contrandication and for this resson all
except the most urgent operations should be postponed. Subse
quent anaesthesta should be with vasodilator agents such as
cyclopropane and ether  Where this treatment 18 not effective 1n
completely alleviating the condition 1t may be necessary to cut
down and remove the clot from the artery at a later date.

The sequelac after the 1ntra artenal myection of thiopentone are
reduced by the use of a dilute solution and this should be em
ployed where the ven 18 not clearly wisible. Palpation before
*pplication of the tournquet will reveal the presence of an
tberrant artery which 1s present 1n about 10 per cent. of subjects,
*0d 1 most commonly found on the medial s1de of the antecubital
foma. Thu ute should not be used for tnjections unless the veins

wre clearly seen, A preliminary mjection of not more than 2 ml.
0 followed by a pause of 10 to 15 seconds, is recommended
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necross if 3 large amount of solution s deponted in the sub-
cutaneous tissucs.  The more concentrated the solution, the
greater will be the likelthood of untoward sequelae  An immediate
mfiltratron of the affected part with procaine and hyaluronidase
must always be carried out after an extravenous injection
The hugh alkalimty of thiopentone solutions results 1n spasm
md sometimes thrombosis of artertes, if such vessels are entered
in mustake for veins. Too tight a tourmquet may occlude the
penpheral artenal pulsatron and the expected flow of bright red
blood 1nto the symmnge 1s rare. Intra arterial injection of thio
peatone 13 generally fallowed by an intense pain shooting down
the arm, but this may be absent. The radsal pulse may become
mnpalpable, and blanching of the arm and fingers occurs  The
ultmate prognosis depends on the tissues to which the thyopentone
has been dutributed whether the drug causes an immediate
thrombous of the artery or only spasm, and the intensty of the
traatment.  If posmible, the needle should be left in the vessel and
1 dilute solution containing 40 to 8o mg papavenine injected into
the artery  Procaine should be used of papavenne 1s not available,
Ratber than cause further trauma by tryang to remsert the needle
1nto the artery if 1t has been removed, the area round the vessel
should be mfiltrated with papaverne. A brachial plexus block
should be carned out with § per cent. lignocame, and dunng this
INpCCHON 1t 13 an easy matter to tnject papavenine into the sub-
cavan artery  Immediate hepannisation should be carned out,
unless there 1 some contrundicatton and for this reason all
except the most urgent operations should be postponed  Subse
quent ansesthean should be with vasodilator agents such =x
cyclopropane and ether Where this treatment 1s not effective
completely alleviating the conditton 1t may be necessary to cut
and remove the clot from the artery at a later date
The sequelae after the intra artenal mjection of thiopentone are
reduced by the use of a dilute solution and this should be em
Ployed where the ven 1 not clearly wisble. Palpation before
pplication of the tourmquet will reveal the presence of an
artery which s present 1n about 10 per cent. of subjects
;nd 3 most commonly found on the medial side of the antecubital
om2. This site should not be used for injections unless the verns
tre dexrly seen. A preliminary injection of not more than 2 ml.
salution, followed by a pause of 10 to 15 seconds, 15 recommended
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not full of regurgitated stomach contents  Bronchospasm is rare
after thiopentone and & more likcly cause for difficulty 1n inflating
the patient should be sought before this diagnosis 1s made.  Such
cruses include a kinked or blocked endotracheal tube reflex
muscle spasm involving the diaphragm and intercostal muscles
or some fault tn the anacsthetic apparatus The treatment for
reflex muscle spasm and true bronchospasm 18 to use suxa

methoniam or inject more thiopentone where this 1s permussible.
With both bronchospasm and larnygeal spasm 1t 18 essential to
deepen the anaesthesia, preferably with an cther durning the peniod
of apnoea following the suxamethonium, and 10 to 3o mg peth

1dine may be grven intravenously

Delay m recovery after thiopentone should be treated as for
barbiturate posoming  The principles of this are adequate
oxygenstrion and support of the arculation.  If oxygen 1 given 1n
m open or semi-open aircuit, st should first be humudified, and
care must be taken to see that secrctions are not allowed to
accamulste 1n the tracheo-bronchial tree.  Analeptics are only
permussible when the coma has become very light and where there
B no concomitant cardiovascular depression. It 13 essentaal to
ensure that st 1s the anaesthetic which 13 causing the delyy 1n
recovery and not same other factor such as increased intra
crunnl pressure or a cerebro-vascular catastrophe.

Respiratory obstruction from relaxation of the jaw muscles and
the tongue falling back agaunst the pharyngeal wall can occur after
thiopentonc s easily a3 after any other ansesthetic agent. Care
thould be taken not to msert a pharyngeal airway during too light
nxreosn, lest an attack of laryngeal spasm be iitiated, Where the

ction cannot be overcome by supporting behind the angle

of the mandible with the fingers (or when this support cannot be
mamtaned by the ansesthetust for other reasons) & naso-pharyn

geal urway should be inserted.  If this docs not produce & clear
ureay and the operation 1s likely to be a long one, or if the
Patient 13 m such a state that even temporary slight hypaxa end
12 are not permusible, a muscle relaxant should be

Bven and an endotraches! tube passed. The neceauty of using
arelaxant can be overcome by spraying over the back of the tongue

itk 4 per cent. ignocaine after nduetion

\ratory obstruction when the patient has been returned to

%ard 13 miore common after the use of thiopentone than after
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or mtra-artennal ingection More control can be exercued over
the dosage, and if & narrow borc needle fs ysed, the likelihood of
too rapid mjection s minimised  As a 2 § per cent. solution 13
recommended for clderly and poor msk subjects, it scems wise
to use this strength as a routine for all patients  Should any undue
senstreity to thiopentone be shown duning the induction the
slow mjectson will mimmise the untoward effects and smpeding
collapse may be detected before the conditron becomes sertous
The necesarty for larger volumes of rolutions and & greater number
and uzes of synnges is 2 minor disadvantage, as is the fact that
most manufacturers only supply suffizent water with the thio-
pentone to make § per cent. solutton  These difficulties are more
thin compensated for by the increased safety which a 2 5 per cent.
soluvon offers.

ADMINISTRATION

There are several precautions which should be observed before
and dnrmg the intr d ratron of uLm.q

(s) If stropine or hyoscine has not been given or if 1t 13 more
than 3 hours since 1ts admunistration, give atropine g}, g1
{0-65 mg ) intravenously to adults before the thiopentone,

there 13 some contrandication to its use,

{2} Where possible, choose a ven outnide the antecubital fossa,
and especially avoid its medial mde, for the injection.

(3) Inspect and palpate the wjection nte before the tournquet

15 sppl

{4) Do not apply a tourmquet sufficiently tightly to ccclude the
artenal pulsation

(5) Check that the tourmquet 15 properly released before the
mjection

(6) Be wure that there 13 a free flow of blood on aspiration

(7) Do not inject more than 2 ml solution (irespective of its
concentratton) as & preliminary, unless the injection w
being made into an intravenous infuston  Pause for & few
seconds after this injection to allow the effects of an
madvertent intra arterud Injection to be manifest,

(8) Do not contuue to nject thiopentone once apnoea hma
ocourred,

Before xay ad ration of th one must deqide

v
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whether the drug 19 to be used as sn ansesthetic or as a basl
hypnotic. This will affect the method of administration and the
dosage.

Smce the use of thiopentone as a sole anaesthetic m reserved for
fit persons, and aince tranartory relaxation may be required, a more
rap1d rate of myection 18 permissible. The iection should not be
commenced until the surgeon 1s ready and all instruments, efe,
aro prepared  For complete anzesthesia, about two to three trmes
thedosewh:chpmduoanlacpwﬂ]ben:quucd and frequent

are 7 to & extufactory depth of
ansesthesia, Aft:rtlx:prelnnmnry:m]_ofnolnﬂuntndthe
subsequent pause, the myection should be continued alowly antil
consciousness 1 lost. The total dose grven is noted, and after
another brief pause an equal volume 18 1njected at & more raprd rate.
Ths will invanably produce apnoes. If, however the patient
should move when stimulated, a pguse of 15 seconds should be
allowed for its full depressant effect to be observed, and if the
operation 18 still not possible, the ‘sleep dose  ahould be repeated,
Further increments will depend on the nature of the operation
and the phymcal etate of the patient. They will be less as time
proceeds sud should be timed to produce their maxumum effect
when the stimulus to the patient 18 strongest.

It must be pomted out again that the use of thiopentone as 2
sole anzesthetic agent should be reserved for the fit patent, Itis
pot s technique for the mexpenienced ansesthetist.  If the oper
atrve procedure 18 prolonged for more than & few munutes  large
Bfow of nitrons oxide-oxygen should be given. A large gus flow
a:ds the removal of the alveolar nitrogen and increases the efficacy
of the nitrous axide. Care should be taken to ensure that respir
atory obstruction does not occur when the relaxation is manmal.
While a varmble period of apnoes 158 meviteble with the above
technique, if 1t 1 prolonged for more then one minute in the fit
subject, the lung should be mflated with nitrous onde/oxygen.
There 3 no maxmmum doee of thropentone, but 15 g should
rarely be exceeded.  If the patient proves to be unduly resistant,
or if the operstion lasts more than 5 to 10 minutes, a powerful
volatile or geseous supplement should be used.

The induction dose of thiopentone for bass] narcoss should not
exceed 50 mg per stone (141b) The same technique a2 above 13
advocated, but the repeat of the * sleep dose’ after consciousness
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has been lost should be gmven slowly to prevent respiratory
depresson and thus facilitate the introduction of supplementary
mhalstion agents. Supplementary doses should be smaller than
when the drug 13 used alone, and the rate of injection should also
be alower

Where a long acting muscle relaxant is to be used for intubation
dunng induction of anacsthena a test dose should be grven before
consciousness 13 lost. If the mjections arc being given into an
intravenous drp or 1f the needle 1s securely placed 1n 2 vein, the
full dose of relaxant should be given before the thiopentone so that
the maximum effect of the two drugs 1s obtaned at the same time
and intubation facilitated. This injection of relaxant before
narcotic should never be employed if there 1s any possibility of
the needle comung out of the vein or one may produce a curarised
but conscrous patient. If suxamethonium s to be used 1o facilitate
intubation, 1t should be injected after the thiopentone to prevent
the patient bemng aware of the muscle rwitchings that occur dunng
depolarsation  Even the practice of mming thiopentone and
suxamethonum does not always prevent the patient from re-
membermg the uncomfortable muscle twitchings,

Nitrous oxidefoxygen is the safest agent with which to continue
the anacsthesia after thiopentone, and the effectrve use of this
mixture will reduce the requirements of supplementary drugs
A mreotic concentration of nitrous oxide in the bloed can be
obtained rapidly by the use of large flows of gases. It is never
necessary to reduce the oxygen concentration to hypoxia levels to
produce this effect. On the contrary, 1t 1 edvised that mixtures
containing more than 20 per cent. oxygen be employed as a routme
This will reduce the hypoxic stmulus which is necessary for
respmatron in deep anaesthea: thereby reducing the posubility
of undetected respiratory depression  Even when closed-aircust
anacsthesia with earbon dioxide absorption 18 employed, large flows
of gases should be given after induction and a satfactory mamn-
tenance muxture 18 2 hitres of artrous oxide and 1 litre of oxygen
per minute,

Difficulty may be encountered in obtaining a smooth contimuity
of anaestheaun after thiopentone and suxamethonum have been
used for endotracheal ntubaton  This i3 due to the reflexes
which anse from the strmulug of the twbe dunng light thiopentone
narcosm after the effects of the relaxant have worn off Coughing
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breath holdmg or even bronchosp may occur  ‘These can be

ised, or often completely abolmhed, by the effective topical
spplication of 4 per cent. bignocame to the larynx and trachea.
Dunng the period of apnoca, mflation of the lungs should be
caarnied out with the supplementary anaesthetic agents, such ss
nrtrous oxidefoxygenfether or tnchlorethylene, or cyclopropane/
oxygen, and not with oxygen. Pethudine m doees of 20 to 25
mg may be given mmediately after the relaxant and will be
exercsing s maximum sction m depressmg laryngeal reflexes
by the tme the suxamethomum has worn off. If coughing or
breath holding occur 2 small dose of thiopentone can be grven,
and thus 18 probably the only arcumstance m which this drug s
mjected for the treatment of apnoea.

‘When the thiopentone-suxamethonium combination fs used to
obtund the convulsions of electroconvulsive therapy specul
precautrons must be observed. The dose of thiopentone which s

y to produce uncor will often raue the threshold
to convulsions so that two or three shocks of meressing voltage
my be required.  Since all that 1s requured from the thiopentone
m this technique 1 to predu to the effect of the relaxant,
the doses given should rarely exceed 200 mg

‘When thiopentone s grven to supplement spmal or local sanal
gesia, 1t 18 only necessary to mamtun a light level of narcoes, and
very amall doses ahould be grven. An srway should not be re
quired.  However, the patient may tire, especually if the arms are
strapped to an srm-board or if shoulder rests are used. This will
lead to large doees of narcotics being required. and thus 1s un
desirable, eapecually towards the end of an operation. The judiclous
use of xmall doses of analgesics will help to mitigate this necesasty
for large doses.

Thiopentone should never be used alone to  cover the
deficencies of meffective spmal or local analgems. In sprte of thus,
small doses of thiopentone will often enable operations to be
camed out when this 18 not pomible from the local analgeshs
alope, 13 the conscious patient may interpret the senaation of
touch a3 mdicatmg pamn. Thus 1 probably the reason why light
narcons often markedly prolongs the durstion of analgena, ss the
sensation of touch will return before that of pan.
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RECTAL USE

Thiopentone 18 useful a3 2 basal narcotic, given by the rectal
route, for children It 13 particularly indicated for procedures
such as cystescopy munor operations cardisc catheterisation,
lumbar puncture and dressing of burms. It may be posible to
obtain a sufficient depth of narcoms for these short procedures
with thiopentone lone, but one can follow it with any supple
mentary agent desired

The usual dose s 1 g per 501b body weight (20 mg fIb ) grven
1maz 5or g percent solution  With the small volume of solution
required there s less likelihood of it not being retained 1n the
rectom than with bromethol or paraldehyde, An enema 1 not
essential before 1ts admunustration, but where this 13 being given
s 2 routine before operation it should conwst of tap water or
salme mn preference to soap-suds, and should be so timed as to
allow 6 hours before the thiopentone 1 given. Atropine 1s
essential and should be given subcutaneously about 1 hour before
the thiopentone. Opuates or oral barbiturates are not recom-
mended m combination with rectal thuopentone. The patient
should be prepared as for any general anaesthenc,

After the above dose, conscrousness 18 lost within 5 to 15 minutes
and the maumum effects last for about another 20 to 30 minutes
Consciousness 15 usually returmng 1 hour after adminstration
of the drug  The chintcal prcture 18 the same s after a very slow
mtrsvenous induction with thrapentonie.  The slow absorption
mto the blood stream rununises the depressant effects on the
blood pressure, but respiratory depression and relaxation of the
Jaw occur, and the patient should not be left alone on his back,
It 13 advisable to turn the patient on the left sde duning the
adrmmsstration, and he should remain m this position until taken
to the operating theatre.  If obstruction of the aurway still occurs,
€ven m the lateral posstion, an oro-pharyngeal or naso-pharyngeal
arway should be mserted. Laryngospasm may occur when rectal
thiopentone 15 used alone for minor procedures where the degree
of stwoulation m great, Supplementston of the parcoas 1
Oecessary o these panents before the operation commences.
Where the operation has been punful there may be some rest
lesmaess dunng recovery but this can be controfled with a sub-
cutaneous injection of petludine or nepenthe.
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The arcumstances where rectal thiopentone should be avorded
are shown i Table XLV Rectal anaesthesus with any agent is
TanLe XLV
Contrandications to the rectal use of thiopentone

1) Contraindications to szy form of rects] narcosis.
2} Abeolnte con to thiopentone.
Unsvailabflity of staff to see that imtory ob Joa o d don doss
W'E:rtn retom of reflexes fo required st the end of the operstion.
4, .
T e R e

(6) It s advisahle to avold fts use in the presence of a relstive contraindication
to thiopentonc.,

contrundicated 1n operstions on the rectum and lower bowel. It
should not be used 1n the presence of disease of these structures
One 18 not as likely to encounter sany of the absolute contrs-
mdicstions to thiopentone 1n the age-group for whom the rectal
route of admimistration 1s advocated, as 1n adults  Smce the total
smount to be administered must be calculated beforehand, and
amco the reduction 1 this dosage will only produce 2 sem
comatosed and possibly an excited patient, 1t 18 advisable to avord
the rectal administration of thwpentone m the presence of amy of
the relative contraindicstions listed 1n Table XLIV  Thus method
of mduction of ansesthesia should not be used where 1t 1 essential
to have a rapid return of the cough reflex at the end of the opera
tion. ‘This applies particularly to such procedures as tonsillectomy
and curettage of adenoids.

INTRAMEDULLARY ADMINISTRATION

The sternal route has been suggested for the admmstratson of
thiopentone or parenteral fiuds where the intravenous route 18
mpracticable.  Because of the nch blood supply of the red
bone marrow the onsct of narcos:s will be almost as rapid as after
intravenous injection. The continuous mfumon of a1 dilate
solution of thiopentone {03 to 6 § per cent.) s advocated if this
route 1s adopted, m preference to the mtermittent injection.

A re needle 13 em for Stnct
ot T oyt T naenion, et e ot under Bl
amlgense. A akin weal 1 raised 10 the midline over the secand 1nter
costal space and infiltration carrled oat down to the perlostium.
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After the skin is nicked the necdle is passed down to the outer plate of
the sternum  which 1s pierced with & boning acton.  Aspirathon of
smatenal resembling blood indicates that the necdle point is correctly
placed  This aspiration uauslly causes some discomfort to the patient.
A fewm! of sodium aitrate solutson are injected to clear the needle, and
the contmuous-dnp r:)%p:mm is connected. Pomtive pressure is
usually necessary to produce a steady flow

The mtramedullary route carmes a hugh incdence of osteo-
myelits and sepsis.  The inner plate of the sternum may be
prerced, and this 1 often followed by mediastinitis. The dangers of
this techmque are greater than the ad ges of the ad a
t1on of thiopentone 1n patients without sustable veins, It 1 rarely,
if ever indicated as a method of produaing anzesthea, although
st may be useful for the mfusion of blood (or plasma) The
sntroduction of hyaluronidase, permutting subcutaneous infusion,
has elimtnated the necessity of employing the sternal route for
the admumistration of electrolytes or dextrose in patients who
have no swtable veins,

THIOPENTONE-PROCAINE MIXTURES

Thrs 19 1ncluded in this section for the sake of convenience, Theidea
of combimng a dilute so! of thi with intravenous procaine
wus concerved by Fraser (1948] The object was to use the procaine
for its snalgene properties snd to prevent cardiac arrhythmias, The
mtrevenous use of procame as an analgenc hes had much populanty
in the trestment of burns and for post-cperative sedation. ]’)I?Eedmg
is known to be n a3 active a3 qunidine in reducing cardiac imt
ability When very doses of procaine are mnfused 2 central effect
may b 1

P are gesc, fairly relaxed, but
mentally to be far away (Allen 1946) e

A combl of 1to 2 g thiop and o5 to 1 rocaine m
xﬁn'eufdntfuc'%hurnanmfnhmdoumtform-prcg te. Thr
1 combined nitrous axdeyt or cyclo and
wnh-mmdard;nmlfmquxmd.uy?mamd t (1948 re

ported on this technique 1n & large serles of poor risk patients, and

Ipiﬁfmmuneuseufconvulﬂomdumgmun,thnmnlp:xumvuy

oo fFN pon-ope;mmv; ;:lgﬁndm is continued but

amount o tone uced to o5 g per htre.  Soares (1952

humod;ﬁgdmtcchmque by using & continucus infmgougzsn)f
s

procaine and the addition of thi required. This secem
wﬂwmmudhblemmm Fould

The introduction of pethudine a3 n intravenous supplement during
soxcsthena, and the growng appreciation of the values of
not-hypnoxic mixtures of nitrous omde and oxygen, have ked to the
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SOME NEWER THIOBARBITURATES

Durpng the past few years numerous barbiturates and thio-
barbiturates have been synthesued and ther narcotic properties
mvestigated by ammal expenments. The object of introducing
these compounds appears to be the finding of a drug smilar to
but with a shorter recovery time than, thiopentone. It will be
scen that this 18 claimed for many of the compounds which have
been subjected to chinfcal trml - Unfortunately 1n some instances
this brevity of action 1s accompanied by a higher naidence of
side—cffects, which more than outweighs any advantages to be
obtamed from the compounds. Until more detailed studies have
been completed on their pharmacology, 1t 18 recommended that
the contrundications to the use of thiopentone be applied to these
newer compounds and that the precautions which are taken with
thiopentane be adhered to with afl thiobarbiturates,

N METHYL AND N-ETHYL THIOBARBITURATES

Many hundreds of these compounds have been prepared in the
hope that the replacement of the oxygen by sulphur, and alkylation
of nitrogen, might result in products having an even thorter action
than thiopentone.

Some of these drugs baemolyse mammalian blood and a few
have a convulsant action

The taxiaty and duration of action of four N methyl derrvatives
have been studied by Swanson and Chen (1g53)  In most of the
animaly employed the A.D 44 and L.D ;4 were similar to those
for thiopentone and thramylal in the ssme species. Fig 14 shows
that the N methyl thubarbrturates have less cumulative action
than their parent thiobarbiturates, This suggests a more rapid
rate of breakdown

N methyl thiopentone (Lilly 14694) has been found by Stoelting
(1953) and Stoeltmg and Graf 0

CH,
(1954)to haveabout half the dur o, 4k
ston of zctwon of thiopentane N>C--S
mn dogs. In man narcoss was C’}"_LH R
¢l a

extremely profound and of very
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thicbarbrturates  (sgero-[2-ethyl 3 s-dmmethylcyclopentane}-5 5
pyramudme-2 thio-4,6-dione sodrum) (Spirothal) has been em
ployed with decamethonmum for endotraches! intubation A

rather high mad of laryngosp and bronchosp was
reported with this combmaton,
THIONARCEX (]J.L. 1074)

Thronarcex was first described by Kopp and Tchoubar (1g51)
It 13 the sodium salt of 5-cthyl 1 butyl 5 thiobarbrtunc scud, ite
oxygen analogue bemg known as Butylsedal (JL g9r) (Table
XLVII) Buchel and Levy (1951) and Buchel, Levy and
Tchoubar (1953) have prepared & large number of compounds

TaeLg XLVIIT
Thiomarcex and somilar compounds
o H
5 Compound R R 2
2 Bqubcd.l
!) !LI q 91) CH: | GH, | O
L]
£ oy 8
P Pt )
s'mBR—CH~-R

with smmilar side chune.  They found thet when the 5 (R—CH
—R") radical contawned 5 to 8 carbon atoms, a compound was
produced from which recovery was almost instantancous. A
rather surpnsmg finding wes that substitution of an ethyl or propyl
grouping m the (R—CH—R) nide<hain endowed the compound
with some analgenic propertics.

Thionarcex 1 prepared for use in a 2 § per cent. solution, the
powder bemg less soluble than thiopentone, but more so than
thulbarbrtane. Reports on its use in anacstheais by Amiot (1952)
Thuillier (1953) Jaquenoud (1953) Meusman Roobroeck (1953)
and Vincent (1954) are encouraging  The addition of the extra
CH, m the mde-chnn sppears to have produced a drug from
which recovery 1 slightly more rapid than from thiopentone.
This advantage does not scem to be sccompanied by any
in the number of complications. Climcal results suggest that
Thianarcex 13 about 20 per cent. more powerful than thiopentone,
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Another smilar compound  §-cthyl methyl 5 pentyl barbit
urate (J L 1179) although nather a thiobarbiturate nor a N
methy] barbiturate was found by Buchel and Levy (1953) to have
2 duration of action comparable with that of thiopentone and
hexobarbitone.  While shghtly more toxic than these drugs, it
was reported to possess some analgesic properties

BAYTINAL (TRANSITHAL, Buthalitonc)

The sodrum salt of 5 allyl 5’ iabutyl barbitunc acid (Table
XLIX) was first described by Miller, Munch, Crossby and
Hartung 1n 1936 but was not subjected to chnical trial for almost
another twenty years. Its pharmacology has been investigated by
Weese and hoss (1954) ! mamly 1n dogs and mbbits  Expen
ments with the heart lung liver preparation showed that Baytinal
s detoxicated m theliver  Doses of 4o mg [k showed very Inttle
cumulative action 1n the mbbit. Hustological exammnation re-
vealed no demonstrable change 1n the organs of amimals to which
the drug was adminustered daily for 13 days.  As with all similar
drugn, respiratory depression followed the use of Baytinal. The
drug had no sigmificant effect on the blood volume 1n dogs, but a
skight tranuent hypotension followed 1ts use. Changes 1n blood
sugar were negligible and blood coagulation was unchanged duning
narcosis with Baytinal,

Tasre XLIX
Formulae of three new tluobarbiturater
s s
0O H CH
‘é:‘,ty . Baytinal | CH—CHemCH,— CH:>CH—CH.—
e e b n A =S
N
" Thiogenal CH.——CH.—CH.—i!: CH—8—CH;—CH,

! This was the lust contribation "
(g7 wu).wbnhmndmedhmmmm by Helbmuth Weese
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Throgenal would elmmate the necesmty of watchmg patients
after thiobarbiturate narcosts.

Clmicsl reports have shown that recovery from Thiogensl 1s
usually rapid. Ludorg and Schwer (1955) used 1t for mmor
surgery and sent the patients home about 45 mimutes after the
operation. Jacob (1954) has found 1t satisfactory for broncho-
scopy 1n tuberculous patients, Bunka (1954) Paradowsk (1954)
Fusshin, Kennk and Wierners (1954) Benolken (1955) and others
have all confirmed this brevity of gction of Thiogenal, but its use
has not yet been reported in this country  The suthor hes used
the drug n over 100 cases and has been impressed by the extremely
rapid recovery from effective-narcotic doses. However a high
madence of respiratory disturbances, such as coughing and
hiccough, occurred 1n these patients, and these were of such
severtty as to outweigh the advantages from ts ahort sction.

It will be noted that in the clmical reports on the use of the
sbove drugs, all the emphasis has been placed on their short
durstion, Delayed recovery s extremely rare after thiopentone,
provided the lmutations of thrs drug are fully appreciated  Of
greater value would be the synthesis of a preparation which pro-
duced equally sstisfactory anacsthema s thiopentone, but which
Iacked rts irritant action on the subcutaneous tissues and arteries
and was less depressant to the cardiovascular and respiratory

systems,

A drug enablmg out pattents to benefit from the pleasant
induction which thiopentone offers would be very welcome, pro-
vided the recovery time 1s short. On this criterton alone, some of
the above drugs would seem to have a plece 1n modern ansesthesis.
However anaesthesa for minor operations is generally entrusted
to the most junior members of the ansesthetic staff or to the newly
quabfied house surgeons. This situstion 18 highly
since same of the out patient ansesthetics are the most dufficult in
the hoapital. Even if recovery from thiopentone itself were more
rapid it could not be recommended 29 a rowtins drug to such
inexperzenced personnel. A brief peniod of cyanoas from nitrous
anide/oxygen or a short struggle durmg the mnduchon stage 1 to
be preferred to hypotension, aspiration of vomitus, sloughing of
subcutancous tissues or the sequelas of intra-arternl mjection.
It 13 to be hoped that the mvestigators to whom are entrusted the
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chical trials of new thiobarbiturates will be extremely ngorous
1 their criterta for a satisfactory intravenous anaesthetic, and will
not recommend the universal use of a drug on the sole grounds of
tts bremity of action It has been said that the disasters after
chloroform were more common in patients who were having
munor operations  unless the new thiobarbiturates are thoroughly
studsed, before being made available commercially, this statement
mught well apply tn the future to tntravenous anaesthema,

OTHER NEW DRUGS

Desprte therr many disadvantages the barbiturates and thio-
barbiturates hold an unrvalled position in intravenous anaesthesma,
Although many non barbiturate sedatrves and hypnotics have been
synthesssed 1n recent years, only two drugs seem likely to be of
value 1n ansesthetic practice.

Stemoms.  The observation made by Selye (1941) that certan
steronds produce cerebnal depression in expermmental animals Jed to the
drrdoqmmt of 21 hydroxypregnane 3 20-dione sodium succinate
(Viadnl P g5) This drug posscsses anacsthetic properties in man
s0d 1n therspeutic doses is practically devord of endocnine actinity
Its effects on cerebral metabolum are almost identieal with thase of

amaesthesa,
Laubech ef a/ (1955) found Viadrl to have a therspeutic index
?.D 50 A.D 50) of 11 5 ;n the mouse and rat, s3 compared with
or thiopentone. Itm:mtnptnmtnthnpenmucmmonkcy:mj
caats, while the xctson of the two drugs was similar in the dog
Visdril 1 a water-soluble white crystall b T
wolutions having a pH of 85 to g8 It 1s prepared for use ina 2 5
peT cent. solution. Inmznzbcdmgrmm%emngcmdluwnfmdy
runming infusson of § per cent. dextrose, and aent diluton takes
plece 3o that the concentration entering the vem does not exceed 1 25
per cent. Pain on mjection follows the use of more concentrated
solutona,
Murphy Gna, and De Bon (1955) rting thelr experiences
mxzscuu,fd thtthclmathct%:g:cmgt?Vugrﬂﬂmdwnhtha
and physieal condrtion of entx. The majority of
dm:mg:curccuvadmoomxsoomg?dghmmspty
Unlike thiopentone, the onset of aleep was delayed for
after my but was & smooth qmﬂmcu:,dmrgofmymte-
ment Ansesthesin was continued wnth mitrous exde (oxygen)
and muscle ret if required. The effect of
iedril usually Issted for about twro bours after which it was often
necessary to admunsster @ smaller dose than that used for Induction,
The ability of Viadril to obtund pharyngeal and leryngeal reflexes
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ususlly allowed endotracheal intubstion to be carmed out without s
reloxant.  Tramdent may follow unsuccesafol

at intubstion, snd ence etubouhm_rmdd:mmybemm;m
whuch usually subsides in less than a minute, The

of Viadril were demonstrated by the somaller doses of

aqu:d.t;fov(- ).l.:.ﬂrumrk::lne- unlike thropentone, Viadril
1955 that, =
pmlnhlymtjmtlhypmdc,buuu'uemjwbai%:fmr. Unfortun-
stely its irrrtant properties make phlebntis = poten can‘gﬂhabonuf
the admmustration, and a slight transient blood pressure usually
RCCOTOpATIES 1th e,

Doliirome (5-cthyl-6-phenyl-meta thisxme-2 4 dions), an analgess
m emall doses, can produce surgical anaeathesss if sufficient iy injected
intravenowualy It ls sdminmtered 10 a suspenson m jo per cent
polyethylene gltycol 200 One gamme grven m! 1n 10 mlL
Aﬂmbn,wﬂlrdm‘punfortbamtwobammm:d Lundy
(1955) has psed Dolitrone for oral surgery and found kttle or po

with anaesthetic doses.  Unfortunately like Viadrd, the
drug i frritant to veins, aand phlebrtes is hble to follow fts use.

Although httle 18 known, as yet, about these non-barbiturate
intravenous anaesthetics, tt will be scen that, m thar present form
nesther drug sppears to offer any major adventsge over the
thiobarbrturates, However they open up possibilities with com-
pletely new types of drugs, and with subsequent modifications of
thesr farmulae, 1t may be possible to obtan ansesthetic agents
which do not posscss the hezards of the thiobarbrturates.
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Crarrer X1

ANALEPTICS AND OTHER STIMULANTS

IT 1 not proposed to discuss sl the drugs which come under ths
heading but to describe some of the important properties of the
most useful and moat recent, of these. This chapter will be
linited to drugs which can be given intravenously during anaes-
thema,

ANALEPTICS

The modern use of analeptics dates from the work of Maloney,
Fitch and Tatum (1931) with prcrotomn, They found that this
drug antagonised the central depresaron whuch resulted from large
doses of barbiturates, and that 1t was more effectrve than nik
cthamide. Maloney and Tatum (1932) and Maloney (1933)
showed that picrotoxm vwas es effectzve 1n man a8 m
However Vesl and Hamilton (1936) found that nerther picrotoam,
nikethammide, lobeline nor leptarol were able to sntagonuo
lethal doses of hexobarbitone. In man, Koppany, Linegur and
Dule (1936) found that picrotoxm snd leptazol produced 2
vwakenung effect of munmmal doses of barbrtone or pentobarbatone
were given, but 1n animals under deep anaesthesu the sumulants
could be pushed to the pomt of convulsrons wrthout & return of
consciousness. Thm agrees with the obeervations of Mousel and
Essex (1941) who found that nikethamide, metrezol and lobehne
and picrotoxm caused some strmulation dunng light thiopentane
anzesthesn but hed no effect, or might even be harmful, in deep
narcosis, Ths statement summarmes the widely sccepted present
dzy view on the value of analeptics

The poertion regarding the use of analeptics m barbrturates
overdoeage hus been reviewed mm pages 173 4 To ths may be
2dded the following statements by Goodman and Gilman (1955)

Although the central nervous system stimulants are sometimes
dramatic m thewr pharmacological effects they are relstrvely un-
important from & therapeutic paint of iew It 13 not possible
stmulate the nervous system over a long penod of aime, for
heightened nervous actvity 1s followed by depression, propor
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uonal 1n degree to the mtenmity and duration of the stimu
lation.”

Nikethamide, Leptazol and Picrotoxin, The main pharma
cological actions of these three drugs are summansed in Table
L. It can be scen that all arc cercbral stimulants and large
doses produce convulsions  Lovibond and Steele (1939) have
shown that picrotouin ts & more cffectne analeptic than nik
ethamuide, the action of which 13 very transient.  Moreover the
use of large doses of nikethamide is not without danger especially
in patients with a damaged myocardium  Its main value 13 03 3
respratory strnulant - light anaesthesiz  for which purpose
Lundy (1935) sdvocated combiming niketharmde with thio-
pentone.  Leptazol although having a quicker onset and being
shorter acting than picrotoxan 13 a more potent cerebral stimulant.
Thrs prolonged action of picrotoxin may on occasions be a
diadvantage, a3 Mousel and Essex (1941) have described the
occurrence of convulsions for as long as 25 minutes after its
mnjection.  The combrnation of leptazol and barbiturutes, for oral
admunistrauon  has been suggested by hoppanyr and Fazekas
(1953) for the prevention of sctidental barbitumate over

The effective dose of mikethamide vuries from 2 to 5 ml
repeated as frequently as necessary  Leptazol 1s given 1n 3 to 5 ml
doses at 5 to 10 munute intervals.  This dosage can be increased 1f
there 18 no response from the mmtal mjections. A continuous
mfuston of 1 to 2 mg picrotoxn per minute can be employed or
ningle doses of 3 to 6 mg are given at intervals of 15 to 30 minutes.

The intermuttent method of adminmistration 13 preferred, since
this allows adequate tme for its full effects (including convulaons)
to become manifest.

a Lobeline 1s the chief constituent of lobela (Indian tobaceo)
Its mam actions resemble those of micotine causing an 1ntial
stmulstion, followed by depression, of all sympathetic and para
sympathetic gangha. The respiratory and vomiting centres are
stanulated, but 1t also acts on the carotild bodies. Lobeline
has some vogue a3 a respiratory stimulant, especully for re
suscrtation of the newborn. Its effects are very varable and
transient,

Megimide (N.P 13) The value of this drug as a barbiturate
intagonust was fint demonstrated by Shaw et of (1954) It s
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ﬂﬂ methyl-ethyl glutarrmide and hes the following structural

form

Animal experoments have shown that it sagnificantly reduces the
persod of parcoss with thiopentone and pentobarbrtone, It hass
marked sumulating action on respiration and when mjected alone
m very large doses produces convulsions which can be controlled
by thiopentone.

A clinical trual of the value of megimude m r
narcoss has been reported by Harns (1955) Innwub;ccuhe
found that 50 mg resulted 1n 2 rapid return of the corneal reflex
and frequently they were talking within a few mmutes. It was
noted that after recovery the subject often lapsed imnto aleep agam,
but this was natural sleep from which they could be eanly wakened
by external stmul. There were no fasciculstions or any other
sde-effects observed after a mngle 50 mg dose of megmmde,

A combmation of megmmde and Daptarale (2 4-dmmuno-5
phenylthiazole) was admimustered by Montuschs and Wickenden
(1955) to a patient who had taken 39 gr (2 6 g ) each of quoal
barbitone and smylobarbitone. Treztment was started nearly
twenty four hours after the barbiturates bad been tsken, Overs
period of five hours megrmmde 2 g and dapterole 600 mg were
given by intermrttent nyection, resulting m & return of the corneal
reflex and strong coughing

The most extentrve repart on the use of megrmude m barbrturate
intaxication 1 that of Shulmaen, Shaw Cass and Whyte (1955)
There was only one fatality m 41 patients, one-fifth of whom were
senowsly il and 10 deep coma. In some cases megimide wa
mmhmcdwnhdaptarole,wh:cbwufoundmbenpowu‘fnl

respinatory Ther bmed & regune
amilar to that advocsted by Nilmn (1951) with mtermittent
myectran of megumde 50 mg and d le 15 mg every three 1o

ﬁvemmutc-unﬁ]thcpmmtmcbedl safostate  The lugest
effectrve single dose of megrmude used 1n one treatment was 2 §
with 620 mg daptarole. The largest effective overall doses used
1n one patrent were § 49 g megumude and 147 g daptazole. Re
greasion of conscicusness wes most common when an overdose
of a long-acting barbrturate had been taken. From their expen
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ences, Shulman ¢f al concluded that the speaific treatment with
megmude and daptazole 19 quickly effective in reversing the most
severe arculatory depression  accompanying  barbiturate 1n
toxication.

Vomiting and retching 18 usually the earhiest, and i3 frequently
the only climical :ign of inapient toxierty from the above regime
This may be followed by slight flickers of the fingers  treatment
should be momentanly suspended and a small dosc of 2 § per cent.
thiopentone prepared 1n case convulsions occur  Overdosage 13
manifested by excesive exaitement and restlessness on subsequent
wakenmg and can be effectively reversed by sedation with
paraldehyde or @ barbiturate such as quinalbarbitone or amylo-
barbitone,

Multiple Vitamin-Glucose Mixture The analeptic value
of this mixture has been suggested by the part played by glucose
and vtamins 1n brain metabolsm. Gould (1953) has recom

mended the following combination
Glucose 10 g (10 per cent. solution) 100 ml
Aneunne hydrochlonde 1000 mg
Nicotinamide 200 mg
Pyndoxine 200 mg
Ascorbic acd 1500 mg
Dutilled water or normal saline to 250-300 ml,

The total volume 1s given i1n 40 to 70 rmunutes, or the same
quantities of the vitamins can be given intravenowsly n 30 to
soml of 10 per cent. glucose.  Gould has reported the use of the
above 1n two cases of barbiturate coma, with a prompt recovery
1 both patients.  An equally dramatic awakemng occurred when
the mixture was used 1n coma due to a number of drugs which
wncluded paraldehyde and hyoscine. Other workers have found
it of value m the d on  of drunk and good results
have been clamed for the use of vitamin By alone 1n this condition.

SYMPATHOMIMETIC AMINES

Amphetamine and jts dextro-somer combine @ cerebral
stmulant action with the ability to mamtain the blood pressure
(Table Ly Thear adminmtration has been advocated 1n barbiturate
Pousoning but the chuef therapeutic applicstion of their central
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stmulant action appears to be m the treatment of narcolepsy and
po:tenccphn.lmc parkinsonusm (Goodman and Gilman, 1955).
etamine 18 used more widely for its vasopressor

ncuonthmfor 1ts cerebral strmulant effects. ‘This latter may even
be & disadvantage when the effects of the drug permst into the
post-operative period.  Its most common use 13 1n combination
with spinal anzlgesa, but 1t has been suggested that it be mmoed
with thiopentone to prevent the hypotensive action of the anses-
thetic (Lockett, 1951) The dose for a amgle mtravenous injectian
ranges from 5 to 15 mg and for an intramuscular inyectzon a
doss of 10 to 30 mg is recommended  Dodd and Prescott (1943)
found that the maxmum effect occurred 1n 2 to 18 minutes and
perusted for several hours. A amgle parenteral myection of
methamphetamine cannot produce #s controllable an effect 43 1
contmuous mfuson of / noradrenaline. Furthermore if & smgle-
dose drug 1s desired, 1t scems advisable to use a preparation, the
mam action of which 1 to cause peripheral vasoconstuiction and
increase the total peripheral remstance, while having little effect
on the heart,

Meothoxamine appears to fulfil the above criteris.  The onset
of the pressor action 1s almost immediate after intravenous injec
tion, and persists for about en hour The dose should not exceed
1omg It cxuses Iittle or no cerebral stimulation,

Phenylephrine also has [ittls effect on the heart, The duraon
of an effective mntravenous dose (o-5 mg } 1s about 20 to 30 mmutes.
Accompanying the pressor action 18 & pronounced and persistent
bradycardn. Like methaxamime, its action 18 predominantly ea
the cardiovescular system and 1t does not cause cerebral stimuls
tion. Itmmggutodthnmd]ﬂmcﬂmmumorphmylcpme
are more surtable for combmation wrth, or admunistration after

thiopentone than methamphetamme,

CARDIAC GLYCOSIDES

Digoxin and Ousbain. These are included in Table L,
smce 1t 1 believed that, if a cardiac glycosde is required rmmedt-
ately before or dunng operation these are the most suitsble
Ppreparations. Goodmmmd Gilman (1955) state that the action
of ouabam begins withiz 3 to 10 after fts intr
injection  1ts maxmmum effect 15 observed within § to 2 hours and
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lasts up to 8 to 12 hours after admimstration  I'he action has
completely worn off within 1 to 3 days  Digoxin is shghtly slower
1n onset of action and the maximum cffect 13 not obtained until
between 1} to § hours after mjections  While its action persists
for about the same length of time as that of ouabain an effect may
still be observed up to 2 to 6 days after its use  With dipatalis ot
digowin on the other hand the maximum effect does not occur
until between 4 and 12 hours after adminustration and digitalisa
tion remains complete for 2 to 3 days  These latter glycosides
would be quite usclens for the rapid preparation of o patient for
operation

Digrtahsation can usually be achieved with between o5 and
1 mg of digoxin the comparable requirements of ouaban being
03to0smg
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IN RETROSPECT

“1y conclusons drren from correct facts are sometimes
e L B T
anacatbein drog of metod” (MeQUILLAN 1047) o
SiNcE thiopentone has been 1n clinical use for over twenty years,
1t 18 proposed to ducuss some of the early hiterature on the drug m
the light of present knowledge. There are many mstances of
wrong conclusions bewng drawn from correct facts, the best
example being the report concerning the use of thiopentone at
Pear]l Harbour (Halford 1943) This has been dealt with fully
on pages 145 to 148
As the result of numerous animal expenments, Reynolds (1939)
was the first to pownt out that the organmm 1s able to destroy or
change to another form of barbrturate only @ certam amount of
Pentothal over a given period of time.  Part of the induction doee
remams n the body and there 18 2 cumulative action when adds
tional doses are grven This has been confirmed by many
workers, and an apprecistion of this fact 1s essennal for the safe
adminstration of thiopentone. However Reynolds suggested
that the consistent and marked damage to the liver tissue may
account for the cumulative action of Pentothal and for the un-
expected action of fractional doses  This was based on the
finding by Reynolds Schenken and Veal (1938) of pathological
changes in the lrver m mice after thiopentone, which they wrongly
assumed to be applicable to man.  As the result of hus observations
on the cumulative action of thiopentone Reynolds concluded that
the drug was not safe or desirable for prolonged anaesthesma. If
we interpret this as referring to the use of thiopentone alone, 1t 18
n agreement with current views but if the drug s supplemen
by an analgesic with or without a relaxant 1t has proved safe for
prolonged anacsthesa.
Based on expencnce with 3810 consecutive administrations of
thiopentone, Carraway (1939) remarked that he was unable to find
a single contrarndrcation to the use of Pentothal sodium ~ The
relizbility of this observation must be considered i the hight of
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xnother of Carraway s statements w17 that the drug caused no
imtation of the subcutancous tissues  Carraway and Carraway
(1943) were still unable to find any contrandication ta the uee of
thropentone after 10,437 administrations performed on patients
ranging from 2 to 92 vearn of age  Howeser they had one death
i which they felt that the anacsthetic was a contributing factor
Thiopentone was used in combination with conuinuous oTygen n
these patients and they conmdered that this technique generally
left patients 1n a better condttion at the end of the operation than
at the beginning  They do not mention the duration of post
operatne sleep which must have been very prolonped when
thiopentone-oxs gen was used alone for laparotomics.  They stress
however that the anacsthetist should never give more thiopentone
than the patient s condition demands

Anacsthetists will devclop confidence n 1t and leamn that it 18 pot
necessary to admunister 1t continuously during the aperation but only
u the paient requires 1t.  The amount to be adm:nistered cannot
be cleulated by 2ny mathematical formulz and if that methed of
rdmnistration is used one w certarn to run into trouble  Pentothal
oxygen anzesthena should be admunsstered just as any other type
that 13 to give as little anzesthetrc as 18 posuble to keep the patient
surgically anzesthetised.

After six and 2 half years expenence with thiopentone-otygen
anaesthesiz Carraway and Carmaway (1943) behieved that this
technique was associated with 2 lower morbidity and death rate
than ny other method of anaesthesia  They consider 1t a tnbute
to the safety of the tech uque that less than 1 per cent. of patients
required any respiratory or cardiac stimulation while on the
operating table!

In contrast to the Carraways observation it 1s interesting to
note that no fener than 29 contramndications were mentioned 1n
28 reputable publications on thiopentone which appeared between
1941 and 1951 The most frequently histed conditions sppear
1 Table LT~ Many of these can be grouped under the heading

Inadequate Asrway  whether this 18 present before operation
or occurs during the operation  This group 18 now conmdered to
be a contrundscation to any type of anaesthetic. Laver and renal
dyxfunction are the next most frequently mentioned contra
idications presumably based on the view that impairment of
detorication and excretion will result 1n very prolonged narcosis
While severe Liver dysfunction can prolong the action of large
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doscs of thiopentone, 1t 18 only a relative contramndicatron 1
use (p 236) Unless 1t 13 2ccompanied by severe uraem,
duease does not preclude the use of thiopentone. All the «
pathological states lsted m Table LI are conditions i w
caution should be exertised 1n the use of thiopentone, but the
not absolute contrmndications to 1ts use,

TasLE LI
Contramdications to thiopentone reported 1n 28 publications bet
1941 and 1951

e N No of Appearances in Literst
Absoluts | Relotros Tot
Myocardl weskmess 16 4 2
Laver 1 X I
A Ca I A
Gross rup'l.rutory discsse with dyspnoes T 3 18
Oedmn T T T
9 7 1

Ra:ul discare g 4 13
tory obstruction 2 10

ren under 10 s 4 9
Feeble elderly patients i 4 9
Bevers ansemu 1 z

a 3
‘ Duabetes H n 6
Advanced malignant diseass 3 2 5
|

When the sulphonamide drugs were mtroduced it was
gested that g sulphur-conteining narcotic should not be used
anacsthesmz 1n patients recerving these drugs.  Adran: (1939)
Lamson, Butler Dickison, Govier and Greer (1941) found
subansesthetic doses of thiopentone became ansesthetic and 0
lethal 1n ammals which had recetved sulphonamide. Reports f
many centres all over the world, especully dealing with mili
surgery have described the safe simultaneous use of sulphonam
and thiopentone. Nosworthy (1940)found no untoward happen
duning anaesthesis, even when the use of sulphapyndine
produced a defimitely blue coloration of the blood, and Srmith (1¢
did not observe any deleterious effects from thiopentone in sold
who had also been treated with sulphapyndine.
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Although carly reports from some centres descnibed the use of
thiopentone as the sole anaesthetic for abdomimal surgery 1t was
generally appreciated that it should not be used to produce mus
cular relaxation In the firt publication on  Barbsturate A
Tundy (1935) recommended that local analgesia should also be
used for abdomunal mesions.  "Tuohy (1941) stated that it was
comforting to know that the use of regional and ntrasenous
anacsthesia together produced @ method of anacsthesia which was
safe and chminated the eaplosion hazard  Jarman (1937) and
hees (1941) advocated the use of spinal analgesia to produce
muscular relaxation 1n comhination with lIight thiopentone
narcoss  In spite of these views as recently as 1944 Adams
stated that intravenous anacsthesia was comparatnely safe for
mtra abdominal operations in certain selected cases for which
spinal and snhalation anaesthesia were contraindicated but he did
not recommend 1t as a routine procedure.  Although it 1s difficult
to reconcile this statement with current views one must remember
that the use of duathermy n a subject who had a history of senst
tvity to local analgesics limited the drugs available at that time
to mitrous oxide, chloroform and intravenous barbiturates.

Two other statements 1 [ undy s first publicavon on thio
pentone are worthy of mention  He advocated topical analgesia
m conjunction with thiopentone for bronchoscopy  While re-
commending that ambulant patients should be able to walk
without staggenng before they are allowed to go home after
thiopentone, he added  in any case a friend should acccompany
the patient much as though his inebmation were nlcoholhc
Falure to comply with this advice has recently led to sever!
acaidents (p 213)

Jarman and Abel (1936] i the first Britsh reports commented
that 1 their senes of over 1000 cases no patient who had thio-
pentone alone vomited after operation although vermiting occurred
1n a very small proportion of those ceses who had premedication
m additien to thiopentone. This proportion however was no
greater than that which followed the use of an opiate alone, and
¥ much less than after inhalation ansesthesia.  Although one
1 unlikely to anacsthetise a large sencs of patients with any agents
;‘ud find no post-operative vomiting the madence 18 lower after

opentone than following inhalation anaesthesma (Table XXAIII)
Of greater importance 15 the observation that the use of an opiate
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as premedication 18 a major factor mn the production of post
operative vormting

Wyckoff (1938) Lundy Adams, and Mousel (1939) and othen
recommended the use of thiopentone for dental operations, par
ticularly 1n nervous patients or n those having an idiosyncrasy
to local analgesic drugs It was not until 1940 that Bullard
reported the dangers of this technique 1n patients in the upnght
posttion  This omission 18 surpnsing since 1 1936 Jarman and
Abel remarked that owing to the fall i blood pressure with all
travenous barbiturates the recumbent posture 1 the safest
for the admimstration of these anaesthetics  Bullard also con
demned the use of thiopentone 1n dentsl practice, where the
operator was not properly equipped for dealing with the com
plications which may occur  Thus latter 18 now considered to be
an absolute contradindication to the use of thiopentone.

In concluson, 1t 18 interesting to consder how thropentone
stands 1n relation to the requirements of the  perfect anaesthetic
as outhned by Mornn at the meeting of the Brnush Medcal
Assocuation 1n 1933 the year 1n which hexobarbitone was intro-
duced. To appreciate the circumstances exsting at that tme 1t
18 first necessary to quote the following from the above paper

Further surgical progress can be accomplished 1f the ansesthetut
can provide safe angesthema for the bad risks.  Patients will submut more
readily to surgical trestment when ansesthesia can be induced with
safety 1n the amnesic patent. Good operative work depends on the
complete muscular relaxaton and normal mpmm:‘y thythm of the
perfeetly ansesthetised patient, and sansfactary convalescence depends
an freedom from post ansesthetic morbidity . The necesmty for the
he patrent s mgamare and 1 warpon °“F,‘,g;h§ e ened

ent 8 nughtmare an n s
umpﬁxnnllg;tmth:modemmrg{ bm'p:t:.{

The requirements listed by Morrin are
1 Admimistration should be accompamed without discomfort to

atther the voung or old patient, and without complcated
apparatus

The admuustration of thiopentone 13 simple and pleasant for
the patient, but apparstus for the administration of oxygen 1nd
for suction should always be avmlable.

2 Induction must be agreeable and the anaesthetic should ot have
any deleternious effect on the resprration or arculation.

Induction with thiopentone 13 extremely agreeable and while
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the effects of the drug on respiration and airculation can he
mmimiced by slow imjection they can never be completely
prevented
3 Blood pressure should be maintaned at a normal level throughout
The effects of thipentone on the blood pressure are largely
dependent on the method of admimistration but one can never
guanantee to maintain a normal blood pressure level  Although
postural hypotension 15 rometimes desired in modern anaesthesia
this must be controllable  a desctiption which does not apply
to that produced by thiopentone
4. Elmnmation should be raprd scathout producing harmful effects
on the hepatic, renal or pulmonary tissue
Elimination of thiopentane from the body 1s slow but the re-
moval of small doses from the nervous system 13 rapid 1n normal
subjects  The slow rate of detoxication 18 not a dusadvantage
provided the distribution of the drug in the boady 13 understood
In small dases thiopentone has no deleterious effects on the
ussues named above

5 The anaesthetsc effect should be mduced gradually and 1t should
be at all times under control
Anaesthesia can be induced at any desired rate with thiopentone,
and wrth expenence 1t 1s as easily controlled as that from any
other agent.

6 In addition to inducng semsory paralyns complete muscular
relaxation should be rapidly and safely obtained

Muscular relaxation which 1s never complete, can be rpidly
but not safeh produced by thiopentone. The modern concept
of anaesthesna does not require a narcotic which will produce
muscular relaxation since this cannot be obtaed without
rapirstory depression Speafic muscle relaxants of any desired
duration are available, and these are non toxic of correctly used

Thiopentone does not produce complete sensory paralysis
because 1t has virtually no analgesic properties and 1n this respect
more than any other 1t fails to comply with the modern require
ments of the perfect anacsthetic. Its other failures are due to
the imitant action on the subcutaneous tissues and its depressant
ction on the myocardium

The alchemists of old sought 1n vain for the phulosopher s stone
which would have the power to transmute base metal into gold
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The pharmacologist and anzesthetist todsy are seekmg for the
perfect anaesthetic, the requirements of which were admuirably
outlined by Shakespeare,! over three hundred years ago

Although 1t 18 not the perfect anaesthetic, 1f thiopentone 1 used
by the perfect anaesthetist  1n combinstion with other surtable
drugs, we shall approach the qualrties of the potion possessed by
the physician at the court of King Cymbeline.

A drug of such damn d nsture
‘Wil stupify and dull the sense awhile
c.h!ﬁn she’ll prove on cats and doga,
Then afterwards up lugher but there 1»
No danger 1n what show of death it makes,
More than the locking up the spints 2 time,
To be more fresh, reviving

1 Cymbelme Act 1, Scenc g
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ArPISTIX 1

APPARATUS

It 18 not propocd to discuss the vanous orthadax types of syninges
and needles which are svailable for thtraschous injections but rather to
describe some of the modifications of thewe and rome of the apparatus
which arc frequently used 1n connection with antravenous anacathesz

Third Hand. \n ctremely mmple mcthod of fastening »
synnge to the arm has heen described by Scott (1950) 1t coneists of
2 bent safety pin and & rubber catheter (g 44) ;{ further improve

R
) F

Fig 45 —"Third hand conmstmg of a bent

f safcty pin and a urethral eatheter  (Scott 19¢0)
F10. 44.—Cut down lumbar puncture needle and

Fra. 44 stillette for intravenous injection  (Scott, 1950)

’;:: :nm solder thecgm in pontion  This is light cheap and durable
unobstructed view of the ayn markings and permuts
adjustment of the tension. YT = o

Permanently Patent Needles Many metbods have been de
cribed for ensuning that necdles rerun patent for repeated [ntravenous
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inpections.  This can be achieved with ressonable certanty by the use
of a continuous intravenous Infusion but s not always practicable and
on occasions the scttng up of an nfuson may be & more majar pro-
cedure than the operation to be performed.

Stilettes 'The srmplest form 18 & hunbar puncture needle cat down
and bevelled (Fig 45). Guest (1941) has modified this by the additn
of a cannula outside the ncedle (Fig 46) When the and stilette
are removed the cannula can be used for #n ntravenous 1nfeson and

Fia. 46.—The Guert mtravenous needle, sdult and child sure.
(A & L. Hawkins Ltd)

the blunt end 13 unlikely to pierce the vein wall. The Guest needle 18
svailable m adult and czﬂd uzes. Other smilar cannulae and needles
bave been described such m the Franks Evans or the v est Mddlesex
Hospral types.

Taps A mumple tap can be inserted between the needle and syrnge
l‘ir:;:lc:mp the flow of blood into the needle. Halton t?enmcddm;ni:
wav tep {Fy, 0 that a dnp a msy m
Junction with the ﬁuznmrtﬂ ent m;ccuoﬁﬂcﬂc or relaxant drugs.
Vanou modihcatons of the three-way tap have been described and
Franks (19 4) hay filed down the metal stop-pin on the thus

®ming 1o infusions to be ect up at the same nme run at 1~
dependert rates



—
L
—adindy

<1 F16 47 Various Modifications of the Gordh needle
Additron of gboad,
© 2 Dugboim ol e g et 1 Lumer needls (Robertabn  $49)
I -|.md.mu....h:1mndnmb.db,x-mn(qﬂ
G4 A.("'“Q:"‘if“h“"m achemend t nfusan (AL Museros )
&1 ghux-n.-d.u.h«""’ ; botbarn 493 )
K U1--thd-z;:.--md scparsd (i ey )
g pEnml e

female adaptors for ¢ ) (Blewss Ansesthetre Equiposnt Lad L 7
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AY |h1pcdnd:pmrmthups:ltlthcduulmd-blhownmﬁg4&
Thus serves the same purpose £ the three way tap  Miller (1952) has
mterposed & short length of five vmyl plastic tubing (inmrm.lfgf:mcm
spproxmately 1 mm.) between the Halton three way tap and the
needle (Fig 4g). This allows one to sec when the needle 810 2 vem

F1. 48 —Y-shaped sdaptor with taps st the destal ends. (Sammah, 1953)

o
A

A B 3
16 49.—Vmyl plostic tubmg (B) Interposed between

F
the intravenous needle (A) and the three-way tap (C)
(M 1951)

Fio 50 —Modification of the Frankss Evans needle and cennuie
(Gould 1951)
without contaminating the tap and slso makes fixanon more sumple.
The Frankis Evans peedle and cannuls (mmilar to the Guest needle)
:1;. ll.no)-becu modified by the addrtion of a three way tap and flaoge
1g 50,
ragm Thtulcoflrubbe_rdu'pbngmmmcdoulnccdk
was first described Olovesan, a surgeen 1 Stockholm for the
repeated injection of Gordh (1945) drew the sttention of
lmctﬂxummnhnncedlcwhlchunowcmmmnlyknﬂwnb!h"
nzme  Fox and Taylor described 1ts use 1n this country m 1647 Th
needle and some of the many modifications which have been described
are shownin Fig 47
The dmphragm 13 mounted st nght angles to the long axm of the
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adaptor in Lig ¢1 and two winge are mallcable and can be monnted
flush on the shan (Fip §2)

Self Sealmz  Tig 3 shawathe needle devgned by Mitchell (1952)
The two top illutrations shaw the needle (rom above and from the
sde. The onfice Ties 1n the wall 1 om from the point  The needle i
wld drtal to thie opening When 1n poutron & light metal spring

Fta. §2 —The modificd Gordh needle
m poution.  (Mrennnan 1931)
Fia 51 —\lodificd Gordh needle with
two maleable wings and detuchable
needle  (Brenman gs3)

beanng & soft rubber pad
pad preascs the skin and vein wall firml st
lh"i_."“’dk thus oecluding the onifice (bottom fllustration) » oer
OT 1nsertion the Ed and spring are swivelled to one mde and the
°°. rect position will be shown by a flow of blood or by aspiration 1nto
*rrnge. The pad and spring are then swivelled back into the central
peution, an injection made to clear any blood and the ge dis-
?&:ﬁd The needle remains securely fixed in place by t pressure
rubber pad on the skin but this appontion may be reinforced
2 tmall prece of adhesive strapping  Injections can be made as
equired, mercly by inserting the nozzie of the synnge into the hub

‘:‘;-.I?Cr:ﬁc-:uile fluid enters the vein with ease oninjection but there
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Remote Infoctions. Scurr (1g48) has described the mae of
long length of polythene tubmgbctggntthord.h dusphragm and
needle, This cnables the arm o be placed by the side snd sepeated
injectiona of solutions to bo grven ms required. It 18 pecessary to flosh
the polythene tubing with 2 ml. saltpe after each myection

Fi1g 54 shows a aimilar idea using a thres way tap A continnom

F1a. 53 —The Mitchell sclf-sealing needle  (Mitchell, 1953)

mmm\ousmfunonmnlbnbcpvmwnhthhlwm“hﬂ‘m‘
arm remuna at the mde of the patent.

The apparatus descnbed by Green (1954) conmsta of & wmall U
shaped metal tube withe male  Luer fitting at oot end for coapectoo
to a Guest cannula or a standard transfumon needle, and a “femk
Luer fiting at the other end to take the standard dnip connection. To
be centre of the U-shaped tube m connected a 30 inch (75 cam.)
ot capilary rabwg (Gpecty 15 ml} which has at the other end &
Kerord ad ptor with s non return valve (Fig 55+ A cannuls or needle
B sertew o w convement vean fn the arm sud the adaptor and tram-
fuscn set 4 d (Fig 56). The infusson 18 then turned on and the
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Fia. g4 —Apparatin for senal mtrsmvenous mjcctiom and contmuaus
mfuvony, (Lec ] A peronal communication)

Fio 55 —Capillary tubing and U-shaped metal sdaptor for seral
intravencus inpections.  (Green 1954)
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non-return valve 1 temporarily removed until all the sir has been
expelled from the capillary tubing  Intravenous myections, dunng the
course of the anaesthetic, are made from the head of the patient, through
the capillary tubing After each dose of drug 2 ml of sahne sre
injected to wash the agent through to the vein.

7

I C e e =

F1o 56 —Green drip adsptor in posrtion.  (Green, 1954}

8; Container Fig 57 shows s contmner for storage md
sterilisation of syringes described by Burns {1954). Support » grven
to the syringe by putting a wmst ' m the glass tube, agamst which s

‘e% Fio g7 —Syringe contmner  (Burms, 1954)

rubber cork rests. 'I‘I"nexm:i:x.lcoft:helyru:rgew-rthrnnmgrl!‘l-'d]e
attached 1 inserted through one of two holes in this rubber cork. It
1 held firmly m on by the gmdmbbe:b\mglttbcmdof
the glass tube he tendency nrtberubberbmgllttbcmdoftht
tube to become loose after cdn.m.n:aclﬂ'mgzncrv,'\::'cx)!‘l:lcbythe

use of 2 me 4 der  When the bung shnnks, the wing nut
tottened » t the two perforuted metal plates are drawn together
th 3 forces 1bber bung to expand outwards, and eo 2 tight fit can
st beobt 1 A dental throat pack fills the space between the

syr z¢ and rbungmdtheupcullb'tdtopmja:tlltghdy
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from the bung o that the pack may be canly withdrawn without rick
of desteriling the in 1de nlrlhc glaws tube

The container uxed at the London hoepital (Laneet 1953) 14 shown
m Fig ¢8

Syringe-Stand  Barton (1951) has deecribed the aymnge stand
shown m Fig g9 Although tdeally one should use a different size
of synnge for cach solutin the additron of labels on the synnge stand

6. s8.—Cantaner for stenliraton of syminge and needle
(Hospital Appliances Fad )

forms an evtra safeguard against the ingection of the wrong solution,
A slightly more claborate version of this nﬁut;:d knownas the Whitting
ton  syninge stand has been deacribed by Belam and Zuck (1953).
The cs are protected from by being suspended
11 2 clowed sterile chamber
Other stands have been described which clip on to the anaesthetic
machine and m which one synnge 15 placed ngove the other  These
:{E frequently made from perapex or some mmilar transparent matenal.
uw'here 1t 13 the practice to place synges on the anoesthetic machine
Tk of breakage from these mm_:g on ta the floor can be mmimised
the use of a sheet of corrugated rubber on which the syninges are
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Fia. sg—Synnge sand.  (Barton, 1953)
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COMPATIBILITY OF THIOBARBITURATES

ALTHOLGN 1t 1 not recommended that solutions of thicharbuturates be
mreed with other agents dunng anacsthewa the ue of muecle relavants
m the same smnge has pained some populanty  Apart from the
pracuce of miung drurs, 1t 13 frequently necesaary to ue the ame
needle for infection a3 has been uted for the thioharhiturate  For this
reason 1t 1s deirable to know the drugs with which a preapitate n be
expected to form. Thie 1 of mmportance when there 18 3 pasaty of
2ccensible vouns and where blockape of a needle may have dire rosults
The result of mrung the averape cimial do<e of vanous substances
with 10 ml 2-5 per cent. thiopentone 14 shown below  Decause of the
alkalintty of the thropentone (#H 10-6 to 11-0) 1t will he scen that most
strong acids form a preapitate The pH of some of the substances
tested u shown e, Howerer thic 1s not the anlv factor
and it must be apprecated that the term  compatible 2y used
below onlv refers to the abecnce of a preamitate on mixing with thio-
pentone. It does not necesearily mean that there has been 1o lo<s of
of erther drug  This 13 unlikelv with th tone since the
free acid 1s verv insoluble in water but other compatible drups may be
hvdrofvied. In some cases the p ttate which disolves 1n cxeaus
of tonie mav be mactive. Thus latter point has not been studied
since the purpose of this appendix 1s simply to show what drups can
be mpected through the tame needle as a thiobarbiturate without the
danger of blockage.

1 osed as premedication, or Intravenous supplementa
on during anaesthesia,
Atropine sulphate (5 5)—compatible.

ivasane Hydrobromune (Scopolamine) (g 1}—compatible.
Oprates {3 5 to 40)—slight preaiprtate which dus<olves 1n cveess
thopentone.

ANALGESICS
Pethidue {5 4)—ncompatible.
L arntrate {Dromoran) (Go)y—preapitate which dis
solves 1n excess thiopentone.
Nuentil (5 1)}—incompatible
PHROTIAZINE DERIVATIVES
Promethanine by drochlonde (Phenergan) (5 g)—incompatible.
glhbfpfurmm hydrochlonde (Largactal) {5 3}—|r\':o'n-|l;’:hl 1ible
etherme hy drochlonde (Diparcol) (2 1)—incomparibl

2. Hypatensive Drugs.
H::mﬂhomum bromide (3-95)—compatible
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Fio 50.—Syringe stand.  (Bartor, 1953)
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COMPATIBILITY OF THIOBARBITURATES

ArTiroucH it 12 not recommended that solutions of thiobarbiturates be
muved with other agents during anacsthesia the use of muscle relaxants
1n the same aynnge has gained some lanty  Apart from the
practice of mmung drugs 1t 18 frequently neeesaary to use the same
needle for injection &« has been ueed for the thicharbiturate,  For this
reason 1t 18 desimble to Anow the drugs wath which a precipitate can be
expected to form,  Thrs 18 of importance when there 13 a pauaity of
accessible vens and where blockage of & needle have dirc results.
The result of miung the mverage chnreal dosc of various substances
with 10 ml 2 5 per cent thiapentone i shown below  Because of the
alkalinuty of the thwopentone (pH 10-6 to 11-0) 1t will be scen that most
strong 2ads form a preapitate  The pIl of some of the substances
tested 13 shown in brackets. However this s not the only factor
and 1t must he appreciated that the term  compauble  as used
below only refers to the absence of & preapitate on mixing with thio-
pentone. It docs not necessarily mean that there has been no loss of
potency of either drug  This s unlikely with thiopentone since the
free acid 1 very insoluble 1n water but other compatible drugs may be
h?‘drnlyicd. In some cases the preaprtate which dissolves 1n cxcess
of th tone may be mactive.  T'his latter point has not been studred
tince the purpose of this appendix 18 mumply to show what drugs can
be myected through the same needle a3 & obarbiturate srithout the
danger of blockege.
1 used as premedication or Intravenous supplementa
on during anaesthesia,

Atropine sulphate (5 4)—compatible.

Hyosane Hydrobromine (Scapolamune) (5 1)—compatible.

Opistes (3 5 to 4-0)—slight precipitate which dmssolves 1 excess

Pethidine (5 4)—1incompatible.

Levophan ‘tartrate (Dromoran) (6-0)~precipitate which dis-
solves in cxcess thiopentone.

Nusentil (g 1)—~incompatible,

HINGTIIAZINE DiRivATIVER

Prometharine hydrochlonde (Phenergan) (5 5)—incompatible.

ne hydrochlonde (Largactil) (5 3)~incompatible.
Duetharine hydrochloride (Diparcol) (2 1)——|ru:v:!mpm'l'bﬁ;a

2. Hr{po(gn.-m D
ruge,
examethonium bromude (3 g5)—compatible.
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F1o. s9.—Syringe sand. (Barron 1953)
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COMPATIBILITY OF THIOBARBITURATES

ALTIOL 1 3t 1% not recommended that satutions of thiobarbiturates be
mred with other agents duning anacsthena the use of muscle relaxants
m the same svinge has pained rame ulanty  Apart from the
practice of miung drugs, 1t 18 frequently necevan to use the same
needke for injection as has been used for the thobarbiturate  For this
reasan it s dessrable to know the drugs wath which a preapitate can be
evpeeted to form  This as of importance when there 14 2 pavaty of
accessible voins and where blockage of & needle may have dire results,
The result of mining the asverage clinical dowe of vanous substances
with 1o ml 2 § per cent thiopentone ts shoun below  [lecaure of the
alkalmity of the thiopentone (pH 10-6 to 11-0) 1t will be xeen that most
strong 3ads form a preapitate The pH of some of the substances
tested s shown chete.  Homerver this 1« not the only factor
and 1t mu«t be appreoated that the term compatible  as used
below anh refers to the abwence of a precipitate on miving with thio-
pentone. It docs not neocrarily mean that there has been no loss of
potency of esther drug  Thss 1s unlikely with thiopentone mince the
free 2ad 15 ven inoluble in water but other compatible drugs may be
hvdrolysed. In some cases the precipitate nhlcrdmcl\a n excess
of th tone may be snactne  Fhis latter point has not heen studied
smee purposc of this appendix 11 simply to show what drugs can
be mjected through the xame needle 21 2 lﬁloh:rlulunl: without the
danger of blockege
T Drugs used as premedication, or intravenous supplementa
on during anaesthesia. r

Atropine sulphate (5 4)—compatible

Hyosanc Hydrobromime (Scopolamine) (5 1)—compauble

Oputes (3 5 ta 4 o)—slight precrpitate which dissolves 10 excess
thiopentone.

ANALGESICE
Pethidine (5 4)—incompatible
Levophan tartrate (Dromoran) (fro)—preaipitate which dis

solves in excens thiopentone

Nisentil (5 1)}—incompauble

Pumomiiazine Dranyativis
Promethazine hydrochlonde (Phenergan) (5 5)—tncompatible.
Chlorpromanine hydrochlonde (Largactil) (§ 3)—incompatible
Dicthanine hydrochlorde (Dhparcol) (2 l)—mcomp:n'b{:

2. Hypotensive Drugs.
Hexamethonium Erom:dc {3°95)}—compatible
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Pentamethonium bromude (5+70)—compatible,
I entolintum bitartrate (4-goj—precipitate which dissolves in excenm
thiopentone.

- nad 5 per cent. (5~70)—precipitate which dissolves in excens

hiopentone.

5 per cent. thiopentone can be added to o-1 per cent. Arfonsd
m g per cent dextrose or normal smlme without visible
precipitation.

opressor Drugs.

renaline tartrate (3 Io}—tncompatible.

noradrenaline {3-z0)—~mcompatible.

2§ per cent thiopentane exn be added to 1 200 000 wotuton of
above mn § per cent. dextrose or normal saline without viaible
precipitation.

Tphednane sulphate (6-0)
Methamphetamine (Methedrne) (6-15) prrclﬁl:“ whuch
\eph mme sulphate (Mephune) (5 8 m exces
\ethoxsmune hydrochlonde (Vasoxine) (4 1) | thiopentone.
Tholednne (6-84)
Amphetamine sulphate (6-5)}—compatible.
Phenvlephrine hydrochlonde (6-4}—compatible.

4 Muscle Relaxanta,
Gallamune trethiodide (6-66)—compatible.
Dimethyltubocurarine chloride (6-65)—compatible.
Dumethyltubocuranine bromide (6-21)—alight preciprtate.

Mytolon chionde (5-6)—preciprtate which ves In exces
iopentone. .
Vephement Clymmab (s i 3
ephencun (Myanesin) (5 1 1l
D-tubocurarine chlonde. P

Three preparstions were studied  J tubocursnne chlonde
(Duncan) 1s compatible m all proportions normally used m
engesthern,  Tubarine (B W &&)hmmuub]ciﬂludﬂm
likely to be of cimcal use. Tubanne mucible (B W & Co)
retuitl:d n ymmedute precipstation when added to ﬂﬂmm‘
(15 mg to 16 ml 2 5 per cent. thropentone), but thls ved
within ene minute.

Suaamethoryum salts,
An immeduste precipitate 15 formed whuch disolved in exeess
lhmmnc. On allowing a mixture of thiopentone and sxa-
1m to stand hydrolyas of the relaxant occurs with & 50
per cent. loss of sctivity in go minutes (Fraser 1954)-
5. Analeptics.
\iketharmde (6-45)}—compatible
Picrotoun {4 40)—compatible,
Leptazol (Metrazol) (7 5)-—compatible
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NP 13 (Mepmmide) (5-05) —compatible
Strvehmine sulphate (59) —precapitate which di wlves in cxcess
thropentone
Nalorphine (2 6 ta 2 7)~-incompatible
Levatlorphan (3 5)—preopitate which divwobes in excew thie-
pentone
Drgoun {5 25} —cnmpatible
Strophanthin C (Ouabain) (§+9) ~crmpatible
6. Local Analgesice
Procarne hyvdrochlonde—ineompatblc in all concentrations used
for Jocal analpena but 00§ to 0 1 per cent solutions of the two
drugs can be mined without toss of potenay of either
Lignocaine hvdrochlonde—o § to 2-0 per cont salutons are pre
aprtated by thiopentane but the preaputate diesolves in cxcers
thiopentone o1 per cent lignocaine and o3 per cont. thi
pentone cause 3 shght tuthidity and 0-05 to oot per cont
rolutions of the two drugs can be mned
Cinchocune 1 1 500 (4 4)—1ncompatible,
7 Miscellancous.
Benzdrozane (Piperoxan) (5-9)—preapitate which dis<olves
eess thiopentone
Rogitine (Remtine) (3 4)~ne
Vitamm C—~mcompm1»l:
Vitamun B,—incompatible
N\icotmic acd —slight preaipitate
Ane maleate - compauble
Posterior priustary eatract (4 1)—preapitate which drsolves i
excess thopentane.
Pitressin (3 1)—preerpitate wlich diswlves 1n excess thiopentone,
phylline {9 4)—co bl
Prisco) (5 1)~compatible
Papavenine sulphate (1) 1ncompanble
um pluconate {6 3} —compatible
Sodium throsulphate 50 per cent (5 7) —compatible
Sodium mtnte (6-22) ~eompatible

ay

Antisun (4 4}—incompathle
50 per cent Irodine— incompatible
1 percent Pr 1ph (29} patible

Soluble insulin— compauble
Adrenoxil (6-7) ~compatible
Qumidine sulphate (3 7)—ncompatible

RIDI IS
Fravm 1 ) (1)54) Dre I Pharmacol g 429
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3

Pentamethomum bromide (5-70)—compatible,
Pentolinum bitartrate (4-g0}—precrpitate which drssolves 1n exces
thiopentone,
Arfonad g per cent. (5-70)—precipitate which dissolves m exeess
thiopentone,
2 § per cent thiopentone can be 2dded to o1 per cent. Arfoad
n § per cent. dextrose or normal saline without vmible
precipitation

Vasopressor Druge
Adrenaline tartrate (3 10)-—incompatible.
1 noradrenaline uao)—anmmp-nm
2 § per cent  thropentone can be added to 1 200 0oo solution of
above in § per cent. dextrose or normal saline without vusible
precipitation,
Ephcdnne sulphate {6-0)
}\I::Lhnmphctlmlnc (Mcthedrine) (6-15) ]prca tato whrch

Mephentermine sulphate (Mephine) (5 8) 1n excess
Methoxamine hydrochlondec(guaxmc) (41) | thiopentone.
Pholednne (6-84)

Amphetamine sulphate (6-5)—compatible
Phenylephnoe hydrochlonde (6-4)—compatible

4 Muscle Relaxants,

Gallamine triethiodide {6-66)—compatible.
Dimethyltubocurarine chlonde (6-65)—companble.
Dimethyltubocuranne bromide (6-21)}—alight precrpitate.

Mytolon chloride (5 6)—~precipitate which ves 1n cxcess
thiopentone,
Laud methosulphate (Landolsein) (1 3} patibl

Mepheneun (Myanesin) {5 1)—compatible.
D tubocuranine chlonde.

Three preparatons were studied 4 tubocuranne chlonde
(Duncan) s compatible 1 all proportions normally used 1
anacathenn. Tubarine (B W & Co ) 1s immuscible n all dilutions
h\cl} to be of chmeal use. Tubafipe mucible (B W & Co)
resulted 1n immedute preapitation when added to thiopentone
(15 mg to 10 mL 2 5 per cent thiop ) but ths
within onie minute.

“uxamethonium salts,

\n immediate precpitate 1 formed which dissolved n exces
thiopentone.  On allowing & mivture of thiopentone and sua-
methonium to stand hydrolyas of the relaxant occurs, with & 50
per cent. loss of activity m 9o minutes (Freser 1954}

5. Analeptica.

ept
N\iketharrude (6 45)—compatible
Pricrotovn (4 yo)—compatible,

Leptazol (\Metrazol) (7 5)—compatible.
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NP 13 (Memmide) (5-05)}—compatible

\(r{:hnmc sulphate (§ 9)—preapitate which dieanliens 1n cxceas
1 tone

Naborphine (2 6 to 2 7)~mommpatible

Levallorphan (3 7)—preapitate which divolses in excens thin-
pentone.

Digoun {7 25)—compatble

Strophanttun G {Ouabaim} (5-9)—compatible

6. Local Analgesics.

Procaine hvdrochlonide— patible 1n &l conc s used
for ocal analgesta, but 005 to 0 t per cent rolutons of the two
drugs can be mined without loss of potency of either

lagnocaine hvdrochlande—o0 § ta 2:0 per cent solutions are pre
aprtated hy thiopentone but the precipitate dissolves in exceas
thiopentone 01 per cent hignocaine and o3 per cent thio
pentone cause a slight turhidity and o-05 10 o-0r per cent
solutions of the two drugs can be mived.

Cinchocane 1 1 500 (4 4)}—incompatble

7 Miscellancous.

Benzodiomane (Piperoxan) (5-9)—preapitate which dissolves in
acens thiopentone,

Roptne (Reptine) (3 4)—sncompatible

Vitsnun C—mcomp:ntlc

Vitamin B,—incompatible

\scotiue aad —shight precipitate

Ergometnine malcate—compatible

Postenor piturtary eatract (4 1)—preapitate which dissolves in
cxcess thrapentone,

Prtrezain (3 1)—preaymtate which dissolves in excess thiopentone.

Amunophylhine (9-4)—compatible

Prscol (5 1} —compatible

Papavenne sulphate (1-7)—incompatible

Calecum gluconate (6-3)—compatible

Sodum thiosulphate 50 per cent. (5 7)—compatible

Sodrum rutnte (tr22)~—compatible

Antrstin (4 4}—incompatible

50 per cent Dhodine—incompatible

I per cent. Pr Iphate (2 9)— patible

Soluble insulin— compauglc-

Adrenoxyl (6‘7l~com(nnblc.

Quimd g (37)— pauble.

REFTRENCI
Trasin, P J (1)84) Dt J Pharmacd 9 429



APPENDIX 3

METHODS OF DETECTION AND ESTIMATION OF
THIOBARBITURATES

THE undertying pnnaples have alr been discussed m Chapter IT
In the light of these critasms detailed descniption of methods will be
hrmted to a few reluble techniques,

ANALYBIS OF COMMERCIAL PREPARATIONS OF
THIOPENTONE

The following are recormmended m the Bntsh Pharmacopoea (1953)
Identification

(1) On boi with a strong solution of NaOH no ammonn is
cvolved. Ths es thi tone from barbiturates,

(2) Dussolye 500 mg m 100 water and acadify the solutron with
dilute HCL.  Collect the precipitate on filter paper wash with water
and dry at 70 C The melting point of the residue should be about
157 C

(3) Drmolve 100 mg in 10 ml. of 10 per cent. w/¥ solution of pyndme
i water and #dd 1 ml. of sohuton of CuSO, treated wath pyndine.
A green preapitate 1 produced if the unknown substance 1s thio-
pentone.

(4) The remduc left after maneratton yrelds the reactions character
isac of sodium.

(1) For Bodwm. Dusolve sbout 600 mg sccurately weghed in
20 ml water add one drop of methyl red indicator ~Titrate with
N/ro HCl untl the yellow coloration turns to pink, boil gently for
2 minutes and allow to cool. If necessary contmue the titration with
Niro HCl untl the pmnk colour 1 restored. Each ml. of N/ro HClw
equrvalent to 2 3 mg sodrum,

(2) for s-ethyl 5%(1 methyl butyl}-a thiobarbitunic ecxd. To the
above hiquid add a further 5 mL N/10 HCl and extract with successtve
quantrties of 25 25 20 15 15 and 1o ml chloroform. Dry the residue
of s-ethyl 5 (1 methyl butyl}2 thiobarbrtunc scid to constant werght
n{?h C and weigh

en mmn squeous solutran—as prepared for clinrcal use—1s known
to contmn only the sodum salt of thropentone and the sodium carboaate,
its strength (w/v) can bo estumated by ultra violet spectrophotometry
Th:u.nkncwnlndltmdudlufzslndépdcem_mdﬂuted 1 10,000
transferred to quartz cells and the optical densmty determuned at 288
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mp 0-0h per cont Wy rolution of sodium carbonate (umilarly diluted)
being u'(‘t;‘: ablank  This wavelength differs from that 1n the method
to be deweribed for crtimation 1n bological matcnal because of the
Jowered alkalinity due to dilutron.  The optical denaity is proportional
to the strength of kelution This method 14 applicable to thialbarhitone
ard thumilal (Dundee 1954)

ESTIMATION OF THIOPENTONE IN BIOLOGICAL
MATERIAL

The following method 8 modification of that deseribed by Brodie
¢t al (1g5o), 18 specific for thropentone

Rnginl)s‘. 1 r:x{l()ll 1 prepared by dieolving go g NaOll pellets
10 100 ml, dustilled water 2 sand o1 Veolutionsare prepared wath 100
and 4 £ NaOH reepectinely

1 N HCl contains 365 g HCI per litre Take (36-5 divided by the
SG of concentrated stock solution) m! concentrated HCH and dilute
10 1000 ml

1 § Molar \aH,PO, prepared from 181 § g \alf, PO, with distilled
water to 1000 mL

Petroleum ether (techmical grade) should be washed suceesusels with
spproumatels one third therr volumeof 1 A NaOH 1 N HCL followed
by two washinge with distilled water  Reagent grade 1s0amyl aleohol 18
1dded to the petroleum cther

Blood or Plasma. The technique 1s cqually appheable to blood

or‘rlamz.
dd 1 mL of flud 1 ! 1 5 Volar \al,lPO, and jo ml petroleum
ether containmg 1 § per cent 1s0amy | alcohol to a 6o ml glass stoppered
bottle. Shake for one hour and centnfuge if necessary

Transfer a3 much as passible of the supernatant orgamic solvent
Kh:sc to another gl ppered bottle 15 ml 15 Molar

1ll,PO,  Shake for two minutes.

Transfer 20 ml solvent phase to another glass stoppered bottle
contaning § ml 2 5 A NaOH - Shake for two manutes.

Remove the supernatant solvent phase by aspiration

Tumfcrg ml. of the aqueous phasc to & quartz cus ctte and determne
the optical denaity at 30 my 10 an ultraviolet rophotometer

Urine Add r'ml urine 1 ml 15 VMolar NaH,PO, o-25 g NaCland
30 mL petroleum ether to a 6o ml glass-stoppered bottle. Shake for
5 minutes and centrifupe

Transfer 20 ml. of the supernatant solvent phase to a 60 ml glass

bottle contatning 5 ml 2 § N NuOlr

nuc as described for the cstimation of thiopentone 1n blood

L
"R

czgent blanks are run through the same procedures,  They should
:?t!urud more than o010 when 2 § N NeOH 13 used for the zero

ng
A Standard solution, 100 mg thioy per 1000 ml.
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1» prepared by dissolving 92 m§ 8—cthy-l 5 (methyl butyl)-z thiobar
brturic acd in 3 ml of o1 N NaOH and diuting to 1000 mlL with
ed water 'Thiopentonc = unstable m alkaline solutian, so that
this stock sohutzon must be freshly prepared just prior to use.  Working
standards are prepared by dilution of 1 ml above with an approprute
volume of 2 5 ¥V NaOH A concentration of 50 mg per litre hes an
optical denmty of about o (standard reading minus resgent blank}.
Calculation. The res for the plasma blank 1s subtracted from
the optical denmty of the unknown solutron.

The corrected optical densttres of the known and unknown solaton
are proportional to ther concentrations,

T Organs are for analyms by emubnfication n
vrater as described by Brod.Fc‘ denfriend and Baer (1947) Fat swamples
are cmulstfied m o 1 N NsOH to extruet the thiopentone into an
agueous phase. Add 1 to 5 ml of ho tissue und an equal
volumo of 1 § M NaH,PO, to a 6o-ml. gl bottle which
contuns 30 ml petroleum ether (technical c) contmning 15 per
cent. 1scamyl alcohol  Shake for 1 hour and then continue a8 iacn'bcd
above for the esttmatian of thiopentone 1n plesma.  The optical denatty
of alkeline solution of the unknown (U) and standard (S) are read at
305 My (2) and 330 my (5

’SI'bePthmpmtone cul-:xga):;mnon mn the solunon to be mexsured 1
calculsted from the formola

Ua— beC
Sa—Sb

C 1 the concentration of thiopentone 1n the standard, Thus correc-
nonfor!hzbhnkdepmd.mltbefmthnmopuuldmntyns;imp
and 330 my 18 to all prachcal purposes the sme, whereas for
thiopentone decreases by about go per cent.  Brodie et al. (1950) have
also described a method of determination of thiopentone c
acid, a metabolste of thsopentone 1n urme. This compound 13 o
soluble 1 petroleum ether but may be extracted with ethylene dichlonde-

Raybum, Whitchead and Draper (1953) have described a leg
method of extraction of thwopentone from plesma, umng ethylene
dichloride. 'This does not disngush between thiopentone mod 1
carl lic sad derrvatives.

x plasma, 15 ml. ethyleno dichlonde and 2 ml 15 Molar
NaH,PO, arc shaken for 10 minutes, followed by centrifuging &
4000 revolutions per mrnute for a further 1o muns.

10 ml of the orgamic solvent phase and 5 m! 2 5 N NaOH are
muxed for 10 minutes, followed by centrifuging for 1o munutes.

3 ml lquwmphmmmdmcdto-qmmmvmemdmcupual
denuty read at 3o

Bhtgk and rtgnimetermmuamj und calculstions are carried out
s for the previous method of analyma.






APPENDIX 4

CASE REPORTS OF RESISTANCE TO
THIOBARBITURATES
Tu foI]owmgln'xemmcu of sesistance to thiopentone or other thio-

barbiturates been encountered personally by the author or

colleagues.
Cose v Mrs. AL A, aged 32 neight 113 Ib. (50 kg) The putient had been
=nd bromisovalerylures for several months.

taking large doses of tuTates
Operation wes for pref: 11 4 iy
was with pepaveretum (ar mg) scopolamine "
mtubatian carried out after topxal spplication of x per cent. smethocamo to

and larynx. 1 g thiopenitone was required beforo the pabent coodd
rhcndcntbeopcnng)‘nhlu. Mauntenance of narcosls wes with nitrous
axd L and mjection K md

of
pethidine

During the operstion, which lasted 9o mmutes, & tots] of 165 g thiopentone
and 86 mg pethidine were grven. patient was fully aw, oq return to
the ward.

Caze 2. Dr L., aged 54 weght 156 b (71 kg) Extensive thrombosh
of one leg was followed by a belowr knee amputation. Aw&omdul
npcctt?th;th:ghhdl;?% 2 skin e Becaow of
sovers pain in the stump papent been taking 700 to mg
daily for the past three wecks, Ansesthcus was cxaminstion of
the akin graft and amputation stutmp

No premedication was I
mg being given before the bandage could be removed from the akin

7 mmutes of ana con! cydopropane
axygen

Cawe Mis R. T, [ eight 1b (6 The patient had been
: T el oo e off fo severe]
yu:lfmﬂ]em neuralgis. tly these had proved in-
effective even in very wes for root secton.
Premedscation was with hine § gr (10mg ) and af gt (065 ma )
Aomcrthiosia v indaced with 500 g #0d 1oy
and an er direct viran.  Intubston
was followed by vrolent coughing to a total of 1 g wes required
When the hesd of the tablo was ralsed, snere
tural tenwion  ocourred plece when the besd was

Case 4. Mo L. H., aged 49 weight 154 1b (70 ke)  She complained of
hypretensive hesdaches for over onc year mdh.lobtcnrmhinxtﬁxka—d;.ﬂg
doees of | gr (33 mg) pheno For the pest 6 to 7 months she
also been takmg poteserum 15 (xmdlbﬂlh‘ydnuﬂﬁ
three to fousr tmes daly BLP s 240/150 with ¢ gr (600 mg)
amylobarbutone had very httle effect on the blood pressurs. Operation »s
for thoreco-lumbar sympathectomy

F was wrth p ciharine 5o mg. and pethidine 100 M
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Ansaithrea was inducrd with 30 me o tubocutanne chlande follmel by the
slow infection of 460 mz thiopentone  Onal fhtubatin was carped mut with
d ficukty and the reproatin ecemed to be Intle affected by the relatant
Pttndme 26 mp wa given and a8 ouching eontimred thie was folloned by o
further 200 me thinpentone snd 10 me o tubocuratine chlotide  Ansevthevis
wre contmued with 1 Titre ptou ovede and 1 dnre n\‘rfn pee minnite waith
cantrofled respination an § CO, shaorpirn Before the skm inci rmn wa made
atotalof 1 g thiopentone wa requite!

mg occutied scversl times duting oper teh snd 8 funther 250 M
thepentone €0 mp  pethedine arkd 18 me o tubocuratme chlonde were
r::suu-rd. Severe hypotenaon occu duning the speration Int was &om
trolled by infunmn of 1 210 000 { noradremalme  Reemery fiom anaesthaats
was prompt bt severe lnpaten on e ted for mate than 24 houn

Care 5 \Mio N\ aped shout 3¢ weght 119 [l (g4 he)  Admitted to
hospital with sctere bomer ahdomimal pain dy utis and hsematura Patient
waenen er (15 me) hine so0n aftcr edmraon and 41 gr (eheme)
atropine w oy sdminniered 3 later preor to o Mascopy  Anacvthevia was
mduced with 400 me thumlal which had Itk offect on the patient Cher
1 g thumlal was stquired before the ot could be carmed out - A
sclf nduced abrrron of the urethra wav dnem with a forcign body in the
bladder  The total opersting time mcluding remm sl of the foreign body wae
about 20 mmn., duning which petsod almmt 1 ¢ g thuamylal was n—qu:rniin.h
nitrons exide ‘oxy pen trichloribylene 1t was later dnemvered that the patrent
w8 drug addict and had been mimitted 1o hopatale all moer the enuntey dunng
the past fow yean. On each ocea 1m she wan (wind to have apparently self
1nflicted kevwoms and lamned of vory s cf¢ pam fequinng oplates of similar
drum, She had M"Z'T-.u three previous minor operstemy, st one of which
the anserthetnt admmutered thropentone but recalled ne abastmality 1n the
g;nmm “l:m;}" uca‘f“;!“k‘m‘" merinn nfh.n abicets she v rrpoﬂn: to

e rely mabeep 1ng 00 me thpentone mven very quickly "
On the third occmon no harbiturstes mere gnen but she pmﬁ to be ex
tremely resistant to the drugs used.

All the aboy ¢ cases of ressstance could be duc to an acquired tolerance
to sedative or analgenic drugs 1 casen 3 and 4 the reastance was only
to the central effects of the drugs as cardiovascular collapze occurred
for which 1t least part of the blame must be placed on the larpe doses
of thiopentone  In the nevt two cases there was an acquired tolerance
to oputes but resstance to thiopentone was not obi rous

Care6 Mr H T aped 42 wepht 133 1h (60 Lg)  Hotory of passng
ftoney for severa! yoars with severe attacke of renal colic.  Defore
admmion to hospatal 1 g (65 mg ) morphime was required to reliese the colic
and for three months the patwent hsd been takmg this nightly rition
:;farmm\ﬂo{\mc.l culin Premicdication was marphine § gr (15 mg)
vt atropine 1| gr (10 mg) Anacsthesa was with nitrous ovide/oxygen

mtenmuttent doses of thrpentone  Dunng the whole procedure lasting
45 munutey, u total of s00 mg thog, was admuni d. C
*4 nat reguined until 5 hours after the end of the operatin.
the following day the patrent sdmitted taling 1 gr morphine
onlly ary 1o the mommg of operstion, and the same dase 3 hours belore
op<mtion.  Ile was not unduly drw sy before induetion and the sclf-sdmind:
ton of oprates was not wnpected

Cese7 ML McM aged 73 weght 162 b (73kg ) History of frequent
of vormsting and malens within the pa t four week  Severe ephmstric

Pam wus relleved by frequent ingecti s f morphine the dady dose before
mm wveraped 1 S gr (100 mg )  Details of the anacsthetic gre incomplete
pepaveretum § gr (42 mg ) ened scopolarmine | gr (o 42 mg ) mere oiven
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4 hours prioc to tion (for a prel er local am)
‘This was repes morxbourbd’mﬂiembq\mtnmccumy A total
of 650 myg. th tummd;smzimhoumnm th chloride

gu&;/gm fnrunopenrhnhﬂnzxummutu. Recovery was pot
e!

The admuustraton of large doses of sedatrve to these panents
mmmedumtely before induction of ansesthess may well have prevented
obvious resistance to thiopentone. In spite of the large doscs of oputes
&m pether of these two patients exhibrted an undue drowsmess

reopcrlbon or the senwtmvity to thiopentone which would have
crpccmdtofuﬂmvthmuscmm subjects

In casc 8 marked resustance to thualbarbitone was encountered and
no explanation can be offered other than alcobohc addichon  In case g
addiction to cannibi mdice (hashuh) 1 the most likely causo of
resistance.

Caw 8 Sergeant R. 8 sbout 35 weighn aboue 144 1b
Admitted to bosprtal with R CAE S bt 33 roiaht eI il 2

18 hours later Lhnrb‘rh'memkh'\:nmdd.rdmttnductlkfp A tor]
rtq\ﬁrtdwidln}n-umou-ld e/oxygenmethyl-n-propyl ether for ¢
procedure lasting about 5 minutes, and the patient was muttering incoberently
within apother 2 mmutes.
Caswe AMr 8 D, -colcumdptumt-gndlbout4; weight 160 b (7_|k3,),
bospital i forun.-du-l.l
dtdcnwnwellkwwn tppclrrdtumcre.nwni:c&hmn:nd’nnd—
ing are a fow
'T‘hhpcutcncboom‘—fhlthn‘! coughing vxolently
dine 3o mg h violently ddBeculty
w'ﬁ“m’
oo
nghcnq’u:ck}ym.lhlndonebougkmbnpuwd Walkeg
Thhrb-rb-xmnems gh ermittent]; minates for difficult
t over 10 or
bouginege. m-ndﬂu;wm\{mdymmmm-m

In case 10 there was not anly resstance to thiopentone but also to
pethudine and @ tubocuranme chlomide. No cause for tha tolerance
could be found, althou bcc-useofd:emb)ectlocwpmon.a}co}nhc
tolerance scems most ly

Case 10 Male, aged 43 weght 1 g) for repair of indirect

ln{unu]bcrnh,nolympmuml&moo cz.nr_
p-p.merumnunm,\..mpomm.rd {043 mg)

by I M njection

Ansesthetre—

Thiopentone 200 mg hsd no effect further s50 mg —patent
ned - furtber 300 mg —closed oyea 15 mg meomndmchhdacﬁm
Rewisrest mitrosss (71 3 Yrun, bylene added one minate
after lmtmnofﬂmmsk. lpcrcmt.ped:idm;omzl\ had no detect
able nl—furt&rlgmplWMlﬁ;umRAmh'ﬂ’“‘m
giren and he hecame quicter but still ahowed remstance mioutes
struggime nNOO..md’ﬂurmhylmlf\mhcrgomz p:thnd.h:emdx!ml
d-tubocur thlonde were given  Beforo the skun-clips were
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there wan aomme teaction to akin proparstion anather 15 mez d tubocuranne
chinmde and 260 mg thiopentone was tequired  (Total drums before ratron
—thipentone 1000 mi, pethidine 140 maz., 4 tubocuranine chintide me )
The opetatron Intal 28 mimutes At no tage did the respiratory rate fall
bekm 20 min., NOT wa  &ny av | tance to rospireten regul The trichlnr
cthnlene was fumed off at the Ia talin atitch the patient helped to remove the
mask we the strappmz was puton Within 1o minute of return to the ward he
wred | pr (33 me ) morphine ta conteol extrrme resthes nevs
Tl drugs were stored st foom temperatute away from sources of heat and
supplics from the aarmc batches of druge hed been wed on thiee previnus cases
and on two succeeding anes without any at 1 responees Al thiog
Wme o tubocuranne chlotide were without doult gnen intrnenmnly
wiv a lincr steward who dened any drug sddiction including steohols
durmng hr remamnmz 10 d ys in hospatal he did not drplay any evidence of
addsctron, or withdrawal svmptom Al D DA drues in IL hmprisl st thic
tmme were carcfully controfled and cheched and there were no dicrepancies

In a ighter vein may be added the folloning report Tt should senve
1% 2 warming against dnmng ton h:u) conclusions concerming reasst
ance to thiohartnturatcs

Abecslthy male aped 218 ycars and weichmg ahout £361h (Bo ke ) wasadmitted
for reparr of e keft ingumnsl hemm Ttws deesded that the snacithetic shauld be
admmbtered by astudent und rsupenivon the mduoction ta be with § per cent
thiopentone f od by mitrou oxide mvygen cther ANl preparations for the
admmotration were made the student After 10 ml thmbarhiturate were
gren tlowly the patrent suid he felt sleepy 1nd he closed his after a further
4 ml but opencd them when the face mak wan appleed fter 20 ml were
given, ntrous oxide oxypen cther wan started  hut the subpect war very

The ke was rrinserted min e van snd slow administration
of the drug contmued It was not possble to enntmue with the jnhalation
agents until a tetal of 64 m! had been piven There red to be na reason
for the patent s resstance a8 the reenrd of an snscthetic ghen five monthy
prevously for repair of a hernia on the night side shawed the total dose of
thiopentone to heve been boome The raton of the solution was checked
and the student mentioned having heard that the use of & 2 5 per cent. solution
mecreased the mfcty of thiopentone | ven thi did not scttle the matter as
:Jg thiopentone secmed a larpe dose to muduce anaesthesa The remaning

ution was removed with a view to having it —80 ml. having been
A rough check on s spectrophotameter ed the strength of the
solution to be approxsmately 2§ per cent

The problem remainced ved for several weeks when the same student
-ho-nm-d.mmmrr-no(hermmﬂmnc, wa scen to tshe 8 2 g ampoule of
thalbarbitone and dilute 1t to 8o ml On questionimg, it transpired that he
w13 under the wnpression that hemitha! was a proprietary name for thio-
pentore  He had used 1t on the previous occason a3 he thought he waa doing
cveryone a good turn by making up 2 g at ence




APPENDIX 5
THE CLEANSING AND STERILISATION OF SYRINGES

Most workers prefer all-glass syringes as metal is apt to ream
of blood. The former have a tendency to break n:ﬁe nozxle mpc.l.?::
times there 18 difficulty 1n obtaming a tight fit between and
needle.  Glass syringes with metal nozzles, made from an alloy which
has a umilar coefiaent of expansion to that of l'n.nret.hcl?v

of a stronger noxxle. However Burns (1g52) has panted out that
cement between the metal and the glass tends to dismtegrate with
repeated sterilation and [caves 2 space for the blood to sccumutate.

Cleaning  Syrmges should be nnsed in cold water immedutely
after use to prevent the clotting of aspirated blood. The barrel aed
plunger are washed 1n warm water and dned with a fluffless choth
(MR.C 1954). Gibson (19_;:; suggests the applicanon of sarpeal
sputt &3 an slternative method of drying

Nﬁmmmyﬁmwm They are nnsed
m cold water 7 after_use and the mount 15 cleaned with
cotton wool on = swab stick ‘The needles are then washed throu
2gun first with water then wth aloohol (mdustral methylated spuit)
and -ﬂaﬁm dry The stilette 18 lubneated with a minrmum of Liquid
panffin before passmg h the peedle.

Lubrication. Bcfomd]mgmbly the puston 1 lightly lubricated with
Lqud paraffin, which » well rubbed 1n with the finger Darling and
Spencer (1951) pownt out that the use of hquid paraffin m mvarmbly
followed by some degree of charrmg on tmﬂiuszuon and they edvoaate
silicons D'C 550 for lubricatson. The water repellent properties of
silicone mske ci ddfficult. To overcome the disadvanteges of
liquid paraffin all of ch arise from rts excessive usc, mixtures of onc
past with two parts ether (Dunbury 1gst) one part with four
methylated spirt (Gibson, 1951) and 1 ml added to 1 Ib tn

(T;.r;wood, 1951) have been recommended

Kue_mbly Ancecﬁenmumionuchtyﬁngemdtbccutﬁt

laced 1n a surable contamer before steribstion. The Aledical
gmrchCmma] (1945 rccmnmcndadun-pcnd.hgtbet{:‘mﬁgcinl
test tube and wrapping the tube with syrmge 1n positon m peper
Many modificstions of or alternatives to this method have been
described and thote shown 1n Fige. 57 and 58 scem to be the most
satisfactory

Sterilisation. Ths 1s effected gplxangdremumnmm 2 hot-4ir
sterilmer and mamtaining at 160 for mot lcss than onc hour  The
temperature ahould be checked from time to time to ensure that effecuve
nﬂmmnubcmgamcdoutmdtynnsulbolﬂdbcluowcdtowﬂl
before removal from the sterilmer  As an alternative they am be
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autoclaved (1610 20 1b preseurc) at 120 C for at least twenty minutes
(M RC.945)

Swies workers sugpest that the temperature should reach 180 to
200 C dunng dry stenhiaation They also suggest boiling undes pres
surc ax an slternative to the methods described above (Baumann 1948)
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THIOPENTONE AND OTHER THIOBARBITURATEX
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